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Abstract
Modeling process is essencial phase within information systems development and implemetation. This
paper presents methods and techniques for analysis and evaluation of data model correctness. Recent
methodologies and development results regarding automation of the process of model correctness
analysis and relations with ontology tools has been presented.
Key words: Database modeling, Data model correctness, Evaluation.
1. INTRODUCTION
Data model correctness is one aspect of data quality, as a general concept. The relevance of data
quality in both organizational and decisional processes is recognized by several international
institutions and organizations, which resulted in significant number of contributions to the research by
database and information system communities.
There are many data quality tools developed in the research and commercial purpose. Many data
quality software tools are advertised and used in various data-driven applications to improve the
quality of data models and business processes.
Data modeling has different aspects of quality regarding various data model types, as well as issues
regarding process of data model creation, evaluation and correction. Conceptual modeling is
considered most difficult and error-prone, especially for novice designers. Therefore, many efforts are
made to create rules and heuristics for error detection and consultative support to modeling process.
Still, CASE tools are to be improved for support to error detection in semantic domain.
This paper presents a review of methods and technologies that are used for data model correctness
analysis and evaluation. It also shows recent research and development efforts and results, including
those made by authors, in automating the process of data model evaluation.
2. THEORETICAL BACKGROUND
Data models are usually created in the process of information systems development by using CASE
tools that integrate business process modeling results to data modeling.
Data models are specific theoretically based specifications that are used for creation of real databases
of information systems (Elmasri & Navathe, 2007). Data model is a formal abstraction through which
the real world is mapped in the database (Ullman, Garcia – Molina & Widom, 2002). Data model
enables representation of a real world system through a set of data entities and their connections. They
can be represented in various ways:
Diagram (schema) – graphical representation, using specific set of symbols with methodology
based meanings,
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Data dictionary representation – where elements of data model are listed and textually
described in non-structural or semi/structural way,
Formal languages representation, such as predicate logic calculus.
One of the fundamental principles of the database approach is that a database allows unified
representation of all data managed in an organization. This is achieved only when methodologies are
available to support integration across organizational and application boundaries.

Fig. 1. Phases of database design. (Navathe et al., 1978)
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According to (Emer et al., 2008) formal presentation of a data model could be represented as tuple S =
(E, A, R, P), where:
E is a finite set of entities,
A is a finite set of attributes,
R is a finite set of constraints concerning domain, definition, relationship and semantics
associated to the elements and attributes,
P is a finite set of association rules among elements, attributes and constraints.
The formal presentation of a conceptual data model (Kazi et al., 2010) is based on formal presentation
shown in (Emer et al., 2008), but extended with one new element suitable for EER data model and it is
represented as tuple S = (E, A, R, C, P) where:
E is a finite set of entities,
A is a finite set of attributes,
R is a finite set of relationships,
C is a finite set of constraints concerning domain, definition, relationship cardinality,
mandatory attributes and semantics associated to the elements and attributes,
P is a finite set of association rules among entities, attributes, relationships and constraints.
Methodologies for database design usually perform the design activity by separately producing several
schemas, representing parts of the application, which are subsequently merged. Database schema
integration is the activity of integrating the schemas of existing or proposed databases into a global,
unified schema, The aim of research (Batini, Lenzerini & Navathe, 1986) is to provide first a unifying
framework for the problem of schema integration.
3. RELATED WORK
3.1. Evaluation of data models
In paper (Yücesan et al., 2002) authors outline practical techniques and guidelines for verifying and
validating of models generally. They provide examples of a number of typical situations where model
developers may make inappropriate or inaccurate assumptions, and offer guidelines and techniques for
carrying out verification and validation of models, in order to help avoiding major and serious
modeling errors.
Quality of data model reflects quality of data in databases and business intelligence applications.
Regarding data model quality, there are several approaches that deal with this problem during the
process of data model creation, data model evaluation and data model correction. Data models that are
included in quality evaluations include structured (ER, Relational, Object-Oriented) and semistructured (XML) data models, described at conceptual, logical or physical level (Batini, Lenzerini &
Navathe, 1986).
In the field of evaluation issues in the process of data model creation, some experimental research has
been conducted regarding comparison of ER and object oriented modeling (Shoval, 1997, De Lucia et
al., 2009), where it has been shown the significance of ER modeling and its value comparing to objectoriented approach. It has been shown that ER modeling has some advantages to object-oriented
approach.
6
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Data models could be evaluated from syntax and semantic aspect. The main difference between
ontology and a database schema is that database schema is usually limited to describing a small subset
of a mini-world from reality in order to store and manage data. An ontology attempts to describe part
of reality or a domain of interest as completely as possible. (Formica et al., 2006) Ontology, that more
completely (Ullman et al., 2002) describes the knowledge for the specific problem domain, could be
used for comparing with the designed data model, so data model will be evaluated from semantic
aspect (Kazi et al 2010).
3.2. Conceptual modeling errors
After creating ER data models, CASE tools enable automatic transformation to relational data models,
following well-defined rules. But, while transforming to relational model, they are not able to capture
errors that lead to normalization problems (Bock, 1997), so it is necessary to take care of certain types
of ER modeling errors, in aim to avoid future normal forms errors in relational data model.
Batra & Antony (2001) present conceptual modeling errors as human errors at three performance
levels: skill-based, rule based and knowledge based. Special software prototype CODA was
implemented for the purpose of consulting support to conceptual database design to novice designers,
and it has been shown (during experimental survey with students) that using this software enhance
quality of data models. This software system includes heuristics and rules for recognition of typical
errors in ER modeling during the process of data model creation, as well as support to further
assistance toward solving these issues.
Skill-based errors in data modelling could be minimized by appropriate education process or training.
Two main conceptual modeling training approaches have been compared in research (Batra et al.,
2004): rule-based and pattern-based approach. It has been experimentally shown that more complex
tasks influence lower designer performance. It has also been shown that rule-based approach is not
significantly superior to pattern-based approach generally, but rule based-approach for novice
designers given the significantly better performance in two of three complexity levels.
3.3. Conceptual and relational model quality metrics
One way to enhance the capability of an information system is to consider its conceptual model quality
as well as its functional behaviour. Conceptual model quality can be defined as a set of perceivable
characteristics expressed with quantifiable parameters that may be objective and/or subjective. The
aim of empirical investigation (Cherfi et al., 2007) is to evaluate and compare perceived and measured
quality of different conceptual model versions of the same universe of discourse. This research
describes:
a) a set of metrics (clarity, simplicity, expressiveness, minimality) applied to different versions of
ER conceptual schemas,
b) a framework enabling a comprehensive comparison of the conceptual schemas,
c) an experimentation leading to the evaluation of the same schemas by information system
stakeholders such as designers, end-users, and students,
d) a comparison of the objective and subjective evaluations based on a sample of about 120
observations using different statistical methods.
According to results authors are able to identify quality criteria relevant to different groups of
stakeholders, depending on several dimensions, such as their professional experience, and/or their
specialization degree.
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Referential integrity is an essential global constraint in a relational database, that maintains it in a
complete and consistent state. Ordonez & García (2008) assume that the database may violate
referential integrity and relations may be denormalized. They propose a set of quality metrics, defined
at four granularity levels: database, relation, attribute and value, that measure referential completeness
and consistency. Quality metrics are efficiently computed with standard SQL queries, that incorporate
two query optimizations: left outer joins on foreign keys and early foreign key grouping. Experiments
evaluate their proposed metrics and SQL query optimizations on real and synthetic databases, showing
they can help in detecting and explaining referential errors.
3.2. Automating of data model evaluation
Research in the field of automating data models evaluation resulted in development of software
prototypes that evaluate certain types of data models.
Software prototype for conceptual data model (ER) model evaluation (Sugumaran & Storey, 2006) use
domain ontology in creating conceptual ER data model, as well as evaluation of externally created ER
data model.
According to the experimental research (Emer, Vergilio & Jino, 2008), testing of relational database
schema has been done with ADIA (Alternative Data Instance Analyses) system. This is a fault-based
testing approach. The goal is to reveal constraint faults for schema elements, incorrect or absent
restriction definitions. The data model is represented by a metamodel using UML notation. ADIA
includes: Database instance alternatives, Original database instance with a simple modification,
Queries, SQL statements automatically generated. The data model is represented by a meta-model M
using UML notation Classes: Element, Attribute and Constraint.
In study (Formica & Missikoff, 2006) the problem of object oriented database (OODB) design is
analysed, focusing in particular on the correctness of OODB schemas with IS-A hierarchies. Software
prototype use object-oriented language elements for defining the physical structure of database by
using TQL.
In paper (Choppella et al., 2007) authors reported their experience with exploring the use of PVS to
formally specify and apply automated reasoning with ER data models. Working with a text-book
example, they rely on PVS’s theory interpretation mechanism to verify the correctness of the mapping
across various levels of abstraction. Entities and relationships are specified as user defined types,
while constraints are expressed as axioms. They demonstrate how the correctness of the mapping from
the abstract to a conceptual ER model and from the conceptual ER model to a schema model is
formally established by using typechecking. The verification involves proving the type correctness
conditions automatically generated by the PVS type checker. The proofs of most of the type
correctness conditions are fairly small (four steps or less). This holds out promise for complete
automatic formal verification of data models.
4. PROPOSED APPROACH
Authors propose system of integrated software tools (Fig.2.) that could automate the process of data
model evaluation and therefore enhance quality of data models. The basis of integration (Kazi et al.
2010) relies on using XML as result form that some software tools produce.
This system is to be used in the process with following steps:
Creating axioms that describe general reasoning rules regarding specific type of data model
(EER, RM, OOM etc.). Axioms are reasoning rules that are applied from data model
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definitions and they are generally applicable to any data model that is to be evaluated. Axioms
are used as general theoretical foundation of checking syntax part of quality of data model.
Formalization of data models, by using first order predicate logic calculus as a formal
language.
Creating a system of axioms that will be merged with formally presented data models within
the transformation tool, to be processed by an automated reasoning system. They are set of
rules are to be applied over data model elements so the main conclusion could be made about
data model quality. Axioms are used as reasoning rules that define the elements of correctness
of a data model.
Transformation of first order predicate calculus form of data model to a form that is suitable
for processing in the selected system of automatic reasoning, i.e. to clauses in PROLOG.
Merging clauses regarding data model and reasoning rules to an input file for PROLOG.
Entering input file to automated reasoning system, setting queries and getting results.

Fig. 2. Process of data model semantic evaluation (Kazi et al., 2010)

9

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
5. RESULTS
Software tools, that present parts of the proposed system (Kazi et al., 2010) are:
CASE tool for data modeling, which saves result of modeling in output form of files that in
fact XML files that consist of parts of data model and its descriptions.
PROLOG - as an automated reasoning tool. Input data to PROLOG is file with extension
PRO, which is in fact a specially formatted textual file
They have been empirically tested with data models that consist of several entities (Kazi et al, 2010).
For the purpose of automated support to data model correctness analysis, authors developed software
tool (Fig.3.) that enable importing model from CASE tool and evaluation of model according to
previously defined rules (Kazi & Radulovic 2011).
XML file that represent model from CASE tool is converted to set of clauses and merged with
evaluation rules so they all are unified as an input to PROLOG. Within PROLOG, all input is
processed according to questions regarding certain aspects of data model quality.

Fig. 3. Software tool prototype for data model correctness analysis (Kazi and Radulovic, 2011)
After loading data model, each element of model has been presented by clauses. Reasoning rules are
also presented as clauses. They all are merged and after completion of the list of clauses, PROLOG
could be started. PROLOG gives answers to particular questions regarding certain element of the
model.
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6. CONCLUSION
This paper presents theoretical survey and research results in the field of data model evaluation and
analyses. There are several approaches that deal with this problem during the process of data model
creation, data model evaluation and data model correction. Research in the field of automating data
models evaluation resulted in last few years with development of software prototypes that evaluate
certain types of data models.
Research and development results of authors in the field of automation of data modeling evaluation is
presented as concept and software prototype. Further research is directed towards integrating with
ontology tools that enable using ontologies for different knowledge areas that describes semantic
aspect of business domain. Main research goal is to find a correlation and mapping between ontology
and a formal logic language, i.e. transformation of ontology to a form that is appropriate for automated
reasoning system input. This way ontologies could be used in conceptual model evaluation.
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Abstract
This paper proposes an approximate method for calculating the nonlinear thermal conductivity of soil
freezing. We consider the coexistence of three zones: the melt, the phase and the frozen zone. On the
basis of a priori estimates of the direct and the dual problem of limited proven an approximate value
of the thermal conductivity.
1. INTRODUCTION.
Nowadays the climate of the earth is changing, the globe temperature is rising, and resulting in the
continuous thawing of permafrost areas’ frozen soil and many countries have realized the seriousness
of the problem. To ease the impact of melting of frozen soil on people's daily lives and economic
construction, many countries are making great effort on the study. The cornerstone of the frozen soil
affects the exchange of heat between nature and thermodynamics of frozen soil. During the passage of
high heat through the frozen ground occurs temperature exchange between the environment and the
soil directly through the contact surface, in this case, the earth's surface. To study this process it is
necessary to know the thermodynamic parameters of frozen soil, only then we can see the heat process
of frozen soil transparently. Coefficient of thermal conductivity - a rather important factor in the basic
parameters of the thermodynamics of frozen soil, and this is characteristic of the soil, showing the rate
of change of temperature of frozen soil. In this paper is described a method for calculating the thermal
conductivity of frozen soil under the influence of ambient temperature.
2. OVERVIEW
There are many methods to determine the thermal conductivity of nonmetallic materials, which caused
by huge variety of properties (structure, particle size, the structure of the skeleton), states (tight, loose,
wet, dry).
The most common are methods based on creating the image of a stationary thermal conditions,
because of of their relative simplicity: to determine the thermal conductivity and a sufficiently
accurate measurement of heat flow through the sample and record the temperature difference between
two isothermal surfaces in it [1]. In some cases determined the ratio of the thermal conductivity
standard and test samples.
[2]. Regime between
the stationary and non-stationary is a regular thermal regime, the theory and practical implementation
of which have been proposed in the works of G. Kondratiev and his students [3]. The temperature field
inside the system under regular condition is found by solving the heat equation at appropriate initial
13
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boundary conditions. Further extension of the regular regime method followed by the line of
renunciation of need of constancy of heat transfer coefficient, this line of development led to the
creation of devices, called biocalorimeters[4]. Transition between the initial, purely non-stationary
regime and the subsequent - often stationary regime is not only regular but also quasi-stationary
thermal conditions. In this regard, the regular mode is very similar to the quasi-stationary regime, and
only thanks to a number of features peculiar to it, can be separated from the quasi-stationary regime.If
all the methods of the regular regime assume heat exchange of the body with the environment
maintained at a constant temperature, the quasi-stationary methods mean the heat exchange with the
environment of the body whose temperature varies with time linearly.
Regular mode occurs after a certain period of time after the start of the heat transfer process in the
system material-environment where the solution of the heat equation, obtained in a series, can be
limited by one member. Quasi-stationary mode also occurs after a certain period of time after the start
of the heat transfer process in the same system material-environment, when the temperature of any
point of the material begins to change at a constant rate. The initiative to develop methods of quasistationary regime belongs to A.V. Lykov. A.V. Lykov suggested the use of the principle of quasistationary regime in order to find the thermal diffusivity of damp materials [5].
A method described here for determining the thermophysical characteristics of the material is based on
the registration process of attenuation of thermal waves in the material on the surface which is created
by the experimental temperature wave. This wave is transmitted through the process heat into the
body's depth with delay in phase and with reduced amplitude. In this case is suggested that the
process of moving waves continues for so long that the initial temperature distribution ceases to affect
its course. This affects the nature of quasi-stationary thermal regime described by the solution. Such a
task is characterized by the absence of initial conditions.
Method for determination of thermal diffusivity of a long and narrow rod, at the ends of which
temperature was changing periodically, proposed by Angstromom[6]. Heating (heating with steam)
and cooling (water flow) was carried out at regular intervals. After some time, at any point of rod was
set a periodic temperature distribution, independent from the initial distribution. Registration of the
temperature with time at two neighboring points x1 and x2 allows to find the thermal diffusivity.
Non-stationary methods for determining the thermo-physical characteristics of materials based on the
theory of solving the heat equation with non-stationary heat flux. Problems for solving inverse
problems of unsteady heat conduction equation studied by many scientists, in particular Alifanov OM,
Artyukhin EA, Rumyantsev SV [7] J. Beck, B. Blackwell, St. Clair Charles [8], Kabanikhin SI,
Bektemesov MA, AT Nurseitova [9].
Coefficient of thermal conductivity is determined by the composition of the soil structure and texture
of the rock. There are numerous experimental data, which determined the thermal conductivity of
different materials in the laboratory, and compiled tables of thermal conductivity of the basic materials
and rocks, often occurring in practice and in industry. But still have not been developed sufficiently
reliable method for determining the characteristics of the soil in the field.
In the study of heat transfer in complex systems such as soils, generally, you can go two ways,
"microscopic," consisted in analyzing the mechanism of the phenomenon, and "macroscopic" based on
the phenomenological description of the phenomenon, which distracted from the discrete structure of
the soil and treat it as a solid body, characterized by the average "macroscopic" parameters.
"Macroscopic" approach allows to describe the thermal regime of freezing and thawing of soil the
most simply, i.e., to answer the question, the most interesting for Geocryology. Therefore, this work is
devoted to the processes of heat conduction, namely from those positions.
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3.

FORMULATION OF THE PROBLEM

In order to solve the problem, namely, to determine the thermal conductivity of thawed, frozen product
and to determine the change
in the zone of phase transformation of the soil, it is necessary to solve
the following problem /10,11/:
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We will consider the frequent case in practice /12/

A( z ) B( z ) .
Required to determine the functions A(z )

B (z ) .

3.1 Differential scheme
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t ) is denoted by Yi J 1 .

In the area Q Nm we consider the problem
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i
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1

,

(6)

Tb j 1 ) ,

(7)

0,1,2,..., N .

(8)

The coefficient of thermal conductivity

( )

is determined iteratively. Number of iterations is

denoted by n Given the initial approximations An ( z i ) and Bn ( z i ) . The corresponding solution of
the system (6)-(8) is denoted by Ynij
For the function Y n

0

c Yitj
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1

Yn

Ynj 11,i , z

1
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Y
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n
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we obtain the difference problem
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Published by Info Invest, Bulgaria, www.sciencebg.net

(13)

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
where

We multiply (12) to an arbitrary grid function U i j t z and sum by internal

n.

n 1

points of the grid QNm /11/. Then, after a single application of the formula for summation by parts in
variable i and j taken the relation:
N 1

N 1

m m
z
0C Yi U i

N 1m 1

0 0
0C Yi U i z

i 1

i 1
m 1

j 1
N Yn 1, N , z
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1

z t

i 1 j 0
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YNjz 1 U Nj t
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n 1, iz
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U

j
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1

j
i

U izj t z .

j 0 i 1

Consider that U im
the equality:
N 1m 1

Yi j

1

0 and U 0j

j
0CU i t

1

0 . Taking into account initial-boundary conditions (13) we obtain

m 1

YNj 1U Nj t

z t

i 1 j 0

j 0

m 1 N

Yn j 11,izU izj t z

j 0 i 1

m 1 N
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1

j
i

U izj t z .
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Again applying formulas for summation by parts to the last sum, we conclude that
N 1m 1

Yi j

1

j
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i 1 j 0
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1

j
i
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Grid function U i j is selected the way that next equality will be possible
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Then
m 1

j
N

U Nj z

U Nj

1
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m 1 N

Yn j 11,izU izj t z .

t
j 0 i 1

j 0
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we obtain an important relation necessary for further study. That is,
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Coefficient of thermal conductivity of multilayer soil is determined from the minimum of the
functional:
m

J( )

T gj

1

YNj

1 2

t,

j 1

where Tg

j 1

– the measured soil temperature at the earth's surface, and Y Nj

1

the estimated value of

soil temperature on the surface of the earth. Taking into account (14) for the difference of functional
formed the formula:
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then
2
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i, j

Where 1 , 2 - sufficiently small values gleaned from the condition of convergence of the iterative
process. Then, the approximate value of the thermal conductivity of soil is defined as:

An 1 (hk )

hk
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B n 1 ( hk )

B 0 ( hk )

0
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(19)
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i

h2 h1 - thickness of the melt zone; d 2 h3 h2 - thickness of the phase zone;
h3 - thickness of the frozen zone. And h1 0 , h4 H and d k 0, k 1,2,3 . In (19)

h4

summation is carried out with respect to each zone separately.
In this paper have been proven:
Theorem 1. If

( z ) W21 (0, H ), Tg (t ), Tb (t ) W22 (0, T ) , then for the solution of problems (6)-(11)

0

next estimation is appropriate
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Yt 0
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2

2
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Theorem 2. If

0

max Yt 0 .

, max Yt

i

( x ) W21 (0, H ) , Tg (t ), Tb (t ) W22 (0, T ) , then for the solutions of problems (15)–

(17) we have estimation

max || U || 2
j

Theorem 3. If

Ut

2
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2

U zt

2

t

C1 1
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z
.
( zi )

( x) W21 (0, H ), Tg (t ), Tb (t ) W22 (0, T ) , then iteration process(19) converges and

we have the estimates

0
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AIR HEATING SOLAR COLLECTORS AND ITS APPLICABILITY
FOR ROOM VENTILA TION AND HEATING
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Cakstes Blvd.5, Jelgava LV3001, Latvia

Abstract
This paper describes the results of the investigation the aim of which was to find new air heating solar
collector constructions and easily to accessible materials which it is possible to use as absorbers. We
tested the inflatable air heating solar collector construction. Inflatable solar collector gives good
correlation with air heating degree and radiation (r=0.93). This type of collectors very sensitive to
radiation changes, response time is only about 1 minute. Given type of air heating solar collectors is a
good efficiency, the efficiency coefficient is
=0.63. Absorber materials (seed boxes made by
polypropylene, black colored energy drink cans situated on steel-tinplate ) are tested for room heating
and ventilating. Stationary air heating solar collectors for room heating are using in case, when sun
radiation exceed 300 W/m2 , otherwise it is not effective or ambient air temperature is cooling room
air. Collectors is recommended for room ventilation to reduce heat lost in cold weather. The
collectors should be well insulated, especially if they are to be used in early spring, when ambient
temperatures are low. These researches show air heating solar collectors applicability in room
heating and ventilating, agricultural production drying at Latvia weather conditions
Key words: solar collector, air heating, temperature, absorber
1. INTRODUCTION
Sun, that alternative energy source more and more widely is used in national economics. The greatest
advantage of solar energy as compared with other forms of energy is that it is clean and can be
supplied without environmental pollution. So if more people used solar energy to heat the air and
water in their homes, our environment would be cleaner. Over the past century, fossil fuels provided
most of our energy, because its were much cheaper and more convenient than energy from alternative
energy sources. The limited reserves of fossil fuels cause situation in which the price of fuels will
accelerate as the reserves are decreased.
The sun is the most powerful heat generator, which neither of the heat sources created by mankind can
compete with. Yearly the earth is reached by the solar energy 15000 times more than the power
industry of the whole world can produce. It means that only a tiny part of solar energy is being used
for the sake of mankind.
We can use solar energy to heat and cool buildings (both actively and passively), drying production,
heat water for domestic and industry use, heat swimming pools, generate electricity, for chemistry
applications and many more operations.
The application of solar energy is completely dependent on solar radiation. An intrinsic difficulty in
using solar energy is given by the wide variation in the solar radiation intensity. The availability of
solar radiation depends not only on the location, but also on the season. Extreme differences are
experienced between summer and winter, and from day to day.
21
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In general, solar air heaters are flat-plate collectors (FPCs), consisting of an absorber, a transparent
cover, and backward insulation. The performance of solar air heaters is mainly influenced by
meteorological parameters (direct and diffuse radiation, ambient temperature and wind speed), design
parameters (type of collector, collector materials) and flow parameters (air flow rate, mode of flow).
The principal requirements of these designs are a large contact area between the absorbing surface and
air (S. Kalogirou, 2009).
The efficiency of air heating solar collector depending from collector covered materials
(polyvinylchloride film, cell polycarbonate PC, translucent roofing slate), absorber (black colored
wood, steel-thin plate etc.) and insulation of collector body with different air velocities in collector
was investigated (A. Aboltins et al. (2009, 2010, 2011), G. Ruskis et al. 2011).
The air heating collectors can be used in two main directions for production drying and room heating
(ventilation). Production issues through drying in the sun-warmed air are discussed a lot in works (H.
Andoh et al. 2010, A. Aboltins, Up tis 2010). We are exploring a variety of coating and absorbent
materials to increase the air warm-up stage
In case, if you are using FPCs for room air heating, then they mostly are stationary it efficiency is not
only dependence from sun radiation, but also from sun rays angle against collector surface. The sun
rays fall under angle to collector plane (it means its fall under angle to covered material) and it gives
more reflection.
We want to look at and to study same created inflatable solar air heating collector usage of production
drying and room heating questions using different material absorbent stationary air-heating solar
collectors.
2. MATERIALS AND METHODS
An aim of the experiment was to made inflatable solar collector (Patent LV-14452). Inflatable solar
collector had simple constructions, easily usable and transported. This type of collector based on the
inflated carcass with a good insulator of absorbent. As a coating material has been used polyethylene
film.

Fig. 1. Inflatable air heating solar collector (overview, inside).
For experiments we used inflatable air heating solar collector with dimensions: length 1.5 m, width 0.7
m and height 0.6 m (Fig.1). We used fan with power 100 m3/h for air ventilation in collector.
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The another part of our investigations devoted to the flat-plate collectors situated at wall in southward
direction. The aim of our investigations was to compare different absorber materials use and to make
out their usability in air heating solar collectors for room heating and ventilation.
The 0.1x0.5x1.0 meters long experimental solar collector was constructed for research. As a absorbers
was used- steel tinplate with cylinders of black coloured energy drink cans (Fig.2) and black seed
boxes which was made out of polypropylene (Fig.3). Air velocity at the experiments in collector was
v=0.9 m/s. In collector we used fan with power 100 m3/h and room space was approximately 80 m3.

Fig. 2. View of solar collector with
cylinders of black coloured energy drink
cans situated on steel-tinplate absorber.

Fig. 3. View of solar collector with black
polypropylene seed boxes absorber.

In the experiments, the collector covered material was polystyrol plate. This material has gained
immense popularity due to such properties as safety, mechanical crashworthiness, translucence and
high UV radiation stability. Covered material - polystyrol plate reduced sun radiation by 12-15 %.
Solar radiation measuring instrument was the pyranometer which is used to measure total radiation.
Our task was to investigate air heating solar collector possibility to use it for room heating. For this
task we used the collector built-in window. Through this window collector we ventilated room air. We
measured room air, ambient air, and ventilated air temperature inlet and outlet of collector.
Experimental data is recorded by means of an electronic metering and recording equipment of
temperature, radiation and lighting REG (REG, 2004). Solar radiation measuring instrument was the
pyranometer.
The aim of our experiment was to compare and analyze different type air heating solar collectors use
for Latvian climatic conditions.
Experiments were made in year 2011 from spring to autumn in different weather conditions at
different ambient air temperatures and wind speed.
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3. RESULTS AND DISCUSSION
The data of inflatable solar collector (Patent LV-14452) shown in Figure 4. The experiment took place
in the 6. May 2011. Results show a very strong correlation between solar radiation and air warm-up
stage. It should be noted that the air warm up in the collector quickly react to changes in radiation
(clouds, shadows). Response delay time inflatable collector is approximately 1 minute, compared to
the classic it accounted for 5-7 minutes (A. Aboltins et al. ,2011, G. Ruskis et al., 2011).
1200

35
30

1000

25
2

20
600
15

Radiation, W/m

o

Temperature, C

800

400
10
200

5
0
11:21:00

0
11:46:00

12:11:00

12:36:00

13:01:00

13:26:00

13:51:00

14:16:00

Time, minutes
Temperature in outlet of collector

Ambient air temperature

Radiation

Fig. 4. Inflatable solar collector heated and ambient air temperatures comparing with sun irradiance in
time.
Using the obtained data and taking into account the warm-up delay time (1 minute) obtained the
relationship, which is characterized by atmospheric air warm-up degree in inflatable air heating solar
collector, depending on solar radiation (Fig.5).
It should be noted the high correlation coefficient ( r
radiation conditions.

0.93 ) with such a rapidly changing sun

We determined the efficiency of the solar collector, as prescribed in ASHRAE Standard 93 2003. The
efficiency of the solar collector can be calculated by the following equation (Clearinghouse, 1994):

m c p (T fo

T fi )

S RT
where

- efficiency coefficient of solar radiation converted into heat;
m - mass flow rate of air, kg s-1;
cp - specific heat, J kg°C-1;
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S - area of solar collector, m²;
RT - global solar irradiance incident upon the aperture plane of collector, W m-²
Tfo , Tfi - outlet and inlet working air temperatures, °C
With the equation (1) were defined effectiveness coefficient over the all experimental time using
average working air temperatures and radiation. In our case inflatable air heating solar collector
efficiency coefficient =0.63
y = 0,0122x + 2,6388
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Fig. 5. Temperature increase in outlet of inflatable air heating solar collector comparing with sun
radiation.
An issue, how to use the air heating solar collectors for room heating at Latvian climatic conditions.
Experiments were performed with two types of absorbent materials (cylinders of black colored energy
drink cans and with black polypropylene seed boxes).
As can be seen from the experimental 1 March 2011, solar radiation significantly affected by passing
room air temperature warm-up stage (Fig 6). Experimental data show that, near little sun radiation are
not visible constitutive air heating, but increasing sun radiation is growing air heating level (Fig. 6).
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Fig. 6. Room air temperature changes in outlet of collector (cylinders of black colored cans) and
ambient air temperatures comparing with sun radiation in time.
When radiation is smaller than 300 W/m2 collector is not heating room air, because absorbent can not
compensate heat loses in atmospheric temperature influence. Air heating level is not highly dependent
on ambient temperature, much more it is influenced by solar radiation and horizontal irradiance angle
of sun to collector surface.
We can see that the solar radiation changes significantly affect the passing air temperature. This effect
does not happen instantly, but with a delay of 4-7 minutes. It should be noted that the un-insulated
collector efficiency is highly influenced by wind speed, which cools the surface of the collector body.
Experimental data, which took place on 14 April 2011. with black polypropylene seed boxes absorber
shown in the Fig. 7. The room air passing through the collector heats up to 10 degrees up radiation
greater than 600 Wm-2.
We are interested in room air temperature increasing in outlet of collector. We would like to know
how sun radiation influence air heating level for stationary collector. Experimental data from 14
September 2010 shows sun radiation and air temperature increasing dependence in Fig. 8 (collector
with absorber steel tinplate with cylinders of black colored cans). Large data dispersion shows that
horizontal irradiance angle of sun to collector surface is giving influence to temperature increasing
witch we ignored. Sun’s rays angle influence to collector effectiveness is shown at (A.Abolti š et al.
CIOSTA 2011).
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Fig. 7. Room air, ambient air and collector outlet air temperatures ( absorber material - black
polypropylene seed boxes) comparing with sun radiation and time.
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Air-heating solar collectors have a wide range of use possibilities of ventilation, using atmospheric air,
especially in spring and autumn. Atmospheric air passes through a collector, it is heated and thus
reducing heat loss in room during ventilation.
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Fig. 10. Atmospheric air temperature, collector outlet air temperature (absorber material - black
polypropylene seed boxes) comparing with sun radiation and time.
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By using atmospheric air ventilation (mean temperature during the experiment was 4.2 oC), it is heated
by an average of 11.6 degrees to the average radiation R = 461 Wm-2 . Experimental data (experiment
took place in the 3rd March 2011 from 10.30 hours to 16.30) show close sun radiation and
atmospheric air temperature increasing dependence (collector with absorber steel tinplate with
cylinders of black colored cans) (Fig. 9). The ambient air temperature, air temperature at outlet of
collector (absorber- black polypropylene seed boxes ) and sun irradiance data (17.03.2011) show , that
air with average temperature 3.7 oC heated up to 15.3 oC with sun radiation 492 Wm-2 (Fig. 10).
4. CONCLUSIONS
1. Inflatable solar collector is giving good results, average ambient air temperature increase in
experiments is 10,2C° and max increase is up to 16 C°. This collector gives good correlation
with air heating degree and radiation (r=0.93). This type of collectors very sensitive to
radiation changes, response time is only about 1 minute. Given type of air heating solar
collectors is a good efficiency, the efficiency coefficient is =0.63.
2. Inflatable solar air heating collector is easy to make, operate and to derange construction. It
works well in Latvian climatic conditions.
3. Stationary air heating solar collectors for room heating are using in case, when sun radiation
exceed 300 W/m2 , otherwise it is not effective or ambient air temperature is cooling room air.
It should be noted that the collectors should be well insulated, especially if they are to be used
in early spring, when ambient temperatures are low.
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EFFECT OF THE SOUND ABSORBING LININGS ON THE STRUCTURE
OF THE ACOUSTIC FIELD IN THE PREMISES
AKMALAYEV K.1, TUKIBAEVA M. 1, OMAROV C. 1
1

The Kazakh national technical university, The Republic of Kazakhstan

Abstract
The influence of absorbent linings in the form of the structure of the acoustic field in the premises. For
the study we examined the surfaces of the wings sound absorption on the basis of decorative acoustic
blend of cotton waste production. In this paper we propose a rapid method for estimating the sound
pressure level sound absorbing facings flat space frame structures.
Thus it is possible to distinguish two moments: pores size in average little bit less millimeter that lays
in the field of acoustically effective pores; additives of active substance and PAB serve as the center
of crystallizations for hydrating from the grains of plaster double aqueous calcium sulfate knitting
crystals dissolved in water. From the sample microstructure it is visible, that crystals of double
aqueous calcium sulfate is formed not only in the form of petals and the truncated prisms. Such
morphology of crystals assumes higher durability of intercrystal contacts and accordingly forms
structure with higher durability of material.
Key words: acoustic field, sound absorption, the relaxation absorption, decorative and acoustic mix
1. INTRODUCTION
Acoustic field in a closed volume is the result of addition of direct and reflected sound waves. In
connection with this circumstance, the probability distribution function of sound pressure depends on
the amount of room reverberation time, the distance between source and detector, orientation, number
and location of sound sources, the indoor environment, surface conditions and geometry of the room.
The acoustic environment in this area requires consideration of all these complex physical and
geometrical parameters that affect the acoustic field.
Exact calculation of the effect of absorption on the structure of the acoustic field in large production
areas is extremely complex. This is due to the fact that in these areas should take into account the
absorption in the amount of space in the immediate vicinity of the surfaces and structures protecting
the premises. The difficulty lies in the fact that the absorption in the medium of space is masked by the
absorption of sound energy near the wall in the acoustic boundary layer thickness v [1].
2. APPROACHES, TOOLS, DATA, DOMAINS AND NESTING
The work of viscous forces, transforms acoustic energy into heat and per unit volume is proportional
to the volume of medium magnitude of the wave number K2, and in the boundary layer, the value of 1
/. The volume in which the absorption occurs - is the amount of space, respectively, the boundary layer
and the cladding. By order of the volume of space and the boundary layer are, respectively, L3 v and
L2, where L - the linear size of the room. As a result, the ratio of energy absorbed in the medium and
in the boundary layer near the walls, will be equal in order of magnitude [1]:
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K 2 L3
1
2

L K2

(1)

2

L

Figure 1 shows the approximate calculation of the dependence f / hertz / to air = 0, 0002 m. The
calculation was performed for areas with linear dimensions 10, 20 and 40 m (scale logarithmic),
whose results show that with increasing frequency ratio increases in the frequency range of 1000Hz
viscous losses in the medium and the walls are compared.
In the above calculation does not take into account the relaxation absorption cause by the presence of
air, water vapor and carbon dioxide vapors. So in reality, the absorption at the walls and the volume of
the medium becomes equal to and at a lower frequency.
The results show that the absorption in the small room in the boundary layer plays an important role in
the total energy losses, approximately the same as the viscosity contributes to the loss and thermal
conductivity, since the order to continue the relationship and taking into account both mechanisms [2].
Behavior of the sound field in real industrial environments depends on what the contribution of
absorption for axial, tangential and oblique waves.

Fig. 1. From a calculation of the frequency dependence of f / Hz / airfor c =
0, 0002m. Linear dimensions of the room 10, 20 and 40m
For axial waves each wall space contributes to the absorption coefficient, but the wall on which the
sliding surface of the wave, causing less absorption at equal conductivity. On the other hand, the
absorption efficiency of the tangential wave surfaces of a rectangular area selected depends on the
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orientation relative to the surface of the wall. For the surface, where the wave vector makes an angle
with the normal 900, the efficiency of absorption half.
3. APPLICATION VALIDATION
The greatest contribution of the surface absorption can be observed when using the speaker "wings"
where there are all kinds and directions of the incident surface wave absorbers.
Sound-absorbing element is a rocker-type body length and the width is much greater than the
thickness.
The combined in a certain way in the space of the premises separate elements form a space lattice,
which can be regarded as a sound-absorbing system with distributed elements of the system smaller
quantities, providing the conditions for their independent work.
At all frequencies of acoustic scenes provide a higher absorption of sound at the same flow rate of
absorbent material. Save sound-absorbing materials in short supply in this case is obvious.
Reduction of sound pressure level in the area of the reflected sound can be determined by the formula:

L = 10 lg

1

(2)

Where B is a constant to the acoustic treatment, B1 - permanent premises after the acoustic treatment.
To calculate the absorption wings, designed by the author’s using the formula [2]:

S
L 10 lg 1 / B 1 / S
S
1/ B 1 / S

A1 S S
(3)
1

A B S

Where the S-total area of building envelope surface, m2.
SKUL - surface area of the wings; A1 - additional sound absorption surface of the wings, divided by
the area of 1 m2 of ceiling on which the wings.
Developed by the authors behind the scenes, a sound system of the double plate made of decorative
and acoustic mix of waste cotton plants [2] is shown in figure 2 and figure 3. Proposed in this
paper, the scenes, as shown, has the highest efficiency in manufacturing plants with high levels
of sound pressure.
In some cases, the practice of design and construction of buildings with high sound absorption requires
rapid assessment of the approximate number of sound-absorbing lining for the premises. This
should be taken into account not only the total area of the lining, but the dominant frequency of the
level of the intended sound. In this paper we propose a method for calculating the rapid - assessment
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of reduction of sound pressure level inside the building depending on the area facing absorbers and
frequency of the incident sound wave. For the calculation were chosen the most popular in the
construction of the former CIS materials, including materials developed by the authors of this paper.
Table 1. Shows a comparison of acoustic absorption wings and flat sound absorbing paneling of the
room.
Frequency, Gz

125

250

500

1000

2000

1

Wings

0,6

0,9

1,2

1,55

1,55

Flat lining

0,2

0,5

1,1

1,25

1,25

Fig. 2. Placing speakers behind the scenes

Fig. 3.Akusticheskaya rocker with a "trap"
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Calculation of reduction of sound pressure level depending on the amount of space, soundabsorbing surface area depending on the frequency of sound performed by the formula [1]:

S
1/ B 1/ S
S
1/ B 1/ S

l

A1 S S
(4)
1

A B S

Where the total area of S-walling the room, m2;
B - constant area, m2;
A1
-a
parameter
distance between them.

depending on

the

size

of sound-absorbing

panels

and

The area of sound-absorbing panels sound

S sound =
1

A

S 10 0 ,1 L 1
1 1
B 10 0,1
B S

(5)
L

S

In this condition must be satisfied:

A
S

S 10 0 ,1 L 1
1 1
B 10 0 ,1
S

(6)
L

S

This paper has been determined the dependence of for rooms with volume: 1800 m3 protecting the
surface = 1120 m2, 600 m3 protecting the surface = 2780 m2, lined with acoustic tiles "silakpor" for
premises with a volume of 1800 m3 acoustic tiles "akmigran" and facilities for up to 2000
m3 penogipsovymi acoustic tiles, designed by the authors of this paper.
Penogipsovye plates authors [2] is a single-layer flat products, mostly square.
Technical characteristics:
Dimensions:

300x300x20
2

Weight of 1 m

12,9 kg
3

The average density, kg/m
Flexural strength, MPa

500-600
0,8 – 1,2

Sound absorption coefficient on the frequencies, Hertz
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Hygroscopicity, %

500

0,35-0,45

1000

0, 65 – 0,75

2000

0,7 – 0,8

3

We calculated decrease in sound pressure level depending on the amount of space, sound-absorbing
surface area, lined with acoustic tiles "silakpor" and "akmigran" and constructed a graph of the
indicative reduction of sound pressure level of the proportion of the area facing "silakporom" in
relation to the total area surfaces enclosing the room for all frequencies of octave bands.
The graph (Figure 1) allows tentative, without lengthy calculations to evaluate rapid method of
reducing sound pressure plates, for example, "silakpor" if we know the possible area of cladding.

Fig. 4. Dependence reducing sound pressure on the share of the area facing the surface of
the enclosing area (% of total area of building envelope)
Preliminary calculations show that the use of this type of flat lining is on the (60-70)% of total surface
area in the design or renovation of facilities will eliminate the excess of the sound pressure level of the
normative values.
4. SOME EXAMPLES FROM THE NUMERICAL EXPERIMENTS
Thus, knowing the exact range of the sound in any room, you can choose sound-absorbing lining to
the relevant maximum absorption coefficient in this frequency range.
Authors of this work had been developed the technological scheme including following basic
operations: separate preparation of suspension of fibre and foam gypsum mass, obtain of foam gypsum
mass, pressing and thermal processing.
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Foam gypsum mass is received by foaming solution of PAB up to the settlement frequency rate and
the subsequent mineralization foam by dry plaster knitting. Wastes of cotton fibers are expanded in a
water solution of poly-vinyl -acetate dispersions.
Forming mix is received by mixing the foam gypsum mass with suspension of cotton fibers.
Preparations of a forming mix were carried out by means of a mixer of compulsory action at duration
of hashing of components within 2-3 minutes.

Fig.5 . Influence of pressure on the pores distribution in the sizes of foam gypsum materials with
average density 250 kg/m3
Formation of a plate is carried out by pressing foam gypsum mixes in a compression mould at pressure
10 MPa within 3-4 minutes, with simultaneous compression and mixes during pressing surplus of
water gauging. Rise of pressure up to the set size was carried out with a speed 0,05-0,08 MPa/s.

Fig. 5b. Integrated porosity of foam gypsum materials with average density 250 kg/m3
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The slabs taken from press were dried by blowing through a material of the heat-carrier in temperature
80 °C. Duration of drying thus makes 2,5 hours.

Fig. 6 . Dependence between average density and pores distribution in the sizes of foam gypsum
materials
5. CONCLUSIONS
The feature of the acoustic materials structure is the high percentage porosity in it. Research of
distribution of times depending on specific pressure of pressing (fig. 5 ,b) has shown, that the
pressure of pressing equal 10
is optimum not only for reception of material with high strong
parameters, but also with favorable for the purposes of sound absorption in the pore sizes. At the
material formation under pressure 2 and 5
the significant volume in it borrow the huge pores
(accordingly 40 % and 30%) in which the sound absorption is complicated because of reduction of
viscous friction forces of air waves in material pores.
ACKNOWLEDGEMENTS:
At reduction of average density of foam gypsum slabs the maximum of curve is displaced aside
increases in the pore size (fig.6 ), but as a whole the general character of durability of samples
approximately identical, which testify the data on the average pore size (fig. 6b).
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Fig. 6b. Dependence of foam gypsum materials by integrated porosity .Here: 1-170; 2 -200; 3-250
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THE STUDY OF CATALYTIC ACID SITES ON THE SURFACE OF ZEOLITE H-ZSM
BY MEANS OF IR-SPECTROSCOPY AND QUANTUM CHEMISTRY METHODS
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Julia V. Kostina, Natalya I. Kuzmina
A.V.Topchiev Institute of Petrochemical Synthesis, RAS (TIPS RAS),
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Abstract
By means of ATR FTIR and high temperature diffusive reflectance FTIR investigated the structure of
zeolite H-ZSM-5 at 25 and 350 oC temperature treatment in inert atmosphere (in situ). Spectral
changes were observed when H-ZSM-5 mixing with Al2O3 and modifying with Mg and Rh salts.
Absorption bands of free and associate OH groups on the zeolite surface were identified after water
removal and zeolite modification. Using quantum chemical calculations theoretical spectra of the
zeolite models isolated or bonded OH surface groups found.
1. INTRODUCTION
Zeolites of ZSM-5 type with regular nanoporous structure and pore diameters of about 5.6–5.8 Å used
in different chemical processes: separation and purification of hydrocarbons, dehydration of
refrigerants, producing substrates for catalysts of plastics and rubber vulcanization processes,
extraction of radioactive isotopes from liquid wastes of nuclear industry, separation of CO 2 and sulfur
compounds from natural gas, etc. Catalytic activity of zeolites in different hydrocarbon reactions is
one of the most important areas of their application, The structure of catalyst and origin and number of
active sites are crucial factors in the study of efficiency and selectivity of any catalytic hydrocarbon
conversion on zeolite surface. Crystalline structure of natural and synthetic zeolites are made via
tetrahedral SiO2/4 and AlO2/4 groups connected by joint vertices in 3D 2-15 Å nanoporous structure.
Open skeleton-cavity zeolite structure [AlSi]O4 has a negative charge that is compensated by cations
(metal, ammonium, alkylammonium and others injected by ion exchange) and water molecules able
for dehydration[i]. Catalytic reactions are processed on Bronsted and Lewis acid sites of zeolites. In
industry zeolites are modified with transition metals and ( -Al2O3) is added to improve the mechanical
properties of the catalyst.
This work describes changes in the structure of the zeolite when it is modified studied by FTIRspectroscopy.
2. EXPERIMENTAL PART
FTIR-Methods are listed below:
-

registration of transmission spectra of the catalyst suspension in Vaseline oil using vacuum
FTIR spectrometer IFS-66 v/s («Bruker»);

-

registration of ATR spectra of catalyst powder in the air at room temperature using FTIR
microscope HYPERION 2000 («Bruker») connected with FTIR spectrometer IFS-66 v/s;
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-

spectra registration under temperature treatment in inert (Ar) atmosphere was carried out using
in situ diffuse IR method. Spectra were registered in the in the range 25 – 350 oC in high
temperature IR cell (PIKE Diffuse) connected with FTIR spectrometer VERTEX-70
(«Bruker»). Results processing were completed using OPUS software.

Quantum chemical calculation were carried out with the Gaussian03[ii] and PRIRODA software
depending on the task. In Gaussian03 Hartree-Fock (HF) method and 6-31G basis for models
optimization and theoretical vibration spectra calculations were used.
In PRIRODA software functional PBE (Perdew-Burke-Ernzerhof) and three exponential basis set 3z
were used.
3. RESULTS AND DISCUSSIONS
3.1
Structure studies of Al2O3 by means of high temperature Diffuse Reflectance FTIR
spectroscopy in situ
Zeolites as well as Al2O3, used as a binder in zeolite catalysts production, tend to absorb water under
room temperature, therefore studying of active sites of these materials should be carried out only after
complete water desorption. Alumina structure contains OH groups that could contribute to wrong
interpretation of catalyst spectra. That is why it was necessary to begin the work from research aimed
to study of alumina functional groups spectral behavior under different conditions.
To valid and complete interpretation of the spectral behavior of absorbed water molecules on Al 2O3
surface the following experiment was performed. Initial -Al2O3 was put in a cuvette of high
temperature cell, than it was annealed at 450oC and cooled down to 250oC under Ar flow. Next under
the same temperature water vapor was passed through the system for 2 hours and again for 1 hour
system was flowed with Ar. FTIR spectra registered during the whole experiment are presented below:
Int.

o

-Al2O3, 250 C(Ar)

3506

60

o

1642

-Al2O3, 450 C(Ar)
o

-Al2O3, 25 C(Ar)
50

1592

40

30

3669
20

3725

3576

10
-1

cm
3800

3600

3400

3200

1700

1600

1500

Fig. 1. -Al2O3 Diffusive Reflectance IR spectra -Al2O3 at room and high temperature
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At 25 oC in FTIR-DR spectrum absorption bands of 2 adsorbed on the surface of aluminium oxide
are observed: a peaks at 3506 cm–1 (stretching vibrations of associated -OH groups ( OH)) and 1642
cm–1 (deformation vibrations HOH ). At 250
intensity of both bands decreases, and at 450 they
finally non being registered in the spectrum. In this conditions we see only low intensive bands at
3669 cm-1 which we refer to low associated OH-groups, band of unassociated OH-groups (at 3725 cm1
), also we have detected band of low intensity at 3576 cm–1, which could be referred to more
associated OH groups at one atom of aluminum. All this –
groups may take place in catalysis of
conversion of oxygenates (methanol, dimethyl ether) on the surface of aluminum oxide.
Attention should be paid on spectral display in region of deformation vibrations, which characterize
geometry of angle
(
). In FTIR-DR spectrum of the initial sample deformation vibrations
(
) of adsorbed water registered at 1642 cm–1. This band disappeared in spectrum at 250 , and
we register band at 1592 cm–1, which certainly characterizes deformation vibrations of … – and
strongly asymmetric bonds –
. That is easily could be in Brensted acid site (BAS). If at 250 we
let water vapor above surface of aluminum oxide, we detect that band at 1592 cm-1 would slightly shift
towards shorter wavelengths and increase in intensity, and at 1642 cm-1 there is only a slight increase
in the background of absorption. In region of absorption of valence vibrations – -groups in this
conditions we detect strong growth in intensity of the band at 3576 cm-1, intensity of the bands from
isolated –
groups (3725 cm-1) and low associated –
(3669 cm-1) also grows, but insignificantly.
This behavior of the absorption bands of stretching and deformation vibrations of
groups leads to
the conclusion, that bands 3576 and 1592 cm-1, respectively, can be attributed to stretching and
deformation vibrations of bands –
in BAS. From this experiment we can conclude that passage of
water vapor above aluminum oxide at 250 does not lead to its sorption on the oxide surface, but on
the contrary, accompanied by an increase in the number of BAS, as well as isolated and weakly
associated –
groups.
Int.
70

60

o
Al2O3-H2O 250 C
o
Al2O3- 250 C

50

40

30

20

10
-1

cm
3800

3700

3600

3500

3400

1700

1600

1500

1400

1300

Fig. 2. Comparison of spectra of Al2O3, evacuated after heating at 450 and cooled in dry argon at
250 (black curve), and also Al2O3 after passage of water vapor for 2 hours at 250 oC(red curve), in
region of absorption of deformation and stretching vibrations of bonds OH.

42

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
It can be assumed that the passage of water vapor above surface aluminum oxide after thermo
treatment, water molecules coordinating to the nearer Al-OH and LAS centers on the surface of –
Al2O3, would dissociate on + and
, while creating new BAS and increasing content of isolated
and weakly associated OH groups:

H

O
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O

O
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O

O

Al
O
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O

H
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H
O
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Al

Al

O

O

O

O

According to the detailed analysis of the spectral behavior of aluminum oxide, which is used as the
binder in the preparation of catalysts, it is possible to correctly identify the acid sites of zeolite
catalyst, shown in its heat treatment. Fig. 3 shows the IR-spectra of Diffusive Reflectance of the
binder (aluminum oxide studied above) – blue curve, zeolite HZSM-5 without the addition of a binder
(red curve) and a sample obtained by mixing the zeolite and the binder (black curve).

Fig. 3. IR-spectra of samples ZSM-5, ZSM-5/Al2O3 and -Al2O3 after heating at 350 oC in region of
BAS and stretching vibration of OH bonds.
Analysis of Fig.3 showed that the absorption bands in region ~ 3700–3400 cm–1 can be attributed to
active sites on zeolite surface. Table 1 shows the assignment of the absorption bands of hydroxyl
groups and BAS in spectrum of zeolite ZSM-5 and -Al2O3.
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Table 1. Adsorbtion bands of hydroxyl groups and BAS in spectra of zeolite ZSM-5 and -Al2O3

IS

Group

-Al2O3, cm-1

HZSM-5/Al2O3, cm-1

HZSM-5, cm-1

Calculational
data

Si-OH is

-

-

3732 (w)

3780

Al-OH is

3760

3720

O
Al

AS
O
Al

H

O

H

O

O
Al

O
Si

H+

BAS

Al O

H

H

3715
3674

-

3820
-

H

-

3571
1591

3660
3596
1590
1632

3660 (w)

3607 (w)
3611 (w)

Calculation in
progress
3625
3770

Calculation in
progress

Bands in the IR-spectrum of calcined -Al2O3, which characterize BAS (3572 and 1592 cm-1), can also
be found in the spectra of HZSM-5 and HZSM-5 – Al2O3 registered under the same conditions; while
their small shift into the range of short wavelength is associated with the influence of the neighbouring
Si-O bonds. Quantum-chemical calculations of models of fragments of the zeolite structure with
isolated and associated hydroxyl groups can serve as an additional justification for the correctness of
such assignment of frequencies. Calculations were performed using the method of density functional
theory (DFT) in quantum-chemical program PRIRODA. During these calculations geometry
optimization of selected models with further calculation of the vibrational spectrum was carried out,
afterwards the correlation of vibration bands of hydroxyl groups in the theoretical and experimental
spectra was held. Despite the significant overestimation of the calculated values of vibrational
frequencies, the overall trend of shifting their position while being associated remains, which lets us
say that the held analysis confirmed the correctness of the assignment of the vibration frequencies of
hydroxyl groups, described above.
3.2
Investigation of the structure of the catalyst modified by magnesium nitrate by the method of
DR high-temperature spectroscopy in the in situ mode.
Having studied the spectral demonstration while heat treatment of aluminum oxide, unmodified zeolite
and their mixtures, one can correctly analyze changes in the structure of the catalyst surface, prepared
by mixing the zeolite, modified with magnesium, and aluminum oxide as a binder. Heat treatment of
the catalyst was carried out by heating the sample up to 300 C in the argon atmosphere, complete
desorption of water was controlled by diffuse reflectance spectra.
Diffuse reflectance spectra of zeolite, modified by magnesium nitrate at room temperature (black
curve) and with heat treatment to 150 (red curve) and 300 C (blue curve), are shown in Fig. 4. At
room temperature, the water which is adsorbed on the surface of the zeolite, is demonstrated in the
spectrum by a wide split band in the range of 3100 – 3650 cm-1 with the most intense peak at 3400
cm-1. After heat treatment the intensity of this absorption band decreases, and at 300 C only in the
region above 3600 cm-1 low-intensity bands appear, which are interpreted in the spectral literature as
isolated OH-groups and, as it was shown above, related to the acid centers of the catalyst.
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Mg-ZSM-5/Al2O3, 150 C, Ar
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Fig. 4. DR spectra of the zeolite-based catalyst, modified by magnesium, at different temperatures
3.3
salts

Comparison and features of the structure of zeolite-based catalysts, modified with Mg and Rh

When comparing the IR-spectra registered by the methods of ATR and transmission spectroscopy of
zeolite-based catalysts, modified with magnesium nitrate and rhodium chloride, some interesting facts
were also found. When zeolite is modified by a transition metal, one can see a shift of the maximum of
absorption bands, corresponding to stretching vibrations of Si-O in the zeolite, in the short-wavelength
range as compared to their original position in the spectrum of the basic zeolite (Fig. 5). When zeolite
is modified by Rh this shift is demonstrated stronger than while modification by Mg.
According to the literature, such shift of the maximum of the absorption bands of Si-O stretching
vibrations may be caused by an increase of Si-O-Si angle[iii], table 2.
For the full confirmation of the literature data and to avoid possible inaccuracies, we carried out
quantum-chemical calculations, with bringing them to the vibrational spectrum, which have
qualitatively completely agreed with the literature data (Fig. 6). Calculations were carried out by the
Hartree-Fock method in the software package Gaussian03. As a basis for calculation, a basis of 6-31G
was used.
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Int.
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Fig. 5. Comparison of spectra of the catalysts based on zeolite, modified by Rh and Mg, in vaseline
oil, registered in transmission mode, in the absorption region of Si-O stretching vibrations.
Table 2. The shift of the absorption band of Si-O stretching vibrations as a function of Si-O-Si angle.

as

SiOSi (IR, pairs)

SiOSi spectroscopy value
Electrographic data

SiOSi

(CH3)3SiOSi(CH3)3

H3SiOSiH3

[(CD3)3SiOSi(CD3)3]

[D3SiOSiD3]

1073 cm-1

1107 cm-1

[1065 cm-1]

[1094 cm-1]

135÷140o

150o

160÷170o

130±10o

144.1±0.8o

175±5o

Cl3SiOCl3
1131

By this means, the displacement of the peak of antisymmetric Si-O-Si vibrations can be explained by
increasing of surface Si-O-Si angles in zeolite structure under modification.
Changes into the region of OH- stretching vibrations are clearly visible in Diffuse Reflectance FTIR
spectra. In figure 7 the DR-FTIR spectra in the region of hydroxyl groups absorption of three zeolites,
that were heated to 300 oC, are presented.
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Fig. 6. Comparison of theoretical vibration spectra of zeolite models with different Si-O-Si angles in
the region of Si-O stretching vibrations.
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Fig. 7. The comparison of diffuse reflectance IR spectra in the region of hydroxyl groups stretching
vibrations absorption of zeolite-based catalysts, that have been modified by different metals.
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As seen in Figure 7, the spectral picture of the OH bonds in the catalysts that are based on zeolites
modified with transition metals, are quite different. All objects do not contain water after annealing
above 300 ° C, and in the spectrum of each sample the absorption band at 3750 cm-1 of isolated Si-OH
bonds is observed. In the region of absorption from the associated-OH bonds (3550-3700 cm-1) bands
are observed in the spectra of all three samples, but they are wildly different in the position of the
maxima, in number of bands and their intensity, bands of -OH stretching vibrations in the BAS at
3570, 3600 cm-1 one can observe in the spectra of all zeolites, but this bands intensity and maxima
position strongly depend on the modifying metal nature (Fig.7). Weak bands in the 1580-1600 cm-1,
from deformation vibrations in the BAS can also be observed in the spectra of HZSM-5 modified by
magnesium and rhodium (Fig. 8). So, we can conclude that the bands that characterize the BAS can be
seen in the spectra of modified HZSM-5 zeolites, and their intensity and maxima position depend on
the nature of the included in the zeolite metal. In addition, the spectrum of based on zeolite catalyst
modified with rhodium (blue line), has a high-intensity absorption band at 3100 cm -1, characterize
the strongly associated -OH bonds, in the IR spectrum of zeolite-based catalyst modified with
magnesium, this band was not observed. In the spectrum of Rh-zeolite (Fig. 8) there is another
absorption band (1558 cm-1), which is absent in the spectrum of unmodified zeolite HZSM-5 and the
spectrum of a zeolite-based catalyst modified by Mg.
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Fig. 8. The comparison of diffuse reflectance IR spectra in the region of 1550 cm-1 of zeolite-based
catalysts, that have been modified by different metals.
It has been repeatedly pointed out in the spectral literature that under certain conditions in this region
there is a highly delocalized absorption band of the O-M-O (where M is a transition metal atom)[iv].
The presence of absorption bands in this region of the IR spectrum of zeolite based catalyst modified
by rhodium, allows us to assume the following structure of the active center:
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This center has strongly associated OH- bonds, which may correspond to the absorption band at 3150
cm-1. Also this center has a strong electron density delocalization of between the two oxygen atoms
and the atom of Rh, which may lead to the appearance of absorption band at 1558 cm-1. In this case,
this structure belongs to the highly coordinatively unsaturated and electron-seeking center, i.e.
corresponding to all the definitions of the LAS center.
4. CONCLUSIONS.
The possibility of detecting via the DR-FTIR spectroscopy in situ method of various types of acidic
centers (Bronsted and Lewis) on the surface of pre-annealed up to complete removing of water from
the surface of zeolite-based catalysts described.
,
,
–
. Identification of the absorption bands of isolated and
associated hydroxyl groups on the surface of zeolites using the spectral data and quantum-chemical
calculations has been carried out. It has been determined that the sorption of water vapor on the
surface of pre- annealed at 250 oC -Al2O3 leads to increasing of the BAS concentration on the
surface. The results give the possibility of direct determination of the various active sites in zeolite
catalysts, as well as to estimation of their partisipation in hydrocarbons catalytic conversion.
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IMPROVEMENT OF WATER RECYCLING SYSTEMS
FOR WATER MINING ENTERPRISES
Alexander S. Tutygin, Anna A. Shinkaruk, Maria A. Frolova, Arkady M. Aisenstadt
Northern (Arctic) Federal University named after M.V. Lomonosov,
17, Northern Dvina emb., Arkhangelsk, Russia

Abstract
This work considered the method of deposition of saponite-containing slurry, which is a diamond
tailings. It is shown that the application of magnesium chloride as an electrolyte solution significantly
increases the rate of sedimentation of solid-containing saponite suspensions. Sedimentation rate,
defined particle size and zeta potential values of the investigated suspensions were calculated. A
scheme for clarification of saponite-containing suspension, which provides the subsequent use
of clarified water, was proposed.
Key words: saponite-containing suspension, electrokinetic (zeta) potential, electrolytic coagulation,
the degree of clarification.
1. INTRODUCTION
The object of this research is waste from processing of diamond factory (deposit named after M.V.
Lomonosov), located 100 km from the city of Arkhangelsk. The development of this field is produced
over the last ten years and, despite numerous studies on this topic, has not yet solved the problem of
waste disposal, namely saponite-containing suspension, which is due to the nature of the chemical
structure, has a very low rate of sedimentation. Significant amounts of the resulting suspension (up to
500 m3/h) and not solved problem with clarification are predetermine the increase of the volume of
tailings and could have a negative impact on the environment, because uncontrolled dike break
fencing can lead to irreversible consequences.
2. EXPERIMENTAL PART
In the present work the influence of the doubly charged electrolyte solution, added to the saponitecontaining solution, on the deposition rate of solid particle suspensions, on the zeta potential and
particle size were shown. Also proposed flow chart of clarifying wastes and use of clarified water for
water recycling.
Preliminary studies was showed that the addition to the original slurry singly charged electrolytes
(sodium chloride, hydrochloric acid, sodium hydroxide, sodium sulfate) were not significantly
increase the rate of deposition of the solid phase of the suspension. However, the use of these
substances in vivo is impractical from an environmental point of view. Therefore, the search of a
suitable electrolyte was continued.
The solution of magnesium chloride was chosen as an electrolyte. It is known that the substance
(magnesium chloride or mineral “bischofite”) is non-toxic, widely used in national economy (as a
fertilizer, in medicine, as an anti-icing agent) and is very accessible. In addition, aqueous
solutions of salts are not affected by the process of hydrolysis and, therefore, the
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calculated concentration of counter ion (Mg2+), entered into the system does not require taking into
account losses on the secondary reaction of the particles occurring chemical transformation.
At the first stage of the research by measuring the dynamics of the solution turbidity [1] when added
different amounts of MgCl2 to a system its optimal concentration was determined. Its addition is a
violation of sedimentation-diffusion equilibrium in the reaction medium. One of the methods of
determining the optimal concentration of the electrolyte, causing a violation of sedimentationdiffusion equilibrium in the colloid system is calculated from the experimental data of changes in
turbidity of the suspension with the use of optical methods of analysis [2].
Optical characteristics were recorded during the experiments at a wavelength of =520 nm. The
temperature of the solution in all experiments was kept constant 20±10 .
In all experiments, we used the following procedure for preparation of the colloid solution: initial
saponite-containing suspension
was diluted
with distilled
water at
a
ratio
of 1/500(empirically established that with such dilution factor - transmittance values is in the
range 0.2 -1); preparing a solution of MgCl2 with concentration 1 mol/L; to the 50 ml of the diluted
suspension was added 0.25 ml of solution MgCl2 with concentration 1 mol/L for the preparation of
concentration 0.005 mol/L. Solution was thoroughly mixed by bubbling air for 30 seconds, installed in
the spectrophotometer cuvette and fixed value of the transmittance (T) in time.
For
the solution
of
MgCl2
with
concentration in
the
test suspension
of
0.005, 0.010, 0.015, 0.020 mol /L we repeated experience. In addition, in parallel we
measured
the optical
characteristics
of the initial suspension (blank experiment).
The graph of the functional dependence T = f ( ), constructed from experimental data from a series of
experiments with the addition of solution of MgCl2 with different concentrations, shown in Fig.1.
According to the character shown in Fig. 1 can be concluded that the addition of a salt MgCl 2 to the
suspension of saponite significantly increases the rate of sedimentation of particles from solid phase.
The effective time of the electrolyte activity in all series of the experiment is 80-90 min (in addition
of singly charged ions H+ and Na+ this option is 120, and 150 min, respectively).
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Fig.1. Change of transmittance T (%) of the suspension in time ( ) with the addition of MgCl2
concentration in the reaction mixture (mol/L): 1 – blank experiment, 2 – 2,5×10-3; 3 – 5,0×10-3; 4 –
1,0×10-2; 5 – 1,5×10-2; 6 – 2,0×10-2.
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Fig. 2 shows the transmittance (T) of the suspension depending on the concentration of
MgCl2 solution when exposed reaction mixture is 80 min. The dates, presented in Fig. 2, suggest that
the optimum concentration of electrolyte is in the suspension of 0.015 mol/L, therefore for
the subsequent experiments used this concentration.
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Fig.2. Change of transmittance (T %) of the suspension in depending on the concentration of the
solution MgCl2 (C) during exposure of the reaction mixture 80 min.
The degree of clarification of the suspension (T0) was calculated by the formula (1), and the results of
calculations are presented in Fig. 3 as a function T0 = f ( ):
0=(

1)/( max

1)·100%,

(1)

where
- the value of the transmission for a suspension of the exposure time ,%; T1 - the value of
the transmission at the initial time, %; Tmax - the maximum possible value of light transmission
coefficient (Tmax = 1). The data presented in Fig. 3 show that in 90 min of the experiment the degree of
clarification of the suspension is 75% at a concentration of 0.015 electrolyte. (In comparison with the
results for H+ - 67% for Na+ - 48%).
The experimental data allowed to calculate the rate of clarification of the suspension (V=dT/d ). For
this purpose, the approximation of dependences obtained (Fig. 3) by various mathematical functions
was carried. This operation showed that the most adequate experimental data and in this case
is described by a polynomial of degree four:
0=a1·

4

+ a2· 3+ a3

2

+ a4 +b

(2)

Table 1 shows the values of the coefficients of the equation for the tests with the optimal
concentration of the electrolyte.
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Fig. 3. The value of the degree of clarification, depending on the exposure time of the reaction
mixture: 1 - by adding a solution MgCl2 (concentration 0.015 mol / L) 2 – blank test.
Table 1. The values of the coefficients of the equation (2).
Coefficients

Concentration of the
electrolyte, mol/L

a1

a2

a3

a4

b

0,015

6×10-6

-12×10-4

68,9×10-3

-19,9×10-2

3,49

The derivative to time of equation (2) is the current speed of the process of clarification of the
suspension.
Graphs of dependences shown in Fig. 4 show that the maximum rate of clarification of the
suspension with the addition of the electrolyte has a value of 1.31 min-1, which is achieved within
30 min after addition of MgCl2 with concentration 0.015 mol /L.
By the time interval of 90 min the rate of clarification of the suspension is practically zero, which
indicates the completion of the sedimentation of particles under these conditions. It should be
noted that the results of calculating the current rate of spontaneous clarification of the
suspension showed almost increase in this parameter, its maximum by 90 min of the
experiment (1.05 min-1).
In parallel, has been defined particle size (diameter, D) and the value of -potential (examples of
protocols, see Fig. 5 and 6) by clarification of the suspension by the methods of measuring the
dynamic and electrophoretic light scattering analyzer on the submicron particle size and zeta potential
DelsaNano.
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Fig. 4. Changing of the rate of sedimentation in time by adding a solution MgCl2: 1 – blank test, and
2 - by adding a solution MgCl2 (concentration of 0.015 mol/L).

Fig. 5. An example of protocol for determining the particle size on analyzer DelsaNano .
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The experimental results were presented in Table 2.
The experimental results presented in Fig. 4 and in Table 2, by our opinion, have a good
agreement. Thus, the absolute value of -potential of particles in dispersed phase of the
suspension has a value less than 35 mV. For most of zols it is a critical value of the potential, that is,
if > | 35 | mV, coagulation was observed. Coagulation in colloidal systems occurs much earlier
than the zol reaches to the isoelectric state ( -potential is zero) and is the faster, the lower the value
of the zeta-potential [1, 3].
In our case, saponite-containing particles having a surface charge of the
= -20mV, are able
to spontaneously enlargement by overcoming the electrostatic barrier due to the forces of mutual
attraction. However, the process proceeds with a low rate. Adding an electrolyte causes a
sharp decrease in the surface charge of particles. The particles reach almost isoelectric state = - (7
÷ 10) mV, which causes a significant increase in the size of the first 30 minutes and as a consequence,
a significant acceleration of the clarification of the suspension.
Index of polydispersity of the initial suspension increased after the addition of an electrolyte in
it, which may indicate the presence of a large system capable to sedimentation, formations, and
not large-sized particles, which are characterized by slow sedimentation. Attention to the fact that due
to the presence of the maximum particle size at 30 min. By our view, this can be explained by a
significant decrease in partial concentration of the solution, which in turn leads to a reduction of
contacts between particles, leading to their enlargement.

Table 2. The values of -potential and particle size of suspensions
Concentration of the
electrolyte, mol/L

Time of
exposure, min

-potential, mV

0

-20,62

30
0

60
90

D, nm

0,891
2300±100

(-16,78)÷(-19,27)

120
0

-20,35

30
0,015

60
90

(-6,71)÷(-10,36)

120
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0,750
0,690

2500

0,653

2700

0,611

2700

0,641

5200

1,484

3600

0,985

3600

0,928

3700

0,991

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu

Fig. 6. An example of protocol for determining the -potential on analyzer DelsaNano .
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The experimental data allowed to calculate the true rate of sedimentation of particles(U) in
studied suspensions. Thus, based on the classical theory of the provisions of sedimentation stability of
colloidal systems [1, 3], and considering that the suspension with sufficiently large particles
are kinetically unstable formations can be written
= (

) ,

(3)

where f - the force of gravity, acting on the particle; V - volume of the particle; g - acceleration of
gravity; d and d0 - density of saponite -containing clay particles and water (0,998 × 103 kg/m3) [2].
The density of the matter of the dispersed phase was determined after a preliminary separation,
drying and grinding in the planetary ball mill Retsch PM100 to the size of 1 micron by standard
method [4]. Since the density of saponite-containing solids phase was 2,555 ×103 kg/m3.
Force f is constant and under they influence the particle moves in a dispersion medium as constant
acceleration. Simultaneously with the force of gravity acting on the particle strength the
viscous resistance of the medium f1:
=3

,

(4)

where D - diameter of the particle; - viscosity of the dispersion medium (1,005 × 10-3Pa.s [5,6]); Usedimentation velocity of the particle. When f = f1 particle starts moving at a constant maximum
speed that can be calculated using the following equation:

considering that

=

=

)

(

,

(5)

(r - radius of the particle), the equation (5) takes the following form:

=

(

)

.

(6)

According to equation (6) the real rate of sedimentation of particles of saponite-containing suspension
in the case-load of experience and expertise with the addition of electrolyte was calculated. Thus,
the spontaneous deposition of particles of the solid phase is characterized by a nearly constant
rate, equal to 2,12 ÷ 2,95 cm/h. With the introduction of the slurry concentration of MgCl 2 1,5 × 102
mol/l, sedimentation rate of particles increases to 10.91 cm/h.
The addition of magnesium chloride solution to the saponite-containing suspension significantly
increases the rate of sedimentation in a dilute condition for the original pulp was shown.

It should be noted that the clarified water in the use of additives have the transmission
coefficient close to unity (0.97), and in settling time of 70-90 minutes for the initial slurry
volume, sediment is about half of the total and about 50% of the clarified water, which
can used for water recycling, or for other needs of the factory.
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In order to optimize the process of the adding of electrolyte and the time of intervals obtained
by the action of the coagulant, a model plant for gradual clarification of pulp, which is
presented in Figure 7, was proposed.

Fig. 7. A model plant for gradual clarification of pulp.
3. CONCLUSIONS
The possibility of using as the electrolyte-coagulant the magnesium chloride for clarification
of saponite-containing suspensions was shown.
Deposition rate of solid particles of the suspension, the values of zeta potential and particle size were
calculated.
A scheme for pulp bleaching with magnesium chloride was proposed.
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CATALYTICALLY ACTIVE COBALT AND COPPER COMPLEXES
IN POLYELECTROLYTE MULTILAYER FILMS
Almagul Mentbayeva, Alyiya Ospanova
Al-Farabi Kazakh National University, Department of Chemistry and Chemical Technology
Al-Farabi Str., 71, Almaty, 050037, Kazakhstan

Abstract
In this work an approach to obtain effective and easy reusable heterogeneous catalyst, LbL deposition
of polyelectrolytes followed by covalently binding with cobalt (II) and copper (II) ions were described.
Immobilization of metal complexes via covalent attachment to insoluble template is an attractive
method to facilitate catalyst recovery, recycling. The reaction in the heterogeneous catalysis goes in
the interface of catalyst and reaction solution and it is important to create a catalyst with large
surface area. We have used polycations as polyethyleneimine (BPEI), qu ternized poly(4vynilpyridine) (QPVP) and polyanions as poly(acrylic acid) (PAA), poly(styrene sulphonate) sodium
salt (PSS) and the electrostatic layer-by-layer assembly technique to make uniform thin film coating
on SiO2 nanoparticles and glass slides with controllable thickness, roughness and mechanically
durability. The stability of metals within multilayers in reaction condition were tested. We compared
the amount of metal in PEMs of different polyelectrolytes. The stability constants of complexforming
processes of the polymer-metal complexes in water and in alcohol were calculated by modified method
of Bjerrum. Catalytic activity of immobilized catalysts was investigated for oxidation of toluene by
molecular oxygen. Catalysts were separated from reaction mixture easily and had been used for this
reaction five times without significant loss of activity.
Key words: catalysis, layer-by-layer (LbL), polymer-metal complexes, oxidation, cobalt and copper
immobilization
1.

INTRODUCTION

Polyelectrolyte multilayer (PEM) coatings created by alternate LbL adsorption of oppositely charged
poly-ion molecules were first introduced by Decher (1996). The LbL deposition of polycations and

polyanions on solid substrate is an attractive method for preparation of organized uniform
surface film with controlled thickness. Metal-containing polyelectrolyte multilayers PEMs
were wildly investigated and have found applications in various fields. One of the interesting
and attractive areas of using of LbL technique is preparation of PEMs films with catalytic activity.
Process of oxidation of aromatic hydrocarbons did not lose actuality and still needs a suitable catalyst.
Homogeneous catalysts have enormous relevance in various organic reactions. However,
homogeneous catalysts have some disadvantages in that they can decompose during the course of the
reaction and are not easily recovered after the reaction for reuse. This leads to the loss of metal and
ligands and incorporation of impurities in the products. Immobilization of metal complexes via
covalent attachment to the functionalized polymers is an attractive method to facilitate catalyst
recovery, recycling and also helps to avoid purification study of products from metal cation trace due
to strong metal-polymer interaction. The main benefits are due to the ease of physical separation of the
polymer and its bound component from the reaction mixture, the ease of recycling. Another advantage
is due to the unique microenvironment created for the reactants within the polymer support. Improved
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catalyst stability within the polymer matrix and increased selectivity for intramolecular reactions have
all been reported – see for example Fraile et al. (1996), Trost et al. (1982). The properties of
heteropoly compounds, their stability and resistance in oxidation conditions make them useful
catalysts.
The potencial of PEMs in heterogeneous catalyst has been previously explored with focus on zerocharge catalytic nanoparticles within PEMs. In the most of cases they were used to obtain and stabilize
the nanozise-particles of noble metals such as Pt, Pd, Au in order to produce large surface area of
heterogeneous catalyst. LbL method proved to have many advantages in immobilization and surface
modification of noble metal nanoparticles such as diversity of film composition and controllability of
the thickness. One interesting approach has been proposed by Wang and Lee (2007), who fabricated
nano-size Pd catalyst attached to the core magnetic nanoparticles by LbL self-assembled multilayer
films and could easily and efficiently isolate and reuse. Macanas et al. (2010) created reactors by
modification of hollow fiber microfiltration membranes through LbL adsorbtion of polyelectrolytes
and citrate-stabilized metal. Characterization of the catalytic effect of the fibers was performed using a
reaction model widely used in the evaluation of new catalysts for reactions in aqueous phase, the
reduction of p-nitrophenol in presence of sodium borohydride. Hollow fiber modules with Pd MNPs
have been tested in dead-end and cross-flow filtration. Complete nitrophenol degradation was possible
depending on operation parameters such as applied pressure and permeate flux.
Good performance for the total oxidation and oxidation of toluene to benzaldehyde, benzyl alcohol,
and benzoic acid in good yield was observed (see for example Bautista et al., 2001, Bejer et al., 2010)
but necessity to use noble metals and additives restrict their widely application. Polymer supported
transition metal complexes, especially Co(II), Cu(II) and Fe(III) based systems were found to be
efficient homogeneous and heterogeneous catalysts for the oxidation of various aliphatic and aromatic
hydrocarbons under mild and friendly condition. Usually, they are supported on inorganic carriers as
zeolite, porphyrins, mesoporous molecular sieves, polysterene resin and also immobilized by
covalently grafting on insoluble in reaction medium polymers. A.J. Pardey et al. (2005) studied the use
of the poly(4-vinylpyridine)/divinylbenzene (2%) polymeric matrix as a ligand coordinated to CuCl2
salt. The material catalyzed the water gas shift reaction as well as the reduction of nitrobenzene to
aniline and azobenzene. The study suggests that the nitrogen lone pair of the vinylpyridine of the P(4VP) coordinates to the copper metal center. Chen et al. (2006) reported the synthesis of temperature
sensitive soluble polymer with a lower critical solution temperature an preparation of poly(Nisopropylacrylamide) supported cobalt phthalocyanine asa homogeneous catalyst for the oxidation of
thiols below 31.0 oC.
In this paper an alternative approach to obtain easy reusable, with reduced waste and effective
heterogeneous catalyst, LbL deposition of polyelectrolytes followed by covalently binding with cobalt
and copper ions were described. During our research polycations as poly(ethyleneimine), propyl
bromide-quaternized poly(4-vynilpyridine) with different quaterization degree and polyanions
poly(acrylic acid), poly(steryne sulphonate) sodium salt were deposited on silica oxide nanoparticles.
Role of different polyanions on binding of metals within PEMs and leachability of metal cations from
multilayer films were studied. The stability constants of polymer-metal complexes in water and
alcohol solutions were calculated by modified Bjerrum method. Catalytic activity of different systems
was investigated for oxidation of toluene with molecular oxygen. The catalysts were separated from
reaction mixture and were recovered. Reusability of catalysts in several cycles of this reaction was
tested.
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2. MATERIALS AND METHODS
2.1. Materials
Poly(ethyleneimine) (PEI; Mw 65 kDa), poly(4-vinylpyridine) (PVP; M w 160 kDa), propyl bromide,
acetonitrile, toluene, trizma hydrochloride, hydrochloric acid, sodium hydroxide, nitric acid, sulfuric
acid, cobalt (II) chloride, copper (II) chloride were purchased from Sigma Aldrich. Acetic acid was
from Fluka. Poly(acrylic acid) (PAA; Mw 450 kDa), polysterene sulfonate sodium salt (PSS; Mw 500
kDa) were purchased from Scientific Polymer Product, Inc. Quaternized poly(4-vinylpyridine) was
synthesized by the reaction of poly(4-vinylpyridine) with propane bromide in dimethylformamide
solution. Monodisperse silica oxide particles with diameter of 4.0 ± 0.2 m were purchased from
Polysciences Inc. as 10 % dispersions in water. Microscope glass slides Precleaned slides with a size
of 3" x 1" and a .039 -.047" thickness (76.2 x 25.4mm and a 1mm thickness) were bought from
Logitech LTD and cut with Fletcher steel wheel glass cutter. All chemicals were used without any
further purification. Millipore (Milli-Q system) filtered water with a resistivity 18.2 M was used in
all experiments.
2.2. Preparation of catalysts
Glass slides were pre-cleaned under a quartz UV lamp for at least 2 hours, soaked in concentrated
sulfuric acid for 1 hour, and then carefully rinsed with Milli-Q water. Then, the silicon wafers and
glass slides were immersed in 0.25 M NaOH solution for 10 min, rinsed with water, and dried under a
flow of nitrogen. Preparation of multilayers at the surface of substrates was performed using 0.3
mg/mL of polyelectrolyte solutions at pH 8.5 buffer. Polycations and polyanions were allowed to
sequentially adsorb 10 minutes at the surface. Each deposition step was followed by rinsing with
buffer solution at the same pH value. The BPEI/PAA film was then stabilized by thermal crosslinking
in an oven at 125 °C for 1 h. Desired number of layers was deposited. To load a metal cation,
multilayers films were exposed to CoCl2 or CuCl2 solutions (0.05 mole/L in water at pH 5.0 for 12 h)
to achieve complete absorption within the films. Loading was followed by rinsing with water.
Preparation of catalyst (PEI/PAA)-Me and coordination of metal cations in the multilayer are
schematically illustrated in scheme 1.
2.3. Methods
Scanning electron microscope (SEM) images were obtained using Scanning Electron Microscope
Auriga. Silicon wafers were glued to the SEM stage by conductive tape. Au-Pt alloy was sputtered
onto the sample surfaces with RF-plasma chamber for 10 seconds. The applied voltage was varied
from 1 to 3 kV. UV-visible analysis was performed on a Perkin Elmer Lambda 40 spectrometer.
Atomic Force Microscopy (AFM) measurements were performed in air at room temperature using a
NSCRIPTOR™ dip pen nanolithography system (Nanoink, USA) operating in AC (tapping) mode.
Ellipsometry measurements were performed using a home-built, single-wavelength, phase-modulated
ellipsometer at 65° of incidence. Optical properties of the substrates and oxide layer thickness were
determined (2nm) prior to film deposition. In measurements of dry film thickness, the refractive index
was fixed at a value of 1.5.
2.4. Catalytic activity and leaching test
Oxidation reaction of toluene was carried out during 1 h at 348 K under atmospheric pressure of O2 in
a fixed-bed U-shaped reactor charged with 10 ml of reaction mixture. The volume of the reactor is 350
ml. The reaction mixture contains toluene (0.95 mole/L) and acetonitrile (17.2 mole/L) as solvent.
Kinetic regime was kept by shaking 400 times per minute. Prior to the admission of the catalyst in the
reaction mixture the reactor was purged with oxygen in order to remove the air from the system. The
oxygen burette and the reactor were thermostated and the temperature of the system could be regulated
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by controlling the temperature of the water jacket. Reaction rates were monitored by determining the
oxygen consumption in the reaction mixture with a gas burette. The turn-over-frequency (TOF) was
calculated as the converted number of toluene molecules per a metal atom per a second. To study the
stability of catalyst the metal loaded films were shaken for 2 hours in the acetonitrile and solutions
were evaporated and the residue was dissolved in the 5% nitric acid solution. The solutions were
analyzed for Co(II) and Cu(II) contain, using a Varian Vista MPX inductively coupled plasma
spectrophotometer (ICP-OES).

Scheme 1. Preparation of BPEI/PAA multilayers coating on solid template and metal ion’s
coordination in the film
3. RESULTS AND DISCUSSION
3.1. Growth of PEMs
In order to create multilayer thin films with large amount of ligands and capable to absorb catalytic
active transition metal cations such as Cu2+ and Co2+, we explored the use of strong and weak
polyelectrolytes such as poly(ethyleneimine) (PEI), quaternised poly(4-vinylpyridine) (QPVP or QX,
x-quaternisation degree), poly(acrylic acid) (PAA) and polysterene sulfonate sodium salt (PSS). The
polymers were chosen with the idea that they have functional groups capable to form strong
complexes with metal cations. Because of ionization of weak polyelectrolytes PAA and PEI is very
sensitive to local pH and the linear charge density of polymers depends on it, the layer thickness,
molecular organization and amount of an adsorbed polymer chain can be controlled by simple
adjustment of the pH of the dipping solution of weak polyelectrolytes. At neutral pH both of

polyelectrolytes totally ionized and form highly ionically crosslinked film, with the smallest
thickness. In acidic medium PAA (pKa 5.0) is partly protonated and because of low charge
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density forms more “loopy” conformation, in contrast when pH goes up PAA is totally
charged and PEI (pKa~8.5) gradually loses charge forming thicker layer with free ammonium
groups.
Poly(4-vinyl pyridine) was quaternised by propane bromide to make it soluble at alkali pH 8.5 where
pyridine groups (pKa 3.5) are deprotonated and available for complexforming with metal cations.
Charge density of quaternised poly(4-vinylpyridine) easily can be controlled by variation of
quaternisation degree. In order to form the thickest film with large amount of free pyridine groups,
17% quaternised poly(4-vinylpyridine) was chosen, thickness of film with Q17 is almost 1.5 times
more than film with Q65. The polymer with less than 15% QD is not soluble at pH 8.5 because of too
small charge density on polymer molecules. PEI/PAA, PEI/PSS, Q17/PAA and Q17/PSS films were
deposited at pH 8.5 in order to have large amount of free ammonium groups capable to coordinate
metal cations. Figure 1 shows the dependence of dry PEMs film thickness on number of bilayers. The
thickness growth shows a linear profile in all systems. The data of film thickness measured by
different methods ellipsometry and AFM are in good agreement. Both polyanions PAA and PSS are
fully charged at pH 8.5 and should have approximately same charge density on polymer molecules;
however thickness of films with PAA is significantly higher than the one with PSS. Thickness and
comformation of polyelectrolytes depend not only on charge density they also depend on the nature of
polymers. Earlier it was shown by Sukhishvili et al. (2006) that polycations bind stronger with SO3and SO4--containing polyanions than polymers with carboxilate groups.

300

BPEI/PAA
BPEI/PSS
Q17/PAA
Q17/PSS

Thickness, nm

250

200
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Fig. 1. Thickness of dry LbL films of BPEI/PAA (squares), BPEI/PSS (circles), Q17/PAA
(triangles), Q17/PSS (diamonds) as an increase of bilayers number. Thickness measured by
elipsometry (open symbols) and AFM (filled symbols). In the all systems layers deposited from 0.01M
trizma buffer solutions at pH 8.5
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3.2. Binding Me2+ with PEMs films
The metal cations were absorbed from water solution of diclorocopper and diclorocobalt at pH 5.0 for
10 hours by PEMs. Positively charged metal cations could be electrostatically bound within carboxylic
or sulphate groups and/or covalently attached into aminocomplexes. In the case of QPVP/PAA and
QPVP/PSS films Co2+ and Cu2+ were loaded from alcohol solution of salt since very small amount of
metal ions was absorbed from water solution. Figure 2 presents the ACM images and photography of
bare and (BPEI/PAA)8, (Q17/PAA)8, (BPEI/PSS)8 deposited SiO2 particles with size 4±0.2 microns.
One can see that particles were covered uniform and smooth by BPEI/PAA and Q17/PAA multilayers,
while BPEI/PSS coated SiO2 particles are stacked together and not uniform.

Fig. 2. SEM images (a, b) and picture (c) of bare (1a,b) and (BPEI/PAA)8 (2a,b), (Q17/PAA)8 (3a,b),
(BPEI/PSS)8 (4a,b) deposited SiO2 particles with size 4±0.2 microns
Metal loaded BPEI/PAA films deposited at pH 8.5 on glass slides are transparent and have colors of
water-soluble blue BPEI-Cu2+ (710nm) and brown BPEI-Co2+ (523nm) complexes and same UV-vis.
absorption maximum (Figure 3). It means that multilayers deposited at alkali medium contains mostly
BPEI-Me binds. QPVP/PAA-Me multilayers are also transparent and can be examined by UV-vis.
spectroscopy. QPVP/PAA-Co2+ and QPVP/PAA-Cu2+ films have an absorption maximum at 695nm
and 945nm respectively, which also belong to solution of CoCl 2 and CuCl2 in alcohol.
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B

A

Fig. 3. UV-vis. absorption of metal salt solutions and metal loaded BPEI/PAA (A) and Q17/PAA (B)
multilayers. Films are deposited at pH 8.5.
2+
max(BPEI/PAA-Co ) = 523nm;
2+
max(Q17/PAA-Cu ) = 930nm

max(BPEI/PAA-Cu

2+

) = 690nm;

max(Q17/PAA-Co

2+

) = 695nm;

Figure 4 demonstrates the difference of contents of coordinated copper and cobalt ions in the
multilayer films formed from same polycations and different polyanions as PAA or PSS. All of PEMs
were deposited at pH 8.5 and metal cations were loaded at pH 5.0 to BPEI/PA films from salt solution
in water and to QPVP/PA films from salt solution in alcohol. We compared the films with same
amounts of bilayers. In order to all of films deposited at same pH, in the case of different polyanions
the amount of absorbed BPEI or Q17 should be approximately similar. One can see the coordination
of metal cations in the PEMs also depends on the nature of polyanions. We suggested before that at
pH 8.5 PAA is highly charged and layers of PAA and strong polyacid PSS are relatively thin.
However the amount absorbed metals in the films with PAA larger than in the one with PSS. It might
be explained that the linear charge of PSS molecules is high and layers are thin and there is not much
free sulphate groups for binding metal cations. In the systems Q17/PAA and Q17/PSS where metal
cations were loaded from alcohol solutions of salt, the difference is greater. It might be because of
insolability of PSS in ethanol and difficulty of metal binding. According to these data we can make a
conclusion, that even PEMs deposited at basic pH contain more polycations than polyanions,
polyanions are also take part in the metal coordination and carbocylic groups are more likely than
sulphate groups. The PEMs Q17/PSS have very small amount of metal cations and we did not use this
system for further studies.
3.4. Stability of catalyst and stability constants of polymer-metal complexes
The stability of immobilized catalyst is also important factor in heterogeneous catalysis. The Figure 5
shows the degree of leachability of metal cations in the BPEI/PAA, Q17/PAA and BPEI/PSS PEMs
films in three cycles of shaking in reaction condition. The solutions after each cycle of catalytic
reaction were tested by ISP OES method and leachability was calculated as percentage of leached
metal to the total amount of metal in the PEMs. In all of the systems during cycle of reaction degree of
leaching was less than 10%, less than 2% in second cycle and metal cations stood stable in PEMs
within further cycles of reaction. The system Q17/PAA-Me has the lowest stability. 9% of copper and
7% cobalt ions were leached during first cycle of reaction. According to the stability constants of
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polycation-Me complexes given in the Table 1 the stability of Q17-Me complexes are lower than
BPEI-Me complexes.
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Fig. 4. Role of the type of polyanions on the amount of absorbed metal cations in the PEMs films. In
the all systems PEMs deposited from polymer solutions at pH 8.5. Metal concentration was calculated
by UV-vis. absorption. Snapshot of corresponding metal loaded films deposited on glass slides.
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Fig. 5. Leachability of Co2+ and Cu2+ during several cycles of reaction
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Table 1. Thermodynamic characteristics of complex forming processes in polymer - Me2+ systems in
water and alcohol
Polymer-metal
complexes
2+

Stability constant of polymer-metal complexes
In water

In alcohol

BPEI-Co

25

2.82·10

1.86·1028

BPEI-Cu2+

2.10·1017

5.89·1018

Q17 -Co2+

5.69·1018

7.94·1023

Q17-Cu2+

9.01·1012

3.09·1015

3.5. Examination of the catalytic activity
The oxidation of hydrocarbons with molecular oxygen catalyzed by transition metal complexes is
more attractive and challenging; due to oxygen is clean, cheep and readily available oxidant. The use
of molecular oxygen in place of other oxidants is highly desirable on economical and environmental
points of view. However, oxygen is a weak, non-selective oxidant and suitable catalyst is required to
activate oxygen. Here characterization of catalytic effect of immobilized copper and cobalt complexes
in PEMs as (PEI/PAA)30, (Q17/PAA)30 and (PEI/PSS)30 was performed using a reaction of toluene
oxidation by molecular oxygen in atmospheric pressure and relatively low temperature 750C. On the
base of FTIR and gas chromatography analysis it was found that the main product of oxidation
reaction of toluene with oxygen is benzaldehyde. The result of oxidation experiments is summarized
in table 2. It is interesting to note that the systems (PEI/PAA)30–Me and (Q17/PAA)30–Me have better
kinetic characterizations for this reaction than (PEI/PSS)30–Me, which could be explained as influence
of polyanion since PSS deactivates the metal complexes as catalyst. Catalysts on the base of cobalt are
almost twice more active than the one with copper.
Table 2. Maximum rate (W 2), yield and TOF of toluene oxidation reaction during 1 h catalyzed by
different systems
Systems
(PEI/PAA)30 –

2+
2+

(PEI/PAA)30 – u
(PEI/PSS)30 –

TOF

2.54

3.5

527

2.20

3.3

315

2+

1.25

1.3

48

2+

(PEI/PSS)30 – u
(Q17/PAA)30 –

105, mole/(L sec)

Yield (1h, %)

2

0.72

1.5

27

2+

1.48

2.6

298

2+

1.65

1.7

196

(Q17/PAA)30 – u

This indicates that the oxidation reaction seems to be catalyzed only by metal complexes in the
outermost layers. After completion of the reaction, the catalysts were separated by filtration, washed
with acetonitrile, dried and then reused for another cycle with the fresh reaction mixture. The system
2+
(PEI/PAA)30
shows a good recoverable properties and the TOF decreased to 490, 475, 462 and
447 within second, third, fourth and fifth cycles of reactions respectively. (Q17/PAA)30–Me systems
demonstrate high kinetic properties for oxidation of toluene but their activity decreased dramatically
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2+
after first reaction, TOF=18 for (Q17/PAA)30
in second cycle, may be in order to weak stability
of QPVP-Me complexes and rearrangement during the reaction.

4. CONCLUSIONS
The above presented results lead to the conclusion that the alternative LbL deposition of
polyelectrolytes on solid template followed by covalently biding with transition metal ions provides a
new method for creating a recyclable catalyst with large surface area. It was found that the amount of
impregnated metal ions, their stability within PEMs and catalytic activity depend on the nature of both
metal and polyelectrolytes. The highest catalytic activity and effective reusability were performed by
using PEI/PAA-Co2+ system. The differences of activity between the immobilized cobalt and copper
complexes in various PEMs may be a consequence of the different susceptibility for oxidationreduction of the central transition metal ion. On the other hand, the different interactions of metal
cations with the supporting polymer may influence in some cases the distribution of the bases sites.
The facile synthesis of catalysts, the simplified reaction and the ease of recycling and isolation
procedure make them an attractive alternative to current methodologies.
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Abstract
A new irreducible decomposition method for elastic constant tensor is presented. Harmonic and other
existing decomposition procedures in literature are elaborated and compared which have many
engineering and scientific applications for anisotropic materials. For comparison purposes, numerical
examples of each decomposition process are presented for the materials possessing different
anisotropic elastic symmetry classes. For isotropic materials, an expression for the elastic constant
tensor different than the traditional known form is given. Some misprints found in the literature are
corrected. As a result of comparison process, it is also shown that total scalar (isotropic) part is
decomposed into two physically meaningful orthogonal parts by irreducible decomposition, while in
harmonic decomposition method, decomposition of total scalar part is not orthogonal. In this work, it
is proved that these parts can be made orthogonal to each other. This case is a significant innovation
in decomposition procedures in literature.
Key words: elastic constant tensor, irreducible decomposition method, harmonic decomposition
method, anisotropic elastic symmetries, orthogonality.
1. INTRODUCTION
A material is isotropic if its mechanical and elastic properties are the same in all directions. When this
is not true, the material is anisotropic. Anisotropic materials become the material of choice in a variety
of engineering applications in the last century. Many materials are anisotropic and inhomogeneous due
to the varying composition of their constituents. For instance, polycrystalline materials generally show
an elastic anisotropy due to texture and the anisotropy of single crystallites. The polycrystalline and
composite materials which show high anisotropy are used in many applications in industry. Everyday
passed, the number of anisotropic materials is increasing by the addition of man-made anisotropic
single crystals and technologically developed anisotropic materials. In order to understand the physical
properties of the anisotropic materials, use of tensors by decomposing them is important. Tensors are
the most significant mathematical entities to describe direction dependent physical properties of solids
and the tensor components characterizing physical properties which must be specified without
reference to any coordinate system.
The anisotropic form of Hooke's law in linear elasticity is often written in indicial notation as
ij

C ijkl

(1)

kl
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where

ij

are components of stress tensor,

kl

are components of infinitesimal strain tensor and

C ijkl are the components of elasticity tensor and satisfy three important symmetry restrictions. These
are

Cijkl C jikl

Cijkl Cijlk

Cijkl C klij

(2)

which follow from the symmetry of the stress tensor, the symmetry of the strain tensor and the elastic
strain energy. These restrictions reduce the number of independent elastic constants C ijkl from 81 to
21 (see for example Nye, 1957).
The indices are abbreviated according to the replacement rule given in the following table:
Table 1. Abbreviation of indices for four index and double index notations (Nye (1957)).
Four index notation

11

22

33

23,32

13,31

12,21

Double index notation

1

2

3

4

5

6

Studies of irreducible decomposition began with Schouten (1951) who named the irreducible parts as
scalar, vector, deviator, septor and nonor. Sirotin (1975) decomposed tensors into irreducible parts in
two stages; first with respect to the linear group and then with respect to the orthogonal group O(3).
Jerphagnon et al. (1978) derived certain results for the irreducible tensors in their natural form.
Andrews and Ghoul (1982) followed the technique of Jerphagnon et al. and gave the reduction of a
fourth rank cartesian tensor into irreducible parts under the three-dimensional rotation group.
For harmonic decomposition method, the works are summarized as; Backus (1970) proposed a
representation of elastic constant tensor in terms of harmonic tensors. These are based on an
isomorphism between the space of homogeneous harmonic polynomials of degree q and the space of
totally symmetric tensors of order q. Baerheim (1993) followed Backus (1970) and developed the
method. There are also other works for decomposition of elastic constant tensor, to name some, Onat
(1984), Cowin (1989), Onat et al. (1994), Forte and Vianello (1996, 2006), Ting and He (2006), Zheng
(2007), Annin and Ostrosablin (2008).
The aims of this work are to develop a new irreducible decomposition method which gives physically
meaningful orthogonal parts, instead of other methods like harmonic decomposition in literature and
also prove that the decomposed parts obtained from these methods can be made orthogonal to each
other.
In present paper, following the works of Jerphagnon et al. (1978) and Andrews and Ghoul (1982), a
new procedure for irreducible decomposition of elastic constant tensor is described. Harmonic and
other decomposition methods are introduced. As applications for them, numerical examples are given.
Finally, the methods are compared and discussed. Conclusions pertinent to this work are also stated.
2. DECOMPOSITION OF ELASTIC CONSTANT TENSOR
2.1. By irreducible decomposition method
Any rank-n cartesian tensor can be written as the direct sum of irreducible tensors in the cartesian
representation. The term irreducible indicates sets that cannot be resolved into subsets with seperate
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linear transformations. The reduction of a (rank-n) cartesian tensor T(n ) generally results in a sum of
irreducible tensors, with some weights (j) represented more than once. (where 0
accompolished by the formula: T( n )
( j; q )
(n)

irreducible tensor T

n

N n( j )

j 0 q 1

j

n ), it can be

T((nj); q ) , where q is called the seniority index of the

(irreducible cartesian tensor which is symmetric and traceless) and N n( j ) is

the multiplicity of weight j in this reduction, it denotes the number of independent weight- j
irreducible tensor parts. (See for instance, Jerphagnon et al. (1978) and Andrews, Ghoul (1982))

N n( j )

( 1) k
k

where 0

k

n

j /3 .

n
k

2n 3k j 2
,
n 2

(3)

Each irreducible tensor has (2j+1) independent components. So that the total

number of components in the reduction is

n
j 0

The natural projection of

x

order j is denoted by E ( j )

j

( 2 j 1) N n( j )

3n.

onto the irreducible subspace H jj of traceless symmetric tensors of

E k(1jk)2 ... k j ; l1l2 ...l j . The principal element in the reduction procedure is the

mappings Qi(10i2; q...) in ; k1k 2 ... k j of the minimal rank tensor subspace H jj, q onto H nj , q , we have chosen the
mappings Qi1i2 ...in ; k1k2 ...k j such that they are orthonormal and gpq will be reduced to identity matrix,
( 0; q )

ij

, where gpq is a symmetric matrix which was used and defined in Andrews and Ghoul (1982) through
the relation

g pq Ek(1jk)2 .... k j ; l1l2 ....l j Qi(10i2; ...p )in ; k1k2 ...k j Qi(10i2; ...q ) in ; l1l2 ...l j .

(4)

In this work, this relation is reduced to
pq

Ek(1jk)2 .... k j ; l1l2 ....l j Qi(10i2; ...p )in ; k1k2 ... k j Qi(10i2; q...) in ; l1l2 ...l j .

(5)

The mappings Q '(k01;kp2))... k j ; i1i2 ...in dual to Qi(10i2; ...p )in ; k1k 2 ...k j are defined by the relation

Q '(k01k; 2p...) k j ;i1i2 ...in

Qi(10i2; ...p )in ; k1k 2 ... k j

The dual mappings extract the natural forms t
t ( 1j ; p2 )...

j

Q ' ( 0 ; p ).....
1

2

j

; i1i 2 .... i n

(6)
( j; p)
1

2

...

j

from the tensor Ti1i2 ...in as

T i1i 2 ...... i n

(7)

These tensors can be embedded in the tensor space of order n through the mapping
(8)
Ti1(ij2;...q )in Qi(10i2; q...) in ; k1k 2 ... k j t k( 1jk; p2)...k j ,
or

Ti1(i2j ;...q )in

Qi(10i2; ...q ) in ; k1k2 ... k j Q'(k01k;2p....) k j;l1l2 .....ln Tl1l2 ....ln ,

(9)

Before giving the results of the reduction of elastic constant tensor, it is illustrated that the
orthogonality condition is satisfied during the decomposition procedure. According to orthogonal
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process found and given in Appendix and taking into account the elastic symmetries such as equation
(2), elastic constant tensor is decomposed as
( 0 ; 1)
C ijkl

C ijkl

( 0; 2 )
C ijkl

( 2 ; 1)
C ijkl

( 2; 2 )
C ijkl

( 4 ; 1)
C ijkl
,

(10)
where

1
9

( 0;1)
Cijkl

ij

kl

C ppqq ,

(11)

1
(3
90

( 0; 2 )
Cijkl

ik

3

jl

il

jk

2

ij

kl

)(3C pqpq C ppqq ),

(12)

1
( ik C jplp
5

( 2;1)
Cijkl

ik

C jplp

il

C jpkp

il

Cipkp )

2
(
15

ik

jl

il

jk

)C pqpq ,

(13)

1
7

( 2; 2)
Cijkl

2
35

il

ij

1
7

(5Cklpp 4Ckplp )

(5C jkpp 4C jpkp )

2
35

jk

kl

(5Cijpp 4Cipjp )

2
35

2
(2
105

(5Cilpp 4Ciplp )

ik

jk

(5C jlpp 4C jplp )
il

2

ik

jl

5

ij kl

2
35

jl

(5Cikpp 4Cipkp )

)(5C ppqq 4C pqpq ),

(14)
( 4;1)
Cijkl

(Cijkl Ciklj Ciljk ) / 3 [(Cijmm 2Cimjm )

(Cikmm 2Cimkm )
(C ppmm

jl

2C pmpm )(

(C jlmm 2C jmlm )
ij

kl

ik

jl

il

kl

(Cklmm 2Ckmlm )

(Cilmm 2Cimlm )

ik
jk

jk

ij

(C jkmm C jmkm ) il ] / 21

) / 105,

(15)
( 0 ; 1)
( 0; 2 )
( 2 ;1)
( 2; 2)
( 4; 1)
where C ijkl
are scalar parts, C ijkl
are deviators and Cijkl
is the nonor part. As it is
, C ijkl
, C ijkl

given by the group representation theory for the elastic constant tensor that 2D0 2D2 D4 where
the subscripts denote the weight of the representation, (See Schouten (1951) and Heine (1960)). This
is the decomposition for triclinic materials which are anisotropic materials with no elastic symmetries.
2.1.1. For isotropic materials
( 0;1)
There are only two irreducible parts for isotropic materials which are the scalar parts; Cijkl
and
( 0; 2)
mentioned in equations (11) and (12). By rewriting these parts in matrix form, we get
Cijkl
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1
1
1
K
0

( 0; 1)
Cmn

1
1
1
0

1
1
1
0

0
0
0
0

0
0
0
0

0
0
0
,
0

G
3

( 0; 2 )
C mn

0 0 0 0 0 0
0 0 0 0 0 0

4
2
2
0

2
4
2
0

2
2
4
0

0
0
0
3

0
0
0
0

0
0
0
,
0

0
0

0
0

0
0

0 3 0
0 0 3

(16)

If we add those two parts, isotropic elastic constant tensor is obtained by irreducible decomposition
method, isotropic elastic constant tensor can be rewritten instead of well known traditional form for
isotropic materials in literature as

Cijkl

K

ij

1
2G ( (
2

kl

ik

jl

il

jk

)

1
3

ij

kl

)

(17)

Where K (C11 2C12 ) / 3 and G
C11 C12 / 2, where K is the bulk modulus and G
is the shear modulus. In equation (16) the decomposed parts are orthogonal to each other whereas the
decomposed parts in traditional form are not orthogonal. From equations (1) and (17), the stress-strain
relation, for isotropic materials, can be obtained as
ij

K

2G (

rr ij

1
3

ij

rr ij

)

(18)

This is also different than the well known traditional form and it is a new form in stress-strain relations
in the literature.
2.1.2. For cubic materials
( 0;1)
(0; 2)
For cubic symmetry, there are three irreducible parts which are two scalar parts; Cijkl
, C ijkl
(given

in equations (11) and (12)) , and a nonor part

( 4 ; 1)
in equation (15). By arranging and rewriting
C ijkl

these parts, we obtain
( 0;1)
Cijkl

1
9

( 0; 2 )
Cijkl

1
(3
15

( 4 ;1)
Cijkl

1
(5
5

ij

kl

(C11

ik

ij

3

jl

kl

2C12 ),

jk

il

jk

ik

jl

(19)

2

ij

il

kl

jk

)(C11 C12

ij

kl

3C 44 ),

)(C11 C12

(20)

2C44 ),

(21)

If we add equations (19), (20) and (21), elastic constant tensor for cubic material is obtained by
irreducible decomposition method as

C ijkl

( 0 ; 1)
C ijkl

( 0; 2 )
C ijkl

( 4 ; 1)
C ijkl

(22)
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2.1.3. For transversely isotropic materials
( 0;1)
There are five irreducible parts for transversely isotropic materials which are two scalar parts; Cijkl
,
(0; 2)
( 2 ;1)
( 2; 2 )
( 4 ;1)
, Cijkl
, mentioned in equations (11), (12);
Cijkl
, two deviators; Cijkl
, and a nonor part Cijkl
(13), (14) and (15) respectively. These parts are as follows:

( 0;1)
Cijkl

a
9

( 0; 2 )
Cijkl

b
3
90

( 2 ;1)
Cijkl

c
2
30

( 2; 2 )
Cijkl

6

3 j 3k

ij kl ,

(23)

ik

jl

3

il

jk

2

ij

ik

jl

2

il

jk

3

3i 3 k

d
( 4
105
6 3i
il

ik

jl

3l

jk

4

il

jk

,

kl

10

(24)
jl

ij kl

3

3j

15

3k

3i 3 j

il

3i 3l

kl

15

jk

3j

6

3 k 3l ij

3l

ik

,

3i 3k

(25)
jl

6

3 j 3l ik

),
(26)

( 4; 1)
Cijkl

5

3 j 3l

e
( ik
35
35
ik

jl

il

3i 3 j 3 k

jk
3l

5

ij kl

3i 3 j

kl

5

3 k 3l ij

5

3i 3 k

jl

5

3 j 3 k il

5

3i 3l

jk

).
(27)

Where a

2C11 2C12 4C13 C33 , b 7C11 5C12 2C33 12C44 4C13 ,

c 3C11 2C33 2C44 C12 ,

d

7C12 C33 C11 5C13 4C44

and

e C11 C33 2C13 4C44 .
If we add those five parts, elastic constant tensor for transversely isotropic material is obtained by
irreducible decomposition method as

Cijkl

( 0 ;1)
Cijkl

( 0; 2 )
C ijkl

( 2 ;1)
C ijkl

( 2;2 )
C ijkl

( 4 ; 1)
Cijkl

(28)

2.1.4. For tetragonal materials
( 0 ;1)
( 0; 2 )
For tetragonal materials, there are five irreducible parts which are two scalar parts; Cijkl
, C ijkl
,
( 2; 1)
( 2; 2 )
( 4 ; 1)
two deviators; Cijkl
, C ijkl
, and a nonor part C ijkl
(given in equations (11), (12), (13), (14) and

(15) respectively). These parts are arranged and rewritten to obtain the followings:
( 0;1)
Cijkl

( 0; 2 )
Cijkl

a
ij kl ,
9
b
3 ik
45
76

(29)
jl

3

il

jk

2

ij

kl

,
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( 2; 1)
Cijkl

( 2; 2 )
Cijkl

6

3 j 3k

c
2
15

ik

2

jl

d
( 4
105
6 3i
il

ik

jl

3l

jk

il

jk

4

il

3

3i 3 k

jk

10

3

jl

ij

3 j 3k

15

kl

il

3i 3l

3i 3 j

15

kl

jk

3 j 3l ik

6

3 k 3l ij

,

(31)

3i 3 k

jl

6

3 j 3l ik

),
(32)

( 4;1)
Cijkl

(e

1
(e(
35

f )(

3i

ik

3k

jl

jl

35(C11 C12

il

3j

3k

2C66 )(

jk

ij

il

3i

1i 1 j 1k

kl

) (e

3l

f )(

jk

1l

3j

2i

2j

3l

2k

3i

3j

ik
2l

kl

3k

3l

ij

)

) 35(C33 C12

2C66

2C13 4C 44 )

3i

3j

3k

3l

)).
(33)

Where a

2C11 2C12

4C13

c C11 C33 C44 C66 ,

C33 ,
d

e 9C12 18C 66 8C11 2C13

b

2C11 C12

C33

3C66

6C44

2C13 ,

C11 C33 5C12 5C13 4C44 4C66 and
4C 44

C33 ,

f

4C33

3C11 8C13

C12 16C 44

2C66 .

2.1.5. For trigonal materials
( 0 ; 1)
( 0; 2)
For trigonal materials, there are five irreducible parts which are two scalar parts; C ijkl
, Cijkl
, two
( 2 ;1)
( 2; 2 )
( 4 ; 1)
deviators; Cijkl
, Cijkl
and a nonor part C ijkl
(given in equations (11), (12), (13), (14) and (15)

respectively). These parts are arranged and then we obtain
( 0;1)
Cijkl

a
9

( 2 ;1)
Cijkl

c
2
30

( 2; 2 )
Cijkl

6

3i 3l

ik

d
( 4
105
jk ),

b
3
90

( 0; 2 )
Cijkl

ij kl ,

2

jl

ik

jl

il

jk

4

il

3

jk

ik

jl

3

3i 3 k

jl

3

10

kl

15

ij

il

jk

3j

3k

3i 3 j

2

il

kl

ij

kl

,

3i 3l

15

(34)
jk

3 k 3l ij

3j

6

3l

ik

3i 3 k

,

(35)
jl

6

3 j 3l ik

6

3 j 3 k il

(36)
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e
(
35

( 4 ;1)
Cijkl

5

3i 3l

ik

5

jk

jl

il

jk

ij

35

3 j 3l ik

3i 1 j 2 k 1l

3i 1 j 1k 2l

2i 1 j 3k 1l

2i 2 j 2 k 3l

5

kl

3i 3 j

3i 3 j 3k 3l

5

kl

) C14 (

1i 3 j 2 k 1l

3k

5

ij

1i 1 j 2 k 3l

1i 3 j 1k 2l

2i 2 j 3k 2l

3l

3i 3 k

1i 1 j 3k 2l

1i 2 j 1k 3l

3i 2 j 2k 2l

5

jl

3j

3k

3i 2 j 1k 1l

1i 2 j 3k 1l

2i 3 j 2 k 2l

il

2i 3 j 1k 1l

2i 1 j 1k 3l

),
(37)

where a

2C11 2C12 4C13 C33 ,

c 3C11 2C33 2C44 C12 ,

b

d

7C11 5C12 2C33 12C44 4C13 ,

7C12 C33 C11 5C13 4C44 and

e C11 C33 2C13 4C44 .
If we add those five parts, elastic constant tensor for trigonal material, represented by irreducible
decomposition method as

Cijkl

( 0 ;1)
Cijkl

( 0; 2 )
C ijkl

( 2 ;1)
C ijkl

( 2;2 )
C ijkl

( 4 ; 1)
Cijkl

(38)

2.1.6. For orthorhombic materials
( 0; 1)

There are five irreducible parts for orthorhombic materials which are two scalar parts; C ijkl in (11),
(0; 2)
( 2; 1)
( 2; 2 )
( 4 ; 1)
in (12), two deviators; Cijkl
in (13), Cijkl
in (14) and a nonor part C ijkl
in (15). These parts
C ijkl
are rewritten as

( 0;1)
Cijkl

a
9

j )(

ik

2i

2k

3

jl

ik

jl

jk

1 j 1l

5k )(

2k

78

2l

il

jl

ik

ik

2

jk

il

2j

1
( 4k (
105

( 2; 2 )
Cijkl

(5 f

(39)

1
2 j(
15

( 2;1)
Cijkl

1i 1l

kl ,

b
3
45

( 0; 2 )
Cijkl

(d

ij

2k

jl

jk

) ( 4k

ij

2i

2i

jk

(40)

kl

2l

jk

) 10k

2e)(
2j

,

) ( 2c d )(

il

il

ij kl

2i

2k

1i 1k

2j

ij kl

jl

) (5e 5k )(

2l

jl

ik

1 j 1k

2k

1k 1l

1i 1l

jk

1 j 1l

),

ik

(41)

(4e 2 f )(
2j

il

il
ij

1i 1k

2i

jl

2l

1i 1 j

jk
kl

),
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1
( (n
35

( 4;1)
Cijkl

h)(

(

2i 2 k

)(

jl

ik

2j

( 2m 3n 3 g )(

2k

jl

2k

2l

il
il

jk

2i 2l

ij

2i

2j

35(C12

C33

2C66

C23 C13

35(C11

C33

2C13

4C55 )

where a

) (3n 2 )

kl

jk

2j

2l

ij
ik

1i 1 j 1k

1l

2C55 )(

1i 1k

jl

1 j 1k

il

1i 1l

jk

1 j 1l ik

)

) ( 2l 3n 3h)(

2C44

g )(

(

kl

1i 1 j

35(C33

1k 1l
2k

C 22

ij

2l

1i 1 j
2i

2C 23

kl

)

2 j 1k 1l

4C 44 )

)

2i

2j

2k

2l

.

(43)

C11 C22 C33 2C12 2C13 2C23 ,

b C11 C22 C33 C12 C13 C23 3C44 3C55 3C66 ,
c 2C11 C22 C33 2C44 C55 C66 ,
d

2C22 C11 C33 C44 2C55 C66 ,

e

2C11 C22

f

2C22 C11 C33 5C12 10C13 5C23 4C44 8C55 4C66 ,

g

C11 4C22 4C33 C12 C13 9C23 18C44 2C55 2C66 ,

h C 22

C33 5C12

5C13 10C23 8C44

4C11 4C33 C12

9C13

C23

4C55

2C44 18C55

4C66 ,

2C66 ,

C33 4C11 4C22 9C12 C13 C23 2C44 2C55 18C66 ,
j

(c d ),

n

( j h ).

k

(e

f ),

l

(h

),

m

(j

),

If we add those five parts, elastic constant tensor for orthorhombic material, obtained by irreducible
decomposition method as

C ijkl

( 0 ;1)
Cijkl

( 0; 2 )
C ijkl

( 2 ;1)
C ijkl

( 2; 2 )
C ijkl

( 4 ; 1)
Cijkl

(44)

2.2. By harmonic decomposition method
In harmonic decomposition, the action of SO (3) on a vector space is said to be irreducible when there
are no proper invariant subspaces. It is deduced that there is a decomposition of the space of elastic
constant tensors ( E la) into a direct sum of orthogonal subspaces on which the action of SO (3) is
irreducible. An important theorem of group representation theory can be summarized as: every space
on which the group of rotations acts irreducibly is isomorphic through an SO (3) -invariant map with
an appropriate space of harmonic polynomials. In view of isomorphism, there is a decomposition of
E la into a direct sum of spaces of harmonic tensors. (See, for instance; Forte and Vianello (1996))
Besides, there is an SO (3) -invariant isomorphism between E la and the direct sum R
R
Dev
Dev
H rm. We give a brief review for this method as follows: The decomposition of elastic
constant tensor for anisotropic materials possessing triclinic symmetry, we obtain
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Cijkl
il

H ijkl [ ij H kl
jk

]

h

ij kl

kl

H ij

1
2

h

kl ij

ik

ik

H jl

1
2

h jl

jl

H ik

1
2

h

jl ik

il

il

H jk

jk

1
2

h jk

H il ] H [

h

h(

jk il

ij

ij

kl

ik

1
2

kl

ik

jl

1
2

jl

il

jk

).
(45)

1
(C ppqq
45

Where H

1
Cijkk
21

H ij

2C pqpq ),

1
C jjkk
3

1
(C ppqq C pqpq ),
9

h

1
C jkjk
3

2 Cikjk

ij

2
2
(Cijpp Cipjp )
3
9

, hij

ij

ij

(Crrpp Crprp ).

In this method, the notation of Baerheim (1993) has been used.
The total scalar (isotropic) part of harmonic decomposition (obtained from equation (45)) is (denoted
as S )
ij

S

15

kl

( 2C ppqq

(

C pqpq )

ik

jl

il

jk

)

30

(3C pqpq

C ppqq ).

(46)
Furthermore the total deviatoric part or second rank traceless tensor is
composed of summation of the linear combination of second order tensors ( H ij and hij ) given in
equation (45), which is (denoted as D )
1
7

D

1
7

jl

kl

(5C ijpp

1
7

4Cipjp )

(3Cipkp 2Cikpp )

1
7

jk

ij

(5C klpp

4C kplp )

(3Ciplp 2Cilpp )

1
7
ik

ik

(3C jplp

jl

il

jk

1
7

2C jlpp )

il

4
C pprr
21

(3C jpkp

2C jkpp )

2
Crprp
7

ij kl

(

8
10
Crprp
C pprr ).
21
21

(47)
( 4; 1)
From equation (45), harmonic (nonor) part is obtained as the same expression as Cijkl
given in

equation (15).
Moreover, the results for elastic constant tensor decomposition are given by Onat (1984, 1994) and
quoted by Cowin (1989), Forte and Vianello (1996, 2006), Ting (2006), Zheng (2007), Annin and
Ostrosablin (2008) in which elastic constant tensor is decomposed into two scalar, two deviatoric and
one nonor parts. These decompositions are the same as harmonic decomposition method since scalar,
deviatoric and nonor parts are common and they are identical with those obtained from harmonic
decomposition method, only difference here is notations used for scalar, traceless symmetric second
rank tensors and nonor parts. According to these studies, decomposition of elastic constant tensor for
anisotropic materials possessing triclinic symmetry is expressed as follows:
C ijkl
jl

B ik

1
( 2 C ppqq
15
il B jk

C
jk

pqpq

B il

)

ij

kl

1
(3C
30

pqpq

C

ppqq

)(

ik

jl

il

jk

)

ij

A kl

kl

A ij

Z ijkl ,

(48)
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From equation (48), total scalar part is

1
(2C ppqq C pqpq )
15

1
(3C pqpq C ppqq )(
30

ij kl

ik

jl

il

jk

).

(49)

The total deviatoric part is
ij

Akl

kl

Aij

ik

B jl

jl

Bik

il

B jk

jk

Bil .

(50)

The components of deviatoric part are

Aij

(15Cijkk 12Cikjk

5 ij C ppkk

4 ij C pkpk ) / 21,

(51)

Bij

( 6Cijkk

2 ij C ppkk

3 ij C pkpk ) / 21.

(52)

9Cikjk

( 4 ; 1)
Finally nonor part is the same as Cijkl
given in equation (15). Furthermore the decomposition of

elastic constant tensor given in Forte and Vianello (1996, 2006) contain misprints in components of
scalar part and total deviatoric part. In equations (49) and (50), these parts are corrected.
2.2.1. For isotropic materials
Like irreducible decomposition method, there are two irreducible parts constituted total isotropic
(scalar) parts which are found by using eqs. (45) and (46) and these decomposed parts are
1
( 2C ppqq
15

C pqpq )

ij

kl

,

1
(3C pqpq
30

C ppqq )(

ik

jl

il

jk

)

(53)

The sum of the parts in equation (53) gives total scalar part which is obtained in equation (46).
2.2.2. For cubic materials
There exists three decomposed parts which are two scalars and a harmonic part. The decomposed parts
( 4 ;1)
of total scalar part are identical with those given in equation (53). Nonor part is equal to Cijkl
given
in equation (21). If we add those parts, elastic constant tensor for cubic materials is obtained by
harmonic decomposition method.
2.2.3. For transversely isotropic materials
There are five irreducible parts for transversely isotropic materials which are two scalars and two
deviators and a nonor (harmonic) part. The decomposed parts of total scalar part are the same as those
( 2 ;1)
( 2; 2 )
given in equation (53) and decomposed parts of total deviatoric part which are Cijkl
and Cijkl
found in equations (25) and (26) respectively, are obtained by arranging equation (47) so we get total
( 4 ; 1)
deviatoric part in harmonic decomposition method. Nonor part is equal to Cijkl
given in equation
(27), we obtain harmonic part for transversely isotropic materials in harmonic decomposition method.
2.2.4. For tetragonal materials
By applying harmonic decomposition method, elastic constant tensor is decomposed into the parts
namely as two scalar, two deviatoric and nonor. Decomposed parts are the same as those given in
( 2 ;1)
( 2; 2 )
equation (53). Parts of total deviatoric part which are Cijkl
and Cijkl
found in equations (31) and
81
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(32) respectively, are obtained by arranging equation (47) so we get total deviatoric part in harmonic
( 4; 1)
decomposition method. Nonor part is equal to Cijkl
given in equation (33), we obtain harmonic part
for tetragonal materials in harmonic decomposition method.
2.2.5. For trigonal materials
For trigonal materials, five decomposed parts, which are two scalars, two deviatoric and nonor, are
obtained by harmonic decomposition method. Decomposed parts of total scalar part are identical with
the expressions given in equation (53). Terms of total deviatoric parts can be obtained by rearranging
equation (47) so we get these parts which are the same as those given in equations (35) and (36).
( 4 ; 1)
Nonor part is equal to Cijkl
given in equation (37), we obtain harmonic part for trigonal materials in
harmonic decomposition method.
2.2.6. For orthorhombic materials
There are five irreducible parts constituted total scalar, total deviatoric and nonor parts. Total scalar
part is composed of the parts given in (53). By rearranging equation (47) so we get two parts forming
total deviatoric part which are the same as those given in equations (41) and (42). Nonor part is equal
( 4 ;1)
to Cijkl
given in equation (43), we obtain harmonic part for orthorhombic materials in harmonic
decomposition method. So elastic constant tensor for orthorhombic materials can be represented by
summing equations (53), (41), (42) and (43) in harmonic decomposition method.
3. NUMERICAL EXAMPLES
The decomposition methods can be carried out for various anisotropic materials such that reactor
pressure vessel steel, aliminium antimonide, polysytrene, zircon, haematite and olivine are selected as
example materials for isotropic, cubic, transversely isotropic, tetragonal, trigonal and orthorhombic
symmetries (for detail description of these symmetries, see Nye (1957), Mehrabadi and Cowin (1995))
respectively. The irreducible parts in matrix form are also given. Elastic constant data for AlSb,
Polysytrene, Zircon and Haematite are taken form Landolt-Börnstein (1979). Decomposition
processes, irreducible and harmonic decomposition are performed by simple computer programs
written in MATLAB in order to ease the calculations. All units are in Gpa ( 1010 dyn cm 2 ) .
3.1. Reactor pressure vessel steel (RPV steel) (Data taken from Cheong (1999))
277.001 118.715 118.715
118.715 277.001 118.715
Cij
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0
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0
0
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3.1.1. By irreducible decomposition method
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3.1.2. By harmonic decomposition method
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3.2. Aluminium Antimonide (AlSb)

Cij
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3.2.1. By irreducible decomposition method
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3.2.2. By harmonic decomposition method
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0
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3.3. Polystyrene
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3.3.1. By irreducible decomposition method
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3.3.2. By harmonic decomposition method
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3.4. Zircon (ZrSiO , metamict)
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3.4.1. By irreducible decomposition method
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3.4.2. By harmonic decomposition method
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3.5. Haematite (Fe O )
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3.5.1. By irreducible decomposition method
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3.5.2. By harmonic decomposition method
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3.6. Olivine (Data taken from Chevrot, Browaeys (2004))
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3.6.1. By irreducible decomposition method
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3.6.2. By harmonic decomposition method
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4. DISCUSSION AND CONCLUSIONS
The decomposition methods are compared to emphasize the significant effect of these methods on
elastic constant tensor by regarding the results of numerical examples. As a result critical relationships
between them are found out. The first one is, like new method developed here, two scalars, two
deviators and the nonor part are obtained in harmonic decomposition method. Hence total scalar, total
deviatoric parts and nonor part are identical in two methods. In new irreducible method, components
( 0; 1)
(0; 2)
of total scalar parts; C mn
and C mn
are orthogonal to each other. Contrary to it, decomposed parts
of total scalar part are not orthogonal to each other in harmonic decomposition method due to the
expression for decomposition of elastic constant tensor given in equations (45) and (48). Since ij kl
is not orthogonal to

ik

jl

il

jk

(denoted as 2 I ijkl ). If

ij

kl

and 2 I ijkl is replaced by the

hydrostatic and deviatoric operators
h
I ijkl

1
3

ij

kl

,

d
I ijkl

I ijkl

h
,
I ijkl

(90)

respectively, then new method is obtained back in which decomposed parts of total scalar parts are
orthogonal to each other. So the components of total scalar part in harmonic decomposition method
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( 0;1)
( 0; 2 )
can take the form of Cmn
and C mn
. This case is a significant innovation for both decomposition
methods for elastic constant tensor. It is the second relationship between both decomposition methods.

Besides, in irreducible decomposition method, by using equation (18), we obtain two physically
meaningful parts which are

J1

3KI 1 ,

(91)

and

(

ij

1
3

rr ij

where J1
respectively.

)
ii

2G (

ij

and I1

1
3

rr ij

ii

),

(92)

are the first fundamental invariants of stress and strain tensors,

Equation (91) represents volume-change without distortion under hydrostatic stress and equation (92)
represents shape-change without volume-change under deviatoric stress. So irreducible decomposition
method gives two isotropic (scalar) parts which have significant physical meanings.
One of the important contribution of this work is that components of the scalar part in irreducible
method are not equal to that in harmonic decomposition method, so it proves that there is not a unique
decomposition for the scalar part, in other words total scalar part can be decomposed into infinitely
many independent components. This case also indicates that total scalar, deviatoric and nonor parts of
elastic constant tensor obtained from irreducible decomposition methods are the same as those of
harmonic decomposition method.
Irreducible decomposition methods have many applications in different subjects of physics and
engineering (atomic and molecular physics and the physics of condensed matter). In the mechanics of
continuous media (for instance in elasticity studies, the strain and the stress tensors are decomposed
into spherical and deviatoric parts), the hydrostatic pressure (spherical part) is connected to the change
of volume without change of shape through the bulk modulus whereas the change of shape is
connected to the deviatoric part of the stress through the shear modulus. In chemistry (see for instance;
Jerphagnon et al. (1978)) (for example in the calculation of the rotational averages which arise in the
theory of spectroscopic radiation molecule interactions in fluid media), based upon the principles of
irreducible cartesian tensor analysis, the rotational averages cast in terms of irreducible tensor products
are considerably simpler in structure than the corresponding results expressed in reducible form.
The decomposition methods of elastic constant tensor are applied to different fields of science and
engineering. For instance, Geophysicists have used it in geophysical applications. (See Chevrot and
Browaeys, (2004)) As an application for harmonic decomposition, it is possible to decide which type
of symmetry a material has when the elastic constants are measured relative to an arbitrary coordinate
system. A second rank symmetric tensor associated to the elastic constant tensor can be used to verify
if the coordinate axes are the symmetry axes of the material and determine a symmetry coordinate
system. (See Baerheim, (1993)) So comprehending the irreducible decomposition methods is
considerable to understand the idea behind these decomposition methods as well as the physical
properties of anisotropic materials.
Decomposition of the elastic constant tensor into irreducible orthogonal parts, offer not only valuable
insight into the tensor structure but also simplify immensely the calculations of sums, products,
inverses and inner products. It also provides a deeper understanding about elastic and mechanical
behavior of anisotropic materials. It also has more significant effects on many applications in different
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fields such as comparing the anisotropic properties of materials, examining the material symmetry
types in detail, determination of materials possessing same crystal symmetry type which are highly
anisotropic or close to isotropy.
APPENDIX

For irreducible decomposition method; the orthogonality condition is checked by using
orthonormalized basis elements, the procedure is shown as

4 and j 0 , q will take the values 1, 2 and 3 . For q 1,

For fourth rank tensor n
( 0 ; 1)
Qijkl

a

ij

kl

.

(93)

Applying the normalization condition, equation (93) takes the following form:
( 0 ;1) ( 0 ;1)
Qijkl
Qijkl

a

a2

ij

kl

ij

1

kl

(94)

1
, So the first idempotent is
3

( 0 ;1)
Qijkl

1
3

For q
( 0; 2 )
Qijkl

ij

kl

,

(95)

2 ,
(a

ik

b

jl

il

jk

(96)

),

According to orthogonality condition (the inner product of both equations (95) and (96) are
taken)
( 0 ; 1) ( 0 ; 2 )
Qijkl
Qijkl

( 0 ; 2 ) ( 0; 2 )
0 , Qijkl
Qijkl

1

(97)
so for q
( 0; 2 )
Qijkl

1

2 , a

2 3

1
2 3

1

b

,

2 3

. The second idempotent is

1
ik

jl

2 3

il

jk

(98)
By using the same procedure, the last idempotent is found as
( 0; 3 )
Qijkl

1
6 5

(3

ik

jl

3

il

jk

2

ij

kl

)

(99)
As an example to how we obtain the irreducible parts from idempotents is demonstrated,
( 0; 1)
is given
C ijkl
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( 0 ;1)
Cijkl

( 0 ;1)
Cijkl

( 0 ; 1)
(0;1)
Qijkl
Q'ijkl
C'ijkl , this gives

1
9

ij

kl

C ppqq .

(100)
( 0; 2)
This is the first decomposed part of scalar part. Second decomposed part Cijkl
is found as
( 0; 2)
Cijkl

( 0; 2 )
Cijkl

( 0; 2 )
(0; 2)
Qijkl
Q'ijkl
C'ijkl , which gives

1
(3
90

ik

jl

3

il

jk

2

ij

kl

)(3C pqpq C ppqq ).

(101)
Using same procedure, the other parts can be found.
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PREDICTION OF DRMS WORKLOAD BY IDENTIFICATION OF PATTERNS
IN JOB SUBMISSION PROCESSES
Andrey V. Gritsenko
Department of Applied Mathematics and Computer Science
Stavropol State University, Stavropol, 1, Pushkina str., 355009, Russia

Abstract
Resource management and scheduling algorithms used in modern distributed resource management
systems allow to utilize up to 80% of resources. In the course of studying the issue to augment this
percentage a new approach, which consists in the application of prediction methods together with
traditional for DRMS scheduling methods, was proposed. It is generally known that a fairly large part
of all submitted jobs is formed by recurring job and using information about these jobs one can alter a
job schedule for the purpose of increase of resource utilization.
The process of simulation of a real sequence of submitted jobs with hidden cycles that inherently
resemble white noise is described. On the basis of information about these cycles a prediction model is
generated, which allow to simulate the process with enough high accuracy, and it in its turn confirms
the assumption about potential appliance of forecasting methods in DRMS algorithms in order to raise
their effectiveness.
Key words: distributed resource management systems, DRMS, job scheduling, forecasting methods,
stochastic process simulation.
1. INTRODUCTION
Widespread using of distributed computing systems entailed development of diverse resource
management and scheduling algorithms at first, and then appearance of a great amount of software
applying those algorithms. At present the distributed resource management systems’ market is
represented by developments of both such companies as Adaptive Computing (their products are Maui
and Moab) and Oracle (Oracle Grid Engine), as well as of those that are not so well-known [2]. In
spite of all superficial differences of these software products, there is some similarity among them –
scheduling algorithms of these products take into account only those jobs that were already submitted
and added to a query when constructing a schedule. In the article [1] there is assigned reasoning for a
point of view, which claims that appliance of current jobs only at the stage of scheduling may be the
weakness of an algorithm and may lead to the effectiveness loss. In particular it is stated that in some
cases it is not unlikely that the same task may be submitted with a certain periodicity, and the
assumption is put forward that the opportunity to utilize forecasting methods in scheduling algorithms
may be very useful and could significantly increase the overall effectiveness of DRMS.
2. XLSTAT STATISTICAL ANALYSIS
The prevalent belief that job submission is a stochastic process and its composition resembles white
noise because of great amount of users who take part in it, is one of the main reasons why forecasting
methods are still not used in job schedulers’ algorithms.
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To verify this assumption XLSTAT – an add-on for Microsoft Office Excel that possesses an
extensive set of functions for statistical analysis of time series – was applied [3, 4]. As an input data
we used a time series with three variables: date of task initiation, amount of processes, required for a
task to execute and task duration – that was obtained as a result of the examination of the workload of
the distributed computing system at Stavropol State University. Several prolonged periodical patterns
were revealed among other data of this process.
First of all we divided initial time series into 2 of smaller dimensions: first contained information only
about required number of processes (‘Procs’) and second – about job duration time (‘Time’) – and
then analyzed these time series using following XLSTAT features: Descriptive Analysis [3] and
Normality Tests [4].
Table 1. XLSTAT Descriptive analysis result table
Value
Statistic

p-value

DF
‘Procs’

‘Time’

‘Procs’

‘Time’

Jarque-Bera

2

345.320

377.898

< 0,0001

< 0.0001

Box-Pierce

6

17.443

22.235

0.008

0.001

Ljung-Box

6

17.469

22.256

0.008

0.001

McLeod-Li

6

30.015

19.065

< 0,0001

0.004

Box-Pierce

12

44.827

44.891

< 0,0001

< 0.0001

Ljung-Box

12

44.931

44.978

< 0,0001

< 0.0001

McLeod-Li

12

71.131

34.034

< 0,0001

0.001

Descriptive Analysis feature involves Jarque-Bera, Box-Pierce, Ljung-Box and McLeod-Li tests,
frequency histograms and autocorrelogram plotting. The Jarque-Bera test is a normality test, based on
the skewness and kurtosis coefficients: the bigger the value of the Chi-square statistic (third column),
the more unlikely the null hypothesis that the data are normally distributed. The other three tests (BoxPierce, Ljung-Box, McLeod-Li) are computed at different time lags (second column) and allow to test
if the data could be assumed to be a white noise or not. These tests are also based on the Chi-square
distribution. Here the p-value, which corresponds to the probability of being wrong when rejecting the
null hypothesis (or accepting if true), is much less than 0.01 for both ‘Procs’ and ‘Time’ time series eo
ipso suggesting one to conjecture that these time series are white noise [3].
Other normal tests combined in the context of Normality Tests, such as Shapiro-Wilk, AndersonDarling and Lilliefors tests, also say that the null hypothesis should be rejected and the alternative
hypothesis should be accepted. The falsity of the null hypothesis about normal distribution of
‘Procs’and ‘Time’ time series can be graphically illustrated by means of frequency histograms (pic. 1)
The frequency histogram gives us another argument to discard the null hypothesis:
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a

b

Picture 1. Frequency histogram of ‘Procs’ (a) and ‘Time’ (b) time series
As we can see values in all intervals are distributed relatively uniformly except for two significantly
extended rectangles, and as we would see further these rectangles are correspond to the cycle values.
In addition to normality tests the feature of the same name also constructs the Q-Q plot comparing the
cumulative distribution function of the input data to the cumulative distribution function of normal
distribution with the same mean and standard deviation [4].

a

b

Picture 2. Q-Q plots for ‘Procs’ (a) and ‘Time’ (b) time series
In the case of values of the input time series follow a normal distribution, we should observe an
alignment with the first bisecting line, in other cases some deviations from the bisecting line should be
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observed. On picture 2 we can observe that there are two strong deviations on both of Q-Q plots,
indicating that the distributions of the time series are most probably not normal. We can also notice
that the most of these deviations corresponds to the abnormal value on the histogram charts, i.e. to the
cycle values.
As a result of all of the above, it is most unlikely that one should accept the null hypothesis that the
data are normally distributed. At the same time one should also conclude that data is not generated by
a white noise process taking into consideration that it is known for certain that there are some
recurring jobs. However, despite this fact, from the current autocorrelograms (pic.3) it follows that no
cycles or other periodic patterns are present in the initial time series. This phenomenon can be
explained by the fact that repetitive patterns are buried under the noise of other jobs, which is the
result of the variable number of jobs submitted per day.

a

b

Picture 3. Autocorrelograms for ‘Procs’ (a) and ‘Time’ (b) time series

3. STOCHASTIC PROCESS MODELING USING GMDH SHELL
Though the preceding statistic analysis revealed the resemblance of the observable job submission
process with the white noise an attempt to simulate the behavior of this process using specific software
was made. As the appliance of traditional forecasting methods, e.g. ARIMA, was not successful since
error of these methods exceeded several times the maximal value of the sample we used GMDH Shell
instead – a software package developed by Geos Research Group and utilizing Group Method of Data
Handling to solve different problems such as time series forecasting, regression and classification [5].
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a

b

Picture 4. Simulation model (a) and its error (b) for 100 element sample. Last 15 elements are shown

Picture 5. Residuals for the model of 4000 elements size
In spite of strong mathematical background GMDH Shell did not always give appropriate results: for a
small learning window size (the dimension of the input dataset) this package generated rather accurate
simulation models of the given stochastic processes with the errors that do not exceed 10% of the
maximum value (pic. 4), though such models do not take into consideration recurring patterns because
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of the periods of these patterns that could be comparable to the size of sample. Consequently we had
to enlarge the size of the training data, but simultaneously with the growth of the input dataset the
residuals grew as well and for learning window size of the order of 4000 they exceeded any admissible
level (pic. 5), eo ipso making it embarrassing to use this software product for the current problem.
Taking into account the fact that we know for sure about recurring jobs but none of the described
approaches allowed us to gain desired results it was proposed to use a trick consisting in the explicit
display of the existing cycles. As a result we discovered 3 prolonged cycles: jobs that were submitted
every first day of a month, jobs that were submitted every Thursday for a parochial period of time and
those that firstly were submitted everyday but then their submission period changed to two weeks
(pic. 6).

a

b

Picture 6. Patterns in the initial time series (a) and per diem view (b)
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Having knowledge about existing cycles we can use it to construct more reliable prediction model
using as a basis one of the simulation models produced by GMDH Shell. In this new model we use a
special reliability coefficient, which indicates the probability that for the next time step certain cycle
will still exist, dependent on the average duration of other cycles. Selecting an appropriate model and
reliability coefficient for the current data we could gain satisfactory results (pic. 7)

.7. Prediction model that uses information about existing cycles in input data
5. CONCLUSION
It is obvious that the described above approach of obtaining a prediction model that also considers
information about periodical patterns should be used only in the aggregate with traditional jobscheduling and resource-managing methods to gain us benefit, but not as a separate DRMS algorithm
The further investigations in this direction would consist in finding the most applicable way of
adjusting the reliability coefficient and using self-training methods to make it possible for the
algorithm to alter its parameters according to the input data.
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Abstract
Effect of high frequency air discharge plasma on the surface and adhesion performance of
polyethylene terephthalate (PET) substrates of different thickness was investigated. Based upon X-ray
photoelectron spectroscopy, contact angle measurements and ATF FTIR was shown that chemical
composition of thin surface layer changes even after first 5 minutes of plasma treatment in spite of
mild conditions of etching. Structure changes were estimated by AFM and TEM. It was shown that
plasma treatment reveals phase structure organization of PET, but total surface relief changes
insignificantly. Dramatic change in surface energy after treatment was revealed by contact angle
measurements. At the same time, it was shown that surface energy relaxation occurs during storage of
substrate in room conditions. These results are in good agreement with adhesion performance of PET
substrate to model silicon scotch estimated by 180º Peel Test.
Key words: surface energy, adhesion properties, plasma etching of PET surface
1. INTRODUCTION
Plasma treatment is now widely used method of surface modification of polymeric and inorganic
surfaces. Many authors have published fundamental and practically important results during the last
two decades. For surface modification, different researchers have used various types of plasma
discharges, from weak corona discharge to hard – arc-plasma discharge that modeling the effect of
atomic oxygen within the upper atmosphere on polymeric protect coverings. Of course, low-energy
plasma of different gas discharges, for example, air, nitrogen, oxygen, ammonia, hydrogen, noble
gases, etc is used for surface modification without some dramatic changes such as carbonization of
polymer surface.
Surface treatment of polymer films and substrates in plasma discharges of different gases atmosphere
is widely used for alteration of the following parameters: (i) increase of surface energy and hydrophily
of the surface (Morra, Occhiello and Garbassi, 1993; Youxian, et al. 1991); (ii) increase of surface
hydrophobicity (Iriyama, et al. 1991); (iii) control of adhesive performance (Wu, et al. 1995;
Guezenoc, et al. 1993; Qiu, Deflon and Schwartz, 1993; Noha, et al., 2007). Plasma surface treatment
of polymeric biomaterials and inorganic implants is used for the purpose of increase the bio- or bloodcompatibility (Huang, et al. 2004; Chu, 2007; Tamada and Ikada, 1993), cleaning of metals from oxide
films (Noha, et al., 2007), increase of biodegradation of polymers (Matsunaga and Whitney, 2000).
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Covalent immobilization of polar groups (Sheu, et al. 1993) and polymer chains (Gong, et al. 2000;
Kang, et al. 1996) onto polymeric substrates is also utilize for further chemo-sorption of specific
chemical preparations and medicines.
The comparison analysis of some results of polymer surface plasma modification in different gases
have shown that oxygen plasma discharge treatment leads to functionalization of surface and
formation of new oxygen-containing groups; but, for example, argon plasma treatment improves
surface wettability (Guruvenketa, et al. 2004).
It’s well known that low-energy plasma treatment of polymer films and compositions is widely used
as a preparation stage for reveal phase structure of the system. It becomes possible due to difference in
etching rates of crystalline and amorphous phases of polymer.
Plasma etching of polymer surface accompanies with all above mentioned processes, and also there
are several processes, for example, local temperature increase on a polymer surface that leads to
surface amorphization, net-work formation within thin top layer, polymer destruction, carbonization,
material erosion, and etc. And these surface changes are directly connected with plasma type and
treatment conditions.
From fundamental point of view, it was interesting for us to change just one parameter of polymer
surface during surface modification to control the surface energy and, as the result, to estimate the
adhesion performance of initial and modified PET substrate. So, based upon the previous experience
we decided to use low-energy plasma treatment where the effect of all negative parameters was
minimized.
In our recent work (Chalykh, et al. 2009) we showed that strength of adhesive joint can be described
by the following correlation:

A ~ k (W0 S

),

(1)

where A is a peel strength of an adhesive joint; W0 is thermodynamic work of adhesion that can be
calculated based upon the surface energy of adhesive and substrate; S is area of contact between
adhesive and substrate surfaces that relating to substrate surface relief; connects with deformation
work of adhesive within the destruction zone, and it is the mechanical response of the system on
external deformation action.
The contribution of the deformation work of adhesive in the A value was investigated successfully and
presented in our recent work (Gladkikh, et al. 2011). We changed the mechanical characteristics of
adhesive due to formation of chemical net-work during expose to high-energy electrons and at the
same time the other parameters of Equation 1 stays invariant.
Thus, in the present paper, the effect of surface modification of polymeric substrate by high-frequency
air discharge plasma on its structure, chemical composition and adhesive performance to standard
adhesive was investigated. Stability of the surface characteristics after plasma treatment was also
estimated during room conditions storage.
2. EXPERIMENTALS
Commercial PET films (Polyplast, Russia) were used as polymer substrates with different thickness: 5
and 20 m. These films are two-axial oriented. Melting point of PET is 250-260 , glass transition
point Tg is 70 . Crystallinity degree of such PET was not higher than 10%.
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High frequency air discharge plasma treatment was carried out in vacuum chamber of Coating System
E306A, Edwards (Fig. 1) under air pressure of 0.09 mm Hg. Frequency of the generator was 10 MHz;
the amplitude voltage was 1.2 kV. Such plasma is well known as low-temperature plasma, the energy
of electrons was not higher as 4-6 eV.
PET substrate was set on specimen stage as shown in the Fig. 1. Duration of plasma treatment was
varied from 0 to 60 minutes.

Fig. 1. Schema of plasma treatment chamber.
Surface structure before and after treatment was estimated using Transmitting Electron Microscope
(TEM) EM-301, Philips. Specimens were prepared by the use of method of two-stage surface replica
with platinum shadowing.
The relief change of PET surface after plasma treatment was investigated by Atomic Force
Microscopy (AFM) (Centaur, NanoScan Tech.) in tapping mode. Probe diameter was 2 nm.
Chemical composition of the surface layer of PET after plasma treatment was used by Attenuated
Total Reflection Fourier Infrared spectroscopy (ATF FTIR) using FTIR-Microscope HYPERION
2000 Bruker, associated with IFS-66 v/s Fourier spectrometer, and X-ray photoelectron spectroscopy
(XPS) (XSAM-800, Kratos Analytical Ltd.).
Surface energy was estimated by contact angle measurements with standard test liquids on FM40
EasyDrop, Kruss GmbH. Value of surface energy, and its polar and disperse parts were calculated by
Owens-Wendt equation (Owens and Wendt, 1969).
Adhesion performance of plasma modified PET substrates in model adhesive joints with standard
scotch (silicone scotch on PET backing, 3M) was determined by 180 Peel Test on Instron Tensile
Tester 1121 at peeling rate of 10 mm/min. Adhesive join formation (lamination) and debonding
(peeling) were carried out at room temperature 23±1 C.
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3. RESULTS AND DISCUSSION
3.1. Phase structure and relief of PET surface
Typical TEM micrographs of PET before and after plasma treatment are shown in the Fig. 2-4. Initial
PET is characterized by practically smooth and homogeneous surface without any sharp phases. And
it’s obvious that plasma etching reveals phase organization of polymer (Fig. 3 and 4). After the first 10
min of plasma etching the micro-domain structure becomes visible. Probably, commercial PET film is
characterized by sufficiently high content of crystalline phase because of the way of orientation during
production; and efficient crystallinity degree of 5 m thick PET is much higher that of 20 m thick
one. After 35 min of plasma treatment the surface state stays invariant but phase structure reveals
sharply. It should be emphasized that PET surface structure, which formed after plasma treatment,
remains stable and unchanged during long-term storage in room conditions (more than 1 month).

Fig. 2.

micrograph of initial PET film surface (5 m thickness).

Fig. 3.
micrographs of PET film (5 m thickness) surface after plasma treatment during 10 (a)
and 35 min (b).
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Fig. 4.
micrographs of PET film (20 m thickness) surface after plasma treatment during 10 (a)
and 35 min (b).
Changing the surface relief after plasma treatment that was estimated by AFM is presented in Fig. 5-7.
Figure 5 shows that the initial relief of untreated PET substrate is not ideally smooth, but the altitude
of these wrinkles is not higher than 10 nm.

Fig. 5. AFM picture of untreated PET substrate (5 m thick).
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Fig. 6. AFM picture of PET substrate (5 m thick) after 20 min plasma treatment.

Fig. 7. AFM picture of PET substrate (5 m thick) after 60 min plasma treatment.
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As a result of plasma etching, and even under very mild treatment conditions, the developed surface
relief is formed. Protuberances and hills can be determined as crystalline phase, and concave spaces
and cavities can be defined as amorphous areas.
After first 15-20 min of plasma treatment, the height of crystalline areas reaches 18 nm. It appears that
increase of etching time up to 40-60 min doesn’t affect the surface relief dramatically, but separate
protuberances become 35-38 nm in height.
It’s clearly that surface modification of PET substrate in high-frequency air discharge plasma leads to
slightly growth in specific surface area at approximately 17-21% in comparison with initial one. These
estimations were done by means of AFM-equipment software. Nevertheless, such nanoscale changes
don’t effect on total value of adhesive strength via Equation 1.
3.2. Chemical composition of PET surface
Chemical composition and its alteration after plasma treatment were estimated due to two methods. It
should be noted that IR analysis was done just after treatment, but XPS was done 12 hours later.
The first analysis – ATF FTIR showed that after plasma etching a chemical composition changes
dramatically, but it’s necessary to point out that these changes can be detected during the first 30 min
after treatment only. Among these spectral changes it should be noted the formation of oxygencontaining groups and peroxide groups; also the appearance of new spectral bonds that can
characterize the accession of heteroatom to polymer chain.
More detailed analysis was done by XPS, and the results are shown in Fig. 8 and 9. Plasma treatment
leads to formation of new nitrogen-containing functional groups (pear 1s N), and the total content of
nitrogen after 20 min treatment was detected as 4.66 at. % (see Table 1). Intensity of oxygen peak (1s
C) also increases after plasma etching. Probably the concentration of oxygen-containing groups was
higher in the first moment, as it was shown by ATF FTIR measurements, but storage in contact with
air results in rearrangement of surface structure, so the sum amount of oxygen after 12-hours storage
increased lightly. Chemical composition of PET surface and its alteration after plasma modification is
shown in the Table 1. Equal results were obtained for both 5 and 20 m PET substrates.

Fig. 8. XPS spectra of initial PET surface (a) and after its plasma modification (b). PET thickness was
20 m, treatment time – 20 min.
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Fig. 9. XPS spectra of surface after plasma modification: the detail analysis of 1s Carbon peak.
Table 1. Chemical composition of initial PET surface and after plasma modification.
Chemical
Element

Initial PET

PET after plasma

78.59

69.52

O, at. %

21.41

25.82

N, at. %

-

4.66

C, at. %

3.3. Surface energy and adhesion performance
It was obtained that surface modification by low-energy plasma etching leads to considerable increase
of surface energy, especially its polar part. This phenomenon is widely used for surface modification
to control and improvement of wettability, printability and adhesive properties. In our case, the
duration of plasma treatment effects on total value of surface energy, but the most significant changes
were detected during the first thirty minutes of treatment. The further etching (above 30 min) doesn’t
influence the surface energy. All these results are summed in Table 2.
Table 2. Surface energy ( ) and its polar ( P) and disperse ( D) parts of PET substrate (20 m thick).
Duration of
plasma etching,
min

P

, mJ/m2

D

, mJ/m2

38.6

4.2

34.4

1

42.5

21.4

21.1

30

64.1

41.1

23.0

60

64.6

43.0

21.6

0
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There is a correlation between alteration of surface energy and adhesion properties of PET substrate
after plasma treatment. Plasma modification of substrate also increases peel strength to model scotch
as it’s shown in the Table 3.
In spite of plasma treatment can remove loosely bonded surface contamination (Liston, Martinu and
Wertheimer, 1993) and some authors relate this effect with increase of surface adhesion performance,
we believe that the increase of adhesive bond also connects with increase of polar part of surface
energy and formation of new polar functional groups. This assumption was proved by long-term
storage experiments, and these results are described in the next paragraph.
Table 3. Adhesion performance (Peel Strength – A, N/m) of PET substrate to model scotch.
Duration of
plasma etching
A, N/m

0 min
130

5 min
170

20 min
210

Relaxation of surface energy
Relaxation of surface energy was observed during long-term storage of modified PET substrate in
room conditions. It was determined that the first high value of surface energy (just after treatment)
decreases during storage in contact with air. The same results were obtained in our team recently for
the other system: ethylene and vinyl acetate copolymers (Chalykh, et al. 2009). In this case, we
observed the decrease of surface energy, and the rate of such surface reorganization was very high.
Practically total relaxation of surface characteristics occurred during 160-180 min (Fig. 10). Further
observations showed that slowly phase of relaxation of surface energy to some low magnitude can
takes several days, but anyhow the initial value of surface energy (for untreated PET) doesn’t achieve.
Total recession of surface energy is due to decrease of the polar part, as long as the disperse part
doesn’t change during storage. Regardless of the fact that T g of PET is significantly high and at room
temperature it is in glass state, the surface is devitrified and the mobility of side groups remains. As it
was shown recently (Chalykh, et al. 2009) relaxation of surface energy is related with rotational
displacement of new-formed surface polar groups into a PET bulk (under the surface), because air is
less energy-favorable media for them existence.
Interesting, that adhesion performance of modified PET to model scotch changes the same way (Fig.
11). Since polar groups turns under the surface during storage in contact with air the adhesive strength
decreases. So it’s obvious for us that the first growth of adhesion performance is related to
functionalization of PET surface due to plasma treatment.
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Fig. 10. Relaxation of surface energy (1) and its disperse (2) and polar (3) parts during 200 min
storage in room conditions.

Fig. 11. Alteration of adhesion properties (Peel Strength) of plasma modified PET during storage in
room conditions. Treatment duration was 5 min (1) and 20 min (2). Dotted line shows the adhesive
strength of untreated PET to the same model scotch.
Turning back to Equation 1, we should note that surface modification in high-frequency air discharge
plasma doesn’t lead to change the mechanical response of the system ( ), but strongly effect on the
first component W0S. At that, nanoscale changes of surface relief and contact area don’t effect on total
value of adhesive strength. Peel strength of adhesive joints with model scotch dramatically increase
because of surface functionalization of PET after plasma treatment. Relaxation of surface energy and
its adhesive performance can be related to rotational displacement of new-formed surface polar groups
into PET bulk.
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Abstract
Even the road safety in Baltic republics have been improved faster than in other European regions, we
still face a number of safety problems, especially regarding the lack of the infrastructure safety issues.
Safe transportation is important, especially considering that the increasing road traffic in the Baltic
Sea Region comes at the price of accidents during which lives are lost and injuries caused. The road
safety must be further improved to help to reduce the number of accidents, fatalities and injuries. Road
infrastructure is one of the key pillars for road safety. In the BALTRIS project authorities and
academic institutions in Estonia, Latvia, Lithuania and Sweden work together for improved road
safety focusing on infrastructure safety issues, including road safety audit and inspection knowledge.
Key words: Road safety, road safety inspection and audit, infrastructure safety, BALTRIS project
1. INTRODUCTION
Traffic accidents pose a serious social problem — more than 3,200 people get killed and over 130 000
injured in traffic every day. More than 90% of fatalities occur in low- and middle-income countries.
Though road fatality rate in high-income countries (10,3 per 100 000 population) has been decreasing
over the last decades, even in these countries road accidents remain one the main causes of death,
injury and disability. Almost half of all fatal accidents involve pedestrians, cyclists and power two
wheelers, collectively called vulnerable road users. Road traffic injuries are the third death cause for
people aged between 5 and 44 years. (WHO, 2009)
While in many high-income countries road fatality rate have stabilized or decreased, in the majority
regions of the world the number of people killed in road traffic is constantly increasing. If the current
trends continue, traffic accident related deaths may take the fifth place in the list of death-causing
health disorders and injuries by the year 2030 and results in an estimated 2,4 million fatalities per year
(WHO, 2009).
Several studies have tried to estimate the social damage caused by traffic accidents. The conclusion
drawn shows that this sum reaches 180 billion euros per year just in the EU, which comprises almost
2% of the GDP of EU countries (Elvik, 2002). And the global losses caused by injuries in road traffic
are estimated to be 518 billion US$ (WHO, 2009).
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One of the main tasks in developing transport systems is to decrease human losses caused by traffic
accidents. The social consequences of accidents and the relating human losses were the main reasons
why the ministers of transport of the ECMT countries decided in 2002 to take measures in order to
decrease the number of traffic accident related deaths in Member States 50% by the year 2012.
Approaching road safety issues systematically The European Commission has set a similar task for the
EU Member States, recommending to decrease the number of accident related deaths 50% by the year
2020 (European Road Safety Action Programme 2011 – 2020).
2. ROAD TRAFFIC SAFETY IN THE BALTIC STATES
The development of the transport system in the Baltic states follows the principal tendencies of other
European countries to a great deal. The increase of car ownership (usually measured by the number of
passenger cars per 1,000 inhabitants) has been rapid in Baltic states. This figure has tripled in the last
twenty years.

Passenger cars per 1000 inhabitants

Fig. 1. Motorisation rate in Baltics, 1991–2010

Latvia
Lithuania
Sweden
Estonia

Sources: EUROSTAT database, national statistical agencies

The growth in car ownership together with a more active car usage and higher mobility resulted in
many negative consequences also in Baltic. The most serious of them is the increase of people killed
and injured in traffic accidents.
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The year 1991, when all together 2 661 people were killed in three Baltic States (491 in Estonia, 997
in Latvia and 1173 in Lithuania), was the worst year ever for Baltic in terms of traffic safety. The
number of traffic related deaths has dropped since then and less than 600 people were killed on
Latvian, Estonian, Lithuanian roads in 2010. Having shown the fastest change of road fatalities (-60%
versus -43% EU average), Baltic states still have to struggle for road safety in the context of constantly
growing motorisation.

Road fatalities per 1 mln inhabitants

Fig. 2. Road fatality rate in Baltics, 1991–2010

Latvia
Lithuania
Sweden
Estonia

Source: CARE database

3. BALTIC STATES IN COMPARISON WITH OTHER EUROPEAN COUNTRIES
Despite a decrease in the number of people killed in traffic accidents, Baltic states are still among the
countries with a low road safety level. The lack of officially available and reliable statistical data on
transport makes the comparison between European countries inadequate and superficial.
Reliable road traffic safety comparison can only be carried out only with respect to the countries that
have a similar motorisation level. This means that countries with a similar number of motor vehicles
per 1,000 inhabitants can be statistically comparable. More indicative parameter for road safety
assessment is traffic exposure (e.g. vehicle-km driven), however these data are often missing in
official european databases or aren’t considered to be reliable. The most commonly used and
generally available criterion for assessing road traffic safety is the number of traffic accident related
deaths per one million inhabitants. At the same time this indicator doesn’t reflect to the full extent the
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effectiveness of a country’s road safety policy. Differences may also be caused by a wide range of
geographical and socio-economic factors influencing traffic conditions:
-

climate and geographical conditions,
division of vehicles by type,
traffic management,
importance of international traffic,
density and quality of road network,
land usage and planning,
population density,
traffic behaviour,
standard of living, etc.

Fig. 3 and 4 show the number of people killed in traffic accidents per one million inhabitants in
European countries in 2010 and the progress made by EU countries in the period 2001 – 2010. It has
been a great challenge for the Baltic states to improve their safety level and to get to the average of
EU. During the last decade (2001-2010) Latvia, Estonia and Lithuania succeeded to perform the best
improvement among EU, although the average risk is still much higher than EU average. The
probability of getting killed in a traffic accident in Baltics is almost three times higher than in Sweden.

Killed per 1 mln inhabitants

Fig. 3. Road fatalities per 1 mln inhabitants in EU, 2010

EU average

Source: http://ec.europa.eu/transport/road_safety/pdf/scoreboard_2011.pdf
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Evolution of road fatalities 2010 - 2001

Fig. 4. Change in road fatalities in EU, 2001 – 2010

EU Average

Source: http://ec.europa.eu/transport/road_safety/pdf/scoreboard_2011.pdf

4. INFRASTRUCTURE SAFETY PROBLEMS
Road crashes tend not to be evenly distributed throughout the road network. They occur in clusters at
single sites, along particular sectors of roads or scatter across the whole neighbourhoods (WHO &
WHO, 2004). Effective road engineering can help in reducing road accidents, while poor engineering
can contribute the crashes. Road network effects accidents’ occurrence risk, because it determines
road users’ perception of the environment and provides instructions on road users’ behaviour. The
most of road engineering measures thus work through their influence on human behaviour (Ogden,
1996).
The four particular elements affecting road safety have been identified in the road network planning,
design and maintenance stage (Ross, 1991):
-

safety-awareness in the planning of new road networks;
incorporation of safety features in the design of new roads;
safety improvements on existing roads;
remedial actions at high-risk crash sites.

It is often supposed that good design standards can or even must prevent accident occurrence. Despite
the use of modern design standards, accidents do occur even on newly constructed roads. There are
numerous reasons for this. On some roads, often in urban areas as an example, it is not always possible
to keep the highest safety design standard due to land use problems and limited budget. Combination
of several features designed individually according to the standards can cause further problems e.g.
with visual deception. Existing standards are often rather flexible, giving to the designer an
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opportunity to choose the best design solution, but the best does not sometimes mean the safest. Safe
infrastructure can be defined as the relation between how engineers design a road and how road users
behave on it. If road users perceive the road to allow drive faster, they will hardly comply with the
speed limits, despite the increasing risk to be involved into a crash.
Rather than improving safety of existing facilities it’s better to use the proactive engineering approach,
which focuses on predicting and improving safety on planning and design stage (de Leur, 2003). The
same is relevant in case of existing roads, when proactive intervention through the lower cost road
safety improvements may be more fruitful than reactive approach. Thus the two developing
procedures – road safety audit (RSA) for planning and design stages and road safety inspection (RSI)
for existing road schemes have a lot of opportunities to contribute to the infrastructure safety
improvement. RSA and RSI can become a source of valuable information on potential safety
improvements to be used to develop new technical standards, specifications and guidelines.
In relation to the road infrastructure safety the Vision Zero approach could be introduced. Vision Zero
is a philosophy of road safety, foreseeing that no one eventually will be killed or seriously injured
within the road transport system (Tingvall, 1999).
The Vision Zero is an expression of the ethical imperative that:
it can never be ethically acceptable that people are killed or seriously injured
while moving within the road transport system.
Vision Zero is a theory of a safe road transport system, which can become a platform for road safety
strategies, quantitative goals and targets. Zero is not a target to be achieved by a certain date. It is a
shift of emphasis from existing problems and their possible solutions to the effective road transport
system in general.
Vision Zero also draws attention to the responsibility aspect in road safety. In all current road transport
systems the road user has to bear responsibility for safety alone. In majority countries there are general
traffic rules that prescribe the road user to behave in a way to avoid accidents. If road accident occurs,
this means that at least one road user has violated the general safety rule and the legal system can
therefore punish him.
On the contrary Vision Zero explicitly states that the responsibility is shared by the system designers
and a road user:
"1. The designers of the system are always ultimately responsible for the design, operation and use of
the road transport system and thereby responsible for the level of safety within the entire system.
2. Road users are responsible for following the rules for using the road transport system set by the
system designers.
3. If road users fail to obey these rules due to lack of knowledge, acceptance or ability, or if injuries
occur, the system designers are required to take necessary further steps to counteract people being
killed or seriously injured." ‘Ethical rules have been proposed to guide the system designers. Two of
these are:
"Life and health can never be exchanged for other benefits within the society";
"Whenever someone is killed or seriously injured, necessary steps must be taken to avoid
a similar event".
These rules are also the most important for the RSA and RSI.
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The present best practices show that the following aspects are of essential importance (Elvik R., 2006)
(SETRA, 2008):
-

Speeds are often most adapted to the situation and excessive speed differentials may cause
high risks;

-

Keeping the right driving direction;

-

Decreasing conflicts between motorized vehicles and other road users;

-

Avoiding any unpredictable situations.

It should be kept in mind, that there is always a possibility to improve road infrastructure using a
number of different countermeasures but only some of them can be implemented in a short term, while
long term measures could have a different perspective.
Of course, it is often difficult to introduce large-scale and expensive countermeasures on a road
constructed long time ago. Often an overall improvement leads to a decision of a completely new road
(re)construction with high costs, time consumption for preparation etc. As this way is sometimes
totally impossible, improvement of the existing traffic facilities using short-term and low-cost
countermeasures should be arranged.
5. HISTORY OF ROAD SAFETY AUDITS
British traffic engineers first developed the idea of road safety audit as a safety check for new and
improved road schemes in the early 80s. However, the concept of a safety checking procedure within
transportation had existed for over 180 years.
A study of the British railway network development from the 1830s shows how railway engineers and
their regulators grasped the concept of safety audits as the key to a safe transportation system (Proctor,
2001). The road safety audit process started when safety engineers realized that it is necessary to adopt
the principle of ‘prevention is better than cure’. They decided to use some of the safety experience
from the remedial work and incorporate safety principles into new and existing road schemes’ designs.
During the early 1990s road safety audit procedures were adopted and the guidelines were worked out
in Australia, Scandinavian countries, New Zealand, followed further by the most highly motorized
countries as well as the developing countries.
RSA and RSI is a systematic work method contributing to safer roads and safer road traffic. In some
older references the term of audit could cover also the present road safety inspection procedures. Road
safety inspection is a today’s notion that has been adopted to deal with existing roads. Despite RSA
and RSI have several similarities, there are some essential differences, especially regarding the
procedures.
The road safety audit concept came into use in Great Britain, where the method had been developed
and implemented by the end of the 1980s. Today, the method is used in most European and also other
countries.
RSI is defined in a different way, while the main purpose and procedures remain similar between
different countries. The EU Directive [11] defines RSI as an ordinary periodical verification of the
characteristics and defects that require maintenance work for reasons of safety. RSI allows to
evaluate existing road traffic facilities and to improve road safety performance.
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In spite of minor differences in definitions it is important to note that the majority of present practices
underline the similar characteristics of RSI:
-

A RSI is systematic – this means it will be carried out in a methodical way following a
formal procedure.

-

A RSI is pro-active – try to prevent accidents through the identification of safety
deficiencies for remedial actions rather than react only when accidents happened.

-

A RSI relates to an existing road not roads being constructed (these constitute subject
of RSA).

-

A RSI describes the potential hazards from the road user point of view;

-

A RSI should be carried out by an independent team (or person) with experience in
road safety work, accident analysis, traffic engineering and road user behaviour and/or
road design.

The basic concept is to provide a method that will help the road operators to improve their knowledge
of the network by inspection visits made by an independent expert with a fresh look at an issue. Such
visits have to be made by appropriately prepared personnel after having been trained both in the
methodology and principles of road safety.
The objective of this approach is to provide the road operator with necessary knowledge to improve
road safety of an existing network and to develop “safety vigilance” on the road. In addition RSI
provides an independent and a fresh view of potentially risky safety issues.
To attain this objective, the approach aims to be:
•

preventive;

•

simple, effective and practical;

•

recurrent and systematic;

•

at the initiative of and for the benefit of the road operator.

In addition to the above mentioned we should highlight the following issues:
-

The roads designed and constructed years or even decades ago were often planned for
different amount of traffic, motor vehicle fleet or even different types of road users (bicyclists
or pedestrians).

-

It is often a case that local road administrations (state, private or municipal) do not have
enough safety related knowledge to analyse the road risks in a same way and efficiency that an
independent expert can do.

-

Even in some reconstructed or rehabilitated road sections the number of accidents recorded is
still high in spite of undertaken improvements because road safety in most cases wasn’t the
matter priority.

-

It is a wide-spread misconception that the faults or incorrect behaviour of a driver are
considered to be the main cause of road accidents. But from a number of research findings we
know already that road infrastructure has a great influence on safety outcomes, as contributing
or even the main factor of the crash occurrence.
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The purpose of a RSI is to manage safety proactively by identifying and addressing risks associated
with road safety deficiencies. Thus, the benefits of RSI can be summarised as follows:
• It identifies potential road safety concerns for all road users;
• It minimizes the risk and severity of road accidents that may result from the existing situation
of a road section;
• It minimizes unsustainable losses to health and economy,
Still it is obvious, that some deficiencies and following RSI treatments will have bigger impacts than
others. As an example a research by Elvik (Elvik R. , 2006) shows expected accidents’ significant
reduction as a result of RSI and associated treatments:
•

Correcting signs: 5 – 10% reduction of injury accidents;

•

Adding guardrails along embankments: 40 – 50% reduction of running-of-the-road injury
accidents;

•

Guardrail end treatments: 0 – 10% of striking on injury accidents reduction;

•

Providing clear recovery zones: 10 – 40% reduction of running-of-the-road injury
accidents;

•

Removing sight obstacles: 0 – 5% reduction of all injury accidents;

•

Yielding lighting poles: 25 – 75% of striking poles injury accidents reduction;

•

Flattering side slopes: 5 – 25% reduction of running-of-the-road injury accidents;

•

Signing on hazardous curves: 0 – 35% running-of-the-roads-on-curves injury accident
reduction.

The above constitute measures are typically included in a RSI report for short and medium-term
implementation.
6. COSTS AND BENEFITS OF RSI AND RSA
Although it is not always easy to quantify precisely the economic benefits of RSI, there is strong
evidence that such inspections are highly cost-effective. With the introduction of some typical
measures like the ones mentioned above, it is possible to save lives. Obviously, even saving of only
one human life per year on an inspected road section, the resulting benefit of the RSI would be much
higher than the caused costs. When audit or inspection is carried out, the recommendations given in
the report are not compulsory for the implementation.
Still some research works were carried out to assess the benefits of RSA and RSI implementation. In
Denmark (Directorate, 1997) the first year rate of return for safety audits was estimated to be over
149%. This figure was based on estimates for accidents’ savings that might be obtained by introducing
audit recommendations. TRL study (Laboratory, 1999) of 22 audit schemes resulted in 11,000 GBP
savings per audit.
BALTRIS is a project within the European Union’s Baltic Sea Region Programme 2007-2013, a
programme that promotes regional development through transnational cooperation. The aim is to make
the Baltic Sea region an attractive place to invest, work and live in. The BALTRIS project is expected
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to lead to improved safety of road infrastructure as well as possibilities to choose cost-effective
engineering solutions. Safer road infrastructure will result in improved overall road safety.
The specific objective of BALTRIS is to develop tools and build capacity to better manage safety of
road infrastructure in the Baltic Sea Region. This by exchange of experience and joint development of
road infrastructure safety management procedures, i.e.:
• road safety impact assessment;
• road safety inspections and road safety audits;
• evaluation of high accident concentration sections.
BALTRIS is led by Lithuanian Road Administration. Project partners are Estonian Road
Administration, The Swedish Transport Administration, Vilnius Gediminas Technical University,
Tallinn University of Technology, Lund University and Riga Technical University. By combining
expertise of road authorities and academic institutions the BALTRIS project is aimed to bring out
ready-to-apply road infrastructure management tools for the Baltic Sea Region.
REFERENCES
De Leur, Paul, Sayed, Tarek. (2003). A framework to proactively consider road safety within the road
planning process. Canadian Journal of Civil Engineering, vol.30 (4) , 711-719.
Danish Ministry of Transport. Road Directorate (1997). Manual for road safety audit.
Elvik, Rune. (2002). How much do road accidents cost the national economy? Accident analysis and
prevention, Vol.32 , 849-851.
Elvik, Rune. (2006). Road safety inspections: safety effects and best practice guidelines. TOI Report
850/2006.
International road traffic and accident database 2010.
Transport and Road Research Laboratory, TRL (1999). The benefits of road safety audit. Paper
presented at European road safety Conference in Malmö 1999.
Ogden, K. (1996). Safer roads: a guide to safety engineering. Melbourne: Ashgate Publishing Ltd.
Proctor, S. B. (2001). Practical road safety auditing. TMS Consultancy and Telford Ltd.
Ross, A. et al. (1991). Towards safer roads in developing countries: A guide for planners and
engineers. Crowthorne: Transport Research Laboratory.
SETRA. (2008). Methodological guide. Road safety inspections.
Tingvall, Claes, Haworth, N. (1999). Vision Zero - An ethical approach to safety and mobility. Paper
presented to the 6th International Conference Road Safety and Traffic Enforcement: Beyond 2000.
Melbourne.
WHO (2004). World Health Organisation. World report on road traffic injury prevention. Geneva.
WHO (2009) World Health Organisation.Global status report on road safety. Geneva.

122

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
DETECTION OF ABNORMAL ACTIVITY USING ONE-CLASS CLASSIFICATION
Artem V. Gritsenko
Department of Applied Mathematics and Computer Science
Stavropol State University, Stavropol
1, Pushkina str., 355009, Russia

Abstract
By anomaly detection, we mean the detection of patterns in the video or images that do not conform to
the expected behaviour. We can define anomaly as rare or infrequent behaviour compared to all other
behaviours, which is also referred to as an outlier. However, detecting abnormalities in video is a
challenging problem since the class of all irregular objects and behaviours is infinite and thus no (or
by far not enough) abnormal training samples are available. To handle this problem we refer to the
task of classification between two classes when there are no labels for an abnormal class in the
training data.
We propose a framework that is based on the bag of visual words model that applied to the set of
images or frames to get the robust descriptors. To learn the normal activity patterns we use the
extension of support vector machine algorithm to the case of unlabeled data. An experimental
evaluation of the framework is conducted with a large publicly-available dataset of crowd scenes. We
demonstrate that the proposed approach outperforms state-of-the-art anomaly detection algorithms.
Key words: anomaly in crowd scenes, contextual anomalies, crowd analysis, outlier detection,
machine learning, image classification, support vector machine.
1. INTRODUCTION
Detecting of abnormal behaviour in crowd scenes is a very challenging problem in the area of the
surveillance and computer vision. Various abnormal activities have been studied, including restrictedarea access detection [1], car counting [2], detection of people carrying cases [3], abandoned objects,
group activity detection [5, 6], social network modelling [7], monitoring vehicles [8], and scene
analysis [9].
In this paper, we focus on detecting abnormal events in crowds that involve interactions between
people and carriers, e.g., moving of the vehicles at the foot-path or pedestrian crossings, which is a
very important application for video surveillance. Despite the problem’s practical appeal, abnormality
detection remains quite challenging technically, and intellectually it can even be hard to define. The
foremost challenge is that “unusual” things naturally occur with unpredictable variations, making it
hard to discriminate a truly abnormal event from noisy normal observations.
The key challenges of the most approaches of detection anomalous activity are the local nature of the
analyzed data and the high level of dependency on the motion information between the video frames.
The main paradigm to abnormality detection is currently to classify each local image patch
individually, e.g., [10, 11] or to detect abnormal image regions separately [12]. However, deciding
locally and independently about the abnormality of each individual image region is an ill-posed
problem. On the other hand, the common approach assumes the analysis of the motion information
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that causes a lot of false alarms, e.g., the person that moves faster than others can be labelled as a
vehicle.
In this work we propose a framework that analyses each image from a video sequence separately and
finds the global patches that can reliably characterize the scene. For this purpose we use the bag of
words representation, which represents images as histograms based on the independent features. Then
we built a feature map using additive kernel. At the last stage the one-class-SVM [13] is used to
discriminate between normal and abnormal frames.
The algorithm has two main advantages. First, the framework is capable to find not only local but also
global anomalies. Since the framework uses the bag of word representation of video frames, it trains
the model with the dictionary constructed from all images and so, considers not only several local
patches, but the whole video. Second, it outperforms the state-of-the-art techniques in accuracy and
creates fewer false alarms because the approach avoids tracking and calculating of spatio-temporal
gradients that makes it robust to motion changes.
The evaluation is based on a novel dataset of crowded scenes of Mahadevan et al. [14], which is
available to the vision community. This dataset contains video of the walkways of a college campus,
and crowds with naturally varying densities. It contains 100 video sequences, and a set of 5 well
defined abnormality categories. These are not “synthetic”, or “staged”, but abnormal events that occur
naturally, e.g. bicycle riders that cross pedestrian walkways. The training data features only normal
patterns with large within-class variability, whereas the test set consists of normal and abnormal
instances. In the experimental evaluation, our approach has outperformed all state-of-the-art methods
for abnormality detection on this dataset.
2. RELATED WORK
To detect abnormal activities, most algorithms attempt to define normal activity patterns first, and then
determine how much new observations deviate. Existing techniques differ in the extent of supervision.
Some approaches use both normal and abnormal activity patterns for training [14, 15, 16], while others
are fully unsupervised [17, 18 19]. Broadly considered, the previous methods of anomaly detection
explicitly used gradients or optical flow [17, 18, 15, 16, 19. 20, 21, 22].
Adam [17] proposed an algorithm based on the multiple integrated monitors that collect optical flow
direction and magnitude. Kim and Grauman [18] associated each video patch with continual optical
flow observations, and learn atomic motion patterns via MPPCA. Further they compute MRF
parameters based on the learned patterns and incrementally update the model. The technique called
textures of optical flow [16] based on the extension of traditional greyscale textural features to robust
dense optical flow fields. The authors built a statistical model of normal motion patterns based on 3D
volumes called spatio-temporal patches, and anomalies are detected as outliers from this model.
Spatio-Temporal Laplacian Eigenmap method [22] discovered the internal structure of the video using
Histograms of Optical flow and produced a smooth trajectory for each video sequence. Mehran [21]
was inspired by the traditional Social Force model to detect anomalies in crowd videos. The approach
proposed in [20] learnt the probabilistic model from the chaotic feature set that is consists of particle
trajectories. Cui and Liu [19] used optical flow features to calculate the interaction of energy potential
and then SVM to find abnormalities. Tran and Yuan [23] used 3D bounding box to find the optimal
spatio-temporal path for accurate event localization.
Some other techniques focused not only on motion information but considered the appearance of the
objects as well [10, 24, 14]. Boiman and Irani [10] used spatio-temporal patches and declared regions
that cannot be reconstructed using data from previous frames as abnormal. The approach proposed in
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[24] is based on the sparse coding algorithm and labeled anomalous those segments, which
reconstruction errors are significantly higher than the majority of the others. Antic and Ommer [25]
got hypotheses for each object via parsing of video frames and defined them abnormal if they cannot
be explained by any instance from the set of normal training samples.
Several authors [26, 14] were inspired by the dynamic texture model to represent motion. Jiang and
Wu [26] used clustering to organize local patches in blobs and then k-means to detect anomalies.
Mahadevan [14] modeled appearance and dynamics using a generative ARMA model for each
component in the mixture of dynamic textures.
Thus, existing approaches to anomaly detection have mostly used gradients or optical flow, and these
approaches are generally best suited for detecting regions of unusually high velocity. However, in
many cases the objects to be detected do not necessarily travel at a substantially faster speed than
regular pedestrians. For example, a cyclist or a slow-moving vehicle should be detected regardless of
their velocity. Even an average pedestrian generates motion of a high velocity, due to the periodic
movement of their limbs.
3. PROPOSED METHOD
We propose a new method to detect anomalies in object behaviour using ‘bag of visual words’ (BoW)
representation. The framework is summarized in Fig.1. We first extract interest point using Difference
of Gaussians. Second, features are represented by scale-invariant feature transform (SIFT) into
numerical vectors. Third, vectors that represent patches are converted to "codewords" by the
hierarchical k-means clustering. Finally, SVM is used to detect abnormal events.

Fig.1 Summary of the proposed algorithm
3.1. Codebook Generation
We will detect keypoints using a cascade filtering approach that uses efficient algorithms to identify
candidate locations that are then examined in further detail. The first stage of keypoint detection is to
identify locations and scales that can be repeatably assigned under differing views of the same object.
Detecting locations that are invariant to scale change of the image can be accomplished by searching
for stable features across all possible scales, using a continuous function of scale known as scale space
[27]. To efficiently detect stable keypoint locations in scale space, we use scale-space extrema in the
difference-of-Gaussian function convolved with the image:
D ( x, y , )

(G ( x , y , k )
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where L( x, y , k ) – convolution of the original image I ( x, y ) with Gaussian blur G( x, y, k ) of
radius . In order to detect the local maxima and minima of D(x, y, ), each sample point is
compared to its eight neighbours in the current image and nine neighbours in the scale above and
below. Afterwards some points that have low contrast (and therefore sensitive to noise) or are poorly
localized along an edge are rejected.
By assigning a consistent orientation to each keypoint based on local image properties, the keypoint
descriptor can be represented relative to this orientation and therefore achieve invariance to image
rotation [28]. The scale of the keypoint is used to select the Gaussian smoothed image, L , with the
closest scale, so that all computations are performed in a scale-invariant manner. For each image
sample, L( x, y) , at this scale, the gradient magnitude, m( x, y) , and orientation, ( x, y ) , is precomputed
using pixel differences:
m ( x, y )
( x, y )

( L ( x 1, y )
tan

L ( x 1, y )) 2

( L ( x, y 1)

L ( x, y 1)) 2 ,

L( x, y 1) L( x, y 1)
.
L( x 1, y ) L( x 1, y )

1

(2)
(3)

An orientation histogram is formed from the gradient orientations of sample points within a region
around the keypoint. Finally, we compute a descriptor for the local image region that is highly
distinctive yet is as invariant as possible to remaining variations, such as change in illumination or 3D
viewpoint.
The final step for the BoW model is to convert vector represented patches to "codewords" that can be
considered as representatives of several similar patches. To handle this problem we utilize an efficient
implementation of the Lloyds’s clustering algorithm, called filtering algorithm [29]. The idea is to
store the data points in a kd-tree and to maintain a subset of candidate centers, for each node of the
tree. The candidates for each node are pruned as they are propagated to the node's children. Since the
kd-tree is computed for the data points rather than for the centers, there is no need to update this
structure with each stage of Lloyd's algorithm. Codewords are then defined as the centers of the
learned clusters. Thus, each patch in an image is mapped to a certain codeword through the clustering
process and the image can be represented by the histogram of the codewords.
3.2. Classification and anomaly detection
Now we can regard bag of visual words representation as probability distribution. To use it in the
context of SVM, we should convert the data into a format suitable for SVM with the help of the
feature map. The feature map transforms the data into a compact linear representation which
reproduces the desired kernel to a very good level of approximation. First, we need to define an
appropriate similarity function K ( x, y ) between finite probability distributions x, y (normalized
histograms). The only requirement is that K must be a positive definite function. The latter property
also guarantees the existence of a feature map for additive kernels, but this is usually difficult to
compute and high dimensional. To obtain compact and simple representations that are efficient in both
training and testing, have excellent performance, and have a satisfactory theoretical support we will
use the homogeneous kernel map [30].
For finite dimensional distributions (histograms) x, y, an additive kernel is given by:
K ( x, y )

B

k ( x b , y b ),

b 1
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where b is the bin index. Here k is itself a positive definite kernel on the non-negative reals. After the
derivation, we get an explicit form for the feature map as an infinite dimensional vector and then
approximate it by a finite number of samples. The following equation defines a closed form feature
map for 2 kernel (because it is easier to approximate), which is very simple and efficient to compute:
ei

( x)

log x

x sec h(

(5)

),

R can be thought of as the index of the feature vector

where

(x).

Finally, we utilize the algorithm that returns a function f that takes the positive value in a “small”
region capturing most of the data points and negative elsewhere [13]. Our strategy is to map the data
into the feature space corresponding to the kernel and to separate them from the origin with maximum
margin. The decision function is defined as follows:
f ( x)

sgn((

( x ))

(6)

),

where,
is a weight vector and
is an offset parameterizing a hyperplane in the feature space
associated with the kernel. The functional form of f is given by a kernel expansion in terms of a
potentially small subset of the training data; it is regularized by controlling the length of the weight
vector in an associated feature space. The expansion coefficients are found by solving a quadratic
programming problem, which we do by carrying out sequential optimization over pairs of input
patterns. Thus, the decision function will look like:
f ( x ) sgn R 2

i

j

k ( xi , x j ) 2

ij

where

i

(7)

ai k ( x i , x ) k ( x , x ) ,
i

0 are multipliers that introduce a Lagrangian and

i

1 . This function is used to

i

compute the abnormality score for each test frame.
4. EXPERIMENTAL RESULTS
We evaluate our approach on the challenging abnormality datasets Ped1 and Ped2 that have been
recently proposed by Mahadevan et al. [14]. The video sequences feature a pedestrian walkway
acquired by a stationary camera with low resolution (pedestrians have a height between 10 and 30
pixels). The crowd density varies and there are numerous sequences that are very crowded and with
severe occlusions. Abnormalities are not staged but are naturally occurring events such as objects that
are unusual in the present surroundings (e.g. cars on walkways) or objects that behave irregularly such
as people cycling across walkways or walking over the surrounding grass. Other abnormalities include
skaters, small carts, and wheelchairs. The rst dataset (Fig.2 (a), (b)), contains groups of people
walking towards and away from the camera, and some amount of perspective distortion. The second
(Fig.2 (c), (d)) contains scenes with pedestrian movement parallel to the camera plane.
The training set contains 34 short clips for learning of normal patterns, and there is a subset of 10 clips
in testing set provided with pixel-level binary masks, which identify the regions containing abnormal
events for Ped1 dataset and 16 clips for training and 9 for testing in the Ped2 dataset.. Each clip from
Ped1 has 200 frames, with a 158×238 resolution and clips from Ped2 have 180 frames of 360×240.
The dictionary size of 400 codewords was used.
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To evaluate the performance of the proposed anomaly representation, we compared it to four other
recently proposed representations - the social force model [21], the mixture of optical ow (denoted
MPPCA) [18], the multiple fixed-location monitoring method (denoted Adam et al.) [17] and the

(a)

(b)

(c)

(d)
Fig. 2. Examples of normal and abnormal frames. The left row contains normal behaviour from, Peds1
dataset (a), (b) and Peds2 (c), (d). The right row consists of anomalous frames: (a) – bike, (b) –car
from Peds1 and (c) – bike, (d) – car from Peds2
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mixture of dynamic textures model (denoted MDT) [14]. The computer detection is compared to
ground truth at each frame and the ROC curve is generated (Fig.3). For the anomaly detection
component, the equal error rate (EER) - percentage of misclassi ed frames when the false positive rate
is equal to the miss rate – and the area under ROC curve (AUC) are reported (Tab.1).

Fig. 3. The ROCs for frame-level abnormality detection
Approach

EER (equal error rate)

AUC (area under curve)

Adam [17]

40%

65%

MPPCA [18]

35%

67%

Social Force Model [21]

37%

77%

Mixture of Dynamic Textures [14]

25%

84%

BoW model

23%

89%

Tab.1. Quantitative comparison of our method
In all the experiments our method outperforms current state-of –the-art approaches. Our per-frame
labeling achieves EER of 23% which is significantly better than Adam, MPPCA and Social Force
approaches and slightly outperforms MDT implementation. We achieve the AUC, which is a more
robust measure, as it does not depend on only a single spot on the curve, of 89% which is also a better
result between compared techniques. Moreover, the proposed approach is faster (~2 seconds per
frame) than other methods. The implementation on MATLAB was ran on a standard CoreDuo
machine with 2.8GHz CPU and 2GB RAM
5. CONCLUSION
We have proposed a novel approach for abnormality detection in crowd scenes based on the bog of
visual words representation. The approach represents each frame as a collection of visual words and
then use them train SVM and make decision. We have demonstrated that the proposed approach
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outperforms state-of-the-art anomaly detection algorithms on a large, publicly-available dataset. The
BoW method is also faster than current techniques because it doesn’t calculate high dimensional
optical flow features and uses homogeneous kernel map for SVM instead.
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MODELING PHOTONIC CRYSTAL WAVEGUIDES WITH NONCIRCULAR
GEOMETRY USING GREEN FUNCTION METHOD
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Abstract
Currently in the field of photonics is an acute problem fast and accurate simulation photonic crystal
waveguides with complex geometry. This paper describes an improved method of Green's functions for
non-circular geometries. Based on comparison of selected efficient numerical method for finding the
eigenvalues for the Green's function method for non-circular holes chosen effective method for our
purposes. Simulation is realized in Maple environment. The simulation results confirmed
experimentally.
Key words: photonic crystal, waveguide, modeling, Green function, complex geometry.
1. INRODUCTION
Photonic-crystal fibers (PCF) - is a relatively new class of optical fibers, using the properties of
photonic crystals. In cross-section of the PCF is a quartz or glass microstructure with periodic or
aperiodic system or micro-inclusions of micro cylindrical shape oriented along the fiber axis. The
defect is the core of the fiber, providing a waveguide mode of propagation (fig. 1). The ability of the
PCF to hold and direct the light depends on many physical and geometrical parameters, so their
creation have additional abilities for controlling the characteristics of light propagating within the
fiber.

Fig. 1. Photonic crystal fiber
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Practical interest to optical waveguides and fibers gave rise to the need to develop methods for their
study, allowing numerically analyze the properties of existing models and to predict the prospects of
using synthesized by means of computer simulation of waveguide structures.
Historically, the first method used for calculating the modes of the PCF, has become the method of
effective index. Although significant progress has been made, the rigorous analysis of light
propagation in PCF remains problematic because of the large index contrast, the vectorial nature of the
Maxwell equations, and the complicated cross-sections of the hole geometries involved. Today there
are several methods to calculate the modes of the PCF. All of them can be divided into three groups:
approximate analytical or decomposition methods, integral methods and finite difference methods.
The basic idea exploited in decomposition methods - is the possibility of representing the mode field
of the fiber in the form of an expansion in some basis. But it is possible only in simple cases. Integral
methods are the grid, that is, in contrast to the methods of the previous group, in this case the solution
of the problem of finding the mode field is a grid function, and not given analytically. Finite difference
methods, as well as integral methods, give grid solution.
In this work we consider type of integral methods – Green functions method. In the method of Green's
function, the problem of finding the propagation constants of modes can also be reduced to a problem
on the eigenvalues of the matrix, which is designed to address the special fast algorithm. This method
works in the case of complex geometric shapes of PCF, albeit at a slower rate of convergence than in
the case of circular holes.
The main goal of this paper is to build effective algorithm for analysis complex geometric shapes of
PCF. For this purposes we used method of integral equations for mathematical formulation wave
propagation in PCF. For solving this mathematical equation we use Green function. And for finding
eigenvalues we used QR-algorithm.
2. MODELING
2.1. Formulation of equations for modeling
For the modal analysis of PCF, we assume the longitudinal axis is the z-axis, and that the structure of
the PCF is defined by its cross-section in the xy-plane. Section of PCF is shown in Fig. 1. More
precisely, the fiber consists of a glass matrix denoted by V0 with refractive index n which is perforated
by a finite number of air holes with non-circular geometry denoted by V1-V6.
Propagation mode can be obtained as vectors electric and magnetic field in z direction:
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Assuming above mentioned and continuity of tangential components of the E and H fields we can
summarize the eigenvalue problem which determines a mode with propagation constant b as follows:
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Fig. 2. Cross-section of PCF
Propagation mode can be obtained as vectors electric and magnetic field in z direction:
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All equations can be found in standard papers that deal with modeling PCF using integral method.
2.2 Representation of Helmholtz equation using Green function
Using Green function for Helmholtz equation ( G j ( P , Q )
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Here, M denotes the number of holes.
After this equation we can write integral equations for modeling. They are bulky and need merely to
write a computer algorithm in the program, which implement a simulation. We are not going to direct
them because of their uselessness for the presentation of material.
2.3. Finding modes and eigenvalues
Next task is to find eigenvalues of . For noncircular geometries this task can be difficult and solves
only using some specific methods to resolve this problem.
In many papers using the method of Muller, which significantly increased the computer time and have
a negative impact on the convergence of the method.
We use to find the QR-method to find both the real and complex eigenvalues. In the QR-algorithm
based on the idea of the matrix in the form A=QR, where Q- an orthogonal matrix, and - R an upper
triangular.
3. NUMERICAL RESULTS
3.1. Dispersion curves
To ensure the most accurate and actual results the parameters have been chosen one of the most wellknown fiber Thorlabs HC-800B:
Center Wavelength: 820 nm
Mode Field Diameter: 5.5 µm
Numerical Aperture: ~0.20
Effective Mode Index: ~0.99
Attenuation: <0.3 dB/m
Bandwidth: 770 - 870 nm
Core Diameter: 7.5 ± 1 µm
Air Fill (in Holey Region): >90%
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Diameter of Holey Region: 45 µm
Silica Cladding Diameter: 130 ± 5 µm
Coating Diameter (Fiber O.D.): 220 ± 50 µm.
Resulting dispersion curves are shown on Fig.3 and Fig.4.

Figure 3. Dependence real part of refractive index on wavelength obtained by effective Green method.

Figure 4. Dependence imaginary part of refractive index on wavelength obtained by effective Green
method.
According to the charts, you can easily determine the dispersion relations and the fiber length for the
zero-dispersion wavelength. The dependence of the real part of refractive index on the wavelength has
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the form obtained by the formula Sellmeyers formula. It is easy to see that zero-dispersion wavelength
is equal 816 nm that is near to the value given in datasheet.
3.2. Spectrum
Obtained spectrum is shown on Fig. 5.

Figure. 5. Spectra in the output of PCF.
From this spectrum we can easily determine the width of the PBG - 9 nm. It is a characteristic value
for the PCF. It is also easy to see the defect mode, which is spread signal.
3.3.Convergence
To obtain accuracy in modeling optical objects we need to investigate convergence. Figure 6
represented the dependence of errors in refractive index calculating on a number point per hole.

Figure 6. Convergence study of our method: dependence of refractive index errors (10-12) on number
of points.
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Figure 7. Convergence curves obtained by scientist of Madmax Optics Inc:H. Cheng, W.Y.
Crutchfield, M. Doery and L. Greengard
It is shown that choose 70 and higher number of points per hole as modeling discretization parameter
can obtain reliable results of calculating refractive index and simulation. That curves has visible lower
values that the same curves shown in familiar works (Fig. 7).
4. E

RIMENTAL RESULTS AND COMPARISON

4.1. Experimental setup and spectrum
For experimental comparison we used experimental set up at Institute of Physics NASU, which is used
for generation supercontinuum (SC) radiation in PCF with non circular geometry.
The laser radiation was supplied by a femtosecond laser complex (Coherent Mira Optima900-F) at the
Institute of Physics of the NASU.A typical scheme of the experimental setup is shown in Fig.8.
Experimental results of generation are shown on fig. 9.
4.2. Comparison
For obtain reliability of modeling results we have to compare modeled SC and experimental SC.
Curves are shown on fig. 10.
It is shown that nonlinearity coefficient and pulse power all produce broader supercontinuum.
Pumping the laser at a wavelength around the zero dispersion velocity (ZDV) of the fiber means that
dispersive effects are small compared to nonlinear ones. At a wavelength lower than the ZDV of the
fibred, the pulse does not experience much broadening. So it would be better to pump the laser into the
fiber at a wavelength just above the ZDV of the fibred.
It can be seen from Fig. 10 that higher nonlinearity coefficients cause greater break-up of the pulse.
Higher pulse powers mean that the nonlinear effects are more emphasized.
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Fig. 8.SC generation scheme: a femtosecond Ti:S laser900Mira Optima-F, FI–Faraday optical isolator,
M – mirrors, PCF – photonic-crystal fiber, FO–focusing lenses, CO–collimating lens, PC–personal

computer.

Fig. 9. Emission spectra of a supercontinuum generated by femtosecond pulses of a Ti: Sa laser at a
wavelength of 820 nm, a power of 500 mW (A) in microstructured photonic-crystal fibers: Thorlabs
NL–2.4–800 with lengths of 14.2 cm and 30cm (B). Insertion(C) experimentally recorded intensity
distribution of radiation leaving a fiber.
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Figure. 10. Results of modeling output spectra of PCF fiber and comparison with experimental curve.
5. CONCLUSIONS
Rigorous analysis of light propagation in PCFs remains problematic. For fast and precise analysis of
light propagation in PCF we built numerical method based on Green functions. This method has
convergence problem when modeling complex noncircular geometries of holes. But we applied some
numerical and mathematical approaches solve this problem.
Using this method it can be easily obtained dispersion curves and spectra.
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STRENGTHENING OF TIMBER STRUCTURES BY CARBON COMPOSITES
Alena Hynkova – Petra Bednarova 1
The Institute of Technology and Businesses in Ceske Budejovice1
Okruzni 517/10, 370 01 CESKE BUDEJOVICE

Abstract
Rehabilitation of load-bearing timber structures with buildings of historic preservation protection
raise a number of problematic issues. One of the problems is the need for analysis of timber framed
structures made of solid wood for large spans over irregular ground plan with large loads.
These input conditions and dimensions of cut profiles making it necessary to increase the resistance
profile, eliminating deflection and elimination of load-bearing elements dimensions. This case was
solved in the rehabilitation of the roof space of the former stables in historically protected ruin Vitkuv
Hradek. A massive wooden structure with spatial beam amplification technology built of carbon
composite blades into the body of the beam was chosen.
Key words: historical buildings, renovations, wood construction, carbon composites
1.

INTRODUCTION

Ruins of the castle Vitkuv Hradek is on the top of the hill above the village of St. Thomas at an
altitude of 1029.40m. The ruin is the object of heritage protection and is used as a tourist attraction
with a view to Lipno region. In the western part of the ruins of the original entrance to the castle there
are the remains of the former stables. The main task for the designer was to design sitting place with
protection against the rain. The existing space is defined by the original stone masonry. The floor is
clay gravel. A serious condition of the workers of the Heritage Institute has been non-interference in
the original stone walls of the castle, to minimize interference in the underlying soil, green roof design
and use only materials and structures adequate to the historic environment.
The selection of construction significantly influenced mainly climatic conditions: altitude of 1029.40
meters above sea level, exposed position of the Bohemian Forest ridge, geographic location of
Bohemian Forest open in the direction to the dam Lipno and to Bohemian Forest on the side of
Austria, location of a strong wind and snow precipitation. The ruin is permanently under snow cover
from about mid-November to late April; snow reaches a height of 1.500 to 2.000mm.
1.1

Supporting construction

A wooden structure of massive timbers separately built into a chosen space. The only supporting
element of other material is the supporting circular pillar walled by quarried stone, which enables
centric supporting of joists and currently serves as the smoke extraction from the open fireplace.
Ceiling structure was solid with the kulaks with green roof coverage.
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Fig. 1 Construction
1.2

Static values

A serious problem to address was the need to design wood structures in the massif. The total
computational load of rafters and purlins amounted 22. 9 k N m -1. The rafters and purlins reached the
critical length of 6,000mm, with a combination of rafters and purlins in a form of a grid, the length
ranged from 3.000 to 5.000mm. The initial calculation led to very robust profiles – rafters 180/280
mm and purlins 260/420 mm. A variant of the shortening of span by clamps did not produce any
significant change in the profile. Other considerations led to the solution to the rafters with supports to
the static diagram of continuous beam. Even this option, which would enforce the compression of
supporting columns in interior, did not lead to significant improvement.
1.3

Carbon composite reinforcement technology:

To calculate and simulate the evaluation of the limit construction height of columns, for the vertical
clearance in so-called interior the limit profile 180/280 mm was chosen as the maximum possible for
all horizontal beams - rafters and purlins. Beams, where an excessive load limit profile failed, were
designed reinforced
by
composed
carbon fibre blades.
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Fig. 2 View of the construction in the interior

Fig. 3 The scheme of gluing strips
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Reinforcing plates were designed for each individual reinforcing element. Slats are glued into grooves
in the beam size 140/30mm. After the length of the amplified profile blades do not have the same
cross-sectional area. They are moulded into the vault. After gluing the slat the groove will be covered
with board being affixed to the resin. Graining of the glued board will be adapted by selecting the
wood by the beam so that gluing was unified with the original drawing of the beam.
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Fig. 4 Sequence of modelling
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1.4

Technological conditions for strengthening the implementation

The basic conditions for a perfect connection and function of the function of the reinforcement of the
beams by blades so as to achieve mutual interaction are:
a) Fully cure of the matrix and adhesive resin
b) Prohibition of mechanical damage to slats built into the beam
Criterion a) enforces to perform reinforcing beams in professional business premises, dealing with the
manufacture of composites with experience in their design. Individual profiles are therefore available
for building in the exact lengths for installation without modification as so-called prefabricated.
Criterion b) enforces the special procedure. When you need to cut the reinforced profiles can be cut by
special blade and only by trained personnel of the supplier of reinforced beams. Using standard discs
may result in injury or death by static electricity. Joining reinforced beams with tapes must be carried
out double pin outside interference in the amplification plates.
2.

CONCLUSION

Strengthening of timber structures by composite materials based on fibres in resin matrix can help to
the solution of reduction of the wooden profile at high loads, amplifying the original and historical
wooden structures or solution of atypical and complex wooden systems. It is a new technology which
may shift the application of wooden structures in the position of the material capable of load transfer
of higher values with the elimination of deflection
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EFFICIENCY OF THE USE OF TEA ANTIOXIDANTS IN THE PRODUCTION
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Abstract
New recipes of sauces based on plant materials of functional prescription were developed. To rise
antioxidant activity of the new composition sauces, the tea additive was introduced. It was prepared
through the mechanochemical treatment of the green tea leaves. Pectin was used as a natural gelling
and structure-forming agent. To rise food value of sauces was used cream and mixture of valuable
unrefined oil kinds: mustard, pumpkin, and corn oil. The ready samples of sauces were examined for
the organoleptic and physicochemical characteristics. The efficiency of the introduction of the tea
additive was evaluated by determining the peroxide number of the sauces.
Key words: sauces, antioxidant activity, antioxidants, tea additive, peroxide number
1. INTRODUCTION
At present, one of the most promising and urgent research directions in the area of healthy nutrition is
the development of the products with functionality possessing high antioxidant activity. Antioxidants
(phenolic compounds, some vitamins - E, C, -carotene, aromatic amines, naphthols etc.) are
biologically active compounds that, on the one hand, inhibit the process of lipid oxidation in foodstuff,
and on the other hand, decrease the risk of many diseases in humans.
Two main groups of antioxidants may be distinguished: those of synthetic and natural origin. It was
demonstrated that the use of synthetic antioxidants in prophylactic and dietary nutrition is
unreasonable because they may be toxic or may cause allergic reaction. Quite contrary, natural
antioxidants are ecologically safe and, as a rule, much cheaper.
The major source of natural antioxidants is the plant raw material, including the green tea (Camellia
sinensis L.) leaves. Polyphenols in tea include catechines (flavan-3-ols). In addition to catechins, tea
contains flavanol glycosides – quercetin, kaempferol, myricetin, as well as nerolidol, -ionone, cadenin and -caryophyllen. Tea plants also contain small amounts of flavandiols and phenolic acids
(Price 1998, Webb 2000).
The sum of tea catechins possesses the highest antioxidant activity (Vinsor, 1995). Similarly to other
phenolic compounds, catechins interact with free radicals and neutralize them transforming into stable
long-living radicals and thus interrupting the oxidation chain (Bors, 1990).
They act through the following mechanisms: anti-radical (against OH' and O2-), anti-lipoperoxide
(against R' – alkyl radical, ROO' – peroxy radical, and RO' – alkoxy radical), anti-oxygen (against O2
and 1O2); metal chelating (Bombardelli, 1993). Catechins act also as interceptors of the nitrogen oxide
radical thus protecting from peroxynitrite-mediated nitration and oxidation (Van Acker, 1995).
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The antioxidant activity of tea catechins is an important factor of moderation, limitation of free radical
oxidation processes and lipid peroxidation in an organism, the factor preventing and slowing down
vascular atherosclerosis, cardiac ischemia, hypertension, and other forms of free radical pathologies
(diabetes, cataract, etc.) (Loest, 2002). The antioxidant activity of catechins is also exhibited as the
protection of low-density lipoproteins (LDL) from oxidation, the protection of cells from preliminarily
oxidized LDL (Hatta, 1995, Luo, 1997). This protective activity is exhibited by catechins in relatively
low doses and concentrations (0,1 – 3 M cause a 50% decrease in the toxicity of oxidized LDL). The
complex of catechins of a tea plant possesses clearly pronounced radioprotective action due to their
high antioxidant activity and high solubility in the fluids of an organism (Negre-Salvagre, 1992).
The object of investigation in the present work is the sauces prepared on the basis of the plant raw
material with the addition of the tea additive possessing high antioxidant activity (AOA).
The importance of sauces in human nutrition cannot be overemphasized. Sauces render attractive
appearance to the meals, improve the taste, odour, consistence and diversify the assortment.
Pectin-containing plant raw material used as the major ingredients for new sauce formulas included
cranberries, beet, apples and horse-radish roots. The chosen plant raw material contains a broad range
of biologically active substances: vitamins, mineral substances, dietary fibres, antioxidants etc.
To enhance the functional properties of the sauces, the tea additive was also introduced. It was
prepared through the mechanochemical treatment of the green tea leaves. At present, there are two
technologies of isolating antioxidants from the plant raw material: extraction and mechanochemical
treatment (Fig. 1).

Fig. 1. Methods of antioxidant isolation.
Extraction is widely used at present, but it does not give the most complete isolation of the phenolic
compounds from tea leaves in comparison with the mechanochemical treatment. This is connected
with the fact that the mechanochemical treatment of the plant raw material results in the destruction of
its biomass at the cell level, which increases the biological availability of phenolic compounds present
in the cells. The treatment is carried out in the solid phase, so the concentration of antioxidants
remains table in time, which is not characteristic of aqueous extraction. In addition, another
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disadvantage of extracts is the presence of additional liquid phase; it is not always desirable to
introduce additional liquid phase into the product because this may have a negative effect on the
organoleptic and microbiological indices of the final product
Pectin was used as a gelling and structure-forming agent. Pectin improves the flow characteristics of
the final product, serves as an efficient emulsifying agent for sauces containing vegetable oil providing
the stability of emulsion during the entire shelf life. From the physiological point of view, it possesses
radioprotective properties, decreases the level of glucose, insulin and cholesterol in the organism,
improves the peripheral blood circulation and accelerates the satiety feeli8ng due to binding water in
stomach (Ovodov, 2009).
The fat-containing component for new sauces was a mixture of valuable unrefined oil kinds: mustard,
pumpkin, and corn oil. Mustard oil provokes appetite, stimulates digestion processes, exhibits
bactericidal and antihelminthic activity. Pumpkin oil enhances the motor function of intestines and
bile-excreting tract, and also acts as an antiparasitic agent. Corn oil stimulates bile secretion, decreases
its viscosity, has antispasmodic and anti-inflammatory action. All these kinds of oil are rich in
valuable polyunsaturated fatty acids (PUFA), antioxidants, contain vitamins , 1, 2, 6, ,
,
provitamin , mineral substances: potassium, calcium, magnesium, iron, manganese, copper, zinc,
selenium and molybdenum (Korneeva, 2007).
2. MATERIALS AND METHODS
A broad assortment of sauces was developed. On the basis of the results of the organoleptic
evaluation, 4 better samples were chosen for further investigation:
Sample No. 1 – Beet sauce prepared on the basis of beet mash;
Sample No. 2 – Cream sauce prepared on the basis of apple puree with the addition of 10% cream;
Sample No. 3 – Apple sauce prepared on the basis of apple puree with the addition of corn oil;
Sample No. 4 – Beet-apple sauce prepared on the basis of beet and apple puree with the addition of a
mixture of corn, pumpkin and mustard oil.
It was established experimentally that optimal concentration of the tea additive in the solid phase is
0,7%.
The ready samples of sauces were examined for the physicochemical characteristics.
The antioxidant activity of the samples under investigation was determined using the amperometric
method (Pakhomov, 2003). The total antioxidant activity is represented in arbitrary units
corresponding to the concentration of the reference compound quercetin, in mg per 1 g of the product
under investigation), providing a similar effect during the amperometric examination.
The efficiency of the introduction of the tea additive was evaluated by determining the peroxide
number (GOST 26593-85).
3. RESULTS AND DISCUSSION
The results of the determination of antioxidant activity in the ready samples with tea additive and
without it are presented as a diagram in Fig. 2. It was established that the tea additive is the efficient
means to enhance the antioxidant activity of the initial samples.
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Fig. 2. Antioxidant activity of the samples under investigation.
We studied the changes in the physicochemical and organoleptic characteristics of the developed
sauce samples during their storage at a temperature of +2 ÷ +4 °C It was established by means of
organoleptic examination that the sauces can be stored without any changes for 15 days, then a foreign
odour and extraneous taste appear, which is an evidence of the termination of their storage life.
The plot illustrating the changes of the antioxidant activity of the experimental samples with the tea
additive is shown in Fig. 3.
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Fig. 3. Changes of the antioxidant activity of the samples with tea additive during storage.
Due to the high stability of the antioxidant tea additive in the samples under investigation, the AOA
value decreases only slightly during the first 7 days of storage (as an average, by 3% of the initial
value). Then a sharp decrease in AOA is observed, which is an evidence of a more intense
consumption of antioxidants due to the accumulation of oxidation products.
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Changes of the antioxidant activity of the experimental samples without the tea additive are plotted in
Fig. 4.

Antioxidant activity, mg of
quercetin / g

a

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

b
c
d

0

5

10

15
Storage time, days

Fig. 4. Changes of the antioxidant activity of the samples without the tea additive during storage.
One can see in this plot that the AOA value of the samples under investigation steadily decreases and
after storage for 7 days becomes smaller by 30% than the initial value. The AOA of samples No. 2 and
3 is close to zero by the end of their storage life.

Peroxide number,
mg of active oxygen/ kg

One of the goals of the introduction of the tea additive into the developed samples was to slow down
lipid oxidation in the final product during storage. It was established that the peroxide number changes
only insignificantly in the samples with vegetable oil and the tea additive, while in the samples
without the additive the amount of peroxide compounds increases noticeably (Fig. 5, 6).
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Fig. 5. Changes of the peroxide number for the Apple sauce, sample No. 3, during storage.
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Fig. 6. Changes of the peroxide number for the Beat-apple sauce, sample No. 4, during storage.
4. CONCLUSIONS
The investigation results provide evidence of the high efficiency of the powdered antioxidant tea
additive prepared through the solid-phase mechanochemical method for use in dietary sauces and
dressings. The powder tea additive not only enhances the functional properties of sauces by increasing
their antioxidant activity but also slows down peroxide oxidation of lipids during the entire storage
life.
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SOLID STATE TECHNOLOGY OF PRODUCTION OF ANTIOXIDANTS PREPARATIONS
FROM PLANT MATERIAL
I. Lomovskiy1,2, O. Lomovskiy1
1

Institute of Solid State Chemistry and Mechanochemistry SB RAS,
Kutateladze str.18, 630128, Novosibirsk, Russia.

2

SEC “Molecular design and ecologically safe technologies” Novosibirsk State University,
Pirogova str. 2, 630090, Novosibirsk, Russia.

Abstract
Antioxidants plays one of the main role in protection of normal vital functions of organisms. The main
sources of natural antioxidant are plant extracts. Because of antioxidants are reducers, they have
strongly activity with oxygen and intermediates of oxidizing of organic compounds. Decreasing of
yield of antioxidants, nonreproductivity of concentrations, problems with storage are technical effect
of high activity of antioxidants. It is known that stability of reducers in the solid phase in comparison
with those in the liquid phase is strongly higher. We showed availability of using of solid phase
mechanochemical reaction for producing of preparations of unstable antioxidant compounds from
plant material. The ratio of oxidizing of active component – green tea catechins and naphtodiantrones
from St. John’s Wort in the solid mechanochemical preparation in comparison with those in liquid
preparation was decreased not less than 500 times. The yield of active components increased in 2-10
times.
Key words: green tea catechins, hypericin, antioxidant activity, mechanochemistry, extraction.
1. INTRODUCTION
Common external factors such as unhealthy environmental conditions, radioactive and UV - radiation,
smoking, alcohol abuse leads to increased levels of free radicals in the human body. There is the
connection between elevated level of free radicals and the development of many diseases. For the
prevention of disease to consuming of antioxidants in the body through food, beverages, food
additives is proposed. It is believed that the safest way is to use substances - antioxidants of natural
origin, which is an essential part is polyphenol compounds (Minina, 2009).
Numerous studies have shown that natural polyphenolic compounds are characterized by low toxicity
combined with high efficiency. In connection with this trend the use of stabilizing additives and
medicinal products derived from the plant material, is constantly increasing.
St. John's wort (Hypericum perforatum L.) contains a number of naphtodiantronoic compounds:
hypericin (Hyp), pseudohypericinand their protonaited forms. Hypericin (Fig. 1) is considered one of
the most active natural antioxidant. The content of hypericin in plant material 0.5 – 1 wt. %. Green tea
(Camellia sinensis L.) is the most popular beverage in the world. Tea leaf contains from 6 to 16 wt. %
polyphenols compounds green tea catechins (GTC). The main of them are epicatechin,
epigallocatechin (EGC), epicatechin gallate (ECG) and epigallocatechin gallate (EGCG). Structural
formulas are shown in Fig. 2, 3. Apparently, the catechins - is one of the large natural antioxidant
resources.
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The tendency of recent years in mechanochemistry is the processing of renewable raw materials - crop
and livestock production, industrial microorganisms grown, industry wastes, peat (Gorokhova, 1995,
Efanov, 2001, Kashnskaya, 2003, Yudina, 2004). Mechanochemistry has been applied to processing
plants and other biogenic raw materials to produce biologically active compounds - alkaloids, organic
acids, glycosides, glycoproteins (Bychkov, 2008, Lebovka, 2011, Pankrushina, 2007, Korolev, 2003).
The purpose of this study was to investigate the influence of mechanochemical treatment on the
extraction of hypericin from St. John's wort, catechins from green tea and the creation of the
production technology of antioxidant preparations with a high content of active ingredients.
2. MATERIALS AND METHODS
2.1 Initial material and reagents
Initial green tea was provided by Ltd. DagomisChai (Russia) spec. No 9191-003-00570186-04. Initial
St. John’s wort was provided by Central Siberian Botanic Garden SB RAS in accordance with GOST
15161-93. All another reagents was not less than > 99,9 % purity.
2.2 Extraction and storage of material
Storage of material in solid phase was carried out on plastic jars with presence of air at room
temperature.
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Material was extracted by water with water/solid ratio 1/20 at 1-3 hours than filtered on membrane
filter 0.45 m at room temperature. Samples for analisys of kinetics of degradation of antioxidants was
stored at presence of light and air. Samples for analysis of yield of extraction was analyzed
immediately.
2.3 Analysis of extracts
Analysis of antioxidant activity was carried out by method, described in (Pakhomov, 2003).
Analysis of content of hypericin and GTC was carried out by HPLC methods on MiliChrom 02.
For analysis of GTC was used method described in (Mizukami, 2007).
For analysis of hypericin was used 20 vv colum with sorbent ProntoSil C18. Elution was carried
out in gradient mode water / acetonitrile. Detection was carried out by photometric detector on 230
nm. Ratio of elution 200 l/min.
2.4 Mechanical activation
Material was treated in planetary ball mill AGO-2 with calculated intensity of treatment 5 - 15 W/g
(Estimated acceleration of milling bodies 200-600 m/s 2) (Avvakumov, 2001) and attritor (Courtesy of
Union Process, USA) with intensity 1 W/g. The ratio of material/milling bodies 1/20.
2.5 Analysis of crystallinity
Analysis of crystallinity was carried out by X-ray diffractometer Bruker D8 Advance with
approximation by Segal method (Segal, 1962).
2.6 Analysis of surface area and size of the particles
Surface Area was measured by thermal desorption of nitrogen with approximation by BET on
Sorbtometr (Russia).
Analysis of the size of the average weighted particles was made on Microsezer 201 (Russia) with
approximation of the round particles.
2.7 Microscopic studies
Microscopic studies was made on SEM Hitachi TM-1000.
3. RESULTS AND DISCUSSION
3.1 Kinetics of degradation of GTC and Hyp in solution and solid phase
The extracts of green tea and St. John’s wort ware stored and analyzed for the content of active
components. The degradation of polyphenols is a multi-step process that involves several parallel
reactions and diffusion processes, but the kinetic data are well described by pseudo-first order
equation. The corresponding constants (1/s) are given in Table 1.
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Table 1. The effective constant (1/s) of degradation of GTC and Hyp in water extract and solid phase
(plant material).
.
Water extract
Solid phase

ECG
8.7 ± 0.7 * 10-5
3.5 ± 0.3 * 10-8

ECG
8.0 ± 0.9 * 10-5
4.3 ± 0.6 * 10-8

EGCG
10 ± 1.5 * 10-5
3.0 ± 0.2 * 10-8

Hyp
2.3 ± 0.7 10-5
1.2 ± 0.4 * 10-8

These data show that in the solid phase green tea catechins and hypericin is 500 times more stable than
in solution. These experiment shows that it is desirable to process technological operation will be
carried out in the solid phase.
3.2 Stability of antioxidants under mechanical action
Many organic compounds, especially with the complex structure, are unstable under the intence
mechanical loading. The purpose of the experiment was to determine the treatment conditions in
which degradation of polyphenolic compounds does not occur or is minimal.
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Fig. 4. Antioxidants activity of plant material depends on time and intensity of mechanical treatment.
The Fig. 4 show that the antioxidants in the matrix of plant materials are unstable at high intensities of
mechanical treatment (15 – 10 W/g) and begins to decompose almost immediately. Practical interest is
the behavior of the sample at an intensity of treatment 5 W/g and 1 W/g. Under these conditions, the
content of polyphenols remains constant until the threshold time of 120 and 600 seconds respectively,
then begins to decompose. The samples treated 150 s with intensity 5 W/g and 600 s with intensity 1
W/g has the equal energy supply. The differences in products described below.
3.3 Changes in cryctallynity structure and morphology of green tea
The reasons for the threshold behavior of the efficiency of chemical degradation under mechanical
action could be associated with a change in the crystal structure of the processed materials (Boldyrev,
2006). The crystallinity of cellulose matrix was investigated by common Segal’s method.
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Fig. 5 Index of crystallinity of matrix of green tea depends of time and intensity of mechanical
treatment.
In both types of treatment, first there is an intensive decrease in the crystallinity of the cellulose
domain in matrix. This indicates that there is a significant plastic deformation. When the plastic
deformation of polymers occurs there is an intense point heat generation. Therefore, if the deformation
is sufficiently effective, then green tea catechins are destroyed. If the plastic deformation goes slowly,
the heat generated during deformation of polymers has time to dissipate.
This phenomena was confirmed by microscopic studies. The original plant material consists of two
types of particles: large porous particles (Fig. 6 a, b) and long flat hairs particles (Fig. 6 c). The
product, in both cases are isotropic particles (Fig. 6 d, e). Morphological characteristics of initial
material are not saved. There are visible cracks, resembling a particle.

Fig. 6. Microscopic photo of green tea. a, b, c – initial material; d, e – product of mechanochemical
treatment.
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The initial material has a highly porous surface. The studies of the changing of size of average
weighted particles and surface area showed that The size of average weighted particle reduced from
500 to 50 m. After the mechanical treatment with intensity of 5 W/g there is increasing of surface
area from 1.8 to 2.4 m2/g. However, when material was activated with an intensity of 1 W/g surface
area remains unchanged. This suggests that in addition to reducing the size of particles there is
collapsing of pores of plant material occurs.
3.4 Changes in crystallinity structure and morphology of St. John’ wort
There is no significant change is in the crystallinity index of raw materials under mechanochemical
treatment with an intensity of 5 W/g. But when the intensity of treatment was 1 W/g there is the fall of
index of crystallinity (Fig. 9).
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Fig. 7. Index of crystallinity of matrix of green tea depends of time and intensity of mechanical
treatment.
The size of the average weighted particle in both cases is very close 150 m. But the main difference
that when you make high energy treatment the crystallinity of the material does not change. It is mean,
that there is only brittle failure of material accrue. If you make low energy treatment, the index of
crystallinity decrease in 3 times. It is mean, that there is the plastic deformation of matrix and ducktail
failure occur.
The microscopic studies confirm this. Initial material consist of two type of particles (Fig. 8 a, b).
After mechanochemical treatment with intensity 5 W/g all morphological features of particles remains
the same (Fig. 8 c,d). The size of the average weighted particle reduced to 150 m, the particles
remains anisotropic.
After the treatment with intensity 1 W/g can be observed only one species (Fig. 8 e). These particles
do not have the morphological characteristics of raw materials, are strongly deformed and isotropic.
This indicates that the plastic deformation of the matrix of plant material occur only under conditions
of low-intensity treatment.
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Fig. 8 Microscopic photo of St. John’s wort. a, b – initial material; c, d, – product of mechanochemical
treatment with intensity 5 W/g; e - . product of mechanochemical treatment with intensity 1 W/g.
3.5 Effect of mechanochemical treatment on the yield and stability of antioxidants
The mechanical activation of material with additives was made. The additives do not change
mechanisms of activation but can strongly vary the yield of active components. Extraction of products
of mehanochemicaly activated green tea showed that activation with alkaline additives leads to a
increasing of catechins yield. Presumably because of their rapid degradation during extraction.
Activation with ascorbic acid increase yield of catechins on 30% (Fig. 9).
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Fig. 9 The Yield of GTC depends of additives on mechanochemical treatment.
The product treated with an intensity of 1 W/g has high storage stability in the solid phase (Table 2).
Most likely this is due to the formation mechanocomposites during plastic deformation of the matrix
of plant material and ascorbic acid. First, a reduction of the porosity of the product complicates
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diffusion of air oxygen in the matrix of plant material. Second, a uniformly distributed ascorbic acid
enters into a competing reaction with oxygen, preventing oxidized catechins.
Table 2. Constant of degradation of catechins (1/s) in solid product of mechanochemical treatment.

EGC

EGCG

ECG

Treatment 5 W/g

3.4 ± 0.4 * 10-8
3.7 ± 0.4 * 10-8

3.1 ± 0.3 * 10-8
3.0 ± 0.3 * 10-8

4.7 ± 0.5 * 10-8
5.1 ± 0.5 * 10-8

Treatment 1 W/g

1.3 ± 0.2 * 10-8

1.4 ± 0.1 * 10-8

4.2 ± 0.5 * 10-8

Usual mixture

Extraction of mechanochemicaly activated St. John’s wort showed significant increase in the yield of
hypericin (Fig. 10). The product of mechanochemical activation at intensity of 5 W/g shows the
increase in the yield of 6. As seen in columns for initial material and mixture of material with alkali
this effect is not easily explained in the introduction of alkali. In this instance, the mechanocomposite
is formed. The particles of alkali in this mechanocomposite are distributed in a matrix of plant
material. When water is added, a rapid dissolution of the alkali in the immediate vicinity of Hyp, fast
neutralization reaction and the subsequent diffusion of the product matrix occur.
In the case of mechanical activation with the intensity of 1 W/g yield increased in 12 times. In addition
to formation of mechanocomposite in this case there is also a disorder of the matrix of plant material
that reveals the diffusion difficulties. Since the mass transfer, secured by plastic deformation, is an
imperative condition for the occurrence of solid-phase reaction, it is possible neutralization of
hypericin in the solid phase during the mechanical activation.
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Fig. 10. The Yield of hypericin depends of additives on mechanochemical treatment.
4. CONCLUSIONS
Mechanical activation of plant material is a very affective method for enhancing of extraction
processes. This method has particularly importance in case of very reactive antioxidant polyphenols
because the GTC and Hyp in solid phase in more stability in 2.7 orders than in water. Mechanical
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activation results in several effects. The first is the reduction of the size of the particles, increasing of
the surface area and collapsing of the pores. The second of plastic deformation of the cellulose matrix
of the material, disordering of the cell wall and decreasing of the diffusion complicates. The third is
the formation of mechanocomposite and solid state reaction that leads to more stable product with
increased yield of antioxidants.
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Abstract
A fast method for lifetime estimation of new polymeric insulations used for underground power cables
subjected to an electric field in the presence of water is presented in the paper. Using three fast ageing
tests on samples manufactured from the new insulations (low density polyethylene) subjected to higher
electric fields and higher frequencies (1...5 kHz), water trees dimensions (maximum length) and
breakdown voltage curves versus ageing time were determined. Chosing different values of the end of
life criteria, the lifetime lines versus frequency were determined and the insulation lifetimes at
nominal frequency used in operation (50 and 60 Hz) were calculated. Finally, the utility of this fast
method for underground (medium and high voltage) cables is analyzed.
Key words: power cables, lifetime, polyethylene, water trees, failure
1. INTRODUCTION
Worldwide transport and distribution networks of electricity contain hundreds of thousands of medium
and high voltage cables polyethylene insulated. A lot of these cables insulation were manufactured
over thirty years ago. So they have consumed their life expectancy (for which they are designed and
manufactured). On the other hand, during their manufacture the insulation degradation under the
combined action of electric field and water (water trees generation) wasn’t taken into account, because
this phenomenon was not known. Therefore, nowadays, the cables polymer insulated manufacturers
and consumers have two challenges: the estimation of service insulations condition which are not
protected against water trees development and manufacture of new cables having insulations with high
water trees resistance.
Generally, polymeric cable insulations are subjected during operation to many factors which lead to
their degradation in time, respectively to their lifetime reduction (Shirasaka, 2009). Research made in
the last decades have shown that 60 % of insulation degradation causes are represented by electrical
stresses, 4 % - mechanical stresses, 3-6 % impurities and 40 % - unknown factors (Mamdouh).
In order to estimate the total lifetime, degradation condition and consumed and remained lifetime,
many research and models have been done. The proposed models for the lifetime estimation take into
account a single stress factor (unifactor) or under the simultaneous action of many factors
(multifactor). Among these models the Arrhenius (Montanari, 2002), (Simoni, 1973), (Ramu, 1985),
(Fallou, 1979), (Cygan-Laghari, 1990) and (Crine, 1990), inverse power law (Simoni, 1973), space
charge model (Montanari, 2002) (Dang, 1996), electrical trees model (Montanari, 2002), partial
discharges model (Montanari, 1999) etc. can be remarked. Instead there are few models that refer
to the simultaneous action of electric field and water (Dang, 1996).
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In 1969 Miyashita (Miyashita, 1969) has found one of the most important electrical cause of lifetime
reduction of polymeric power cable insulations, respectively water trees development (Dissado, l992)
(Stennis, 1990). Water trees (Fig. 1) are water filled microcavities connected between them by
conductive or semiconductive channels (Nakamura, 2002). Their development lead to the worsening
of the electrical properties, reduction of the breakdown voltage (Plopeanu, 2012) (Stancu, 2010),
reduction of the partial discharges inception voltage, electrical trees inception and their premature
breakdown (Notingher, 2005) (Brinton, 2010) (Hicks) (Fig. 2). So that is absolute necesary to know
the water trees resistance of insulations, especially in the case of new polymeric materials use.

Fig. 1. Electrical trees at the tip of a water trees (Brinton, 2010).

Fig. 2. Water trees leading to the insulation breakdown (Hicks).
In order to estimate the insulation lifetime, fast tests (laboratory accelerated ageing tests) whose
duration and cost need to be minimized are required. Taking into account these requirements, in this
paper a new method for the estimation of the electrical lifetime of medium and high voltage cables by
conducting tests on model cables in high fields and high frequencies is proposed.
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2. MODELS FOR LIFETIME ESTIMATION
The lifetime of an insulation system is defined as the time where, under the action of stress factors
(electrical, mechanical, thermal, environmental etc.) the value of a property modifies and exceeds a
limit value called end of life criteria. In order to estimate the insulations lifetime many methods were
defined, based on fast ageing where one or many stress factors are used.
In the case of single stress factor, the following models can be remarked:
a)

Dakin thermal ageing model (Montanari, 2002)
D1 = A1 exp (B1/T)

b)

(1)

Electrical ageing models, respectively inverse power law
D2 = A2E-n

(2)

and exponential model
D3 = A3 exp (-B3 E).
c)

(3)

Mechanical ageing model
D4 = A4 exp (-B4 ),

(4)

where D1,2,3,4 represent the lifetime of aged insulations at temperature T or electric field E or
mechanical strain unit factor , and A1,2,3,4, B1,2,3,4 and n are material constants (dependent on the
temperature etc.) (Fallou, 1979) (Cygan, 1990).
In the case of multifactor ageing can be remarked:

a) Simoni’s Model
In Simoni’s model, the ageing rate R describes the thermal-electrical ageing process. Simoni’s
expression for the combined ageing rate originates from thermodynamics:

R

A exp

B
exp a
T

b
f E
T

(5)

where f(E) is an unspecified function of the electric field E, T is the temperature and, a, b, A and B are
material constants. Simoni’s model is fashioned after this rate equation. The rate equation expresses
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the influence of an electric field on a thermally activated process (thermal ageing). The exact form of
this influence is, however, not described.
Simoni suggests that f(E) = ln(E/E0), Eo being a reference gradient below which no electrical ageing
takes place. Based on the choice of f(E) Simoni has deduced a life model for thermal-electrical ageing,
here called Model 1, which is compatible with the inverse power model for electrical ageing:

L T,E

L0 exp

1
T

B

E
E0

N

,E

E0

(6)

where L0 is time-to-breakdown at room temperature and E = Eo, N = n - b (l/T), n is a constant, and
(1/T) = 1/(T – T0).
As an alternative, Simoni has proposed that f(E) = E –E0. The life model based on this alternative
(denoted Model 2) is compatible with the exponential model for electrical ageing (see Equation (3)):

L

B
1
exp
exp
A
T

a

b
E
T

E0

,E

E0

(7)

Simoni’s Model 1 resembles a pure multiplication of the expressions for single electrical and single
thermal ageing (Montanari, 2002) (Cygan, 1990).

b) Ramu’s Model
Ramu’s model is obtained from a multiplication of classic single stress rates. The model accounts for
synergy effects by treating the constants of the inverse power law as temperature dependent. Ramu’s
model is given by Equation (8):

L T,E
cT

cT E

exp c1

c2

nT

exp

1
T

B

,n T

1
T
n1

(8)

n2

1
T

where c1,2 and n1,2 are constants (Montanari, 2002) (Ramu, 1985).

c) Fallou’s Model
Fallou has proposed a semi-empirical ageing model based on the exponential model for electrical
ageing:
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L

exp A E

BE
T

,E > 0

(9)

where A(E) = A1 + A2E, and B(E) = B1 + B2E must be determined experimentally from time-tobreakdown curves at constant temperatures (Montanari, 2002).

d) Crine’s Model
Crine proposes that the time to cross the energy barrier is the lifetime of the insulation. It is at this
point that Crine’s approach becomes questionable (Montanari, 2002). Crine says that the time for a
single passage of the energy barrier is equal to the mean time of passage that can be described by
thermodynamic relations:

L

b
G
e E
exp
csc h
k BT
k BT
k BT

(10)

h being the Planck constant, kB the Boltzmann constant, G is the free energy of activation, is the
distance between A and B, and e is the charge of the particle taking part in the ageing process
(Montanari, 2002).
It should be noted that if the electric field is zero, Crine’s model is not defined. Crine’s model is not
compatible with single thermal ageing as was the case for Simoni’s model. The parameters G and h
are functions of temperature and remain unspecified by Crine (Crine, 1990) (Dang, 1996).
3. ELECTRICAL LIFETIME ESTIMATION
In the case of ageing in an electric field of strength E and frequency f, the inverse power law (Equation
(2)) can be written as follows:
D = AE-m f -n

(11)

where m and n are material constants (Dang, 1996). The values of m and n are given in (Starr, 1961).
For electrical stresses at nominal fields (equal to those in service) and high frequencies, equation (11)
can be written as:
Df = Af f -n
where Af = AE-m is a material constant dependent on the electric field strength.
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Performing tests in an electric field of strength E at three frequencies (f1,2,3) and choosing as diagnostic
factor the property P, the P ) or p ) = P )/Pi characteristics for three frequencies can be drawn (
being the ageing time and Pi the initial value ( = 0) of P) (Fig.3).
Considering the Pn value as the end of life criteria (respectively pn = Pn/Pi), the Q1,2,3 points are
obtained, with the coordinates f1,2,3 and 1,2,3, respectively in logarithmic coordinates Q’1(lg f1, lg 1),
Q’2(lg f2, lg 2), Q’3(lg f3, lg 3). The Q’1,2,3 points are situated on the lifetime line with the equation:
y = a + bx

(13)

where y = lg Df, x = lg f and b = - n (Fig. 4).
Using the lifetime line equation, the lifetime of an insulation subjected to an electric field of strength
E, at a frequency f, can be determined.
In the present paper the dimensions (length, diameter) of water trees and the breakdown voltage Vbr
were used as diagnosis factors. If the breakdown voltage is used, in (ASTM D-149) is stipulate that a
reduction with 50 % of it initial value Vbr,0 (due to some ageing factors) implies the cable replacement
(for safety reasons). For this reason, Vbr,eol = 0.5 Vbr,0 was considered as the end of life criteria. Because
the breakdown voltage is direct dependent on the trees length (Notingher, 2005) the maximum length
lwtmax was used.
For the end of life criteria three values of trees lengths were considered, considering that if the vater
trees lenghts exceed a third of insulations thickness, then the insulations suffer a breakdown (with a
probability which depends on these lenghts) (Bloom, 2006).

Fig. 3. The variation of property p with ageing time .
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Fig. 4. Lifetime line.
The proposed method in this paper assumes performance of fast ageing in an electric field higher than
the maximum value used in operation (Emax), respectively the value of the electric field strength in
points from the inner semiconductor vicinity.

E max

Un
r
ri ln e
ri

(14)

where Un is the nominal voltage of cable, ri – the inner radius and re raza – the outer radius of
insulation.
The second factor of stress is the frequency of the electric field. For a more reduction of time tests
high values of the frequency, respectively f = 1...3 kHz are chosen.
In order to determine the lifetime, 6 groups of 3 samples are subjected to the electric field action (in
the presence of water which contain NaCl with a concentration of 0.1 mol/l) at three different
frequencies f1,2,3 for ageing times between 0 and 12 days. As diagnosis factors of ageing condition the
maximum length and the breakdown voltage are chosen.
4. EXPERIMENTS
Tests were performed on samples taken from model cables (having the inner radius of insulation ri =
0.55 mm and outer radius of insulation re = 1.35 mm) of insulation thickness g = 0.8 mm. The length
of each sample is l = 50 cm. In order to develop water trees, groups of 3 samples were subjected to the
simultaneous action of the electric field and water (Fig. 5). On a 1 cm length, the ends of cables were
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stripped and introducted in metallic balls in order to avoid the electric discharges which may appear at
high voltages. To reduce the inception time of water trees but also the test time, the following methods
were used:
a) Creating superficial defects on the outer surface of cable insulation. For that each sample
was covered with abrassive paper type P240 and pressed with a force F = 1 tf during 2
minutes;
b) Using high electric fields of effective values Et superior to maximum value from operation
(calculated with the relation (14)) and high frequencies (1, 2 and 3 kHz). The test voltage
values Vt were calculated with the relation:

Vt

E t ri ln

re
ri

(15)

After ageing for each sample the breakdown voltage was determined according to (Finnish
Electrotechnical Standards Association SFS 5791/1994-10-10 12/20 kV PAS pct. 6.1.4).
After failure, the samples were put into a pot with a solution of Rhodamine and placed in an oven,
where they were maintained for 48 h T = 60 ºC. After this conditioning, from each sample, 5 slices
taken and the dimensions (length, diameter) of trees were measured (Stancu, 2010).

Fig. 5. Setup used for water trees development: 1- Tektronix CFG 253 voltage generator,
2- Amplifier, 3- High frequency transformer, 4- Ageing cell, 5- Samples,
6- Metal balls to avoid discharges, 7- Water/NaCl solution.

5. RESULTS. DISCUSSIONS
In Table 1 the maximum values of trees lenghts but also the breakdown voltage obtained for different
ageing times for a test voltage Vt = 5 kV, which corresponds to a test field Et = 4 MV/m are presented.
It can be seen an increase of maximum length of trees and a reduction of breakdown voltage values
with the ageing time and frequency of the electric field.
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Table 1. Characteristics of water trees (maximum length lwtmax and breakdown voltage Vbr).
Ageing time

Frequency

Maximum length

Breakdown voltage

[h]

[kHz]

[ m]

[kV]

0

-

-

39

72

1

267

23.6

144

1

300

15.9

288

1

450

12.6

48

2

240

22.3

96

2

323

15.9

144

2

375

13.1

24

3

200

25

48

3

300

14.6

72

3

350

12.2

Using the data from Table 1 the variation curves of maximum length of trees lwtmax but also the
breakdown voltage with the ageing time for the three values of frequency: 1, 2 and 3 kHz (Figs. 6
and 7) are drawn. If the maximum length of water trees are chosen as diagnosis factors, the end of life
criteria were: ELC1 = 290 m (36 % from insulation thickness), ELC2 = 400 m (50 % from
insulation thickness) and ELC3 = 440 m (55 % from insulation thickness) according to (Bloom,
2006). For the breakdown voltage, the end of life criteria was ELC4 = 19 kV (50 % from Vbr,0)
according to (ASTM D149).

Fig. 6. Variation of maximum length of trees with the
ageing time for 1, 2 and 3 kHz.
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Fig. 7. Variation of breakdown voltage with the
ageing time for 1, 2 and 3 kHz.
Using the curves from Figure 6 and the end of life criteria values the points coordinates Qi1,2,3
(respectively, f1,2,3 and i1,2,3) were determined. Then, the logarithmic coordinates of points Qi’1,2,3
(respectively, log f1,2,3 and log i1,2,3) but also the coefficients of lifetime lines equations y = ai + bix, i =
1, 2, 3 (where x = lg (f) and y = lg(D)) were calculated. The lifetime lines are presented in Figure 8.

Fig. 8. Lifetime lines for ELC1 = 0.29 mm (LT1),
ELC2 = 0.4 mm (LT2) and ELC3 = 0.44 mm (LT3).
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Using the Vbr = f( ) curves which corresponds to the end of life criteria ELC4 = 19 kV, the points
coordinates Q1(f1, 1), Q2(f2, 2) and Q3(f3, 3) were determined and the lifetime line of equation y = ai +
bix at logarithmic scale were drawn (Fig. 9).

Fig. 9. Lifetime line for ELC4 = 19 kV.
Knowing the values of coefficients ai and bi the lifetime values for different frequencies (as example,
for 50 and 60 Hz) were calculated (Table 2). Analyzing the data presented in Table 2 it can be
remarked that, if the lengths of trees are used as diagnosis factor, higher end of life criteria implies
higher lifetime.
Table 2. Values of coefficients ai and bi and
lifetime at 50 (D50) and 60 Hz (D60).
ELC

ai

bi

D50
[days]

D60
[days]

ELC1

4.24

-0.72

43.2

37.2

ELC2

4.49

-0.7

83.2

73

ELC3

4.51

-0.68

94.2

83

ELC4

4.37

- 0.76

48.9

43.4

In order to validate the model used to calculate the lifetime, 3 samples were chosen and subjected to
an electric field of intensity Et = 4 kV/mm and frequency f = 50 Hz. Samples were subjected to the
electric field action in the presence of water until failure. The failure occured at 49 days after starting
the experiment. This value was considered as experimental obtained lifetime.
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Comparing the value experimental obtained (49 days) with those obtained with the theoretical model
(respectively, 43.2 days – in the case of maximum length of water trees chosen as diagnosos factor
(end of life criteria ELC1) and 48.9 days (in the case of breakdown voltage as diagnosis factor) small
diferences between them can be remarked, which validates the goodness of presented theoretical
model.
The obtained experimental lifetime values, but also the ones resulted from the proposed model are
very reduced comparative with the lifetimes of underground real cables (30-40 years). This is due,
firstly, to material used in experiments: a low density polyethylene recommended for low voltage
cables, uncrosslinked and without water trees retardants. But, according to (omnexus) water
absorption of low density polyethylene is 0.01 % compared to only 0.005 % for crosslinked
polyethylene. On the other hand, the salt content from water used in our experiments (0.1 mol/l) is
much higher than the salt content from soil which cables come into contact. According to (Wu, 2008)
the salt content from soil varies between 0 and 0.05 mol/l for a slightly saline soil, so half of the one
considered in our experiments. It is well konwn that the development growth rate of water trees
increases considerably with the salt content from water which insulation come into contact. A high salt
content leads to a fast ageing of tested samples insulations, so it will result a reduced lifetime.
Performing defects of the samples surfaces which come into contact with water a local important
increase of the electric field is produced (Stancu, 2009). For this reason, the inception time of water
trees are much reduced and the development growth rate are higher in the case of tested samples than
in real cables (which not have such defects). Therefore the lifetime values obtained in this paper
cannot be extrapolated to real cables. But the proposed method is very useful for cables manufacturers,
because allows very quickly informations regarding the water trees resistance of some new materials
and comparing the results with those obtained on materials already used in cables manufacturing.
6. CONCLUSIONS
The method proposed in this paper allows the lifetime estimation of new polymeric insulations
subjected to electric field action in the presence of water.
The frequency increase of the electric field determines an increase of water trees dimensions and a
reduction of the breakdown voltage of polyethylene insulations.
The curves lwtmax = f( ) and Vbr = f( ) obtained by fast tests using high frequencies allow determination
of insulations lifetime lines but also estimation of its value at normal operating frequency of power
cables (50 and 60 Hz).
The ageing tests performed at 50 Hz confirmed the lifetime values obtained using the lifetime lines
resulted for short testing times at higher frequencies.
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Abstract
The impact of pulsed ion beam (PIB) with parameters the pulse duration 80 ns, energy of 200 keV and
current density 120
m2 , pulse energy ~ 1,5 J/ m2on the alloy Zr1%Nb has been studied. It was
established that pulsed ion beam modification leads to zirconium alloy hardening for the depth of ~ 2
mc, decreases the probability of hydride phase forming and also decreases hydrogen penetration into
alloy volume in up to 6 times.
Key words: zirconium alloy, pulsed ion beam, hydrogen
1. INTRODUCTION
Beam methods of materials modification are being developed and implemented in industry in many
countries [1]. These methods of materials surface layers modification increase durability, corrosion
resistance, dynamic strength of products, realize surface polish and reduce the friction ratio, etc. The
interest to these modifications is conditioned by the fact that their application in industry instead of
traditional methods (heat treatment in ovens, acid and saline solutions hardening, galvanic coating)
economizes electric power, increases productive efficiency, reduces or eliminates ecologically
hazardous effects of production. In a number of cases plasma-beam technology allows to get such
structure phase states of materials which cannot be realized with traditional methods application. With
powerful pulsed ion beam impact on the material, the surface layer heats rapidly up to the temperature
of phase transitions, for example, up to the melting temperature, then it cools rapidly due to heat
extraction in material depth by the means of thermal conductivity. As a result of these processes the
surface layer properties change, surface modification occurs. The following modifications in material
microstructure are observed: grain size reduces from hundreds of microns to submicrons, transition to
amorphous state is possible; phase composition changes, here metastable phases and compounds are
possible to occur which cannot be formed with traditional material thermal treatment methods; phase
state is homogenized, e.g., carbides are disintegrated and uniformly distributed in steels. Products
made from zirconium are used in water-cooled power reactor cores. However during exploitation
process under irradiation radiolysis of water occurs, atomic hydrogen which influences zirconium
negatively is being released. Also there is a problem with hydrides formation. To exclude hydrogen
penetration into materials doesn’t seem possible due to large concentration of hydrogen in atmosphere
or water environment, also due to technical conditions of materials exploitation. One of the ways to
solve the problem of hydrogen penetration into metals is development of protective or barrier coatings
on material surface [2,3]. Today there is vast experiential data array on research of metal and alloys
structure and properties excited by pulsed ion beam impact on solid state [4]. However at present
hydrogen influence on these materials is not sufficiently studied. Yet, pulsed ion modification of
surface can provide significant influence on processes occurrence which are responsible for hydrogen
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interaction with metals and alloys. In this work evaluation of possibility to use pulsed ion beams to
form protective anticorrosion coatings has been performed. With this purpose series of research have
been made to investigate the impact of ion irradiation on physical-mechanical properties of the alloy,
hydrogen accumulation in Zr1%Nb has been studied.
2. EXPERIMENTAL TECHNIQUE
Formation of powerful ion beam was based on the ions acceleration on preformed blast emission
plasma. In this case it is possible to get ions of practically all metals. The accelerator was designed on
the Laboratory prototype of technological pulsed accelerator. Gas-filled diode type is magnetic
isolated gas-filled diode of strip type with external magnetic field (Figure 1) [5].Nanosecond generator
allows to form single voltage pulse and two heteropolar voltage pulses. Magnetic field in anodecathode path of magnetic isolated diode is being formed due to current flow on cathode turn from
complementing source. The design of cathode turn provides current flow close circuit throughout the
whole cross-section of anode-cathode path.

Figure 1 Magnetic isolated diode with closed accelerator drift
Figure 2 reveals the pulsed accelerator scheme. There NsG – nanosecond generator, GL – generating
line, DL – delay line. TL – transmitting line, 1, 2 and 3 – gas dischargers, C1 – capacity of
nanosecond generator primary storage, Tp1 – step-up pulse transformer, U1 – ignitron, SR – saturable
reactor, C2 – primary storage of forming magnetic field system,
2 – step-up pulse transformer,
MIVD – magnetic isolated vacuum diode, TU – timing unit
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Figure 2 Scheme of pulsed accelerator and main nodes
Rectangular samples of Zr1%Nb alloy with the sizes of 5×10mm, 30×40mm and 40×60mm in the asreceived condition were chosen for studies. Surface layer modification was performed with the help of
pulse carbon ion beam accelerator with pulse duration 80 ns, energy 200 keV and current density 120
/cm2. Pulse energy constituted ~ 1,5 J/ m2. Alloy modification was performed in two modes
differentiated by number of pulses: initial mode - 1 pulse, second mode – 4 pulses.
Surface
structure was studied with the help of optical microscope «METAM LV» with magnitude 200,
microhardness was studied on the microhardness meter «L
P
-3 » with indenter capacity =
0.1, 0.2
0.3 , electron density was studied applying the thermoelectromotive method.
Hydrogen saturation was performed from gaseous phase for one hour under the temperature 450°
and pressure 2 atm implementing Siverts method. Studies of hydrogen accumulation were performed
on hydrogen analyzer produced by L
(Figure 3).
3. THEORETICAL AND EXPERIENTIAL RESULTS AND THEIR DISCUSSION
Calculations of thermal fields were performed with pulse ion beam approximation with initial energy
of particles in 200 keV. Main factors determining structure phase state and properties of near-surface
layers of material under pulse heating are nonstationary thermal fields and thermomechanical stresses
that occur as a result of transmitting energy of pulsed ion beam to the target. Thermal field is localized
in the heat-affected zone, the thickness of which in the case of pulse ion beam does not exceed some
mc. To solve thermal problem heat loss was taken into consideration for possible phase transitions
(melting and evaporation). In this case it is quite proper to apply one-dimensional approximation to
determine main patterns of thermal processes. According to the results of computational modeling
with peak current of current density 120
m2 and specified pulse duration 80 ns distribution
according to temperature depth is represented in Figure 4. The temperature on zirconium alloy surface
reaches the value that increases its melting temperature (T = 2130 K). Herewith, the depth of molten
layer does not exceed 3.5 m. The surface layer of material possesses the highest heating speed.
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Surface layer modification (change of its physical properties and also its geometry) under the pulsed
ion beam influence with the named above parameters is conditioned by liquid phase formation and its
consequent hardening after the pulse impact. Alloy cooling starts by the end of pulse impact and with
the beginning of beam current density decrease.

Figure 3 Hydrogen analyzer produced by L

Figure 4 Dependence of melt alloy Zr1%Nb depth from heating temperature
Morphology research revealed that metals` treatment with surface flash forms sufficiently complex
topological surface pattern (Figure 5). It is connected with microcraters formation on the target
surface. Besides, it is necessary to point out scalloping surface structure presence after irradiation. The
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geometry of this kind occurs as a result of metal fine surface layer melting. Microcraters are being
formed as a result of gases yield from near-surface field of metal.

Figure 5 Photographs of Zr1%Nb alloy before (a) and after (b) irradiation by pulsed ion beam
Studies of physical-mechanical properties were performed applying the method of microhardness
measurement and the thermoelectromotive method. Experiential results of microhardness
measurements are given in Table 1. As it appeared from the presented results microhardness under
stress of 0.2 and 0.3 after pulsed ion beam modification practically didn`t change. Under stress 0.1
microhardness in the modified sample is higher than in the virgin sample in almost one and a half
time. Stress 0,1 corresponds to the thickness of layer 2 m, 0,2 – 2,2 m, 0,3 – 2,4 m. That is
why surface layer hardening occurs up to the depth not less than 2 m. This relates quite perfectly with
the theoretical calculations of thermal fields.
Table 1
Stress 0,1

Stress 0,2

Stress 0,3

Depth ~ 2 m

Depth ~ 2,2 m

Depth ~2,4 m

Modified pulsed ion beam
(mode 1)

1030 MPa

1250 MPa

1570 MPa

Modified pulsed ion beam
(mode 2)

970 MPa

1280 MPa

1500 MPa
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Initial

770 MPa

1260 MPa

1600 MPa

Material hardening under pulsed beam impact, apparently, is conditioned by structural changes of the
surface layer. They are characterized by recrystallization layer formation which prevents advancement
of existing microcracks and motion of dislocations. Due to dissolved and adsorbed carbon and mixing
of surface layer components carbides are being formed. All these factors enable increase of
microhardness.
Results of thermoelectromotive value studies in dependence with coordinate of sample are represented in
Figure 6.

Figure 6 Dependence of coordinate of Zr 110 sample before and after irradiation by the
thermoelectromotive method
From the dependence presented it is possible to observe that electron density decreased in irradiated
zone which is connected with the forming of other internal elastic stresses, the latter are generated by
high cooling speed (hardening) of fine surface layer. There is possibility of coherent-scattering
regions` forming in big amounts.
The X-ray structural analysis was performed in order to identify hydride phase formation in hydrogen
saturation process of bearing and modified alloy. The obtained results signify that after one pulsed ion
beam impact hydride formation is reduced in two times in comparison with the initial state and after
four pulsed ion beam impacts hydride phase practically is not formed. Results of hydrogen
accumulation studies are represented in Table 2.
Table 2
Hydrogen concentration mass.%
Zr1%Nb + PIB +

2

Mode 1

0,0159

Zr1%Nb + PIB +

2

Mode 2

0,0102

2

0,0648

Zr1%Nb Bearing +
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After comparing the obtained results it follows that pulsed ion beam impact in Mode 1 (1 pulse)
reduces hydrogen penetration into the volume in more than 4 times in comparison with the bearing
alloy and modification by pulsed ion beam in Mode 2 (4 pulses) reduces concentration in 6 times. This
signifies that formed layer by modification of Zr1%Nb alloy pulsed ion beam can serve as effective
protective coating against hydrogen penetration into alloy volume.
4. CONCLUSIONS
The impact of pulsed ion beam (PIB) leads to surface layer modification of Zr1%Nb alloy. The depth
of modified layer with pulse duration 80 nc, energy 200 kiloelectronvolt and current density 120
m2, pulse energy of ~ 1,5 J/ m2 constitutes about 2 m, which corresponds to theoretical
calculations of thermal fields. Modified by PIB layer possesses increased mircohardness, lower
electron density and can serve as effective protective coating against hydrogen penetration into alloy
volume. Impact of PIB modification in one pulse reduces hydrides formation in two times as well as it
reduces hydrogen penetration into the volume in four times in comparison with the initial and with the
impact of four pulses hydride phase practically is not forming and hydrogen concentration is reduced
in six times.
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Abstract
This paper presents the effect of irradiation dose on the gel fraction and crosslink density of the
ethylene-propylene–terpolymer (EPDM) rubber blended with polyfunctional monomer
trimethylolpropane-trimethacrylate (TMPT) and cross-linked by electron beam (EB). Dependence of
gel fraction and crosslink density on irradiation dose was determined from a dose range of 0 kGy to
50kGy. The results indicate that the application of new technologies will lead to a significant
improvement in physical properties of finished products and to optimize the curing stage, the most
important operation of the technological process for obtaining elastomeric materials.
Key words: ethylene-propylene–terpolymer rubber, cross-linking, electron beam, cross-link density.
1. INTRODUCTION
Elastomers are materials used in a large range of industrial and household applications. A common
physical-chemical treatment is curing (crosslinking), imparting the rubber mechanical and thermal
stability. Elastomers show low thermal conductivity values, and therefore, require complex and high
cost heating methods; thus, the ionizing (accelerated electrons) method shows high interest for the
grafting and crosslinking processes. In addition to the lack of environmental impact, reliability,
flexibility and low costs render the radiation technologies especially attractive.
Ethylene-propylene elastomers are one of the most versatile, fastest growing and interesting synthetic
rubber polymers. Excellent resistance to heat, oxidation, ozone and weather aging are expected to
provide continued value in demanding automotive, construction, and mechanical goods applications.
Current and emerging advanced polymerization and catalyst technologies also provide the ability to
design polymers to meet application and processing needs that are important to meeting the everincreasing demands for product quality, uniformity and performance [1].
Ethylene-propylene rubbers use the same chemical building blocks or monomers as polyethylene (PE)
and polypropylene (PP) thermoplastic polymers. These ethylene (C2) and propylene (C3) monomers
are combined in a random manner to produce rubbery and stable polymers. A wide family of ethylenepropylene elastomers can be produced ranging from amorphous, non-crystalline to semi-crystalline
structures depending on polymer composition and how the monomers are combined [1-3]. These
polymers are also produced in an exceptionally wide range of Mooney viscosities (or molecular
weights). The ethylene and propylene monomers combine to form a chemically saturated, stable
polymer backbone providing excellent heat, oxidation, ozone and weather aging. A third, nonconjugated diene monomer can be terpolymerized in a controlled manner to maintain a saturated

186

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
backbone and place the reactive unsaturation in a side chain available for vulcanization or polymer
modification chemistry. The terpolymers are referred to as EPDM (or ethylene-propylene-diene with
“M” referring to the saturated backbone structure). An EPDM polymer structure is illustrated in Figure
1. The ethylene-propylene copolymers are called EPM.

Figure 1. Structure of EPDM (ethylene-propylene–terpolymer rubber)

Vulcanisation is the process by which rubber is changed from essentially a plastic material to either an
elastic or a hard material.[4-6] In this process, an elastomer is transformed from a ‘plastic’, ‘formable’
material into an ‘elastic’ material by the formation of a three-dimensional network with different types
of junctions. The word vulcanisation derives from Vulcan, the Roman God of fire. Not accidentally, it
also means volcano, a hot place where quite some sulphur species can be found. The term
vulcanisation was therefore originally exclusively applied to the crosslinking reaction achieved by
sulphur at high temperatures. Nowadays this term is also applied to refer to other crosslinking
processes, such as peroxide cure. There are several possibilities for the crosslinking of rubber. The
already mentioned sulphur vulcanisation was the first to be discovered and still is today’s most
common cure system. The sulphur vulcanisation process requires the presence of carbon-carbon
unsaturation in the polymer and it leads to a three-dimensional rubber network in which the polymer
chains are linked to each other by sulphur bridges. As a result, sulphur cured articles have good tensile
and tear strength, good dynamic properties, but poor high temperature properties like ageing, for
instance.[5, 6] Other vulcanisation systems, i.e. peroxides, ultraviolet light, electron beam, microwave,
resins, etc. were later discovered and gained more importance with the progressive development of
synthetic rubbers.
Vulcanization with peroxides is done by radicalic mechanism when bonds form between C-C
macromolecules. The chain of free radical reactions is initiated by thermal decomposition of the
peroxide into primary radicals formed by scission stable species (acetone and diacetylbenzene) and the
second radical that continue the propagation in the presence of rubber.
Radiation curing has historically been used as an alternative to peroxides in applications where the
curatives themselves or sideproducts of vulcanization are viewed as impurities in the final product.
Peroxide cure progresses through a series of radical intermediates, each of which can undergo side
reactions which may not necessarily contribute to crosslink density. Radiation cure, on the other hand,
has been promoted as a cleaner and more homogeneous cure process. Electron beam irradiation has
been used in the wire and cable industry for longer than 30 years and applied to a wide range of
commodity and specialty elastomers. A survey of the types of elastomers susceptible to radiation
curing is available, as are review articles describing the electron-beam curing of commercially
significant grades [7, 8]. Variables such as radiation dosage and the effect of polymer microstructure
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and chemical additives on the efficiency of electron beam cure have been studied. Some researchers
[9-11] studied radiation-induced crosslinking in thermoplastic elastomers based on ethylene-propylene
rubber (EPDM) and polyethylene (PE) or polypropylene (PP) plastics.
Elastomer crosslinking by means of electron beam is done without heating and in the absence of
vulcanization agents. The reaction mechanism is similar to crosslinking with peroxides, but in this
case, reaction initiation is due to the action of EA and in the presence of the polyfunctional monomers.
Ionizing radiation produces an excitation of polymer molecules. The energies associated with the
excitation are dependent on the irradiation dosage of electrons. The interaction results in formation of
free radicals formed by dissociation of molecules in the excited state or by interaction of molecular
ions. The free radicals or molecular ions can react by connecting the polymer chains directly or
initiating grafting reactions.
Electron beam (EB) vulcanization has demonstrated extremely positive results compared to the
conventional curing system such as: no polymer degradation due to high temperature as EB crosslinking occurs at room temperature, no oxidative degeneration in polymers as observed in classical
cross-linking, direct cross-linking by C-C linkage by EB, extremely strong bonds, high degree of
cross-linking, extremely short curing cycles, zero blooming effects; extremely high tensile strength;
extremely high resistance to compression set; extremely high resistance to oils, grease, lubricants;
highly improved accelerated ageing properties, very high productivity, perfect for thin products, lower
material waste [12, 13]. However, the radiation cross-linking of rubbers was not used in larger
technical applications because of the high cost of irradiation to bring about vulcanization, but could
become an industrial process when the radiation dose decreased with the use of some sensitizers.
Reported papers suggest that appropriate polyfunctional monomers (co-agents) in polymer matrix [1416] could be used to obtain desired rubber physical properties at lower irradiation doses [17-20]. Coagents are multi-functional organic molecules which are highly reactive towards free radicals.[5] They
are used as reactive additives to boost the vulcanization efficiency.[21, 22]. The most used coagents
are molecules with maleimide groups, (meth)acrylate groups, or allylic groups, [23-25] but polymeric
materials with a high vinyl content, i.e. 1,2-polybutadiene, can also act as co-agents. Some authors
have even studied the action of sulphur, or sulphur donors as co-agents.[26-32, 6]. The co-agents can
be divided into two groups: Type I and Type II co-agents. Type I: Addition and hydrogen abstraction
reactions: these co-agents consist of rather polar molecules with a low molecular weight and activated
double bonds. Their main characteristic is that they are highly reactive towards radicals, so scorch
takes place very fast, which sometimes can be a disadvantage. By using this kind of coagents not only
the rate of cure is increased but also the crosslink density or state of cure. A disadvantage that may be
present when using this type of co-agents is that, due to polarity, the compatibility of these co-agents
with the polymer matrix is limited. Some examples of Type I co-agents are: acrylates, methacrylates,
bismaleimides and zinc salts. Type II: Addition reactions: these co-agents are, in general, less polar
molecules, which form more stable free radicals, so scorch does not take place as fast as with the
previous type of co-agents. The use of these co-agents leads to an increase in crosslink density of the
vulcanisate but, unlike Type I, they are not capable of increasing the cure rate. Due to their low
polarity, these co-agents have a good compatibility with many elastomers. Some examples are: highvinyl 1,2-polybutadiene, divinylbenzene, allyl esters of cyanurates, isocyanurates and sulphur.
This paper presents the effect of irradiation dose on the gel fraction and crosslink density of the
ethylene-propylene–terpolymer (EPDM) rubber blended with polyfunctional monomer
trimethylolpropane-trimethacrylate (TMPT) and cross-linked by electron beam (EB). Dependence of
gel fraction and crosslink density on irradiation dose was determined from a dose range of 0 kGy to
50kGy.
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2. MATERIALS AND METHODS
2.1. Materials
The following materials were used in the study: ethylene-propylene–terpolymer rubber, EPDM (Nordel
4760) (Mooney viscosity is 70 ML1+4 at 120ºC, 70% ethylene content, ENB 4.9 Wt %, density 0,88
g/cm3, 10% crystalline degree), antioxidant Irganox 1010 and polyfunctional monomer
trimethylolpropane-trimethacrylate, TMPT, Luvomaxx TMPT DL 75 (22% percentage of ash, pH 9.2,
density 1.36 g /cm3, 75 ± 3 % active ingredient).
2.2. Preparation of samples and irradiation
Blends have been made by means of blending technique, on a laboratory roll, total blend time of 7’,
friction of 1:1.1. The blend constituents were added in the following sequence and amounts: 100 phr
EPDM rubber, 1 phr Irganox 1010, and 3 phr TMPT (for EPDM/TMPT -3 samples), 9 phr TMPT (for
EPDM/TMPT -9 samples). Plates required for physical tests have been made by compression molded,
using an electrically heated hydraulic press, pressure of 150 MPa and time of 3 min. to obtain sheets of
11.5 x 11.5 x 0.2 cm3.
The resulted plates were subjected to the EB vulcanization with ILU-6M accelerator of 1.8 MeV and
10.8 kW output power. The ILU-6M accelerator was built in Russia, Institute of Nuclear PhysicsNovosibirsk. It is placed at Electrical Project and Research Institute from Bucharest, Romania. The
ILU-6M is a resonator-type accelerator, operating at 115 5 MHz. This accelerator generates electron
beam pulses of 0.375 ms duration, up to 0.32 A current peak intensity and up to 6 mA mean current
intensity. The cross-sectional size of the scanned EB at the ILU-6M vacuum window exit is 1100 mm
x 65 mm. The EB effects are related to the absorbed dose (D), expressed in Gray or J kg-1. The single
pass dose with conveyor under the ILU-6M scanner is adjustable from 12.5 kGy to 50 kGy. For EB
treatment the rubber sheets were cut in rectangular shape of 0.15 x 0.15 m2. The layers of three
sandwiched sheets covered in polyethylene foils were irradiated by repeatedly passing on a conveyor
under the ILU-6M scanner in atmospheric conditions and at room temperature of 25°C.
2.3. Laboratory tests
The sol-gel analysis was performed on cross-linked EPDM rubber to determine the mass fraction of
insoluble EPDM (the network material resulting from network-forming crosslinking process) samples
(gel fraction). The samples (1.0x1.0 cm) were swollen in toluene and extracted after 72 h in order to
remove any scissioned fragments and unreacted materials. The networks were then dried in air for 6
days, and reweighed. The gel fraction was calculated as:

Gelfraction

ms
x100
mi

(1)

Where m s and mi are the weight of the dried sample after extraction and the weight of the sample
before extraction, respectively [33].
The cross-linking density of the samples was determined on the basis of equilibrium solvent-swelling
measurements (in toluene at 23-25°C) by application of the well-known modified Flory-Rehner
equation for tetra functional networks. The samples (2 mm thick) were initially weighed (mi) and
immersed in toluene for 72 h. The swollen samples were removed and cautiously dried to remove
excess solvent before being weighed (mg) and, during this operation, the samples being covered to
avoid toluene evaporation during weighing. Traces of solvent and other small molecules were then
eliminated by drying in air for 6 days. Finally, the samples were weighed for the last time (ms), and
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volume fractions of polymer in the samples at equilibrium swelling
ratio G, and calculated as follows:

1
1 G

2m

2m

were determined from swelling

(2)

where:

G
e

mg

ms

e

ms
and

s

(3)

s

are the densities of elastomer samples and solvent, respectively.

The samples cross-link densities, , were determined from measurements in a solvent, using the
Flory–Rehner relationship, given by

Ln 1
V1

2m
1/ 3
2m

2m

12

2
2m

2

(4)

2m

where V1 = 106.5 cm3/mol is the molar volume of solvent (toluene), 2m is the volume fraction of
polymer in the sample at equilibrium swelling, = 4 is the cross-link functionality and 12 = 0.49 is
the EPDM-toluene interaction parameter [34, 35].
3. RESULTS AND DISCUSSION
Polyfunctional monomers are effective on modification of polymer material by crosslinking. Generally
speaking, there are two factors which affect the functionality of polyfunctional monomers in polymer:
one is the unsaturation of polyfunctional monomers and the other is the solubility of polyfunctional
monomers in polymer [21]. The polyfunctional monomers can participate in a number of radical
reaction mechanisms, including grafting and radical addition. These polyfunctional monomers can be
grouped according to their influence on cure kinetics and ultimate physical – mechanical properties:
type I polyfunctional monomers are highly reactive and increase both the rate and state of cure
(acrylate, methacrylate, or maleimide functionality), and type II polyfunctional monomers are based
on allyl reactive sites and increase the state of cure only. In our study we used TMPT –
trimethylolpropane-trimethacrylate (figure 2) as polyfunctional monomer (type I and functionality 3).
The EB irradiation method, applied to the above mentioned rubber type, is based on our research
reported [36-40] that demonstrate the efficiency of EB curing process.
Vulcanization by EB irradiation involves the interaction of energy electrons and an elastomer. Ionizing
radiation produces an excitation of polymer molecules in the vicinity of the impinging radiation. The
energies associated with the excitation are dependent on the irradiation dosage and voltage (velocity)
of electrons [18]. The interaction results in formation of free radicals formed by dissociation of
molecules in the excited state or by interaction of molecular ions. The free radicals or molecular ions
can react by connecting the polymer chains directly or by initiating grafting reactions [17]. The
chemistry of the process is based on macroradical formation from elastomer chains, which recombine
causing structuring [19, 20].
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Figure 2. Chemical structure of trimethylolpropane-trimethacrylate

In this paper the induced crosslinking was evaluated with gel fraction (crosslinked polymer content),
and cross-link density (number of crosslinks per unit volume in a polymer network) determination and
the results were represented in figure 3 and figure 4, respectively. The samples were not subjected to
crosslinking treatment (by irradiation with electron beam) were completely dissolved in toluene – in
the same conditions. Sol-gel studies revealed higher sensitivity of EPDM and EPDM/TMPT to
irradiation. Even at a low dose (12.5 kGy) gel fractions were found 52.30%, 76.15% and 85.76% for
pure EPDM, EPDM/3 phr TMPT and EPDM/9 phr TMPT respectively. Slowly increase is observed
for all samples when irradiation dose increasing from 12.5 to 50 kGy. It was noted that for all
irradiated samples the sol-gel fraction slightly increase with dose increasing, the best results being
obtained for the series EPDM / 9 phr TMPT: 93.07%, 94.26% and 96.23% for 2.50 kGy, 3.75 kGy and
5.00 kGy respectively. Also, on the base of the obtained results, it was observed small differences
between the results obtained for EPDM / 3 phr TMPT series and EPDM / 9 phr TMPT series.
Similar results are obtained for crosslinking degree, too. Fig. 4 shows that, for every series (EPDM,
EPDM/3 phr TMPT and EPDM/9 phr TMPT), the crosslinking degree increase with irradiation dose
increasing. The weaker variation is for EPDM series for which the degree of crosslinking increases
slowly: from 1.05x10-4 mol/cm3 at dose of 12.5 kGy to only 2.44x10-4 mol/cm3 at 5.00 kGy. For
EPDM/ 3 phr TMPT series it was observed a slightly higher variation of crosslinking degree: from
1.28x10-4 mol/cm3 at dose of 12.5 kGy to 6.82x10-4 mol/cm3 for de 5.00 kGy. As expected (as with
sol-gel parameter) the spectacular increase in the degree of crosslinking was obtained for EPDM/ 9
phr TMPT series. Thus, were obtained values of 1.34x10-4 mol/cm3 for the smallest dose (12.5 kGy)
and 12.39x10-4 mol/cm3 for the the biggest tested dose (5.00 kGy).
4. CONCLUSION
The variation in gel content and of the crosslinking density, when different concentration of TMPT
(polyfunctional monomer) were added to the blend and irradiated at various doses, has shown, as it
was expected, an increase for both parameters because the TMPT employed in this study are well
known reactive additives that form bridges by radiation-induced free radical mechanism and produce a
network structure even at lower doses. The highest values were obtained for mixtures that contain 9
phr TMPT iradiatted at 50 kGy. So, in rradiation treatment system, the gel content and the crosslinking
density of samples increase with irradiation dose and the TMPT quantity increasing. This is due to the
formation of a three-dimensional network structure. [40].
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Figure 3. Change of gel fraction with irradiation dose for different compositions of EPDM with TMPT (EPDM,
EPDM + 3 phr TMPT and EPDM + 9 phr TMPT)

Figure 4. Change of cross-link density with irradiation dose for different compositions of EPDM with TMPT
(EPDM, EPDM + 3 phr TMPT and EPDM + 9 phr TMPT)
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Abstract
The effect of mechanical activation of rice husk on its enzymatic hydrolysis is studied. It has been
established that the use of attrition mills is more effective for mechanical activation of rice husk.
During mechanical treatment, the following processes occur: an increase in the specific area,
destruction of the silica shell enclosing lingocellulose, and significant amorphization of crystalline
cellulose. These effects cause an enhancement in the conversion of polymer carbohydrates into soluble
saccharides by a factor of 7 and an increase in the yield of soluble monomeric forms of silica by a
factor of 4. Thus, mechanical activation of rice husk followed by its enzymatic hydrolysis allows
carbohydrate and silicon-containing products, which can be used for further microbiological
processing, to be obtained.
Key words: enzymatic hydrolysis, rice husk, silica, mechanical activation, solubility.
1. INTRODUCTION
In recent decades, a lot of works devoted to the study of the structure and properties of rice husk have
appeared [1, 2]. As a material, rice husk is characterized by high-strength characteristics and chemical
stability, has a low-nutritional value, a low bulk density, and a high ash content. These properties are
determined by its unique structure: rice husk is notable for a high content of the inorganic component,
silicon dioxide, whose concentration can reach 20% on average. Along with silicon dioxide, rice husk
contains 34–43% of cellulose, 2–37% of hemicellulose, and 19–47% of lignin [3]. Owing to such
composition, rice husk can be considered as a source of carbohydrates, which can be used for the
microbial synthesis of biofuel, primarily bioethanol and biogas, two the most developing fields in
green chemistry in recent years.
Rice husk is a perfect bio-renewable raw material; around 100 million tonnes of rice husk wastes are
produced every year. However, a major part of them is utilized by burning and burying, not finding
wide application. A minor part of rice husk wastes, which is not burned and thrown out is usually
applied in three ways: is subjected to processing resulting in the production of inorganic and organic
compounds; is used without any processing, normally, as fillers for plastics and rubbers; in building
and agriculture. A general and comprehensive review of applications of rice husk in industry and
chemical production was given in [4]. Therein, the uses of rice husk for the production of silica,
silicon carbide, silicon nitride, silicon tetrachloride, and zeolites were discussed. The main methods
applied for obtaining aforementioned compounds are burning and catalytic pyrolysis, chemical vapor
deposition (CVD), and plasma technique. As can be seen from the data presented above, the main
processing techniques are the pyrolytic methods leading to irretrievable loss of the lignocellulose
matrix, which can be used as a source of saccharides.
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In order to increase the conversion of lignocellulosic material, both chemical and mechanical
treatments are applied. Thus, the pretreatment of lingocellulosic material with various chemical
reagents, such as diluted and concentrated mineral acids, alkalis, hydrogen peroxide, and organic
solvents [5–10] enhances its reactivity. However, frequently, processes of this type are carried out at
elevated temperatures and pressures and with the use of corrosive substances. Under such conditions,
irreversible degradation of carbohydrate components, condensation of lignins, and formation of
various co-products may occur [11]. In addition, corrosive reagents cause a premature wear of
equipment and are harmful to the health of staff.
Enzymatic hydrolysis of polysaccharides contained in plant raw materials has the following
considerable advantages over the traditional technology based on the reaction of hydrolysis in
solutions of mineral acid: milder reaction conditions and the absence of any co-products. Enzymatic
processes make possible the effective utilization of wastes from wood processing industry, from
agriculture, and from commercially cultivated microorganisms [12].
Enzymatic hydrolysis of biomass involves several stages: diffusion of enzymes through a solution to
the surface, sorption of enzyme molecules, hydrolysis, and the removal of reaction products from the
surface of the substrate into a solution. The rate of hydrolysis is restricted by the rate of diffusion.
Since the ordered structure of cellulose and the presence of lignins covering cellulose fibrils are the
factors slowing down the process of hydrolysis, various methods resulting in the activation of
cellulose substrates are used to enhance the rate of hydrolysis.
Thus, during grinding of biogenic raw material, plastic deformation occurs, thereby disturbing the
ultrastructure of near-surface layers, i.e., leads to the formation of defects, amorphization of crystalline
phases, and the breakage of chemical bonds between structure-forming components. Grinding with
reagents, e.g. green tea gallocatechins, results in the formation of silicon-containing chelates.
During mechanical cracking, the molecular weight of polymers rapidly decreases until it reaches the
value of the minimum molecular weight, which is determined by the chemical nature of a polymer and
does not depend on its initial molecular weight [13]. The movement of certain fragments of polymer
chains during mechanical treatment leads to a disturbance of the initial packing of chains,
amorphization of the crystalline phase, and loosening of the amorphous phase [14–15]. These effects,
in their turn, cause an increase in the surface area of the substrate accessible for enzyme molecules.
However, the efficiency of the grinding process is rather low.
In [16], in order to facilitate enzymatic hydrolysis, the procedure was carried out in a reactor equipped
with a stirrer and containing grinding steel balls. The authors showed that stirring in the presence of
steel balls is more effective than shaking under the same conditions; and both these methods are more
effective than hydrolysis of the substrate in the absence of any grinding bodies. The effect of such
treatment is based on two processes. From the one hand, continuous delamination and grinding of the
cellulose substrate and the formation of a new cellulose surface accessible for protein molecules take
place. From the other hand, even under such a low-energy treatment, gradual denaturation and a
decrease in the activity of enzymes occur.
In [17, 18], the method in which the mechanical activation of a mixture containing the substrate and
the enzyme precedes the stage of enzymatic hydrolysis is suggested for hydrolysis of yeast biomass
and lignocellulose, respectively. In the first stage, owing to mechanical treatment, the enzyme
distributes over the bulk of the sample, a part of cells collapse, the supramolecular structure of the
polymers in the cell wall becomes disordered and, as a result of the latter, the reactivity enhances [19].
The second stage involves enzymatic hydrolysis of pre-disordered polymers. The rate of hydrolysis
and the yield of the target products when this method is used are significantly higher than in the case
of inactivated biomass. In the case of yeast biomass, the material and enzyme can be compacted,
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thereby enabling hydrolysis to proceed at the surface/solution interface. Compacting of a powder
obtained after mechanical activation prevents the loss of water necessary for hydrolysis and allows one
to increase the volume concentration of the enzyme.
In treating the reagent in a mill, it is very difficult to control the conditions of activation. One of the
main problems of enzymatic hydrolysis combined with mechanical treatment is denaturation of
enzymes. As shown in [20,21], thermal and mechanical denaturation may occur as a result of the
violation of process conditions and localized overheatings, as well as when dry enzyme/substrate
mixtures are mechanically pretreated and when reaction solutions are subjected to ultrasonic
processing. This is why, in this work, we decided to use a technique according to which mechanical
pretreatment is followed by hydrolysis on low-intensive stirring.
The purpose of the present work is to study experimentally the effect of mechanical activation on the
process of enzymatic hydrolysis of rice husk. Studying the mechanism of enzymatic hydrolysis of
solid cellulose substrates and the ways for activating this process are topic problems, since the use of
enzymes allows the amount of industrial wastes to be decreased and ecologically safe technologies for
processing solid plant raw material wastes to be developed.
2. MATERIALS AND METHODS
2.1. Reagents and Materials. The following reagents were used: D(+)-Glucose (99%, Acros Organics);
“Celloviridin”, a cellulosolytic enzyme complex (the trade name is “Cellulox 2000”), purchased from
“Sibbiopharm” Ltd. (Novosibirsk, Russia); acetate buffer with pH 4.7; chemically pure ammonium
molybdate (GOST 3765-78); chemically pure sulfuric acid (GOST 4204) purchased from JSC
“Reakhim”; analytically pure ascorbic acid (GOST 4815); chemically pure acetic acid (GOST 2218076); pure ammonium acetate (GOST 3117-78); chemically pure ammonia (GOST 3760-79); sodium
silicate (GOST 50418-92); and rice husk (Krasnodar Krai, Russia).
Enzymatic complex Cellolux 2000 (“Sibbiopharm” Ltd., Berdsk, Novosibirsk Region, Russia) consists
of a mixture of enzymes produced during drying of the cultural liquid of Trichoderma reesei (viride).
The enzymatic complex includes 8000 U/g (activity units per gram) of xylanase, 2000 U/g of
cellulase, up to 1500 U/g of -glucanase, and 20 U/g of glucoamylase.
Electron microscopic studies were performed using a Hitachi TM-1000 microscope (Japan).
Diffraction patterns were measured using a Brucker diffractometer (Germany) under CuK irradiation.
The specific surface was determined via thermal desorption of argon with the help of a Sorbimetr M
instrument (Russia).
2.2 Mechanical Activation of Rice Husk. The procedure was performed in a RM-20 roller mill (Russia)
at 1000 rpm under water cooling and in an AGO-2 planetary mill (Institute of Solid State Chemistry
and Mechanochemistry, Novosibirsk, Russia) supplied with a system for water cooling of drums [22].
The conditions of mechanical treatment in the AGO-2 mill were the following: the rate of rotation was
630 rpm, providing the acceleration of milling bodies 20g. The periods of time for which the material
was found in the impact zone were 40–60 s and 60–600 s in the cases of RM-20 and AGO-2,
respectively.
2.3. Enzymatic Hydrolysis. The samples were dissolved in a buffer solution with pH 4.7 into which 2%
Celloviridin was added upon constant shaking at 120 rpm with the help of a water shaker and a
temperature of 50°C. At 60 min intervals, samples were taken and centrifuged for 10 min (6000 rpm).
A supernatant was subjected to spectrophotometric analysis.
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2.4. Spectrophotometric Determination of the Amount of Water-Soluble Monomeric Silica. The
contents of monomeric silica were analyzed by spectrophotometry with the help of a UNICO-2800
spectrophotometer (USA).
A test tube of 5 mL in volume was filled with 700 µL of a studied solution. Then, 150 µL of a 0.5 M
ammonium molybdate solution were added, and an obtained solution was held for 10 min for the
purpose of yellow silicomolybdic complex compound being formed. After that, 3.15 mL of water and
300 µL of a mixture containing 0.4 M ascorbic acid and 0.7 M oxalic acid were added into solution.
After 30 min, spectrophotometric measurements were performed at wavelengths of 810 and 1000 nm.
For the construction of calibration curves, standard solutions of sodium silicate with concentrations of
400–3200 µg/mL were used.
2.5. Determination of the Total Amount of Reducing Carbohydrates. The total amount of reducing
carbohydrates was found by reducing potassium ferricyanide, K3[Fe(CN)6]. For this purpose, 3.0 mL
of a 0.06% K3[Fe(CN)6] solution was added into 1.0 mL of carbohydrate solutions with concentrations
in the range from 30 to 150 mg/L, an obtained mixture was stirred and held at 100°C for 10 min. After
cooling, the solutions were subjected to spectrophotometric measurements at a wavelength of 420 nm
against distilled water. For the calibration curves, standard glucose solutions with concentrations of
30.0–150 mg/L were used.
3. RESULTS AND DISCUSSION
3.1. Mechanical Treatment of Rice Husk
The composition and the structure of plant raw materials significantly vary depending on their type.
This is why there is no universal technique for the pretreatment of this kind of materials. As a way of
increasing the reactivity of plant biomass, mechanical treatment and its conditions were studied. As
was shown above, rice husk has a number of features, which determine its behavior under mechanical
treatment. It is known that a rice grain has the lemma and palea, which are tightly bound one another
and removed during processing of rice grains [23]. The outer surface of the lemma is covered with
short rigid hairs. These two components form rice husk. Silica is mostly found near the outer surfaces
of plant tissues, where it concentrates and forms cellulose-silica membranes. The similar results are
shown in Fig. 1. It is clear that the structure of the rice husk studied in our work completely coincides
with the described above.
As can be seen from Fig. 1b, the outer surface of rice husk is formed by bright wavy tissues containing
silicon dioxide; the latter is confirmed by elemental analysis. Thus, the shell constructed in this way is
dense and rigid and hinders any mechanical or chemical action on inner tissues. This is why the main
purpose of mechanical treatment is the destruction of the silica membrane and the enhancement of the
substrate surface area accessible for enzymatic treatment. In plant raw materials, cellulose
microfibrilles are immersed in a lignin-hemicellulose matrix. Such ultrastructure of lignocellulosic
components makes plant materials resistant to high mechanical stress.
First of all, the efficiencies of mills with different types of grinding were compared. As an activator, in
which the material is ground owing to frictional and impact forces, the AGO-2 planetary mill was
selected. The effect of mills, in which the material is ground owing to attrition forces, was studied
using the RM-20 roller mill. It was found that no significant changes occur in plant tissues of this raw
material under treatment for the periods from 1 to 10 min at an acceleration of 20g. There is no point
in further increasing the duration of treatment and the energy rating, since it may lead to the processes
of oxidation and the destruction of the biopolymers in the raw material.
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(a)

(b)

Fig. 1. SEM images of the initial rice husk: (a) general appearance; (b) magnified fragment of the
outer surface of the lemma
The treatment of rice husk in the RM-20 mill results in a significant decrease in the particle size and a
disturbance of the supramolecular structure of the polymers (Fig. 2b).

(a)

(b)

Fig. 2. SEM images of rice husk after treatment: (a) in the RM-20 mill; (b) in the AGO-2 mill.
Mechanical activation considerably disturbs the structure of the natural composite, thereby opening an
access to cellulose, and leads to an increase in the specific surface area.
3.2. Enzymatic Hydrolysis of Rice Husk
The initial and mechanically activated samples of rice husk were subjected to enzymatic hydrolysis for
5 h. Then, the conversion of polysaccharides in the raw material into water-soluble carbohydrates
(Fig. 3) suitable for their further microbial conversion into biogas and bioethanol was measured.
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Fig. 3. Conversion into water-soluble carbohydrates: 1 – initial rice husk; 2 – rice husk after enzymatic
hydrolysis; 3 – rice husk after mechanical treatment; 4 – rice husk after mechanical and enzymatic
treatment.
The particles of the initial raw material are rather large and, correspondingly, the surface area
accessible for enzyme molecules is small and protected by the silica shell. This is why enzymatic
hydrolysis of the initial rice husk causes no significant conversion of polysaccharides into soluble
saccharides. The fibrillar structure and crystallinity of the substrate are also reasons why enzymatic
hydrolysis does not result in its high conversion.
The sample of mechanically activated rice husk not subjected to enzymatic hydrolysis was
characterized by an insignificant conversion of polysaccharides into soluble saccharides as well; the
results are comparable with the data obtained for the initial raw material.
Mechanical activation followed by enzymatic hydrolysis increases the conversion from 0.5 to 6.7%;
this is a result of an increase in the surface area, disordering of the structure, amorphization of
cellulose, and destruction of the silica shell.
Electron microscopic studies of the samples subjected to enzymatic hydrolysis indicate that
preliminary mechanical activation of the samples facilitates their hydrolysis in comparison with the
initial untreated samples of the raw material. After hydrolysis, the size of particles significantly
decreases, their structure changes, and they become more smooth and spherical. In SEM images of the
initial rice husk subjected to hydrolysis without any pretreatment, slight changes can be seen as well.
On the surface covered by the silica shell, damaged regions are observed; small hydrolyzed particles
of the biomass accumulate in furrows.
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(a)

(b)

(c)

(d)

Fig. 4. SEM images of rice husk: (a) – initial sample; (b) – after enzymatic treatment; (c) – after
mechanical activation; (d) after mechanical activation followed by enzymatic treatment.
The initial samples and the samples subjected to hydrolysis followed by drying were analyzed for the
material dispersion and the degree of disordering in the structure. In order to determine the material
dispersion, the specific surface of the samples was measured via thermal desorption of argon.
According to the data presented in Table 1, mechanical treatment leads to a significant increase the
specific surface accessible for the enzyme.
The initial degree of crystallinity affects the rate of destruction of crystal structure. In this connection,
the crystallinity index characterizing the degree of disordering and amorphousness of the cellulose
structure was determined from the diffraction patterns of the initial rice husk, rice husk subjected to
enzymatic treatment followed by drying, mechanically activated rice husk, and rice husk subjected to
mechanical activation followed by enzymatic hydrolysis.
For the determination of the crystallinity index, we used the method described by Segal et al. in [24].
Segal et al. suggested calculating the crystallinity index of cellulose, Icryst, as a ratio of the difference
between the intensities of the peak at 2
22° and scattering from the amorphous phase at an angle of
19° to the intensity of the peak at 2
22°:

I cryst

( I 002 I a )
,
I 002

where Icryst is the crystallinity index of cellulose; I002 and Ia are the intensities of the peak
corresponding to (002) reflex found at 2
22° and scattering from the amorphous phase at 2
19°,
respectively.
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Table 1. Values of the crystallinity index and the specific surface for the studied samples.
Crystallinity index, %

Specific surface, m2/g

Initial rice husk

36,6

0,43

Initial rice husk after hydrolysis

39,1

0,67

Mechanically activated rice husk

12,8

2,26

Mechanically activated rice husk after hydrolysis for 5 h.

22,7

2,38

Sample

Mechanical treatment of rice husk leads to a significant amorphization of cellulose, thereby promoting
an increase in the conversion, since it becomes easier for the enzyme to destruct amorphous
unstructured fragments of the substrate.
The crystallinity index of the samples was found to be increased after hydrolysis. There are two
probable reasons behind this. First, hydrolysis of cellulose proceeds mostly in the amorphous phase of
the sample; this is why ratio of between the crystalline phase and the amorphous phase becomes
larger. Second, the increase in the degree of crystallinity of cellulose observed during treatment of the
samples with aqueous enzyme solutions may be caused by recrystallization of cellulose occurring
when it is moistened with water. However, it should be noted that, since a major part of amorphous
cellulose was hydrolyzed by the enzymes and, correspondingly, could not take part in recrystallization,
the contribution of recrystallization to the increase in the crystallinity index is relatively small in
comparison with the effect from dissolution of amorphous fragments.
3.3. Effect of Mechanical Activation in the Process of Dissolution of Silicon Dioxide from Rice Husk
As can be seen from the SEM images shown in Fig. 2, the grinding of rice husk in the RM-20 mill
leads to an obtainment of a ground sample with an increased specific surface area. The mechanism
occurring under this type of treatment is brittle grinding, which, first of all, destructs the cellulosesilica membrane. Small flakes of silica break away, losing their links with deep-lying tissues. This
leads to an increase in the surface area of silicon dioxide and, correspondingly, an increase in the yield
of its monomeric forms. The solubility of silicon dioxide increases as well; the reason behind is that a
significant part of silicon dioxide becomes not bound to the polymers and dissolves better (Fig. 5).
Enzymatic hydrolysis facilitates dissolution even to a greater extent. A conversion value of 0.035%
reached for 5 h provides a concentration of silica in a solution of 18 mg/L. A daily dose of silicon of
0.3–0.6 mg per 1 kg of body weight is sufficient to meet the needs of the body in silicon. The latter is
very important, since it makes possible to use rice husk prepared in the above-described way as a
source of silicon-containing monomeric biologically active forms, which essential for various
important functions in the human body, animals, and plants. Thus, silicon facilitates biosynthesis of
collagen, calcification of bones, takes part in phosphorus metabolism and lipid metabolism, enters into
the composition of elastin in blood vessels, making them elastic and regulating their permeability,
improves uptake of phosphates by plants and protects them from fungal infections.
Thus, mechanoenzymatic treatment of rice husk allows the carbon-containing product, which can be
used for its further microbial processing into bioethanol, to be obtained. In its turn, being a part of the
dried distillers grains with solubles (DDGS, the main waste of fermentation industries, consisting of
lignocellulosic residues, dead yeast cell, etc.), rice husk in combination with dead yeast can be used as
a feed additive, which contains rapidly dissolving molecular silicon-containing forms and yeast
mannanoligosaccharides in biologically active concentrations.
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Fig. 5. Conversion into soluble monomeric forms of silica: 1 – initial rice husk; 2 – rice husk after
enzymatic hydrolysis; 3 – rice husk after mechanical treatment; 4 – rice husk after mechanical
activation and enzymatic treatment.
4. CONCLUSIONS
1. The most effective equipment for the high-quality treatment of rice husk are attrition mills.
Mechanical treatment in mills of this type results in a grinding of the raw material, disordering of the
structure of lignocellulose, and destruction of the silica membrane.
2. Preliminary mechanical treatment allows the substrate surface area accessible for enzyme molecules
to be increased. This leads to an enhancement in the conversion of rice husk into water-soluble
carbohydrates suitable for further microbial conversion.
3. Mechanical treatment of rice husk followed by enzymatic hydrolysis significantly increases the rate
of formation of monomeric biologically active forms of silica.
4. The product obtained as a result of mechanical treatment and enzymatic hydrolysis can be used for
further microbial processing into bioethanol and biogas. Silica-based biologically active monomeric
compounds contained in this product make it possible to be used as a basis for the development of
complex biological additives for animal husbandry; feed additives of this type contain active
compounds essential for animals, e.g., yeast mannanoligosaccharides or green tea gallocatechins.
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MICROEMULSION WATER IN OIL (W/O) - EVALUATION OF THE SURFACE TENSION
FORCES AND STUDY THE INFLUENCE OF SOME FACTORS ON THE SIZE OF
CARBONATE FORMED NANOSTRUCTURES
Adriana Georgieva, Bogdan Bogdanov, Zhelcho Stefanov
University “Prof. D-r Assen Zlatarov” – Bourgas,
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8010 Bourgas, Bulgaria

Abstract
In recent decades, microemulsions have been successfully used as reaction medium allowing the
realization of chemical reactions and the synthesis of various organic and inorganic nanostructures.
The aim of this work is to evaluate the surface tension forces and study the influence of some factors
on the size of carbonate nanostructures formed. The values of the surface tensions of the individual
phases were calculated, as well as the value of the interphase tension. The nano-sized particles of
barium and calcium carbonates were obtained at various ratios of the phases forming the
microemulsion and were studied by qualitative analysis and electron microscopy (TEM) to determine
their shape, size and structure. Their sizes varied from 20 to 30 nm.
Key words: W/O microemulsion systems, carbonate nanoparticles, surface tension forces
1. INTRODUCTION
Emulsions are widely spread type of heterogeneous dispersed systems both in nature and industry.
They are usually composed of two or more immiscible liquids, the one (dispersed phase) being
scattered into the other (dispersing phase) as small particles (Fridrisberg, 1984; Mittal, 1980). The
artificial emulsions are most often obtained by dispersing and vigorous agitation of the mixture. At
sufficient extent of stretching (elongation), the emulsion drops acquire unstable shape and split, thus
increasing the system dispersity.
An peculiar property of the emulsions is that the stirring of two immiscible liquids can lead to
dispersing either phase 1 into phase 2 or phase 2 into phase 1. For this reason, a special notation has
been adopted for the type of emulsion. One of the phases and is usually water or aqueous solution and
is denoted by „W”. The other phase is denoted by “O” and it is usually non-polar liquid or one with
small polarity which, in the general case, is called oil. This type of emulsions is widely spread and is
object of certain practical interest. They consist of two main types of emulsions: /W and W/ . If the
organic liquid (oil) is dispersed on water, the emulsion is oil-in-water ( /W) and it is called normal
emulsion. In the other case the emulsion is of the (W/ ) type and it is called reverse emulsion
(Fridrisberg, 1984; Mittal, 1980; Lide, 2008).
The emulsions are stabilized by emulsifying agents – surfactants (detergents). Since emulsion
instability is related mainly to the excess of interphase free energy, the emulsifiers should be
surfactants reducing the the surface tension at the interface between the phases (Mittal, 1980). By
nature, the surfactants are high-molecular weight substances with clearly manifested surface activity at
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the phase boundary. They contain hydrophilic and hydrophobic phases. Fig.1 shows the different
structures forming in surfactant solutions.

Fig. 1. Structures arising in solutions of surfactants: (1) monomers; (2) micelle; (3) cylindrical micelle;
(4) cylindrical micelles as packed hexagons; (5) lamellar micelle; (6) water droplets packed as
hexagons in the reverse micellar system
The microemulsions which are dispersed systems themselves are thermodynamically stable,
transparent and most often comprise three components: two immiscible liquids (usually water and oil)
and surfactant. They are prepared from common emulsions and are called micelles emulsions (Mittal,
1980). While common emulsions tend to separate spontaneously to its phases, microemulsions are
stable and do not separate over time. This fact is explained with the micro-size of the water droplets
which are less than 100 nm by diameter, so microemulsions are isotropic and optically translucent.
Depending on the dispersed phase and dispersing medium types, microemulsions are classified into
two major classes: water-in-oil (W/O) and oil-in-water (O/W). Water droplet size can vary in wide
range (from several to hundreds of nanometers) (Hellweg, 2002), depending on the conditions and
stabilizer nature.
In recent decades, these dispersed systems have been successfully used as reaction medium allowing
realization of certain chemical reactions and synthesis of various organic and inorganic substances.
Based on their thermodynamic stability and simple structure, they are often used as model systems
(Boutonnet et all., 1982; Lopez-Quintela and Rivas, 1993; Georgieva et all., 2011).
A feature of the microemulsions is the so called “dynamic exchange process”. The emulsion drops in
them incessantly combine and break up and exchange substance. With the development new
technologies like nanotechnology, this feature acquired the meaning of a direct approach for the
preparation of ultra-dispersed particles (Georgieva et all., 2011).
The particles of nanometer size obey the laws of quantum physics which changes the fundamental
approach to their mechanical, optical and electric properties. Based on their unusual properties, nano208
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particles and nano-materials attain great significance in microelectronics, catalysis, cosmetics,
medicine, ceramics, textile industry, corrosion protection, etc. (Visokov et all., 2006; Karabasov,
2002; Gusev, 2009).
The materials based on alkali carbonates have found special practical application. As nano-sized
particles, calcium and barium carbonates possess some specific characteristics for many industrial
materials. They are widely used as fillers in cosmetic, pharmaceutical, resin, and other industries.
They are also used for the production of dyes, plastics and food additives (Georgieva et all., 2011).
2. MATERIALS AND METHODS
The method for preparation of carbonate nano-structures using only one microemulsion which is a
colloid dispersed system of the water-in-oil type (W/O): aqueous solution of /n-hexane/Aerosol-OT
(Ca(OH)2(Ba(OH)2.8H2O)/n-C6H14/C20H37NaO7S). The alkali suspension (aqueous solution of
Ca(OH)2 or Ba(OH)2.8H2O) is the dispersed phase while n-hexane is the dispersing medium, with the
microdrops formed being dispersed within the organic substance. The microemulsion samples were
prepared by mixing n-hexane and 0.01M solution of Aerosol-OT (C20H37NaO7S) in a glass reactor
where the specific organic solution was added afterwards.
The working volume of the water/oil microemulsion was generally 0.05.10-3 m3 but the ratio of the
components was varied for the different experiments. In the experiments, the reverse micelles
solutuions were obtained at ratio aqueous solution/stabilizer R=[aqueous solution]/[AerosolOT(AOT)]=20.
The synthesis of carbonate nano-particles was carried out in a laboratory installation comprising a
batch reactor with stirring to approximate an ideal mixing reactor. A schematic diagram of the
installation for preparation of nano-structures has been reported earlier (Slavova et al., 2009).
During the experiments, a kind of the microemulsion method was realized where only one colloid
dispersed system containing one or the reagents is prepared. The other reagent was introduced in the
reactor in gaseous or liquid state.
The specific reaction conditions for the synthesis were:
Stirring speed of the W/O emulsion with magnetic stirrer n=800 min-1;
Time to disperse microemulsion phases without chemical reaction - t1=60 min;
Period of additional agitation of the microemulsion system with chemical reaction - t2=60
min;
Temperature of the synthesis – T=25 °C;
The sequence of operations for the preparation of ultrafine particles under microemulsion conditions
by the method developed is schematically presented earlier (Georgieva et al., 2011).
After each realized experiment for preparation of carbonate microstructures, the two microemulsion
phases were separated and each was subjected to quantitative analysis to prove the existence of the
corresponding carbonate. The distribution of metal ions was determined comlexonometrically.
The identification of the ultrafine particles synthesized to determine their composition, size, shape and
structure was carried out using electron microscopy analysis.
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3. RESULTS AND DISCUSSION
As a result of the experiments carried out, solid carbonate nano-sized particles of CaCO3 and BaCO3
were synthesized. The nano-structures based on alkali carbonates were obtained by chemical reaction
under microemulsion conditions – by carbonization of the corresponding inorganic solution.
Both phases forming the reverse microemulsion system were subjected to qualitative analysis which
showed the presence of bonded carbonate ions.
The shape, size and dispersity of the nano-structures were determined by electron microscopic
methods. Electron micrographs of nano-sized particles obtained are presented in Fig.2.

a)

b)

Fig. 2. Electron microscopy photographs of TEM of nano-sized particles of BaCO 3 (a) and CaCO3 (b)
obtained in W/O microemulsion system (alkali solution/n-C 6H14/C20H37NaO7S) and the following
reaction parameters: C = 2.10-2 mol/l; n = 800 min-1; t1 = 60 min; t2 = 60 min; R = [H2O]/[AOT] = 20;
= 25°C; d = 20÷30 nm
The electron microscopy analysis carried out confirmed that the nano-structures synthesized in each
sample were null-sized. They were narrowly distributed by size and existed both individually and in
not large aggregates (3-4 particles). The photographs presented in Fig.2 indicated for spherical shape
and size from 20 to 30 nm for the nano-particles of CaCO3 and BaCO3.
It was also found from the electron microscopy analysis carried out that among the nanostructures
synthesized by the method developed, these of barium carbonate had the best opalescence and were
the easiest to identify. This made us carry out part of the further studies on the conditions for the
formation of nano-particles in reverse microemulsion system using a system comprising the following
components: aqueous solution of Ba(OH)2.8H2O/n-hexane/Aerosol-OT.
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3.1. Assessment of the surface tension forces for microemulsion system inorganic solution /n-C6H14
For the microemulsion system inorganic solution/n-C 6H14 (Ba(OH)2.8H2O)/n-C6H14/C20H37NaO7S)
studied, it was important to prove that the corresponding alkali suspension was dispersed in the
organic phase as microdrops. To determine the phase distribution in the microemulsion, the surface
tension forces in each of them should be determined, as well as the forces acting at the interface
between the phases.
The surface tension forces act on the surface of the particles in the liquid phase. They can be expressed
as the work necessary to form a unit interphase area under constant thermodynamic state parameters
(temperature, pressure, chemical potentials of the components, etc.). This process is reversible and
isothermal. The surface tension forces can be regarded as free energy per unit area, i.e. as specific free
energy ( Gs ). Therefore, per unit weight of the particle it will be

Gs

G sA

(1)

Assuming G s is constant, then the specific free energy ( Gs ) will increase with he decrease of the
particles radius A (Akopyan, 1963; Brodsky, 1951).
For instance, the surface tension of 0.02N solution of barium chloride was determined by the
expression (Zaitsev and Aseev, 1988):
Ba OH

2

0

0.049 1 aw

(2)

where:
- the surface tension of Ba(OH)2, N/m;
– the surface tension of water at T=25 °C. It was assumed to be 71.97.10-3 N/m (Zaitsev and Aseev,
1988);
0

aw – activity of water in the solution.
The activity of water in the solution was determined using the well known equation (Zaitsev and
Aseev, 1988):

ln a w =

tm Ba( OH )2 M Ba (OH ) 2
55510RT

B1

at bt 2

B2
1000 M Ba (OH ) 2 mBa ( OH ) 2

m Ba (OH ) 2 M Ba( OH ) 2

1
E

(3)

where:
R – universal gas constant, J/mol;
T - temperature, K;
mi – molarity of the solution, g/l;
Mi – molecular weight, g/mol;
B1, a, b, B2, E – coefficients calculated by mathematical processing of experimental data on heat
capacities.
The barium hydroxide surface tension was calculated to be 71.88.10-3 N/m. According to reference
data, n C6 H14 32.21 .10-3 N/m (Zaytsev and Aseev, 1988). The value of the Ba(OH)2 surface
tension was close to that of water ( 0) because the concentration of the alkali solution was quite small,
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i.e. the solution was highly diluted. The forces of interphase tension act on the contact ares between
the two liquid phases - T1 / T2 .
According to reference data, the interphase tension at the phase border inorganic solution/oil is
50.5.10-3 N/m (Backes et all., 1990). The two phases have very different polarities. The main process
occurring by the contact between them is the change of contact area between the phases due to the
decrease of the total surface energy of the system, i.e. conditions arise for the process of wetting to
take place.
The coefficient of spreading S can be calculated from the values of the surface and interphase
tensions. The coefficient is used to estimate the degree of wetting between liquid surfaces. The
coefficient of spreading is expressed by the formula (Summ and Gorunov, 1976):

S

T2 /

T1 /

T2 / T1

(4)

10 .853

S

At values of S<0, the wetting angle is determined by the equation (Summ and Gorunov, 1976):

cos

0

2

2

2

T2 /

T1 /

T2 / T1

2
i.e. cos

T2 /

0

(5)

T1 /

0.3717

Therefore, 0 = 68.18°. When < 90°, as it is in the case studied, this corresponds to the process of so
called “limited wetting” or wetting with impregnation. Thus, the change of free energy per unit area
can be calculated by the formula:

G
The interphase tension

T1 / T2

TB /

(6)

T/

corresponds to the so called final coefficient of spreading Sk which is

the value obtained after equilibrium is established at the boundary between the two liquids. The higher
the coefficient of spreading is, the more rapidly spreads the wetting liquid.
In the reverse microemulsion system studied,

T1 / T2

Sk

50.5.10

3

0 . Therefore, the surface

tension of n-C6H14 remained lower than that of the inorganic solution, i.e. n-C 6H14 wetted the
inorganic solution (Ba(OH)2).
3.2. Study on the effects of some factors on the size of the carbonate structures formed in the reverse
microemulsion system
Under the same reaction conditions (speed of system agitation with magnetic stirrer, time for
dispersing the microemulsion phases with and without chemical reaction, etc.), the effect of the initial
concentration of the inorganic solution of the reverse microemulsion Ba(OH)2.8H2O/nC6H14/C20H37NaO7S on the size of the barium carbonate nano-particles obtained was studied. Data on
the values of the initial concentrations of the inorganic solutions used are presented in Table 1.
The experiments carried out showed that the nano-sructures were formed mainly in the inorganic
phase which is distributed within the organic one. Using different initial concentrations of the alkali
suspension of barium hydroxide, the formation of nano-structures in W/O emulsion was studied and
the average diameter of barium carbonate nano-particles was determined. The values of some basic
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physicochemical characteristics of the nano-structures synthesized were calculated – number of
particles per unit mass (N) and specific area (A (m2 / kg)) (Tamaru, 1980). The data presented in Table
1 confirm the fact that the increase of particle size leads to a decrease of their number per unit mass
which results in decreased specific area.

Fig. 3. TEM Micrograph of nano-sized particles of BaCO3 obtained in W/O microemulsion system
(Ba(OH)2.8H2O/n-C6H14/C20H37NaO7S)
The increase of concentration was observed to have diverse effects, i.e. particle size decreased up to
CBa(OH)2.8H2O=6.10-2 mol/l and increased above this concentration. Besides, the increase of the
concentration by an order resulted in increase of nano-structures size by three orders. This observation
is sustained by the TEM micrograph of nano-particles obtained under the following conditions:
CBa(OH)2.8H2O=1.10-1 mol/l; n=400 min-1; t1=30 min; t2=30 min; T=25 °C and R=20 (Fig. 3).
As can be seen from the electron microscopic analysis, the nano-structures synthesized had spherical
shape and were considered to be monodispersed, as their sizes were within the interval from 30.10-9 to
50.10-9 m (30÷50 nm). Obviously, particles diameters were affected simultaneously by several factors:
The higher concentration of the initial alkali solution;
Reduced speed of system agitation;
Twice reduced time for phase dispersion with and without chemical interaction.
The surface tensions of water and aqueous solution of Ba(OH) 2.8H2O (

0

and

, N/m) were

determined at temperature of 25°C, as well as the activity of water ( a ) in the inorganic solutions
used. The results obtained from the studies are summarized in Table 1.
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4. CONCLUSION
The following conclusions can be drawn as a result from the studies carried out:
1. A variety of the microemulsion approach for synthesis of nano-particles was realized. In the
experiments carried out, only one microemulsion system was used, which was a colloid dispersed
system of the type water-in-oil (W/O) comprising: inorganic solution /n-hexane/Aerosol-OT.
2. As a result from the experiments performed, solid nano-sized particles were synthesized from
calcium and barium carbonates. With these studies it was proved that:
2.1. The carbonate nano-structures were obtained by chemical reaction under microemulsion
conditions and at different mass ratios between the phases forming the reverse microemulsion system.
2.2. Using the methods of electron microscopy (TEM), the nano-particles were identified and
characterized. They were proved to have spherical shape and narrow distribution by size
(monodispersity). The nano-structures of BaCO3 had sizes from 20.10-9 to 30.10-9 m.
3. The values of some basic physical properties were calculated, e.g.: specific area (A, m2/kg), number
of particles per unit mass (N) and average diameter (d, m) of the nano-structres synthesized.
4. For the W/O microemulsion studied, the forces of surface tension of the emulsion phases were
determined, as well as the forces acting at the interphase boundary.
5. The influence of the initial; concentration of the inorganic phase in the reverse microemulsion
system on the size of the carbonate nano-particles obtained was studied under equal other conditions.
The smallest size (diameter) of the nano-sized particles (d=8.10-9 m) was obtained at initial
concentration of the Ba(OH)2.8H2O alkali suspension of 6.10-2 mol/l.
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COOLING TIME OF WATER IN A GLASS
ON A THERMOELECTRIC COOLER
Hilmi Ku çu1, Kamil Kahveci1
1

Mechanical Engineering Department, Trakya University, 22180 Edirne, Turkey

Abstract
Thermoelectric cooling uses the Peltier effect to create a heat flux between the junctions of two
different types of materials. A thermoelectric or Peltier device transfers heat from one side of the
device to the other side (from cold to hot) with consumption of electrical energy and is commonly used
in portable coolers. In this study, cooling time of water in a glass at 20 C temperature on a
thermoelectric device is investigated numerically. Two different values for aspect ratio,
H/R=0.05m/0.05m and H/R=0.025m/0.1m, are taken into consideration. The results show that weak
convection currents develop inside the glass container. The results also show that a large heat transfer
surface should be used for an effective cooling of water.
Key words: thermoelectric cooler, Peltier,
1. INTRODUCTION
Thermoelectric cooling uses the Peltier effect, which was discovered in 1834 by Peltier (Peltier, 1834),
to create a heat flux between the junction of two different types of materials. A thermoelectric or
Peltier device transfers heat from one side of the device to the other side (from cold to hot) with
consumption of electrical energy. The Seebeck Effect- is the reverse of the Peltier effect. By applying
heat to two different conductors a current can also be generated. Peltier devices have a low efficiency
compared to conventional coolers. Present thermoelectric devices operate at about 10% of Carnot
efficiency, whereas the efficiency of a compressor-based refrigerator is about 30% of Carnot
efficiency (Gurevich and Lugvinov, 2007). However, they have a small size and weight and are highly
reliable; their lifetimes are more than 20 years. Therefore, thermoelectric coolers find a lot of
applications such as vehicle refrigerator, automobile seat cooler, portable picnic cooler, residential
water cooler, computer microprocessor cooler (Gurevich and Lugvinov, 2007; DiSalvo, 1999;
Venkatasubramanian et al., 2001).
Most commercial thermoelectric coolers use bismuth telluride (Bi2Te3), which is the best
thermoelectric material around room temperature. Alternating legs of p-doped and n-doped Bi 2Te3 are
connected electrically in series and thermally in parallel. In the p-doped legs, positively charged holes
carry heat in the same direction as the current flow, and in the n-doped legs, negatively charged
electrons carry heat in the opposite direction (Mann, 2006). The net effect is that heat is carried from
the cold side to the hot side in both legs. A commercial cooler is generally constructed of dozens of
pairs of legs in a fashion that maximizes cooling per unit area (Mann, 2006).
The aim of this study is to investigate cooling time of water in a glass on a thermoelectric cooler
numerically by Comsol Multiphysics finite element analysis software.
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2. ANALYSIS
In this study, cooling time of water in a glass on a Peltier device is investigated numerically. The
geometry and the coordinate system are given on the Fig. 1. To obtain higher heat transfer surface, a
shallow glass container is taken into consideration. The thickness of the glass container is assumed to
be 2mm. The environmental temperature and convection heat transfer coefficient are assumed to be
T=20 C and h=7W/m2 C. The cooling rate of thermoelectric device depending on the temperature
difference of hot and cold surface is shown in Fig. 2 for various values of electric current. After some
calculations, it is seen that the cooling time for 2 amper is very long and water begins to freeze for 4
amper before a significant amount of cooling. Therefore, 3 amper is selected in this study for the
electric current. The line of cooling rate-temperature difference for 3 amper is specified by a second
degree polynomial interpolation.
D

g

water

T

*
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b
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Thermoelectric Cooler
Fig. 1. Geometry and coordinate system.
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Fig. 2. Cooling rate-temperature difference line for various values of electric current (TEC1-12708, 2012).
In this study, flow is assumed to be Newtonian, steady and incompressible. The buoyancy effects are
incorporated in the formulation by invoking the Boussinesq approximation. The viscous dissipation
terms and the thermal radiation are assumed to be negligible. In this case, the governing equations
become as follows:
For fluid
vr
r

vr
r

vz
z
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where vr and vz are the velocity components in the r and z directions, respectively, p is the pressure, T
is the temperature,
is the density,
is the dynamic viscosity,
is the coefficient of thermal
expansion, cp is the specific heat, g is the gravitational acceleration and k is the thermal conductivity.
The governing equations are subjected to the following initial and boundary conditions:

vr ( r , z ,0 ) 0 , v z ( r , z ,0 ) 0 , T ( r , z ,0 ) 20 C

(6)

vr

(7)

s

0 , vz

0 , T

s

qg

20 C

Tf

Tg , n q f

0 at the water

glass int erface

q

17.078 0.4845 * 25 T 10 3 ( W / m 2 ) at the bottom surface

(8)
(9)

where q is the heat flux, n is the unit normal vector. f and g stand for fluid and glass, respectively.

3. RESULTS AND DISCUSSION
The solutions are obtained with the Comsol multiphysics finite element analysis software. Absolute
tolerance that is used by the solver to control the absolute error is taken as 10-5 for each variable in the
equations. The computational domain was meshed using triangular elements. Much more mesh
elements are used near the surfaces where the large velocity and temperature gradients are expected to
develop. The computational results were obtained with the parallel sparse direct linear solver
PARDISO, which is based on a Level-3 BLAS update (Comsol, 2010).
The solutions are obtained for shallow container cases to increase the surface area for heat transfer and
therefore the cooling. The temperature and velocity fields at various values of cooling time are shown
in Figs. 3 and 4 for H/R=0.05m/0.05m and H/R=0.025m/0.1m. With the beginning of the cooling,
sidewall of the glass container takes lower temperatures from the nearby fluid particles because of its
higher thermal conductivity. Therefore, a weak clockwise circulation develops on upper right region
of the container. Also, a weak counter clockwise circulation develops on the lower right region of the
container. As the cooling progresses, these weak convective circulations become weaker. As shown
from the figures, temperature decrease for the H/R=0.05m/0.05m case is quite slow due to the lower
heat transfer surface for the cooling and the weak convection currents. Eventually, temperatures inside
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the container are still at high values even after 1 hour of cooling. On the other hand, temperature
decrease for the H/R=0.025m/0.1m case is relatively fast due to the higher heat transfer surface for the
cooling. Consequently, temperatures inside the container are at preferred values after 40min of
cooling.

t=10min

t=20min

t=30min

t=60min

Fig. 3. Temperature and velocity fields for H/R=0.05m/0.05m at various values of cooling time.
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t=10min

t=20min

t=30min

t=40min

Fig. 4. Temperature and velocity fields for H/R=0.025m/0.1m at various values of cooling time.
Average temperatures inside the glass container during the cooling are given in Table 1. As it is
observed from the table, average temperature is quite high and beyond the preferred temperature (T=46 C) for the 0.05m/0.05m aspect ratio case even after 1 hour of cooling. As it is stated before, this is
because of lower heat transfer surface for cooling and weak convection currents inside the container.
However, average temperature becomes the preferred level after 40 min of cooling for the
0.025m/0.1m aspect ratio case. It can be concluded from these results that for an effective cooling by a
thermoelectric cooler, either a large heat transfer surface should be used or a configuration producing
stronger convection currents should be chosen.
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Table 1. Average temperatures inside the glass container during the cooling.
H/R

0.05m/0.05m

0.025m/0.1m

t (min)

Tave ( C)

10

17.55

20

15.73

30

14.24

40

12.98

50

11.90

60

10.97

10

15.19

20

11.62

30

8.82

40

6.61

4. CONCLUSION
In this study, natural convection cooling of water in a glass at 20 C temperature on a thermoelectric
device is investigated numerically by Comsol multiphysics finite element analysis software.
Governing equations are obtained by the Boussinesq approximation. Two different values of aspect
ratio, H/R=0.05m/0.05m and H/R=0.025m/0.1m, are taken into consideration. The results show that
weak convection currents develop inside the glass container. The results also show that a large heat
transfer surface should be used for an effective cooling of water.
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NANOCOMPOSITE DISPERSED MAGNETIC MATERIAL
AND THE METHOD OF OBTAINING IT
Igor S. Eremeev, Sveta Zh. Ozkan, Galina P. Karpacheva
Russian Academy of Sciences A.V. Topchiev Institute of Petrochemical Synthesis,
Leninsky pr. 29, Moscow, 119991, Russia

Abstract
Magnetic nanoparticles based on Fe3O4 and polydiphenylamine-2-carbonic acid (PDPhACA) with
core-shell structure, where Fe3O4 is the core and PDPhACA is the shell, were obtained for the first
time. Influence of polymerization conditions (reagents concentration, their ratio, temperature of the
reaction) on the yield and structure of polymers was studied. Formation of nanoparticles was proved
by X-ray diffraction analysis and transmission electron microscopy. On X-ray images one can clearly
identify diffraction peaks of Fe3O4 nanoparticles. Fe3O4/PDPhACA nanoparticles dimensions fall in
the limits of 4<d<14 nm. Magnetic properties of Fe3O4/PDPhACA nanoparticles were studied. It was
found that obtained nanoparticles are superparamagnetic.
Key words: magnetic nanoparticles, Fe3O4, polydiphenylamine-2-carbonic acid, core-shell structure.
1. INTRODUCTION
In recent years materials based on polymers with a system of polyconjugation and magnetic
nanoparticles attract special interest due to their unique electric, magnetic and optical properties. Such
materials find a wide range of applications in various areas of modern life (medicine, ecology,
information storage, sensors etc.) [1-7]. Magnetic nanoparticles have attracted significant interest
because of their unique properties, such as their low toxicity and biocompatibility, which enables one
to apply them as magnetic components in ferrofluids. One of the main problems in the field of
ferrofluids is aggregation of magnetic nanoparticles. In this research work a method of synthesis of
nanoparticles based on Fe3O4 and PDPhACA was developed.
2. EXPERIMANTAL
Diphenylamine-2-carbonic acid of the analytical grade, ammonium persulfate of analytic grade,
sulfuric acid of the reagent grade, ammonia of the reagent grade, DMF (Acros Organics), iron (II)
chloride (Acros Organics), iron (III) chloride of the reagent grade and methyl alcohol (JT Baker) were
used as received. Aqueous solutions of reagents were prepared with the use of distilled water.
The synthesis of Fe3O4/PDPhACA nanoparticles was performed as follows. Firstly the synthesis of
Fe3O4 nanoparticles was carried out through hydrolysis of a mixture of iron (II) and (III) chlorides in
ratio 1:2 in ammonium hydroxide solution at 60°C. For monomer fixation on the surface of Fe3O 4
nanoparticles, ammonia solution of monomer with the needed concentration was added to the obtained
suspension. Process was carried out at 80°C with constant intense stirring for 30 minutes.
To carry out the oxidative polymerization of DPhACA on the surface of Fe3O4 nanoparticles, aqueous
solution of ammonium persulfate was added dropwise to the previously cooled to 0°C suspension of
Fe3O4/DPhACA. Synthesis was being held for 3 hours under intense stirring at 0°C. When the process
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was complete, the reaction mixture was precipitated into a 2-fold excess of 1M H2SO4, then filtered
off and washed many times with distilled water to a neutral reaction of the filtrate. The obtained
product was dried under vacuum over KOH to a constant weight. According to atomic-absorption
spectroscopy content of Fe is 37% and Fe3O4 – 51%.
The polymerization of DPhACA in a sulfuric acid solution was performed as follows. To the stirred
sulfuric acid solution of the monomer of the desired concentration, the solution of ammonium
persulfate in the same solvent (1/4 of the total volume) was added dropwise at 0° . Polymerization
was conducted at 0° under constant intense stirring. When the process was complete, the reaction
mixture was precipitated into a 10-fold excess of ice water. The product was filtered off and washed
many times with distilled water initially to remove the residues of reagents and then to a neutral
reaction of the filtrate. After low-molecular-mass oligomers were extracted with methanol, the product
was dried in vacuum to a constant weight.
The FTIR-spectra were recorded using “IFS 66v” FTIR spectrophotometer in the range 4000 – 400
cm-1. The samples were prepared as KBr pellets.
An X-ray analysis of Fe3O4/PDPhACA nanoparticles and PDPhACA was performed at the room
temperature with a Rigaku diffractometer in a continuous mode (FeK source, Bragg-Brenato
geometry).
Microphotographs of Fe3O4/PDPhACA nanoparticles were made on a transmission scanning
microscope EM-301 “Philips” (Holland), acceleration voltage 60-80 kV.
Quantity of metal in Fe3O4/PDPhACA nanoparticles was found with the use of atomic-absorption
spectrophotometer AAS 30, “Carl Zeiss JENA”.
The thermal analysis of Fe3O4/PDPhACA nanoparticles and PDPhACA was performed on a
TGA/DSC1, “Mettler Toledo” instrument under dynamic heating in the temperature range 30–1000°C
in air and in a flow of nitrogen. The test sample was preliminarily thermostated at 30°C for 15 minutes
and then, after polymer being heated to 1000°C, for 30 minutes. The sample weight was 100 mg, the
heating rate was 10°C/min, the nitrogen flow rate – 10 ml/min. Calcined aluminium oxide was
employed as a reference. The samples were analyzed in an Al2O3 crucible.
The hysteresis curve was measured by vibrating sample magnetometer (VSM). The in-plane
anisotropy field was found from a numerical analysis of the magnetization curve, based on the law of
approach to the saturation. The microwave permeability was measured by the coaxial technique [8] in
the frequency range of 0.1–10 GHz.
3. RESULTS AND DISCUSSION
Materials based on polyconjugated polymers and magnetic nanoparticles attract special interest due to
their unique electric, magnetic and optical properties. Magnetic nanoparticles based on Fe3O4 and
PDPhACA were obtained for the first time [9]. Formation of Fe3O4/PDPhACA nanoparticles involves
synthesis of Fe3O4 nanoparticles through a hydrolysis of mixture of chlorides of Fe (II) and (III) in
relation 1:2 in ammonium hydroxide solution [10], monomer fixation on the surface of Fe3O4
nanoparticles with further in situ polymerization with the addition of ammonium persulfate. As a
result nanoparticles with core-shell structure are formed, where Fe3O4 is the core and PDPhACA is the
shell. The polymeric shell, that has positively charged groups in its structure, prevents the aggregation
of nanoparticles.
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Structure of Fe3O4/PDPhACA nanoparticles was proved by XRD and TEM. On X-ray images one can
clearly identify diffraction peaks of Fe3O4 nanoparticles (Fig. 1).
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Fig. 1. XRD pattern of Fe3O4/PDPhACA nanoparticles.
According to TEM data, Fe3O4/PDPhACA nanoparticles dimensions fall in the limits of 4<d<14 nm
(Fig. 2).
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Fig. 2. Microphotograph of Fe3O4/PDPhACA nanoparticles.
IR-spectroscopy results have proved monomer fixation on Fe3O4 nanoparticles and formation of
PDPhACA. In IR-spectra there is an adsorption band at 572 cm-1, which is associated with stretching
vibrations of Fe-O bond. It was shown that polymeric shell is formed by means of C-C joining into
para-position of phenyl rings with respect to nitrogen.
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Fig. 3. IR-spectra of PDPhACA (a) and Fe3O4/PDPhACA nanoparticles (b).
Absorption bands near 884 and 800 cm-1 are due to nonplanar deformation vibrations
1,4-substituted aromatic rings [11].
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Thermal stability of Fe3O4/PDPhACA nanoparticles was studied (Fig. 4.). Curves of weight loss have
stepped character. For Fe3O4/PDPhACA nanoparticles one can observe 5% weight loss at 285°C in the
air. Thermal stability of nanoparticles in the inert atmosphere is higher. Basic processes of thermal
destruction of Fe3O4/PDPhACA nanoparticles proceed at 770°C. For nanoparticles in the inert
atmosphere 5% weight loss is observed at 250°C, and 50% weight loss – at 950°C.
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Fig. 4. Fe3O4/PDPhACA nanoparticles (1, 2) and PDPhACA (3, 4) weight loss while heating till
1000°C at rate of 10°C/min in nitrogen flow (1, 3) and in the air (2, 4).
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Investigation of magnetic properties of Fe3O4/PDPhACA nanoparticles at room temperature (Fig. 5)
has shown that the obtained nanomaterial is superparamagnetic (Ms = 33.5 emu/g, Hc = 76 Oe, Mr/Ms
= 14.9%).
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Fig. 5. Magnetization of Fe3O4/PDPhACA nanoparticles as a function of applied magnetic field
at room temperature.
4. CONCLUSIONS
Nanocomposite dispersed magnetic material with core-shell structure, where Fe3O4 nanoparticles form
the core and PDPhACA forms the shell, was proposed for the first time. The obtained
superparamagnetic Fe3O4/PDPhACA nanoparticles have size 4<d<14 nm and can be used as magnetic
components in aqueous and organic ferrofluids, self-stabilization of which will be provided by
polymeric shell.
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SYNTHESIS AND STRUCTURE OF NEW RARE EARTH TANTALATES
RExTa2O5+1.5x (RE= Eu, Yb).
Zibrov Igor.P.1, Filonenko Vladimir.P.1, Drobot Dmitrii.V.2, Nikishina Elena.E.2, Lebedeva Elena.N.2
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Abstract
At a pressure of 7.0 GPa and temperature 1100 C new europium and ytterbium tantalates were
synthesized. Low hydrated amorphous tantalum, europium and ytterbium hydroxides were used as
starting materials. It is shown that tantalates are crystallized in the structure type of F-Ta2O5..RE
atoms replace water molecules in the channels of the structure, and tantalum in his positions do not
substitute. As well aqueous as anhydrous compounds were obtained. The concentration of Eu and Yb
is small and corresponds to the formula Eu0.101Ta2O5.151 and Yb0.067Ta2O5.1. It was found that even
such a small amounts of rare-earth cations strongly compress the unit cell of F-Ta2O5.
Key words: high pressure-high temperature treatment, tantalum pentoxide, low hydrated amorphous
tantalum, europium and ytterbium hydroxides, rare-earth tantalates.
1. INTRODUCTION
Hydrate F-Ta2O5*2/3H2O and derived from it F-Ta2O5 oxide were obtained by thermobaric
treatment of low hydrated amorphous tantalum hydroxide (Nikishina E.E. et all., 2002, Zibrov I.P. et
all, 2003).
The structure of both compounds is built up from puckering planes of pentagonal bipyramids (PB)
[TaO7], linked to each other by the columns of bisdisphenoids (BDP) [TaO8]. The large channels are
limited by two planes of PB and two columns of BDP (Fig.5). In the initial hydrate channels are
occupied by water molecules. After water removal at ambient pressure, the channels are reduced in
size (collapse) and anhydrous oxide F-Ta2O5 is formed. The size of channels, as well as the distance
between them is almost exactly the same as the same parameters in hexagonal tungsten bronzes (HTB)
(Magnéli A., 1953, Filonenko V.P. et all, 2002, Grenthe C. et all, 2002). In (Zibrov I.P. et all,
2003) we have suggested the possibility of substitution of water molecules in the channels
of the hydrate structure by metal atoms with the formation of oxidized compounds
xTa2O5+y,
or bronze
Ta
O
.
x
2 5
In the first stage we have attempted to synthesize the oxidized phases in order to continue to move to
the synthesis of a new class of compounds of tantalum bronzes. Rare earth elements were
selected as metals which allow to trace the changes in structural parameters, depending on the cations
size. This paper presents the results obtained using europium and ytterbium (Eu+3, r = 1.21 Å (C.N. 8),
Yb+3, r = 1.12 Å (C.N. 8) (Shannon R.D. and Prewitt C.T., 1969)). Thus, the goal of this work was an
attempt to replace the water molecules in the channels of the structure of F-Ta 2O5*2/3H2O by rareearth atoms and determining the influence of these atoms on the structural parameters.
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2. EXPERIMENTAL
Low
hydrated
amorphous
tantalum
hydroxide
was prepared by interaction
of solid
tantalum pentachloride with ammonia solution by using known method (Nikishina E.E. et all., 2006).
Low hydrated amorphous europium and ytterbium hydroxides were prepared by a similar way - the
interaction of rare earth chlorides with ammonia solution (Korovin S.S., 1999). The content of oxides
in the hydroxides obtained was determined using thermogravimetric analysis. Their content was:
Ta2O5 - 82,3%, Eu2O3 - 76,7%, Yb2O3 - 72,0%.
For further synthesis of oxide phases, powder mixtures containing the calculated amount of the
starting low hydrated amorphous hydroxides in relation 1:7 (in terms of oxide molar composition
RE2O3•7Ta2O5) were prepared . The hydroxide mixtures were stirred in water at 60 C for 4 hours
using vibration followed by evaporation to remove water excess . The resulting powder was subjected
to microwave treatment for 1.5 hours at W = 100 watts. The amount of water in the
final material was 10-25%.
Method of material thermobaric treatment is described in detail in (Zibrov I.P. et all 1998, Filonenko
V.P. and Zibrov I.P., 2001). Starting amorphous powder was pressed into pellets with a diameter of 5
mm and a height of 3 4 mm. To prevent the chemical interaction samples were isolated from
the graphite heater by the foil (Ta, W). P-T conditions of treatment corresponded to the stability range
of F-Ta2O5 * 2/3H2O on the phase diagram, namely, P = 6.0-8.0 GPa, T = 950-1150 C.
Extracted from the high pressure chamber samples were purified mechanically from the
protective foil and subjected to X-ray phase analysis on a diffractometer AXS with the XY positionsensitive detector (Bruker, Germany). Selected for structural analysis samples were run in the Guiniercamera G670 (Huber, Germany) (Cu K 1 radiation).The obtained X-ray data were subjected to fullprofile analysis procedure using the software package GSAS (Larson A.C. and Von Dreele R.B., 1987,
Toby
B.
H.,
2001).
Differential
thermal analysis
(DTA) combined
with thermogravimetry (TG) were carried out in air at the ULVAC TGD 7000 (Sinku-Riko, Japan).
3. RESULTS
The first experiments show that after P-T treatment samples contained 10-20% of foreign phases,
which are not always able to identify. Moreover, the refinement of the compounds structure, in
particular, occupancy of the positions in the channels show that the concentration of rare-earth atoms
is much less of their content in the initial mixture. Therefore, for further work starting mixtures were
diluted by half. For this purpose, to the material, consisting of 1mole fraction of RE 2O3 and 7 mole
fractions of Ta2O5, was added low hydrated amorphous tantalum hydroxide powder in an amount to
provide a molar ratio of 1mole fraction of RE2O3 and 14 mole fractions of Ta2O5. The powders were
thoroughly mixed first with the use of dry mix, and then under acetone.
In (2) noted that the stoichiometry of the F-phase unit cell is Me12O32, and required stoichiometry
Me12O30 (Me2O5) is realized by two oxygen atoms deficiency on the cell, i.e. partial occupancy of the
positions O(1) and O(3). Thus, the oxygen introduced into the cell by the rare earth atoms (about one
atom O) may occupy positions O(1) and O(3). During structure refinement occupancy of the sites O(1)
and O(3) was considered equal to 1.0, as slight deviations from this value had no effect on the
parameters of refinement (the electron density associated with a less than one atom of oxygen in the
cell is negligible compared to the electron density associated with the other atoms). Also, as in the
case of pure F-Ta2O5, in compounds with rare earths anhydrous phases are crystallized significantly
worse than the water phases, as evidenced by the width of the diffraction peaks of FWHM (Tables
1,4). Probably, this fact led to the emergence of strong correlations between site occupancy of the rare
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earth in the channel of the structure and its thermal parameters, making it difficult to refine the
position occupancy. Therefore, during the refinement of the structure of anhydrous phases the
occupancy of rare earth atoms were fixed, and the value corresponded to site occupancy in the
aqueous material. This step is completely justified, because removing water from compound can not
change rare earth content in it. In refinement tested whether RE atoms substitute Ta in BDP or PB. It
turned out that the RE atoms replace only the water, and tantalum is not (probably because of the large
difference in the size of Ta and RE).
3.1. Eu
Thermogravimetric analysis of the sample with Eu after P-T treatment show (Fig.1) that the water is
removed from the material in the range T 400-650 C, and the total amount is 1.1%. The breaking on
the TG curve is associated with a strong exothermic effect at T = 550-600 C.

Fig.1. Thermogravimetric analysis of the sample Eu 0.101Ta2O5.151*0.28H2O.
Sample weight - 45.7 mg, heating rate on air – 10 C/min.
Since at fully occupied positions in the channels water amount is 2.65% (which follows from the
formulae Ta2O5*2/3H2O), then the site occupancy of water in the channels is 1.1/2.65 =0.415. When
conducting full-profile analysis this value was fixed and not refined. The structure of the phase is
preserved upon heating in air up to T = 650 C. Thus, the anhydrous material was
obtained whose structural parameters are also refined. The results of full-profile analysis for
compounds Eu0.101Ta2O5.151*0.28H2O and Eu0.101Ta2O5.151 are shown on Fig.2 and presented in
Table 1. Atomic coordinates, site occupancy and isotropic thermal parameters for these
compounds are presented in Table 2 and selected interatomic distances - in Table 3.
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a

b

Fig.2. Rietveld refinement of Eu0.101Ta2O5.151*0.28H2O (a)

Eu0.101Ta2O5.151 (b).

Observed (+), calculated (solid line)and the difference between observed and calculated (bottom
curve) X-ray powder diffraction profiles are shown. The positions of all the allowed Bragg reflections
are indicated by the row of vertical tick marks.
Table 1. Experimental detailes for Eu0.101Ta2O5.151*0.28H2O and Eu0.101Ta2O5.151.
Chemical formula

Eu0.101Ta2O5.151*0.28H2O

Eu0.101Ta2O5.151

Chemical formula weight

466.91

462.52

Space group

Ibam

Ibam

a (Å)

10.8809(1)

10.4177(2)

b (Å)

7.2678(1)

7.2681(1)

c (Å)

6.8489(1)

6.9831(1)

V (Å )

541.61(1)

528.74(1)

Z

6

6

Dx (Mg m-3)

8.589

8.716

RF

0.043

0.098

RP

0.061

0.037

RWP

0.088

0.049

d (Durbin-Watson) (Hill R.J. and Flack
H.D., 1987)

0.064

0.399

FWHMmin(º)

0.17

0.22

FWHMmax(º)

0.25

0.47

No of parameters used

49

47

3
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Table 2. Fractional atomic coordinates, site occupancy and isotropic displacement parameters Uiso
(Å2) for Eu0.101Ta2O5.151*0.28H2O and Eu0.101Ta2O5.151.
Atom

Site

OCC

x

y

z

Uiso

Eu0.101Ta2O5.151*0.28H2O
Ta1

8(j)

1.0

0.2296(1)

0.2317(1)

0

0.0105(3)

Ta2

4(a)

1.0

0

0

0.25

0.0114(4)

O1

16(k)

1.0

0.1501(6)

0.1896(10)

0.2881(10)

0.0201(25)

O2

8(j)

1.0

0.1909(9)

0.5076(15)

0

0.0180(32)

O3

8(j)

1.0

0.0577(9)

0.1279(13)

0

0.0260(40)

Eu

4(b)

0.151(3)

0

0.5

0.25

0.0637(42)

H2O

4(b)

0.415

0

0.5

0.25

0.0637(42)

Eu0.101Ta2O5.151
Ta1

8(j)

1.0

0.2351(2)

0.2533(6)

0

0.0645(10)

Ta2

4(a)

1.0

0

0

0.25

0.0085(7)

O1

16(k)

1.0

0.1363(7)

0.1847(14)

0.2834(25)

0.0866(63)

O2

8(j)

1.0

0.1414(11)

0.5505 (28)

0

0.0280(65)

O3

8(j)

1.0

0.0910(16)

0.1117(25)

0

0.163(13)

Eu

4(b)

0.151

0

0.5

0.25

-0.054(3)

Table 3. Selected interatomic distances rij (Å) for Eu0.101Ta2O5.151*0.28H2Oand Eu0.101Ta2O5.151.
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rij (Eu0.101Ta2O5.151*0.28H2O)

rij (Eu0.101Ta2O5.151)

Ta1-O1

2.176(7) x2

2.286(15) x2

Ta1-O1

2.037(7) x2

2.070(14) x2

Ta1-O2

2.049(11)

2.370(20)

Ta1-O2

1.844(11)

1.957(19)

Ta1-O3

2.017(10)

1.821(15)

Ta2-O1

2.153(6) x4

1.968(9) x4

Ta2-O3

2.047(5) x4

2.146(9) x4

Eu-O1

2.797(7) 4

2.706(10) 4

Eu-O2

2.693(7) 4

2.314(8) 4

O1-O1

2.402(15)

2.594(15)

O1-O3

2.259(14)

2.103(17)

O3-O3

2.243(16)

2.496(15)
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3.2. Yb
Thermogravimetric analysis of the sample with ytterbium after P-T treatment show (Fig.3 ) that the
water starts to move away from the material already at 200 C and ends at 500-600 C. The
total amount is 1.2%. The breaking on the TG curve at T = 550-600 C is associated with a
strong exothermic effect .

Fig.3. Thermogravimetric analysis of the sample Yb 0.067Ta2O5.1*0.3H2O.
Sample weight - 52.2 mg, heating rate on air – 10 C/min.
Occupancy of water positions in the channels of the structure is as follows: 1.2/2.65 =0.45. When
conducting full-profile analysis this value was fixed and not refined. The structure of the phase is
preserved upon
heating in
air
up
to T =650 C.
Thus,
the
anhydrous material was
obtained whose structural parameters are also refined. The results of full-profile analysis for
compounds Yb0.067Ta2O5.1*0.3H2O and Yb0.067Ta2O5.1 are shown in Fig.4 and presented in
Table 4. Atomic coordinates, site occupancy and isotropic thermal parameters for these
compounds are presented in Table 5 and selected interatomic distances - in Table 6.
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a

b

Fig.4. Rietveld refinement of Yb0.067Ta2O5.1*0.3H2O (a) and Yb0.067Ta2O5.1 (b).
Observed (+), calculated (solid line)and the difference between observed and calculated (bottom
curve) X-ray powder diffraction profiles are shown. The positions of all the allowed Bragg reflections
are indicated by the row of vertical tick marks.
Table 4. Experimental detailes for Yb0.067Ta2O5.1*0.3H2O and Yb0.067Ta2O5.1.
Chemical formula

Yb0.067Ta2O5.1*0.3H2O

Yb0.067Ta2O5.1

Chemical formula weight

463.53

458.76

Space group

Ibam

Ibam

a (Å)

10.9071(1)

10.4546(2)

b (Å)

7.2761(1)

7.3845(2)

c (Å)

6.8562(1)

6.8916(1)

544.12(1)

532.05(1)

6

6

Dx (Mg m )

8.488

8.591

RF

0.060

0.107

RP

0.062

0.065

RWP

0.084

0.087

d (Durbin-Watson) (Hill R.J. and Flack
H.D., 1987)

0.085

0.25

FWHMmin(º)

0.18

0.18

FWHMmax(º)

0.25

0.64

No of parameters used

45

43

3

V (Å )
Z
-3
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Table 5. Fractional atomic coordinates, site occupancy and isotropic displacement parameters Uiso
(Å2) for Yb0.067Ta2O5.1*0.3H2O and Yb0.067Ta2O5.1.
Atom

Site

OCC

x

y

z

Uiso

Yb0.067Ta2O5.1*0.3H2O
Ta1

8(j)

1.0

0.2294(1)

0.2329(1)

0

0.0133(3)

Ta2

4(a)

1.0

0

0

0.25

0.0166(4)

O1

16(k)

1.0

0.1547(5)

0.1955(8)

0.2910(8)

0.0087(19)

O2

8(j)

1.0

0.1874(8)

0.4968(15)

0

0.0347(31)

O3

8(j)

1.0

0.0573(7)

0.1192(11)

0

0.0162(31)

Yb

4(b)

0.100(2)

0

0.5

0.25

0.0973(50)

H2O

4(b)

0.45

0

0.5

0.25

0.0973(50)

Yb0.067Ta2O5.1
Ta1

8(j)

1.0

0.2338(1)

0.2396(3)

0

0.0323(6)

Ta2

4(a)

1.0

0

0

0.25

0.0250(7)

O1

16(k)

1.0

0.1494(7)

0.1664(11)

0.2755(18)

0.0199(37)

O2

8(j)

1.0

0.1488(14)

0.4555(31)

0

0.0560(73)

O3

8(j)

1.0

0.0661(18)

0.1235(21)

0

0.0950(91)

Yb

4(b)

0.100

0

0.5

0.25

0.656(73)

Table 6. Selected interatomic distances rij (Å) for Yb0.067Ta2O5.1*0.3H2O and Yb0.067Ta2O5.1.
rij (Yb0.067Ta2O5.1*0.3H2O)

rij (Yb0.067Ta2O5.1)

Ta1-O1

2.172(5) x2

2.163(11) x2

Ta1-O1

1.980(5) x2

2.091(10) x2

Ta1-O2

1.974(11)

2.422(21)

Ta1-O2

1.943(10)

1.816(21)

Ta1-O3

2.051(7)

1.955(17)

Ta2-O1

2.225(5) x4

1.993(7) x4

Ta2-O3

2.020(4) x4

2.064(9) x4

Yb-O1

2.799(6) x4

2.924(8) x4

Yb-O2

2.668(6) x4

2.356(10) x4

O1-O1

2.295(14)

2.467(15)
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O1-O2

2.641(16)

O1-O2

2.682(16)

O1-O3

2.328(14)

2.114(15)

O3-O3

2.138(15)

2.274(16)

a
Fig.5. The structure of Yb0.067Ta2O5.1*0.3H2O (a)

b
Yb0.067Ta2O5.1 (b) along axis [001].

RE atoms and water molecules are shown as filled red circles. PB are green, BDP are brown.
This figure was drawn with the help of ATOMS program (Dowty E., 1989).
4. DISCUSSION
As shown above, the RE atoms substitute for water molecules in the studied structure.
At the same time for greater Eu concentration is higher (Me0.101Ta2O5.151) and for small Yb below
(Me0.067Ta2O5.1). X-ray data do not allow to do conclusions about the degree of uniformity of metal
atoms distribution in the channels. This requires investigation by high resolution electron microscopy
(HRTEM). Heating in air up to T = 600-650 C and the removal of water does not lead to the
destruction of the cell, but only to its restructuring (a collapse of the channels), although the structure
of the anhydrous compounds is strongly distorted. This process is accompanied by a strong exothermal
effect (Fig.1,3). It is seen from Table 7 that a strongly charged cations RE+3 compress the cell so that
its volume is significantly reduced compared to pure Ta2O5, most of anhydrous phases. Even larger
europium compresses the cell stronger, because its concentration is higher than that of
ytterbium. Heating in vacuum up to T = 450-500 C also leads to the removal of water without
destroying of the cell. It should be noted that the structure of both aqueous and anhydrous phases
contains very short (2.1-2.2 Å) O-O distances (Tables 3,6, (2)), which is unusual. This is probably a
reflection of the fact that the material was synthesized under extreme conditions of high pressures and
temperatures.
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Table 7. Unit cell parameters (Å) and volume V (Å3) of investigated compounds.
Compound

a

b

c

V

F-Ta2O5*2/3H2O

10.9039(2)

7.2774(1)

6.8529(1)

543.79(1)

Eu0.101Ta2O5.151*0.28H2O

10.8809(1)

7.2678(1)

6.8489(1)

541.61(1)

Yb0.067Ta2O5.1*0.3H2O

10.9071(1)

7.2761(1)

6.8562(1)

544.12(1)

F-Ta2O5

10.4546(3)

7.3485(2)

6.9576(2)

534.52(2)

Eu0.101Ta2O5.151

10.4177(2)

7.2681(1)

6.9831(1)

528.74(1)

Yb0.067Ta2O5.1

10.4546(2)

7.3845(2)

6.8916(1)

532.05(1)

5. CONCLUSIONS
The experiments show that the RE atoms substitute for water molecules in the studied structure. The
water also remains in the channels and occupies approximately 40% of positions. Metal atoms do not
replace the tantalum in the BDP and the PB, but the water in the channels. Strongly charged
cations RE+3 compress the unit cell so that its volume is significantly reduced compared to
pure Ta2O5, most of anhydrous phases.
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APPLICATION OF LEGUME FLOURS IN COOKED SAUSAGES
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Abstract
In the meat processing industry the substitution of meat with non-meat ingredients is considered an
important strategy for reducing overall production costs. The main purpose of the current research
was to evaluate differences in physical-chemical composition of cooked sausage with different
legumes additions. Peas (Pisum sativum), beans (Phaseolus vulgaris) and lentil (Lens culinaris) were
used in preparation of sausages. The legumes flour at proportion of 20% of the total weight of meat
were added in sausages. The whole ingredients were mixed, filled into casing, compressed, cooked
and cooled. The following chemical parameters of sausages were evaluated: content of moisture (ISO
1442-1997), fat (LVS ISO 2446:1976), proteins (Kjeldahl nitrogen, AN 3002), pH (AACC 02-52),
colour by Colour Tec PCM/PSM (CIE L*a*b* system) and texture by TA. XT. plus Texture Analyser.
Sausages without legumes flour was used as control sample. The main conclusion of the current
research the legumes flour can be used for cooked sausages production.
Key words: Legumes, cooked sausages
1. INTRODUCTION
Legumes include peas, beans, lentils, peanuts, and other podded plants that are used as food. Legumes
have been cultivated for thousands of years, although many of the varieties of beans and peas that are
commonplace today were unknown until relatively recent times. Legumes have played an important
role in the traditional diets of many regions throughout the world. It is difficult to think of the cuisines
of Asia, India, South America, the Middle East, and Mexico without picturing soybeans, lentils, black
beans, chickpeas, and pinto beans, respectively. In contrast, in many Western countries beans play a
less significant dietary role. In fact, bean intake has actually declined during the past century in many
European countries (Anderson et al., 1999, Messina, 1999).
In the meat processing industry the substitution of meat with non-meat ingredients is considered an
important strategy for reducing overall production costs. Non-meat proteins from a variety of plant
sources such as soy proteins, buck wheat protein, samh flour, common bean flour and bengal gram,
green gram and black gram flours and corn flour have been used as binder and extenders in
comminuted meat products. Stability, yield, textural palatability and cost of meat products are the
major criteria for non-meat proteins (Sedaro lu et al., 2005). In recent years legumes have been
investigated regarding their potential use in developing new functional foods. Legumes provide
energy, dietary fibre, proteins, minerals and vitamins required for human health. They are generally
good sources of slow release carbohydrates and are rich in proteins. Inclusion of legumes in the daily
diet has many physiological effect in controlling and preventing various metabolic diseases such
mellitus, coronary heart diseases and colon cancer (Tharanathan and Mahadevamma, 2003).
Legumes one of the sources of plant proteins can be make an attractive alternative to wheat flour as a
meat binder for replacement of a portion of the proteins in low-fat meat production (Shand et al.,
2011). Plant and animal proteins are used in meat products to perform three basic functions: the first
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function is fat emulsification, the second is water retention, and the third is formation of structure of
meat products (Dzudie et al., 2002). Legume flours are consumed around the world as a nutritious
protein source, whose consumption has been shown to reduce low density lipoprotein (LDL)cholesterol and the risk of acquiring type-2 diabetes (Shand et al., 2011). Nowadays legumes (accept
soy protein) are not used in meat industry in Latvia therefore the main purpose of the current research
was to evaluate differences in physical-chemical composition of cooked sausage with different
legumes additions.
2. MATERIALS AND METHODS
Experiments were carried out in Latvia University of Agriculture, Faculty of Food Technology,
Department of Food Technology scientific laboratories. Legumes: lentil (Lens culinaris), “Turkish”
peas, beans (Phaseolus vulgaris) and peas (Pisum sativum) were used in this experiments and were
obtained from a local market. In experiments used raw material nutritive and energy value are showed
in Table 1. Before adding in raw sausages mass each legume was ground in a mill.
Table 1. Nutritive and energy value of raw material
Raw material

Proteins,
g 100 g

-1

Fats,
-1

Carbohydrates,

g 100

g 100 g

-1

Energy value,
kcal

Pork

16.40

27.80

1.80

316.0

Lentil

23.50

1.40

52.00

314.0

“Turkish” peas

23.10

2.59

27.42

164.0

Beans

21.30

1.60

51.70

259.9

Peas

23.00

1.60

57.70

323.0

Milk powder

-

1.25

-

350.0

Dehydrated eggs

30.00

50.00

0.90

630.0

The 20% of meat was substituted with legumes flour. Sausages without legumes flour were used as
control sample. The recipes of prepared samples are sown in Table 2.
Cooked sausages were produced according to the traditional technology, including following steps:
mixing, filling into casing, compressing, cooking and cooling. The samples were wrapped in
polyethylene film and stored in a cooler at 4 °C for 12h before analysis.
The following chemical parameters were evaluated:
pH, measured using JENWAY 3520 (Barloworld Scientific Ltd., ESSEX, UK) pH-meter. The
pH electrode was dipped into a mixture of homogenized sample and distilled water (1:10)
(AACC 02-52);
content of moisture (ISO 1442-1997);
proteins (Kjeldahl nitrogen, AN 3002);
fat (LVS ISO 2446:1976);
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colour detection method is based of human colour perception, which is related with human
eye receptors three different colours (red, green, blue) reception. Changes dynamics of
aromatized rapeseed oil colour were determined with the ColorTec PCM/PSM – colorimeter –
CIE L * a * b* system. Colour values were recorded as L* (brightness), a* (-a, greenness, +a,
redness) and b* (-b, blueness, +b, yellowness);
The hardness of the different sausage samples was analysed by using “TA.XT.plus Texture
Analyser” equipment (Stable Micro Systems Ltd., Surrey, UK) equipped with the HDP/BSK:
Blade set with knife. The hardness of the sausage samples was determined by cutting each
sample in different locations. The measuring parameters of the samples analysis were
following: pre-test speed 3 mm s-1; test speed 1 mm s-1; post test speed 3 mm s-1; penetrating
distance of 50 mm into the bread crumb. The measurement is triggered automatically at 0.098
N. The system was equipped with a compression cell of 50 kg. All the results were obtained
during the time of determining the hardness of the samples were processed in the software
Texture Exponent 32 and afterword transfered to the Microsoft Office 2003 Excel file. The
maximum force required for sample compression was calculated as an average of five
measurements with the precision of the standard deviation <0.05.
Table 2. Recipe of sausages
Ingredients

Pork
Legumes flour

Raw mass without legume
additive (control sample)

Raw mass with legume
additive

Amount, g

Amount, %

Amount, g

Amount, %

100.00

59.23

80.00

47.38

-

-

20.00

11.85

68.85

40.77

68.85

40.77

168.85

100.00

168.85

100.00

Water
Milk powder
Dehydrated eggs
Salt
Spices
Total

3. RESULTS AND DISCUSION
pH in raw sausages mass and in cooked sausages was controlled. The results are presented in Figure 1.
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6.65

6.58

6.60

pH

6.55
6.50

6.55
6.54

6.49

6.52
6.49

6.46

6.53
6.46

6.45

6.45
6.40
6.35
6.30
1

2

3

4

5

Samples
Raw sausages mass

Cooked sausages

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Fig. 1. pH value in raw sausages mass and in cooked sausages.
Raw sausages mass pH value in all samples is around 6.45–6.49. The type of carbohydrate-rich flour
used to extend the meat component certainly accounted for the samples with lower pH level.
Comparing pH in sausages with legumes and control sample significant difference is not found
(p>0.05).
76
73.19
72

Moisture, %

68.51
68
64.74
64

65.25

64.45
63.23

62.38

65.51
62.46

63.64

60
56
1

2

Raw sausages mass

3
Samples

4

5

Cooked sausages

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Fig. 2. Content of moisture in raw sausages mass and in cooked sausages.
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Higher moisture content in raw sausages mass was established in control sample, comparing to
samples with legumes additives. Legumes flour had lower moisture content (mean 12.0%), comparing
to meat (55.0%), it can bind higher water content, as result lower moisture content in sausage samples
with legumes. In cooked sausages with legumes moisture content decrease (62.38 – 63.64%), but not
significant (p>0.05). In control sample moisture content decrease from 73.19 to 68.51%. Comparing
moisture in sausages with and without legumes significant difference is not established (p>0.05).
Water binding capacity is an important function of protein in processed meat products. One important
property of non-meat additives is the ability to bind water (Reitmer and Prusa, 1991), acquired
research results prove this fact. Usually soy flour or soy proteins are applied in cooked sausages for
increasing moisture binding and retention properties of sausages mass. In Latvia other legumes are not
used for achieving such kind of aim, but current research shows, that it could be a possible alternative
to soy.
16

Protein, %

14.76

12

13.67

13.65

14

13.34

13.22

13.30

12.93

13.51
13.37

11.56

10
1

2

3

4

5

Samples
Raw sausage mass

Cooked sausages

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Fig. 3. Content of protein in raw sausages mass and in cooked sausages.
Results show (see Fig. 3.) that the additive of different legumes flour increase protein content in raw
sausage mass. Several researchers (Lecomte et al., 1993; Wang and Zayas, 1992) have found that
protein and moisture contents of raw meat mass increase with the addition of soy proteins in the
emulsions, and in current researches used legumes flour increase protein content in raw sausage mass
and in cooked sausages. However, comparing with cooked sausage control sample protein content in
samples with legumes additive is lower, but difference is not significant (p>0.05).
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11

9.63

9.63

Fat, %

9.46

9.43

8.49

8.20

9

8.23

7.93

7.93

7.84

7

5
1

2

3

4

5

Samples
Raw sausages mass

Cooked sausages

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Fig. 4. Content of fat in raw sausages mass and in cooked sausages.
Fat content in “Turkish” peas (see Table 1) is higher than in other legumes flour. Therefore fat content
in sample 3 (Figure 4) is 9.63% and such result very similar to control sample. In others samples fat
content range from 7.93% to 8.49%.
All legumes flours exhibited the same effect on fat retention. Proteins are thought to be excellent fat
binder in that they have dual functionality with respect to fat interactions and interfacial film
formation (Anderson and Berry, 2001). Therefore after heat treatment fat content in control sample
and samples with legume additive decrease insignificant (p>0.05).
Colour L* value intensity in sausages with and without added legumes is showed in Figure 5. The
significant difference between samples containing “Turkish” peas, beans, peas flour and control
sample is not established. The lentil flour colour is darker comparing to other flour samples colour,
therefore the colour of cooked sausage with lentil flour is significant darker (p<0.05).
Colour component L* value intensity is between 0 until 100 (L = 0 = black, L = 100 = white).
The additive of legumes flour may cause myoglobin dilution, as result possible higher L* value than in
control sample.
Colour component a* value is between –120 until +120. Negative a* value indicates that product is
green, positive a* value – product is red.
During the coking process the myoglobin is denatured, bur the cooked pigment is denatured
metmyoglobin and it is brown. In current research sausages was made without any colour additives
therefore the samples colour is not red, however, sausage sample with beans flour additive component
a* value is significant redder then other samples.
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75
70
65
60
55

5
69.97

1 70.25

2
61.02

70.08 4

3 69.80

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Figure 5 Cooked sausages colour component L* values.

0.40

1

-0.32

0.00
5

-0.40

-0.54

-0.80

0.29

4

2
-0.29

3 -0.31

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Figure 6 Cooked sausages colour component a* values
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30

1
19.25

20
5

10

21.14

0

19.94

2
15.85

3 20.21

4

1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Fig. 7. Cooked sausages colour component b* values.
Colour component b* value is between –120 until +120. Negative b* value indicates that product is
blue, positive b* value indicates product is yellow.
Results (see Figure 7) indicate that the colour component b* values of analysed sausages samples are
yellow. Significant difference among analysed samples is not detected (p>0.05).

22.00

19.36

Hardness, N

20.00

19.24

18.47
18.22

18.00
16.00

14.20

14.00
12.00
10.00
1

2

3

4

5

Samples
1 – control sample; 2 – with lentil flour; 3 – with “Turkish” peas flour; 4 – with beans flour;
5 – with peas flour
Fig. 8. Hardness of sausages.
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Textural properties of sausages were detected during research. Hardness was the lowest in control
sample with the maximum force of 14.20 N with higher moisture content. While, in comparison of the
control samples, the hardness of those sausage samples with added legumes was 1.28 to 1.36 times
higher. The difference in obtained results could be explained with moisture content loss during the
absorption of added legume powder. The factors responsible for textural properties in comminuted
meat products are mainly the degree of extraction of myofibrillar protein, stromal protein content,
degree of comminution and type and level of non-meat proteins.
The oat fibre, tapioca starch, whey protein (Troy, 1999) and, probably, legumes proteins, when
formulated together bind and retain water to produce a more tender product. The addition of legumes
flour dilutes the meat proteins, therefore hardness of sausages with additives increase.
4. CONCLUSIONS
1. Comparing main parameters (moisture, protein, fat content and pH) of cooked sausages with
and without legumes significant difference was not established (p>0.05).
2. Significant difference between sausage samples was established in colour component a* and
L*. Cooked sausage with lentil flour was significant darker (p<0.05), but sample with beans
flour additive was significant redder (p<0.05).
3. The legumes flour can be successfully used for cooked sausages production.
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SEMI-SPHERICAL COLLECTOR FOR WATER HEATING
Imants Ziemelis, Ilze Pelece, Modrite Pelse, Viktorija Zagorska
Latvia University of Agriculture, Liela Stree 2, Jelgava, Latvia, LV-3001

Abstract
th

Latvia is the country located on the 57 north latitude having rather low average solar radiation.
Therefore stationary placed ordinary flat plate solar collectors are not effective enough for the use in
Latvia. Solar collectors of special constructions like tracking the sun, concentrating the radiation and
others are more complicated by their construction and are therefore quite expensive. More perspective
in the meteorological conditions of Latvia and other northern countries could be solar collectors with
absorber of semi-spherical form. Such collectors are able to absorb the solar radiation from its entire
surface and do not contain moving parts. The results of our calculations have shown that at clear and
sunny summer day the semi-spherical collector with base area of 1 m2 receives 1.3 times more heat
energy than a flat plate collector, positioned at optimal (approx. 40o) inclination, and 1.5 times more
heat energy than flat plate horizontally placed solar collector.
Key words: semi-spherical solar collector, solar radiation, effective area, efficiency
1. INTRODUCTION
More and more attention has been paid to renewable and inexhaustible energy resources all over the
globe. Next to other inexhaustible energy resources the solar energy is widely used in many countries
not only in the south, but in north latitudes as well. Solar thermal for water heating is a proven
technology, which is one of the most cost-effective ways of reduction of fossil fuel use and is reliable
and efficient. In Latvia, as in many other countries, the solar energy is mostly used for hot water
production, converting the solar radiation into the thermal energy by means of flat plate solar
collectors (Ziemelis, Iljins & Navickas 2004; Kancevi a et al. 2006). Latvia is situated on the 57
north latitude and has rather small maximal height of the sun and therefore small intensity of the solar
radiation. Latvia has long summer days and therefore long path of the sun; unfortunately even in
summer days there is a high level of nebulosity. More than 50% out of all days can be considered as
overcast, and only approximately 10% days are clear. Presence of clouds decreases the intensity of the
direct solar radiation and slightly increases the intensity of the diffuse one. For solar collectors it is
important to collect the solar energy from all sides including diffuse radiation as well. The ordinary
constructions of solar collectors are not effective enough in Latvian weather conditions. Therefore, in
order to heighten the efficiency of solar collectors in the meteorological conditions of Latvia and other
northern countries, the special construction of a solar collector, so called semi-spherical solar collector
was developed (Pelece 2011). The collector has been made and its experimental investigation on the
received heat energy carried out. The semi-spherical collector has several advantages in comparison
with traditional fixed flat plate solar collectors. It effectively receives both direct and diffuse solar
radiation during all the day from all sides. It is nice looking and durable against destructive impact of
wind. Theoretical calculations and experimental investigation on the amount of heat energy produced
by the collector has been carried out. Theoretical calculations have been based on the visible position
of the sun at the sky at every moment of time, and on the data about cloudiness and lucidity of the
atmosphere as well.
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2. MATERIALS AND METHODS
In general, the solar radiation can consist of direct and diffused radiation. At the first approximation
the diffused radiation and the lucidity of the atmosphere can be considered as constant and
independent on orientation of the radiation receiving surface.
The direct radiation received by some surface can be calculated knowing the inclination of the surface
and azimuth of the sun. Solar energy at the upper border of the atmosphere is considered constant and
equal to the solar constant So = 1367±7 W m-2. At the ground level the direct solar radiation, received
on the perpendicular to the sun rays surface, depends on the lucidity of the atmosphere and air mass,
which in its turn depends only on the elevation of the sun, and can be calculated as

Io

So P m ,

(1)

where Io – direct solar radiation at the ground level, W m2;
P – lucidity of the atmosphere, relative units;
m – atmosphere mass, relative units.
The lucidity of the atmosphere can be expressed by formula (1) and calculated using our
measurements of the intensity of solar radiation as following

P

Io
So

1
m

.

(2)

The lucidity of the atmosphere characterizes the decrease of the intensity of the solar radiation due to
dispersion, absorption and other processes when going through the atmosphere mass unite. The
lucidity would be equal to 1, if the atmosphere is not influenced by through going radiation. The
lucidity of the atmosphere in Latvia usually is within the limits of 0.75-0.85, but sometimes 0.5-0.95.
The atmosphere mass depends on the zenith angle of the sun and can be figured (Young 1994) as

m

where

1.002432 cos2
0.148386 cos
0.0096467
,
3
2
cos
0.149864 cos
0.0102963 cos
0.000303978

(3)

– zenith angle of the sun, rad.

The direct solar radiation received on the flat surface oriented at any angle, can be calculated by
formula

I dir
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where

- angle, at which the solar rays are falling on the surface.

For calculation of the received solar energy by any (curved) surface, a method of effective area is
offered. Effective area L is the area of the receiving surface visible from the direction of the sun. The
radiation energy received by the effective surface is

E

Io L ,

(5)

where the direct solar radiation Io from formula (1) can be calculated, and does not depend on the
radiation receiving surface. The value of the energy received by a particular surface (formula 3) can be
characterized as the effective area L. For a flat surface with area S the effective area is calculated as

L S cos .

(6)

The intensity of the diffused radiation is possible to calculate by subtracting the intensity of the direct
radiation from the global radiation

I dif

I gl

I o sin ,

(7)

where I dif – intensity of diffused radiation, W m-2;

I gl – intensity of global radiation, W m-2;
Io – intensity of direct radiation on the surface perpendicular to the sun beams, W m-2;
– height angle of the sun above the horizon, rad.

For Latvian meteorological conditions collector with absorbing surface like a semi-sphere would be
better than traditional flat plate collector (Iljins et al. 2007). The heat absorber of such a collector is
made of 6 one mm thick welded together copper sheets of a certain shape. The heat carrier circulation
tubes were fixed to the absorber from the inside (Fig.1), which later was covered by a layer of heat
insulation. From the outside the absorber was painted in black for better heat absorption (Fig.2), and
covered by a plastic cover to protect the absorber from heat losses by the convection (Fig.3). 29
thermocouples in different absorber’s places were fixed for measuring surface temperature (Fig.4).

252

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu

Fig.1. Copper sheet absorber with
tube-type heat exchanger inside

Fig.2. Absorber painted in black,
fluid meter and circulation pump

Fig.3. Collector ready for
experimental investigation
Fig.4. Thermocouples on the
surface of the semi-spherical
collector
Additional thermo-sensors were used for measuring the surrounding air temperature as well as flowing
in and out of the collector heat carrier temperatures. All the measurements were made in every 5
minutes and recorded into a computer using 4 Pico TC08 devices (Fig.5). The experimental
investigation was carried out using the transparent cover and without it, using the heat carrier and not
using it in order to state the maximum possible temperature on the absorber’s surface.
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Fig.5. Temperature metering devises Pico TCO8.
For metering the intensity of global radiation received by horizontal surface from 2 stereo-radian
angle the ISO 1st class pyranometer CMP 6 produced by „Kipp&Zonen“ with the range of receiving
from 310 to 2800 nm was used. The global radiation additionally was metered by the device MMD-4
(Putans et al. 2010). For metering the direct solar radiation pyrheliometer CNP 1 (Kipp&Zonen) with
the special range of metering from 200 to 4000 nm and system for tracking the sun was used. The
measurements were made and recorded at automatic regime in every 5 min from June 2008 till
December 2010.
3. RESULTS AND DISCUSSION

3.1. Theoretical and experimental assessment
The theoretically calculated heat energy received by the flat surface was compared with the measured
one, carried out from March 1st to October 31st 2006. The heat energy received by two surfaces was
measured: one fixed so that would be perpendicular to solar rays at noon, and other tracking the sun
(always perpendicular to the sun beams). It has been found that at meteorological conditions of Latvia
depending on the season the atmosphere lucidity is about 0.78 and the intensity of diffuse radiation is
about 150 W m-2. Using the solar coordinates, calculation method given in our work (Pelece et al.
2007) and the method for the atmosphere mass calculation given by Kasten and Young (Kasten &
Young 2000), a good coherence between the calculated and measured values of a daily energy are
obtained (Fig. 6).
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Fig. 6. Calculated (series 1) and measured (series 2) daily sums of the heat energy
received by tracking the sun receiver in 2006.
Effective area of spherical surface was calculated as following. A normal vector n of the surface at
any point (Fig.7.) can be represented in polar coordinates

n

sin

i

cos

sin

sin

j cos

k.

(8)

Direction of solar rays can be represented with vector l . As y axis can be chosen vertically up, but x
axis in the vertical plane, which coincides with the sun beam plane. In such a coordinate system the
unit vector of the sun rays l can be expressed in more simple way

l

i

cos

sin

j,

(9)

where is the solar angle, expressing the elevation of the sun. The multiplier cos in formula (3)
becomes equivalent to the normal vector’s (formula (8)) and the sun beams’ direction vector (formula
(9)) product, that is

cos

n l

cos sin cos

sin sin sin .

(10)

Taking before brackets multiplier sin we obtain

cos

sin (cos cos

sin sin ) .

The expression in brackets in formula (11) is the difference between cosines of angles

cos

n l

sin

cos

(11)
and

.

(12)

d d .

(13)

Energy received by surface area element

dE
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For the calculation of all energy received by the surface of radius R this expression must be integrated
along the all irradiated surface, i.e., from 0 to and from 0 to / 2
(Fig.7):
/2

E

Io R2

sin 2 cos

d
0

d .

(14)

0

y

x

z
Fig. 7. Calculations of energy received by the spherical surface.

After integrating we obtain:

Io R2

E

2

1 sin

.

(15)

Effective area of spherical surface:

L

2

R 2 1 sin

.

(16)

Comparison of diurnal changes of the effective area of the flat 1 m2 large surface, positioned at
optimal 40° declivity (Pelece et al. 2007), with that of the spherical surface with base area 1 m2 (Fig.
8) gives that only at the very noon the effective area of the flat surface is larger, but at the rest of the
day the effective area of the spherical surface is considerably greater than that of the flat one.
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1,2
Effective area

1
0,8
0,6
0,4
0,2
0
3:36:00 6:00:00 8:24:00 10:48:00 13:12:00 15:36:00 18:00:00 20:24:00 22:48:00
Time
Flat

Spherical

Fig. 8. Calculated effective areas of the flat under 40° declined and
spherical surfaces on June 22, 2010.
Figure 9 shows that at the completely clear sky conditions the spherical surface with base area 1 m2
will produce 9.9 GJ, what is 1.3 times more than that of the flat 1 m2 large surface positioned at
optimal 40° angle (7.4 GJ), and 1.6 times greater than that of the flat horizontal 1 m2 large surface (6.2
GJ). Calculations of the received energy were made for all season from March 1st to October 31st, 2010
(Pelece 2011).

Energy, MJ per day

60
50
40
30
20
10
0
50

100

150

200

250

300

Day
Flat horizontal

Flat declined

Spherical

Fig. 9. Calculated daily obtained heat energy sums of flat horizontal, under 40o declined and
spherical surfaces with base area 1 m2 at clear sky conditions.
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3.2. Economical assessment
For the evaluation of the production costs of the semi–spherical collector three different size collectors
were compared:
1) with the radius R=0.56 m, which was experimentally tested;
2) with the radius R=0.63 m, which would have the least amount of cut off, producing the absorber
from two 1 m x 2 m copper sheets;
3) with the radius R=1.27 m, which would have the least amount of cut off, producing the absorber
from eight 1 m x 2 m copper sheets.
The amount of warm water consumption of a mean household according to the Latvia Central
Statistical data is about 1200 to 2000 kWh per year, so the share of a solar collector would account
700 to 1200 kWh per season. Such amount of energy would ensure semi-spherical collector with
radius R=1.27 m. The calculations show that it is possible to gain from such collector about 1300 kWh
heat energy per season. It is not rationally to make a very big collector, if only there is no idea about
roof replacement with solar collector. If there is a need to produce more heat energy, it is preferable to
use a number of jointly connected solar collectors.
The prime cost of the produced heat energy by a solar collector can be expressed as

P

C
,
Q

(17)

where P – prime cost of the produced heat energy, € kWh-1;
C – total expenses per year, €;
Q – heat energy produced by the collector per year, kWh.
The production and operation costs per year are calculated by the following formula

C

Cmc
Tet

Cl
Tet

1.1 Cee ,

(18)

where Cmc – costs of materials and components, €;
Tet – employment time of the collector, 15 years;
Cl – labour cost of the production of a collector, €;
Cee – exploitation expenses per year, €.
Multiplier 1.1 incorporates manufacturing tools and equipment amortization. The common
employment time of similar collectors is given in the literature (Ziemelis, I, Iljins, U & Putans, H
2002) and is estimated as 10 years (usually in practise the life time is longer), therefore in our
calculations the employment time of the collector is taken as 15 years.
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Table 1. The necessary materials and components for the collectors’ production.
Materials
Copper
tinplate

Size

Price, €,
without
VAT

Radius R of the collector, m
0.56

0.63

1.27

Quantity

Sum

Quantity

Sum

Quantity

Sum

sheet
1×2 m

176.00

2

352.00

2

352.00

8

1408.00

m

3.24

21

68.04

25

81.00

50

162.00

PET (300 µm)

m2

4.23

6

25.38

8

34.56

15

63.45

Pump, 40 W

piece

59.15

1

59.15

1

59.15

1

59.15

Antifreeze

l

3.20

5

16.00

6

19.20

11

35.20

Colour

kg

5.32

0.5

2.66

1

5.32

2

10.64

Tubes PP
PN20 (25×4.2
mm) 3 m

piece

4.51

5

22.56

5

22.56

5

22.56

Tube
insulation
materials (2
m)

piece

0.73

2

1.46

2

1.46

2

1.46

Screws,
fastenings,
joints

compl.

10.31

1

10.31

1

10.31

2

20.62

Water tank
Junkers

l

(1 mm thick)
Tube
(diameter
10 mm)

model
price

SO160-1
160 l

311.34

SO200-1
200 l

351.07

SK300-3Z
300 l

730.00

Total, €

868.90

936.63

2513.08

Total with
VAT 22%, €

1060.06

1142.69

3065.96

Naturally, for the production of a semi-spherical solar collector with R=1.27 m the necessary amount
of materials will be the biggest. Taking into account the value added tax (VAT), the prime price of
such a collector is 3095.96 € (Table 1). About 75% of these costs are spent on collector’s material and
components, but 25% of the cost goes for the purchase of the hot water basin and water drainage
tubes.
Consumed labour costs are summarized in Table 2. Collector manufacturing costs are the following:
absorber production, heat removal tube inflexion, fixation and transparent cover production, hot water
system development and placement in the space. Labour costs include employee’s taxes, compulsory
social security contributions (CSSC) and Personal Income Tax (PIT).
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Table 2. Labour costs of the collectors production and operation.
Radius of the collector
Pricing,
€/h

Work type

0.56

0.63

1.27

Time, h

Sum, €

Time, h

Sum, €

Time, h

Sum, €

Production of
copper absorber

14.08

24

337.92

24

337.92

28

337.92

Tube inflexion
and fixation

14.08

15

211.20

16

225.28

18

253.44

Production of
transparent cover

12.27

15

184.05

16

225.28

18

220.86

Hot water system
development and
placement

12.27

10

122.70

10

122.70

10

122.70

62

855.87

66

882.22

74

991.24

12 h

147.24

12 h

147.24

15 h

184.05

15 years

2028.17

15 years

2028.17

15 years

2535.21

Labour costs of
the collectors
Collectors
operating costs
per year

12.27

Costs during
exploitation
Total, €

2884.04

2910.39

3526.45

It should be taken into account that for collector maintenance and operation there is a need for a
regular monitoring (on the average 1-1.3 h per month) and electric energy for the operation of the
circulation pump. It is sufficiently enough to use the pump with working power of 40 W. Running the
pump for about 8 hours per day and assuming that the season is from March 1st till October 31st, what
makes 244 days, the total amount of consumed electric energy would be 78 kWh per year, what
according to the current electric energy price in Latvia it would make 9.07 € per year. The share of the
production cost per year for the collector with radius R = 0.56 m using formula (16) is

Is

1060.06
15

2884.04
1.1 9.07 298.30 €.
15

(19)

According to our calculations and experimental investigation, such a collector with R = 0.56 m during
one season of its exploitation is able to produce on the average about 260 kWh of heat energy. Then
the prime cost of 1 kWh produced by the collector heat energy according to formula (1) is

P

298.30
1.147 € kWh-1.
260

(20)

The results of economical calculations for different size of the semi-spherical collectors in the Table 3
are given
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Table 3. The prime cost of the produced heat energy by the semi-spherical collectors.
Radius of the collector, m
Gained energy, kWh year-1
Prime cost, € kWh

-1

0.56

0.63

1.27

260

330

1340

1.147

0.923

0.365

The results of the economical assessment show that the prime cost of the gained heat energy decreases
if the size of the collector increases, comparing collector with radius R = 0.56 m and the collector with
radius R = 1.27 m. The prime cost of the biggest collector is 3 times less than for the smallest one, but
optimal collector size is dependent on the consumer’s needs. It should be noted, that collector
operation costs are dependent on the consumed warm water amount. At higher consumed warm water
amount the heat losses will be smaller, which in our calculation is not considered. In average these
losses account 5% of the produced heat energy. Taking into account these losses, the production costs
of heat energy would increase for 0.02 to 0.06 €.
In our research the efficiency of different types of solar collectors were compared. In this paper the
semi-spherical collector (R=1.27 m) with the vacuum tube solar collector Vitosol 200 SD is compared
(Table 4).
Table 4. Comparison of the prime cost of heat energy
obtained from 1 m2 of solar collectors’ area.
Equipment price, €
The type of the collector

Vacuum tube collector Vitosol 200
SD
Semi-spherical collector
(R = 1.27 m)

Area
m2

Prime cost of
the produced
heat energy

Total

1 m2 price

€ kWh-1

3.80

6901

1816

0.25

5.16

6592

1277

0.365

The prime cost of 1 kWh heat energy produced by 1 m2 area of the semi – spherical collector, as it is
seen from Table 4, is by 32% higher than the prime cost of 1 kWh m-1 heat energy obtained from a
vacuum tube solar collector produced by industry.
4. CONCLUSIONS
1. The calculated amount of the obtained heat energy from a semi – spherical collector with base area
1 m2 is 1.3 times larger than that of an optimal angle inclined flat plate solar collector of 1 m2 area, and
1.6 times larger than that of horizontally placed flat plate solar collector of the same size.
2. The prime cost of the semi – spherical collector with R=1.27 m is about 3 times less than for the
smallest one (R=0.56 m), but optimal collector size is dependent on the consumer’s needs.
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3. The prime cost of the produced heat energy by 1 m2 of the semi – spherical collector is by 32%
higher as the prime cost of produced by the vacuum tube solar collector Vitosol 200 SD of the same
size.
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Abstract
Get out of flexible manufacturing systems, which currently are really expensive but the advantage they
need to sell products adapted to customer service capacity increases so on a large scale. In this paper
I wish to show, methods, improvements in clients, staff working in a factory reorganization bakery
versus a company specialized in producing paper for corrugated cardboard, using as raw material
100% waste paper and cardboard. Analysis and control is different because each has its own
development strategy and operating systems are by SAP.
By they want to show you how to invest in Romania, as it is "calculated" every penny, which quality
standards are at a very high because these companies know how to make money through investment
programs aimed at increasing the production capacity, improving the quality of manufactured
products, utility services, environmental protection and last but not least to improve working
conditions.
Key words: flexible processes, demand for products, , information flow, visual management.
1. INTRODUCTION
The use of flexible logistics channels is dictated by the need to meet consumer needs. Each company
faces different needs of customers and will opt for specific logistic formula. Flexibility logistics
structures can be achieved by planning flexible procedures, alternative ways of serving customers.
Loudness is a first element to be considered.
For Brasov, the degree of industrialization, economic and social development has reached high
development of science and technology, research is intensifying century "speed" key objectives
designed to ensure a new quality.
2. LOOK THE ENSEMBLE OF INDUSTRY , THE ORGANIZATION IN ROMANIA,
LOGISTICAL POINT OF VIEW
I thought it would be interesting to analyze the overall industrial production in Romania to start from
the statistical data of National Statistical Institute. We detail only two industries, namely:
Manufacture of food products
Manufacture of paper and paper products
Each of these functions differently, depending on experience.
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AGRICULTURE
INDUSTRIES
CONSTRUCTION
SERVICES

Fig. 1. Net investment, the principal activities of national economy in 2009.[6]
Preoccupations the integration of logistics activities as a single branch in Romania, after 1990 meet.
Thus, we can say that companies that have designed and developed logistics organization in the
organizational structures were oriented primarily to transport and storage activities, which are included
under the control of logistics managers for more than 70%, followed by the order and delivery,
inventory control and supply. In the large and medium-sized logistics function is headed by a manager
or executive vice president position.

own sources
domestic credit
external loans
State budget and
local budgets
foreign investments
other sources

Fig. 2. Net realized investment, on the sources of financing in 2009. [6]
He started that in Romania, from entering the EU, to emphasize the environment. Thus they were
encouraged small and medium enterprises contribute to economic development.
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Fig. 3. Structure of active economic and social operators of national economy[5]
Table 1. Concentration of enterprises, by activity of national economy, in 2009 [5]

Activity

Manufacture of food
products
Manufacture of paper
and paper products

Cumulat în % din
totalul

Cumulat în % din
totalul
num rului de
salaria i
Cumulated in % of
total
employees number
Primele
Primele
5
20
Top 5
Top 20

Num r
întreprinderi
Number of
enterprises

Num r
mediu
salaria i
Average
number
of
employees

8407

164825

4.7

18.0

5.4

12.8

798

12816

19.4

51.0

18.4

40.8

Cifrei de afaceri
Cumulated in % of
total
turnover
Primel
Primele 5
e 20
Top 5
Top 20

3. ABOUT THE COMPANIES AND TECHNOLOGY
Analysis of current situation is to create a clear and common "target system" in the observation, in
connection with "actual".
Analysis purposes consists of defining the existence of business we are involved, why we exist, we do,
how we act, how to add value to business and customers, as we reach our goal. To know the situation
using a variety of instruments.
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3.1. K-Touch Technology [8]
Vel Pitar Brasov is the biggest bakery producer in Brasov County, offering, in addition to the
nationally distributed lines of products, products specific to the area, including sliced potato bread,
pretzels and assorted 1.1-kg pound cakes. Vel Pitar is permanently invested in producing healthful
products, characterized by wholesome ingredients and high nutritious value.

Fig. 4. Keine Touch = untouched product (source: http://www.velpitar.ro/en/page/emphasis-onquality/keine-touch-technology )
The Keine Touch technology guarantees that you, the customer, are the first person to touch the bread.
Production and packaging are performed using automated equipment – thus, under highly hygienic
conditions. When purchasing these products, please check the packaging to ensure it is sealed.
3.2. EcoPaper S.A. is a company specialized in producing paper for corrugated cardboard, using as
raw material 100% waste paper and cardboard, thus contributing to environmental protection. Is
currently the top manufacturers of corrugated paper in the country.

Fig. 5. Producing paper (source: http://www.ecopaper.ro/content/html/tehnologie.html )
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4. SOME EXAMPLES, COMPARISON BETWEEN THE 2 COMPANIES
4.1. Analysis
4.1.1 Analysis of "Triple A": agile, adaptable, aligned
Situation analysis aims to create a clear vision and a common "target system" in the two units analyzed
in connection with "that produce new" and provide input for planning change and improve, creating a
clear vision and common about "where we are today." Instruments used to define the target system can
be: analysis of input / output analysis of mission or purpose, the added value analysis, benchmarking
agile versus lean.
Agile - dimension data security: the need to respond quickly to changes in demand or supply and to
recover quickly and easily from shocks such as natural disasters, computer viruses, loss of markets,
etc..
Adaptable - size-oriented: that evolve over time with changing technology, economic progress and
political change in general, any new trends.
Cooperative character in line: aligning their interests in participating firms in which each chain is still
responsible for what he produces or provides.
Table 2. Comparison of Lean and Agile by Their Distinguishing Attributes [4]

In both cases a high volume of goods will allow the company to use direct logistical channels using
their own vehicles for delivery of goods at the customers. A small volume of orders requires the use of
logistic indirect channels, in pursuit of operational efficiency through the use of storage building and
should consider the nature of products. Rotational speed of the products will determine the option of
using central warehouses or some area. In retail units will maintain a limited stock on goods displayed
for sale plus a minimum safety stock.
According to the above table we analyze the two companies:
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Table 3. Lean supply by the agile supply
Distinguishing

ECOPAPER

Attributes

VEL PITAR

Typical products

Commodities

fashion goods

Marketplace demand

Predictable

Volatile

Product variety

Low

High

Product life cycle

long

long and short

Customer drivers

cost and availability

cost and availability

Profit margin

High

Low

Dominant costs

marketability costs

marketability costs

Stock-out penalities

long-term contractual

immediate and volatile

Purchasing policy

buy goods

buy goods, assign capacity

Information enrichment

Obligatory

Obligatory

Forecasting mechanism

Consultative

consultative

Table boxes are not colored (white) is the situation the company is lean.
Gray colored boxes represent the situation in which the company utilizes lean tools and agile but
because the situation.
Colored dark gray boxes represent the situation where the company is agile.
4.1.2 Product life cycle
Performs a function basic product, which reflects the consumer's purchase motivation, according to the
major advantage compared to consumer needs.

200
180
160
140
120
100
80
60
40
20
0
release

Ecoliner
Wellenstoff
Schrenz
Kraft

growth

maturity

decline

Fig. 6. Paper and bakery product, life cycle
Timeless products as bread, have a linear trend and a virtually unlimited lifetime. Overall life cycle is
very long maturity, with slight and temporary trend growth or decline.
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We can classify companies according to the degree of introduction of new services, proactive and
adaptive institutions. The initiates proactive market changes. Market leaders usually have a strong
marketing behavior and consequently a clear orientation on customer needs. An adaptive strategy
requires the institution to wait for market reaction, depending on which introduce the same service
with the same characteristics or service "identical" but "superior" (with some improvements). The
novelty of the product may result from: changes in technology, changes in consumer demands,
changes in competitive strategies.
In turn, changes in technology and consumer needs can be proactive and adaptive.
We can not give here a certain period of time because they are raw, but the fact is that the life cycle of
paper products is similar to bakery products.
4.1.3 The model Boston Consulting Group

Analysis of "BCG"
VEL PITAR S.A.

French
Toast
Clasic
French
Toast
cu
Semin e

French
Toast
Secara
French
Toast
Graham

EcoPaper S.A.

ecoliner
wellenstoff schrenz

French Toast Classic / Ecoliner - Stars have leadership and act on a growing market
French Toast with seeds / Wellenstoff: Products is a leader on a stagnant market, make profits,
provide liquidity,situation situated at maturity in the life cycle of products.
French Toast Graham / Schrenz: Without profit nor loss, product in the beginning of decline.
French Toast Rye / Kraft: Dilemmas, products in the launch phase, do not know that it will, is an
assumed risk and uncertainty.
Further, the integrated management of a logistics network can improve information flow, which would
naturally lead to improved product flow and thereby shorter lead times. Many potential benefits can be
obtained from lead-time reductions, including better responsiveness to market changes, more accurate
forecasts, significant reductions of bullwhip effects throughout a logistics network, smaller order sizes,
reduction in work-in-progress (WIP) inventory and inventory of finished goods, and improved
customer satisfaction.[1-3]
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4.1.4

Analysis SWOT
VEL PITAR SA
INTERNAL FACTORS

EXTERNAL FACTORS

Strengths

Opportunities

• Special department of research,
• tradition of company,
• own petented technology,
• corporate spirit,
• specialists recognized among our employees,
• products and services trademarks recognized,
• reputation among customers,
• reduced costs,
• capacities available for products that are sought,
• access to natural resources quality,
• good distribution networks,
• each product has a target market
• The company does not have a high dependence
on a client or client group.

• Increased demand for company products
• new technologies
• possibility to extend the company in other

Weaknesses

Threats

• organizational weaknesses
• absence of interest of staff,
• poor communication between departments.
• staff fluctuation
• decrease the number of agents led to lower
revenues

areas
• the company could buy other small
companies in the market
• new markets
• more permissive legal regulations

• progress
• existing legislative framework for the
development of quality management

• restrictive regulations
• the political / economic
• new customs and trade barriers
• unfair competition
• strong local competition, which
comes the latter

Analysis of current situation is to create a clear and common "target system" in the two units analyzed
in connection with "actual".
For analysis consists of defining the existence of business we are involved, why we exist, we do, how
we act, how to add value to business and customers, as we reach our goal.
During this period, the emergence of more companies for the same market segment, increases
competition. To keep customers, product quality must be producers to be able to produce in small
series, while keeping costs competitive. To increase customer satisfaction, all design services,
manufacturing, distribution is strictly necessary to collaborate and exchange data in order to minimize
logistics costs.
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ECOPAPER
INTERNAL FACTORS
Strengths

• tradition of company
• The company does not have a high dependence
on a client or client group,

• corporate spirit
• specialists recognized among our employees
• has a portfolio of established
• reputation among customers
• reduced costs
• capacities available for products that are
sought
• exclusive access to resources
• each product has a target market.

EXTERNAL FACTORS
Opportunities

• Increased demand for company products
•removal of customs barriers and trade with
EU entry
• Possibility to extend the company in other
areas
• The company could buy or merge with
other companies, increasing diversity
• new markets
• more permissive legal regulations

• progress
• existing legislative framework for the
development of quality management

Weaknesses

Threats

• Does not is a special department of research,
• Organizational Weaknesses
• absence of interest of staff,
• poor communication between departments,
• staff fluctuation

• The emergence of effective
competitors
• restrictive regulations
• the political / economic
• New customs and trade barriers
• Unfair competition and national
competition

5. CONCLUSIONS
Logistics management is based on the truth that is inconceivable without the development of logistics
competitiveness without reaching levels of effectiveness, efficiency and acceptable quality. For this to
be focused on:
better availability of products based on an efficient management of stocks and market
requirements;
coordinate the production, distribution, inventory levels and supply links between the main
chain, with the support of integrated information systems that provide real-time sales,
scheduling and tracking information;
creating strategic alliances and partnerships with customers, suppliers, warehouses and
administrators who develop information technology;
direct involvement of the client in defining the product / service and quality standards specify
requirements for the operations that compose the physical flows of materials and products.
Steps of change proposed for future improvements:
Map to view current flows
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Take each process and breaks, with bubble diagram in activities
Activities that add value observed
Rearranged activities, even processes
Will redraw flows
Will bring improvements with other lean tools.
Define objectives to be attained through future value stream map.
"The new findings, new technologies, new social structures in the outside world irruption into our
existence in the form of accelerated pace of change, a progressive shortenings relationships. They push
the speed increasing rate of daily life. They claim a new level adaptability and prepare conditions for
that social disease with a potential for destruction - Future Shock "
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Abstract
Homo- and copolymers based on acrylonitrile were synthesized via different methods of
polymerization. The influence of synthesis conditions on the properties of polymers (MWD,
microstructure) studied. By DSC and high temperature IR-diffuse reflectance spectroscopy in situ in
the range 20-500 C and IR-microscopy after IR-pyrolysis, investigated the influence of polymer
thermal behavior and the condition of polyconjugated systems formation.
Key words: polyacrylonitrile, pseudoliving radical polymerization, IR pyrolysis, DR-FTIR,
polyconjugated system
1. INTRODUCTION
Polyacrylonitrile (PAN) and copolymers based on it are widely used to produce fibers for different
purposes. When heated above 200 C (stage "stabilization"), the structure of the main chain of PAN is
changing in an inert atmosphere produced only polyconjugated system (PCS) in the air along with the
formation of polyconjugated structures of a number of strong oxidation processes take place.
Polyconjugated structure has developed surface and high electrical conductivity. In the subsequent
high-temperature pyrolysis in an inert atmosphere is formed of graphite carbon matrix (Fig. 1), and the
material takes on a new set of properties, which expands the range of its application: based on carbon
fibers produce composites for aerospace, automotive, shipbuilding, nuclear industry, construction, etc.
Introduction of transition metal salts in polyacrylonitrile matrix promising to create a catalytically
active systems.
Physical and mechanical properties of polyacrylonitrile fibers are defined by a set of chemical and
technological parameters: the composition of the polymer and the spinning solution, deposition
conditions, the orientational drawing, etc. However, such characteristics as the microstructure of the
chain, the molecular-mass characteristics are placed on the stage of polymer synthesis and determine
the conditions for the formation and composition polyconjugated system (PCS).
Traditionally, the industry PAN and its copolymers are produced in terms of classical free radical
polymerization in solution (DMSO, DMF, or aqueous sodium thiocyanate), emulsions or suspensions,
using a substantial initiation. For high molecular weight PAN applied radiation polymerization in
solution and emulsion, which can be carried out at room temperature. However, these methods in the
absence of additional fractionation does not allow you to control the molecular-mass characteristics of
polymers, which leads to the formation of products spanning a wide molecular weight distribution
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(Mw / Mn> 2-3). Recently, to solve this problem the authors applied the pseudoliving radical
polymerization via the via the reversible addition-fragmentation chain-transfer mechanism (RAFT).
The above methods of polymerization have different effects on the speed of the process, the molecular
weight of polymer and its morphology, from this may depend on the behavior of PAN at heating in an
inert atmosphere and air and the structure of the resulting PCS. In this context, the objective of this
work was to establish the relationship between the synthesis conditions of gomo- and copolymers
based on PAN, its thermal behavior in inert and air atmosphere and character of the resulting structure
of polyconjugated systems.
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Fig. 1. Structural changes during pyrolysis of PAN
2. EXPERIMENTAL
Acrylonitrile (99%, the firm “Fluka” and “Saratovorgsintez”) before using purified by distillation at
atmospheric pressure. DMSO and DMF (99%, the firm “Fluka”) was used without further purification.
Azobisisobutyronitrile (AIBN) was recrystallized twice from anhydrous ethanol and dried in vacuum
to a constant weight. Dibenzyl trithiocarbonate (R–S–C(=S)–S–R (BTC), where R = CH2C6H5, and
characterized by NMR.
Samples for the classical free radical polymerization in a solution of DMSO or DMF were prepared by
dissolving the calculated amount of AIBN (3.4 10-3 mol / L) in a mixture of acrylonitrile and solvent
predetermined ratio (20 wt.% Monomer). The polymerization in a solution of DMSO and DMF were
carried out at 70 C.
Radiation polymerization of AN in a solution of DMSO and DMF were carried out in a glass reaction
vessel, a vessel with the reaction mixture was degassed and irradiated with -rays of 60 with a dose
rate 0.072 Gy / s during incubation at 50 and 22°C and stirring with a magnetic stirrer.
Samples for RAFT polymerization were prepared through dissolution of calculated amounts a RAFT
agent in a solution of DMSO with AIBN initiation and radiolysis. In the first case of preparing a
reaction mixture containing AIBN, BTC, acrylonitrile (31.6 wt.%) and DMSO (68.4 wt.%), which was
polymerized for 6 h at 80 °C. In the second case BTC mixture contained (5 10-3 mol / l), acrylonitrile
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(31.6 wt.%) and DMSO, it was irradiated with -rays of 60 with a dose rate 0.029 Gy and 0.024 / s
at 25 and 80 C. The polymer was isolated by the methods described above.
Molecular-mass characteristics of polymers were studied by gel permeation chromatography GPC-120
chromatograph firm “PolymerLabs”. Analysis was performed at 50 °C in DMF, for the analysis
prepared by the polymer solution in DMF containing LiBr, with the polymer concentration does not
exceed 1 mg / ml and less than 0.7 mg / ml. MM calculated using PMMA standards using the known
factors from the literature Kuhn-Mark-Houwink for PAN.
Binary copolymers of Acrylonitrile and Methacrylates (MA) were synthesized to determine the effect
of small additions of MA at the molecular-mass characteristics, composition and stereoregularity of
the polymer. According to literature data, acrylonitrile monomer is more reactive than methyl acrylate,
and their copolymerization constants constitute r AN = 1.31 and = 0.85 rMA. We can expect that small
additions of MA will have a negligible impact on the regularities of PAN.
For the preparation of the samples calculated from the number of AIBN (3 10-3 mol / l) was dissolved
in a mixture of AN and MA of given composition, the resulting solution was mixed with DMSO in a
volume ratio of monomer: solvent = 3: 7. The reaction mixture was poured into ampoules, degassed on
the vacuum system to a residual pressure of 5 10-3 mm Hg, and unsolder. The vials were placed in a
thermostat heated to 80 °C and polymerized for 12 – 15 hours. At the end of polymerization, the
ampoule was cooled with liquid nitrogen, opened and the reaction mixture was poured dropwise into
10–20-fold excess of distilled water with stirring. The polymer was distinguished as a separate phase,
it was filtered off, washed thoroughly with the polymer on the filter with distilled water, then with
acetone, the precipitate was collected and dried under vacuum to constant weight. The conversion was
60 – 70%, experiments have shown that small additions of MA no effect on the rate of polymerization.
Pyrolysis was carried out in the infrared camera of the laboratory setup of pulsed photon annealing
(Fig. 2). The radiation source used halogen lamps, the maximum radiation which occurs in the region
0.9–1.2 microns. The sample in the form of a powder in a graphite tape was fixed on special holders in
a cylindrical quartz quartz reactor, at the outer surface of which are 15 lamps. The intensity of the IR
radiation temperature was controlled by heating the sample, measured using a thermocouple type L,
located directly beneath the sample. The control unit is provided a the rise and lowering the intensity
of infrared radiation in a given program. The accuracy of temperature control was 0,25 ° C.

Fig. 2. Scheme of the reactor installation of IR-annealing. 1 - quartz lamp, 2 - halogen lamps 3 adjustable flap, 4 - semiconductor wafers, 5 - a pedestal, 6 - thermocouple in a quartz tube.
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Was found that in case of exposure of IR-radiation to the PAN, the mechanism of formation of
conjugated structures not differ from the mechanism of thermal transformations. However, the
dynamics of structural transformations of PAN in IR-pyrolysis has specific features compared with the
purely thermal process. Drastically reduced the reaction time. Since cyclization of nitrile groups, the
stage ends in 10–15 min., while the thermal process, it takes place within 14–16 h.
A sharp increase in the rates of chemical reactions in the IR-pyrolysis is associated with a decrease in
activation energy (E1
E2) of the macromolecules, which are in excited vibrational states as shown
in Fig. 3. It is shown that the emission in the IR-spectrum selectively excites the vibration frequencies
of chemical bonds, raising their energy state. In IR-pyrolysis of possible selective effects of radiation
on the vibrational energy of the individual functional groups of macromolecules, which allows, within
certain limits to control the mechanism of structural transformations. Increasing the intensity of IRpyrolysis of PAN leads to the improvement of graphite-like phases: an increase in the degree of
graphitization, increase the size of coherently scattering crystallites, decrease the distance between
planes. The degree of graphitization increases with increasing annealing temperature and with
increasing degree of graphitization of pyrolyzed PAN.

Fig. 3. The energy E of the system depending on the configuration coordinate r; - vibrational energy
levels; 1 – an activation barrier of the reaction of the ground vibrational state, 2 – an activation
barrier of the reaction of the excited state
IR-pyrolysis of dry samples of PAN synthesized by the method described above was carried out
stepwise for 15 min at temperatures of 50, 80, 100, 120, 140, 160, 180 and 200 ° C. IR-spectra were
obtained in ATR-FTIR (crystal Ge) in the 4000-600 cm–1 in the IR-microscope Hyperion 2000
(“Bruker”), combined with a vacuum infrared spectrometer IFS 66v/s (“Bruker”) Processing of the IRspectra were performed using the software OPUS (“Bruker”).
3. RESULTS AND DISCUSSION
3.1.Molecular-mass characteristics of PAN homopolymers.
3.1.1 Classical radical polymerization method, substantial initiation
Were synthesized the samples of PAN in DMSO and DMF use of substantial initiation. The rate of
cure in accordance with the literature data decreased from DMSO to DMF. Attention is drawn to the
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fact of a significant impact on the nature of the solvent on a molecular weight of polymer. Lowering
the MM of the polymer in going from DMSO to DMF may be due to different reasons. For example,
non-covalent interactions of the growing polymer chains (complexes with hydrogen bonds) when
using DMF. In addition, the chain transfer constant of the solvent DMF for more than DMSO. The
value of the polydispersity of the samples selected for the conversion of 60 - 70% of the precipitation
of the diluted reaction mixtures in water, relatively low (Tab. 1).
Table 1. Conditions of synthesis of PAN samples and their characteristics
Solvent

Iinitiation

Mn 10-3

Mw/Mn

The ratio of the intensities of the triads
rr

mr

mm

1

AIBN

88.2

1.74

1.0 (25.3 %)

2.00 (50.5 %)

0.96 (24.2 %)

2

AIBN

23.1

1.70

1.0 (21.8 %)

2.25 (49.2 %)

1.32 (28.9 %)

3

-rays

32.5

1.42

1.0 (23.1 %)

2.18 (50.5 %)

1.14 (26.4 %)

4

-rays

353.3

1.40

1.0 (23.7 %)

1.94 (50.0 %)

1.28 (30.3 %)

5

AIBN – BTC

21.6

1.54

1.0 (21.7%)

2.3 (50.0%)

1.3 (28.3%)

6

-rays – BTC

39.5

1.58

1.0 (23.9%)

2.13 (50.8%)

1.06 (25.3%)

3.1.2. Classical radical polymerization method, radiolysis initiation
When changing method of initiation on the radiolysis at temperatures above 0 °C the radical
mechanism of the process is not changed, and the medium is also homogeneous. Polymerization is
characterized by a first-order rate of monomer concentration, the rate increases, and MM decreases
with increasing dose rate (in fact, with an increase in the rate of initiation) (Fig. 4).

ln([M]/[M]0)
2

0,6

4
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3

0,3

0

300
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time, min

Fig. 4. Dependence of monomer concentration on the time in semi-logarithmic coordinates for the
radiation polymerization of acrylonitrile in DMSO at 50 C at a dose rate of radiation 0.107 (1),
0.075 (2), 0.023 (3), 0.011 (4) Gy/s.
For the PAN samples synthesized at 50 C radiation polymerization in DMF and DMSO, is
characterized by lower valuesof the polydispersity compared to the PAN, obtained under the action of
AIBN. This is probably due to the change in method of selection of samples (repeated reprecipitation),
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which led to an additional fractionation of the polymer. This conclusion is consistent with the
symmetry of the MWD (Fig. 5) in the coordinates qw(M) = f(lg(M)). In addition, as in the AIBNpolymerization initiated, PAN which is formed in the presence of DMF is characterized by
significantly lower MM than with DMSO.
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Fig. 5. MWD curves of polymers synthesized by the polymerization of acrylonitrile in DMF solution
(1, 3) and DMSO (2, 4) under the action of AIBN (1, 2) and radiolysis (3, 4).
3.1.3. The pseudoliving radical polymerization: the dependence on the nature of initiation. Previously
been applied successfully RAFT-polymerization for the controlled synthesis of PAN. In this paper we
present the results of comparing the characteristics and thermal behavior of PAN obtained by
polymerization of AN in DMSO in the presence of RAFT-agent (BTC), initiated by AIBN or
radiolysis.
Radiation polymerization of AN in the presence of BTC (5 10-3 mol/l) occurs at relatively high speed
and is characterized by a first order reaction rate on monomer concentration (Fig. 6a). That as the
temperature decreases the rate of decrease too. As in the case of polymerization initiated by AIBN, the
mechanism of this process is pseudoliving. Evidence of this shift of the GPC-curves in the high-MW
with increasing conversion, as well as the linear dependence of the conversion of Mn and low values of
polydispersity (Fig. 6 b). The effectiveness of BTC in the radiolysis is lower than in the case of a
substantial initiation, as indicated by the difference in the values Mn 2 of polymers synthesized at equal
concentrations of BTC. The reason for this phenomenon is not yet clear and requires further study.
From the analysis of the intensity ratio of triads rr: mr: mm in the PAN obtained RAFTpolymerization using different types of initiation, it follows that the transition from initiation to the
radiolysis of the real proportion of atactic sequences does not change, while the proportion of isotactic
triads decreases and is close to the content syndio -triads (Table 1). Thus, by varying the nature of the

2

In the process of conversion of pseudoliving radical polymerization relationship is described by
q [ M ]0
M n M RAFT
M M [7].
[ RAFT ]0 f [ I ]0 ( 1 e kit )
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solvent and the medium (homogeneous or heterogeneous), as well as the type of initiation (real or
radiolysis), were synthesized by six samples of homopolymer PAN, which differ by their molecular
mass characteristics.
-ln([M]/[M]0)
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Fig. 6. Results of the study of radiation RAFT-polymerization of acrylonitrile in DMSO in the
presence of BTC, [BTC] = 5 10-3 mol/l:
a) the dependence of monomer concentration on the time in the semi-logarithmic coordinates at 25 (1)
and 80 ° C (2), b) GPC-curves of polymers synthesized at 25 ° C in the conversion of 8.9 (1), 20.1 (2)
and 32.6% (3)
3.2. The study of the thermal behavior of polymers by DSC.
When heated in the structure of PAN proceeds cyclization reaction of nitrile groups, which leads to the
transformation of the linear structure of a flexible polymer in a rigid frame. In an inert atmosphere
mainly proceeds strongly exothermic process of cyclization, which is accompanied by the appearance
on the DSC curves of the narrow exothermic peak maximum position and the intensity of which
depend on the method of obtaining PAN (Fig. 7). For PAN, the synthesized solution-polymerized in
the presence of AIBN, before starting for the cyclization of a sample obtained in DMF (curve 2) than
in DMSO (curve 1), while for sample 2, the peak is broader and its intensity is lower. When changing
the mode of initiation on the radiative processes of cyclization is also used to start in the PAN
synthesized in DMF (curve 4), and the maximum peak is shifted by ~ 15 °C in comparison with PAN,
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formed in the AIBN-initiation, but the process is more exothermic. DSC curve of the sample
synthesized in DMSO (curve 5), shifts to lower temperatures by about 20 C. It can be assumed that
the difference in thermal behavior of PAN formed in DMSO and DMF, regardless of the method of
initiation due to the difference in their MW.
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Fig. 7. DSC curves of PAN samples 1-4 (Table 1), obtained by heating the polymer in an inert
atmosphere. Numbering of curves corresponds to the numbering of samples in Tab. 1.
3.3.The study of the structure of the PCS by ATR-FTIR.
Analysis of structural changes carried out by the IR spectra of the samples after IR-pyrolysis in the IRcamera.
3.3.1. The classical radical polymerization. The substantial initiation.
For PAN synthesized in DMSO (sample 1, Tab.1), the spectral characteristics of the solvent no
registered at 80 C IR-pyrolysis. The first signs of PCS seen in the IR spectrum is at 140 C: there are
new absorption bands at 1583 and 1490 cm–1 of the stretching vibrations of the =N in the PCS (Fig.
8). With further heating the intensity of these bands increases, the band is strongly broadened. Other
than those described above, the recorded absorption bands of stretching vibrations of C=C (~1600 cm–
1
) and
in the aromatic system (at 3066 cm–1). At the same time observed decrease in the intensity
of the absorption band at 1450 cm–1 (deformation vibrations of H2-groups of the main chain of
PAN), and at 200 C IR-pyrolysis of the system are left. The absorption band of stretching vibrations
of the nitrile group of PAN ( C N) during the formation of interface is split into two peaks at 2243 cm–
1
(nitrile group in the original PAN) and at 2200 cm–1 (nitrile group, involved in conjugation). At 200
C IR-pyrolysis the band at 2243 cm–1 characteristic of the PAN does not disappear completely,
forming a new band at 2200 cm–1 common envelope, in addition, there is also an absorption band at
2076 cm–1 of the nitrile groups in the conjugated sections of varying lengths.
In the IR-pyrolysis of PAN synthesized in DMF (sample 2), the spectral characteristics of education
PCS appear at 160 C, the absorption band of DMF is no longer registered at the same temperature
(160
C). However, at 200 C in the IR-spectrum present an absorption band at 1450 cm–1
(deformation vibrations of CH2), which indicates the existence of PCS same “local defect” of
structure. In this case the absorption band of the nitrile groups (2243 cm–1) in the same way as for
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sample 1 is not fixed. It is known that DMF is quite strongly associated with the proton at the tertiary
carbon of the main chain of PAN, resulting in desorption of residual solvent from the film of PAN
occurs at a temperature above its boiling point when there is already partly formed by the PCS, in
contrast to sample 1, where the disappearance of spectral features of the residual DMSO was observed
at a lower temperature infrared pyrolysis and before the formation of the PCS. Probably, with PAN–
DMF complex formation and preservation of saturated due to CH2-groups between the sites long
enough conjugated double bonds. It should be noted that the content of isotactic triads in the chain of
sample 2 more than in sample 1 (Tab. 1).Thus, the PCS for the PAN synthesized in DMSO (sample 1),
is formed at a lower temperature and has a profound system of conjugation.
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Fig. 8. Fragments of the IR-ATR spectra of samples 1 (curve 2) and 2 (curve 3) at 200 C
3.3.2. The classical radical polymerization. Initiation of radiation
In Fig. 9 shows the fragments of the IR-spectra of samples 3 and 4, the initiation of radiation received.
The beginning of the PCS-formation of PAN samples recorded at 160
IR-pyrolysis with the
–1
appearance of absorption bands at 1485 cm .
With increasing temperature up to 180 C the rapid growth of the absorption bands of conjugated
bonds, while in the IR-spectra of PCS present an absorption band of the CH2 groups (1450 cm–1) is not
involved in conjugation. The IR-spectra recorded at 200 C, is still apparent absorption nitrile groups
of the initial PAN (2243 cm–1), however, for sample 4 is almost no absorption band of the
2-groups
in contrast to sample 3 (and from a sample 1 described previously,), in which the spectrum of this
band present. The absorption band at 1600 cm–1 in the IR-spectrum of sample 4 is split into two peaks
(1611 and 1574 cm–1), the region below 1500 cm–1 also differs from the corresponding spectra of
sample 3 more pronounced peaks (similar to the sample 2). This could indicate the conjugation sites of
different lengths for a sample of 4, separated from each other CH2 and nitrile groups, and the more
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extended conjugation sites in the sample 3. The content of isotactic triads in the chain of the original
sample 3 is smaller than in sample 4 (Table 1).
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Fig. 9. Fragments ATR-FTIR spectra of samples 3 (curve 1) and 4 (curve 2) after 200 C IR-pyrolysis
Comparing the conditions of formation and infrared spectra of the PCS for the samples synthesized in
one solvent, but with different initiation (1, 4, 2 and 3), we can see that the low MW and broad MWD
results in lowering the onset temperature of formation of conjugation. A large fraction of isotactic
triads in the polymer chain determines the presence of the conjugation sites of varying length, limited
nitrile and CH2-groups, resulting in the IR spectra of PCS distinct maxima of the absorption bands of
conjugated bonds and the splitting of the absorption band of ~ 1600 cm–1.
3.3.3. Pseudoliving radical polymerization via the RAFT-mechanism.
PCS with IR-pyrolysis of PAN synthesized with the participation of BTC and AIBN (sample 5),
begins to appear already at 120 C and at 140 C conjugate well developed (Fig. 10), but the PCS is
fully formed in the pyrolysis of the sample in IR camera is much higher than 200 C. At 180 C IRpyrolysis system are present as CN-group (2244 cm–1) and residues of the CH2 group (1450 cm–1). The
nature of the PCS with increasing temperature as a whole does not differ from that described above for
the PAN with high content of isotactic triads. The IR-spectrum contains intense absorption bands with
distinct maxima at 1380, 1255 and 1153 cm–1 and the splitting of the absorption bands of stretching
vibrations of nitrile groups into two keeping with the original 2245 cm–1.
When the radiation polymerization of PAN synthesized with BTC (sample 6), the beginning of the
formation of PCS recorded between 120 and 140 C too. Already at 160 C IR-pyrolysis of absorption
bands corresponding to residues of the CH2-groups are not registered, the system contains only the
nitrile groups, which form the PCS (2218 cm–1). The general background and a slight rise in the
intensity maxima of the main absorption bands in the background of the overall envelope in the range
1370-1000 cm–1 indicate the formation at 180 C extensive PCS with a lot of rather short paired areas,
which is characteristic of polymers with low content of isotactic triads in the chain (fig. 10).
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Fig. 10. Fragments ATR-FTIR spectra of samples 6 (curve 1) and 5 (curve 2) after IR-pyrolysis
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Fig. 11. The calculated vibrational spectrum of models
It is known that during high-temperature pyrolysis (above 750 C) for a range of wave numbers of
absorption bands of functional groups is broadened to longer wavelengths as well as to shorter
wavelengths and is characterized by a common envelope without distinct maxima. According to Fig.
1, in the early formation of PCS formed C=N links, and only if there are deeper of conjugation C=C
bond take pace.
In addition, quantum chemical calculations of models of conjugated structures containing only the
C=N bond (Fig. 11a) and C=N and C=C bond together (Fig. 11b), confirmed the broadening of the
spectral region with maxima shift to longer wavelengths for deeper of conjugation. Hence, in systems
1, 3 and 6, we see a deeper conjugation compared with the systems 2, 4 and 5
In Table 2 summarize the comparative features of educational and analyze the structure of the PCS in
the IR-pyrolysis of PAN samples synthesized under different conditions.
Summarizing the analysis of thermal behavior and structure of the PCS in the IR pyrolysis of PAN
samples with different history, we can make some general conclusions. For samples containing
isotactic triads > 28% (systems 2, 4 and 5) in the IR-spectra after IR-pyrolysis observed a number of
distinct bands of conjugated C=N and C=C bonds, while almost always remain the absorption band of
the CH2- and nitrile group, characteristic of the initial PAN. For these samples in terms of IR-pyrolysis
are easily formed short segments of conjugated double bonds of different lengths separated by a
saturated CH2-groups. For samples containing the isotactic triads 26.5% (samples 1, 3 and 6) in the
IR-spectra are observed after the IR-pyrolysis of broad, shifted to longer wavelengths of the
absorption band of the conjugated double bonds, while the absorption bands of CH2 and nitrile groups,
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characteristic of the original PAN no. That is, for these samples should expect more formed and more
extended of conjugation system.
Table 2. Comparative analysis of the effect of synthesis conditions on the formation conditions of PAN
and the structure of the PCS
in the PCS, cm–

Systhem

T of the beginning
of the PCS
formation, C

CH2-groups

1

140

–

2240
2200
2070

2

160

+

–
2219
2067

3

160

+

2243
2200 (low)
2070

4

160

–

2243
2200
2070

5

120-140

+

2244
2200

6

120-140

-

2218
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–C=C– and
–C=N– groups in
the PCS
1721(shoulder)
1650(sh)
1581(intensive)
1370–1000 (int)
1650(sh)
1611 (int)
1580(int)
1530(low)
1370 (int)
1260 (int)
1150 (int)
1721 (sh)
1650 (sh)
1580 (int)
1370–1000(int)
1611 (int)
1580 (int)
1370 (int)
1250 (int)
1150 (int)
1650(sh)
1611 (int)
1580(int)
1530(low)
1370 (int)
1260 (int)
1150 (int)
1721(sh)
1650(sh)
1581(int)
1370–1000(int)
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Thus, we can divide all the samples of PAN into two groups, forming a deep PCS conjugation
(samples 1, 3 and 6) and forming a PCS with short conjugated segments separated by a nitrile, and
CH2-groups (samples 2, 4 and 5). Based on the data set, the most perfect system of defect-free and
fully conjugated bonds is characteristic for the system 6.
3.3.4. Copolymers of acrylonitrile and methyl acrylate, the synthesis and thermal behavior.
Parameters for the stereoregularity of copolymers with the introduction of small additions of MA did
not change compared to the PAN obtained in DMSO, and comprise: rr: mr: mm = 1.00: 2.22: 1.04
(23.5%: 52.1%: 24.4%). In Fig. 12 shows the normalized GPC-curves of the synthesized samples.

M1
M2
M3

10

3

10

4

10

M

5

Fig. 12. Normalized to unit area GPC curves of binary copolymers of AN / MA, received a classical
radical polymerization
Table 3 shows the results of calculations of molecular-mass characteristics of binary copolymers. It is
seen that the addition of 1 – 5 mol.% of MA to the reaction mixture AN/DMSO/AIBN has virtually no
effect on the MW and the width of the MWD.
Table 3. Molecular-mass characteristics of the copolymers
composition, the
molar %

Mn

Mw

Mw/Mn

N

286

1

95

5

33600

51400

1.52

2

97

3

29900

49200

1.64

3

99

1

30000

48800

1.62
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Investigation of the thermal behavior of the copolymer of MA and AN by DSC showed that the
introduction of MA does not affect the PCS-formation in an inert atmosphere: the temperature interval
and the position of the maximum on the DSC curve does not change compared to the homopolymer
PAN obtained in DMSO, but decreased the intensity of heat. Transformations in the copolymer, the
heated air to occur in a narrower temperature range than in the homopolymer, and the maximum heat
release is shifted to 30 C to lower temperatures.

DSC, mV/mg
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6
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1
2

exo

3
2
1
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250

300

350

,

Fig. 13. DSC curves of a sample of the copolymer of MA and AN (M2), synthesized in DMSO,
obtained by heating the polymer in an inert atmosphere (1) and in air (2)
To study the characteristics of the formation of polyconjugated structures M1 sample was subjected to
IR-pyrolysis. In Fig. 14 shows the IR-spectra of the films M1, formed from DMSO, prior to annealing
in the IR-camera and after stepwise annealing up to 200 C. The structure of PCS is similar to the PCS
from homopolymer PAN 2,4 and 5, and differs from the PAN homopolymer synthesized in DMSO
(sample 1).
The presence in the IR-spectrum absorption bands of the copolymer nitrile groups (2243 cm–1) and
residual CH2-groups (1450 cm–1) show that AN and MA copolymer by 200 C IR pyrolysis does not
form a deep of conjugation
4. CONCLUSIONS
As a result of this work can be argued that beginning of formation of MSS depends on the polymer
molecular weight, the content of isotactic triads in the chain and the presence of residual solvent,
which can communicate with the PAN and contribute more as a structuring of the polymer chain and
the formation of defects during carbonization. In the case of the solvent interaction with the
macromolecule does not occur, then the similar molecular masses of the low content of isotactic triads
results in lowering the onset temperature of education and the rapid formation of short sections of
conjugation. The use of RAFT- polymerization mechanism independently of the type of initiation
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(substantial or radiolysis) has little effect on the stereoregularity of PAN, but results in a polymer with
narrow MWD. In this case thermal effects are observed at lower temperatures, the terminal nitrile and
CH2-groups are fully expended on the formation of deep PCS with a large number of sites rather short
conjugation. Copolymerization of AN with MA leads to a deterioration of the structure of the MSS.
Thus, it is shown that changing the method of synthesis, you can control the structure of the MSS.

3
2
1

3500

3000

2000

1500

1000

500

-1

, cm

Fig. 14. The IR spectra of the original copolymer PAN-MA, at 20 C (curve 1) and the same film after
annealing in the IR-cell at 150 (curve 3) and 200 C (curve 5)
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Abstract
One of the most important challenges today is to sustain energy supply and demand balance.
Therefore, it is needed to improve the energy efficiency of the heating, cooling and lighting systems in
buildings, which are some of the most energy demanding sectors. In this regard, automation systems
used in the buildings are worth investigating because they provide comfort and are easy to use apart
from their advantageous in energy saving. Heating-cooling, lighting and security systems for five
types of building are investigated in this study. The building types considered are: mall, hotel,
operating room, convention center and villa. The amount of prospective energy saving rate, cost and
amortization time due to the usage of these systems were specified. The results show that the usage of
these systems provides significant energy saving rates. The results also show that amortization times
are relatively short.
Key words: energy efficiency, comfort analysis, cost analysis, building, automation system
1. INTRODUCTION
Nowadays, energy saving and energy efficiency constitute some of the most important subjects in all
around the world. The building automation offers wide opportunities to the operator and a functional
building to the user since it can control the device and components of heating-cooling-ventilation, air
conditioning, lighting, fire call and security systems. The user can operate all systems in a building
from one center via adaptable softwares, can receive malfunction warning, can make capacity control,
and can archive incoming and outgoing commands.
The aim of building automation is to provide central operation and supervision, energy saving,
comfort and security control. With its developing skills, building automation systems become the most
important tools in energy management in buildings (ABB, 2009). With their ability of adjustment to
the dynamic changes, building automation systems have led to the improvement of European norm
EN15232 in 2007 and has become systems that can offer live realization of the optimum solutions to
the possible changes in behavior of a building (load, fullness, synchronization, malfunction of
equipment etc.) (Ercan, 2009). Automation is one of the most important applications in timely
determination of the malfunctions of equipment in heating, ventilation and air conditioning systems
and in energy management and optimization (Siemens, 2010). Developments in building automation
systems have provided various systems to operate integrated to each other and the information
collected further provided systems to operate in an unexpected high efficiency with instant or previous
record assessments. In the energy usage in the buildings, smart buildings, building automation,
automation systems in heating-cooling and energy efficiency stand out.
In the literature, there are many researches on automation systems and energy efficiency. Yumurtac
and Keçeba (2009), Küçükbak rc (2006), Baysal (2008) and Göksu (2010) investigated smart
buildings and automation applications in smart buildings in their works. Lin et al. (2007), Maro
(1995), Ercan(2009), Çimen (2008), Ataba et al (2007), Yakut et al. (2008), Bayer (1993) and
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Çilingir (2011) studied the building automation and automation applications in heating-cooling
systems.
In this work, 5 different types of building have been taken into consideration and automation
(automatic control) systems used for energy observation and management in these buildings have been
investigated in terms of energy efficiency, comfort and cost. The influence of the differences from the
usage purpose of the buildings on heating-cooling, lighting and security systems has been evaluated
and comparisons have been made. The important factors for the selection of the systems have also
been reviewed in order to get an opinion for an efficient building automation system.
2. AUTOMATION SYSTEMS AND BUILDING AUTOMATION
Automation is system activities in relation with its environment within the scope of the information
supplied to it. The activities are performed according to the inputted or calculated information or
according to a certain procedure with previously determined parameters. The usage areas of the
automation systems can be divided into two groups: industrial automation systems and building
automation systems. Building automation systems are the systems that enable to monitor, command
and control the systems in buildings by computers (ASHRAE, 2007).
2.1. Influence of Automation Systems on Energy Efficiency
The most important problem in energy efficiency applications is the sustainability of the system.
Systems that are efficient within a certain time frame but inefficient in general can be seen in practice.
For the sustainable energy efficiency, the energy measurements should be made firstly, then
application or process components should be examined and the basic factors affecting the efficiency
should be determined. After the determination of basic factors, control-management systems
(automation) are installed. Finally the operation data of the installed system is monitored and the
application is supervised. The steps to be followed are given in Figure 1.

Fig. 1. Necessary steps for sustainable energy efficiency (Çilingir, 2011).
It is without question that automatic control and management systems are an important factors in
energy saving. The energy consumed in buildings is electrical or fuel energy. The highest ratio in
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consumption of electrical energy belongs to lighting, cooling and ventilation. The highest ratio
belongs to the heating in usage of fuel energy. It is possible to obtain a saving between 10% and 40%
with the control of heating-cooling systems, lighting systems, and security systems (Çilingir, 2011).
2.2. Systems in buildings which can be applied automation
Application areas of building automation systems are as the following: fire (function control, detector
control, fire and life safety), security (doors, PIR (movement), integrity work), access (doors,
buildings, fullness ratio), energy (consumption (electricity, water, gas, fuel), customer consumption,
air/water, lighting and the usage of alternative energy sources), lighting (timeline, occupation),
elevators (malfunction, maintenance), communication (voice, video, data), 24/8 monitoring (failure
detection, settings of devices, conditioned observation, parking lot usage), HVAC (air conditioning
units, boilers, pumps, fans, energy control, variable air flow rate, air quality). Air conditioning is a
process in which the properties of air in a place such as temperature, moisture, and purity are brought
to an optimum level for human health and comfort or for the industrial process. Security systems are
generally used for environmental safety. They are applied to the surrounding environment of the
residence or business office. They mostly function with security detectors. Besides, camera systems,
window and door monitoring detectors, barrier detectors functioning with invisible laser rays or
pressure sensible fiber cable systems mounted at the garden or neighboring of the house are used.
Security systems can easily function in an integrated manner with the other building automation
systems. Security measures are generally taken against gas, fire and water flood. The system is
activated via smoke sensor, heat sensor and water sensor in cases of fire, gas leakage and water flood.
Lighting systems are systems that determine and regulate the light need inside a dwelling by a central
computer system as in the heating-cooling systems.
2.3. Energy monitoring and management systems
Energy monitoring and management systems are necessary for efficient automation solutions. Energy
data of the process or building should be analyzed carefully. It should be acted according to the results
of this analysis.
Automation systems applied by collecting multiple systems under a single roof provide easiness both
in application and in management. With the integration provided by the software, tens of independent
systems such as HVAC, lighting, energy monitoring and control, engine control, entrance-exit control,
security, energy distribution can be controlled when requested. Besides control, an efficient and
productive operation of all these systems should also be provided.
3. ANALYSIS OF SAMPLE BUILDINGS WITH AUTOMATION SYSTEMS
In this study, 5 different types of building have been taken into consideration and analyzed. At the end
of these analyses, investment and operating costs, energy saving rate, amortization time have been
obtained separately for each building and a comparison has been made.
3.1. Mall automation
Malls are structures with large closed areas that host a lot of people at different hours of a day. As the
density of people is high, air conditioning, lighting and especially security automations carry high
importance. The mall considered in this study has a 10.000m2 closed area and 4 floors and it also has a
closed parking garage. There are approximately 20 shops at each floor and there is a foyer area on the
top of the building for general purposes. The analysis results for the mall are given in Table 1.
For the other analyzed buildings, results for automated and non-automated building have been
obtained in the same manner.
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3.2. Hotel automation
Hotels are complex structures that should be designed carefully by taking into account the security
issues and are expected to offer different comfort opportunities with many locations used for different
purposes. The hotel considered in this study has an 8.000m2 closed area and 8 floors.
Table 1. A comparison of the systems with automation and without automation for a mall.
Without Automation
Heating
Investment Cost (TL)

Cooling

Energy
Saving

Total

Heating

263.200

Operating Cost in
Summer (TL)
Operating Cost in
Winter (TL

With Automation

52.920

Diff.
% 28

8.316

108.780 12.200

Electricity

50.400 KW/Month

39.600 KW/Month

Natural Gas

21.000 Nm3/Month

16.500 Nm3/Month

Amortization Time

Total

365.400

10.584
15.540

Cooling

41.580
85.400

% 22

Operating
Cost in Summer

Operating
Cost in Winter

Operating
Cost in Summer

Operating
Cost in Winter

10.584TL/Month

15.540TL/Month

8.316TL/ Month

12.200TL/Month

36
Months

(Note: Summer is assumed as 5 months and winter is assumed as 7 months)

3.3. Operating room automation
Operating room automation should be applied in a more careful, detailed and precise way than all
other building automations. Since the hygiene of the environment is very important for the patient
health, all details should be taken into consideration.
3.4. Convention center automation
The convention center considered in this study has a conference hall with a 5135m2 closed area for
1.000 people. The management and other buildings in the convention center have a 7850m2 closed
area.
3.5. Villa automation
The villa automation has been examined in a more detailed manner as they are the most common
structures. Heat loss is 63kW in the sample villa and it is assumed to be heated with a boiler. The heat
gain is 161 Btu/h and air cooling is assumed to be provided with a VRF air conditioning unit.
4. RESULTS AND DISCUSSION
In this study, heating-cooling, lighting and security systems with and without automation have been
taken into consideration for 5 different types of building. The results of cost, energy saving rate and
amortization time analyses are given in Table 2 for 5 different buildings considered in this study.
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In the mall, VAV (variable air volume) automation system has been assumed to be used due to the fact
that it keeps most of the zone at a stable temperature range and it meets clean and fresh air need. As the
malls are used intensely for seven days of the week, it is seen that a high rate of efficiency can be
obtained with automation. Even though the cost of air conditioning unit constitutes 28% of the total
investment cost, it provides amortization in approximately 36 months by increasing the energy efficiency
at 23% level. Lighting system is assumed to consist of LED armatures due to their durability. Security
system consists of doorstep detectors, fire sensors and CCTV cameras.
In the hotel, four pipe fan coil system automation is assumed to be used due to its heating-cooling
capability with high precision in different zones. There is no continuous usage of the hotel rooms. This
fact is also taken into consideration in the automation. The automation activates the systems when the
person enters the room and they operate in basal mode in predetermined set values when the person
exits the room. The hotel air conditioning system automation includes unit automations in the number
of rooms. Although its investment cost constitutes 35% of the total investment cost, it provides
amortization in approximately 49 months by the increase in the energy efficiency at 25% level. The
usage of lighting and security systems is also important factors and they are also activated when a
person enters the room. Lighting armatures are checked with dimmers and lighting is provided as
much as it is necessary. CCTV cameras cannot be used in hotel rooms.
Another building type considered in this study is an operating room. In operating rooms, mostly single
zoned air conditioning system automation is used as the necessary air flow rate and positive pressure
can easily be provided with this system, the other rooms aren’t influenced from any problems in the air
conditioning unit and half volumetric flow rate working principle is easier to apply. Even though
operating room air conditioning system automation constitutes 43% of total investment cost, it
provides amortization in approximately 42 months by the increase in the energy efficiency at 25%
level. In operating rooms priority is given to the hygiene and comfort instead of the efficiency.
Hygiene is achieved by a three phases filtering, and quality, gas, and particle sensors in the room and
linear air flow achieved through positive pressure. The most important thing in the automation of this
type of rooms is the quick and efficient control of very sensitive comfort conditions and hygiene from
a single station.
Convention center is one of the examples of public buildings considered in this study. Heating is
provided by a four pipe fan coil system in this structure. There is also an air conditioning unit. As the
usage hours are known in the public buildings, the frequency inverters used in the automation systems
provide an efficiency increase. Even though convention center air conditioning automation constitutes
24% of total investment cost, it increases energy efficiency at 34% level and provides an amortization
within approximately 43 months. In lighting system, compact fluorescent bulbs have been assumed to
be used due to their low consumption. Closed circuit camera systems and sound systems are assumed
to be used in security automation.
The last building type considered in this study is a villa. The villa is assumed to be heated by a central
heating boiler and to be cooled by an air conditioning unit. An automation system which can be
integrated to the heating-cooling system is assumed to be used. The investment cost of automation
system constitutes 37% of total investment cost. The amortization time is found as approximately 82
months. With the automation, energy efficiency shows an increase of 22- 24%. Villa automation
system provides its user a comfortable environment due to its positive features such as remote control
capabilities, security means, precision, timing options, ability to control multiple devices from a single
location.
In this study, an energy efficiency, comfort and cost comparison for the automation systems used in 5
different buildings has also been made. The results are given in Table 3.
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5. CONCLUSION
Energy efficiency rate, investment cost ratio and amortization time of the automation systems applied
to the five types of building have been found as: energy saving rate 22%-25%, investment cost ratio,
20%-43%, amortization time, 36-68 months.
Significant points in the application of automation to the buildings are given below:
Selection of building automation system should be made during the planning of architectural
and fitting projects if possible.
The followings are the most important parameters in the energy efficiency of the automation
systems: daily or monthly air conditioning periods, heating-cooling-ventilation loads and the
dimensions of air conditioned locations.
In the selection of each automation system, priority should be given to the meeting of
expectations. The building might necessitate different automation applications according to its
location, type of use and structure.
Cost and efficiency balance should be considered in the selection of automation systems.
There is also a connection between the technological scope of the automation system to be
applied and the energy efficiency and comfort.
Maintenance and repair activities are very important expense items for the automation
systems.
Applications of the automation system are as much important as the selection of the system.
The advantageous of building automation systems is limited when the building is not well
isolated, not located well and whose fittings have not been planned or installed properly.
Table 2. Results of cost, energy saving rate and amortization time analyses for buildings with
automation systems (Özkan, 2011).
Investment Cost
Ratio ( % )

Energy Saving
Rate (%)

Amortization Time
(Month)

MALL

28

22

36

HOTEL

35

25

45

OPERATING ROOM

43

24

47

CONVENTION CENTER

24

25

62

VILLA

20

23

68
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Table 3. A Comparison for the automation systems used for five different buildings (Özkan, 2011).
TYPE

ENERGY EFFICIENCY
Instant control of heating,
cooling and ventilating load by
measurements of temperature
Improvement of efficiency
by the control of fullness
ratio

MALL

Energy saving rate of 22% by
automation systems

COMFORT

COST

Easy and quick use with
An investment cost ratio
central control panel
of 28% in total investment
cost
Temperature
and
Amortization in 36
malfunction
monitoring by
months
computer

Flexible use according to
An investment cost ratio
Stopping air-conditioning and
lighting systems in rooms out of personal comfort demand
of 35% in total investment
use
cost
Sensitive temperature and
25% energy saving rate by humidity control and easy
Amortization in 45
automation systems
months
reach to control systems

HOTEL

OPERATIN
G ROOM

Control of systems such as
Sensitive
air-conditioning heating, cooling, humidity,
An investment cost ratio
with
computer
controlled particle, gas, pressure, lighting of 43% in total investment
sensors
from a single centre
cost
Energy saving rate of 24%e
Fast adjustment to the
by automation systems
sensitive
comfort and
hygiene conditions
Preventing unnecessary use of
air-conditioning and lighting
systems

CONVENTI
ON
CENTER

Effective
use
Controlling fluid conditioning maintenance
of
units by inverters
conditioning system

Amortization
months

in

47

and
An investment cost ratio
air- of 24% in total investment
cost

High
performance
in
Saving from labor work due
Amortization
lighting and sound systems
to the automations
months

in

62

Energy saving rate of 25% by
automation systems
Efficiency increase because of
preventing losses from doors,
windows and lighting caused by
Easy integration to the
user’s fault
widely used heating, cooling
The optimum start-stop and lighting systems
control of equipment
Easy and efficient use
Energy saving rate of 23%
by automation systems

VILLA
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An investment cost ratio
of 20% in total investment
cost
Amortization in 68
months (only heating and
cooling
automation),
amortization is 109 months
(only lighting automation),
amortization time in 82
months (both automations)
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INTERVAL SHRINKABLE MATERIALS WITH “SHAPE MEMORY” FOR THE
COUNTERFEIT PROTECTION OF PRINTED PRODUCTS AND PACKAGING

A. P. Kondratov, A. S. Tishchenko
Moscow State Ivan Fyedorov University of Printing Arts
2A, Pryanishnikova Street, 127550 Moscow

Abstract
The Intervals (zones) with different shrinkage are formed in thermoplastic polymer films by the local
modification of their structure on the defined material zones; they are specific “watermarks” which
are invisible under the layer of printing ink. By printing of the information marks, which are
consisting of thin lines, on the film is manufactured a product (brand mark, label etc.); the
authenticity of this product can be tested by temperature increase up to the defined grade, which
provides a heterogeneous shrinkage of polymer film. The heating of interval shrinkable film at
strongly controlled conditions is a basis for the showing up of latent and tactile marks. The
dilatometric and calorimetric studies allow the estimating of the optimal value of shrinkage and
effect of "shape memory" on various interval films.
Key words: printing industry, packaging, tag, label, “shape memory”, shrinkable films, differential
scanning calorimetry (DSC)
1. INTRODUCTION
There is an objective necessity for counterfeit control of printing products in Europe and Russia now.
The current acuteness of this problem is determinated in many respects by the development and a wide
distribution of printing equipment. The firms and state enterprises, which are producing unique
products and securities, are continuously improving the process of production and the methods of
counterfeit protection. The range of protection of printing products is determined by three
components, there are the complexity of processes, the limited access to materials and equipment, the
novelty and inaccessibility of actual methods. For the counterfeit protection of commodities brands of
mass consumption goods, e.g. cosmetics of known firms or ecological pure products for baby food, are
developed composite multilayer labels made of bright, shiny, flickering, flexible, textured etc. selfadhesive materials with a temporary (weak and multiple) fixing [1].
The multilayer, composite and self-adhesive labels have an effect on the buyers as a magnet attracting
attention to the new or known goods of a known brands producer. The attraction is based on the
possibility of detection of a discount, a prize or additional latent information about the goods. The
“unstick and read” labels give the manufacturers an opportunity to use it for the purposes of widest
advertising and marketing. The counterfeit of such labels is not difficult and could be realized easily
and quickly on the copying or printing equipment. One of the efficient methods of counterfeit reaction
is the using of special printing materials which could be authenticated by customer or representative of
brand producer.
We proposed [2, 3] using of shrinkable polymer film materials with “shape memory” for counterfeit
protection. The application variants of such materials for counterfeit control of printing products are
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shown below. There are multilayer labels (fig. 1), unstuck labels on the packaging of product, which
could be warmed up in its container (fig. 2), and labels for tea bags (fig. 3).

Prior to heat treatment of the label the bar code
QR is not readable, because it was specially
distorted before printing

After heat treatment of the label is the bar code
QR readable (it contains the name and address
of the MSUPA)

Figure 1. The scheme of a complex book-shaped label made of interval heat shrinkable
film with the MSUPA logo and protected bar code

Figure 2. The scheme of an unstuck label with tactile marks appearing at heating in oven, water, etc.
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Figure 3. The scheme of a tea bag (1) with a protective label (2) made from an interval shrinkable
material with “shape memory”. A tactile label (3), a cup (4), a bar code (5), which appears and are
readable by scanner only after heating of the label
2. THE EXPERIMENTAL PART
For the realization of dilatometric and calorimetric studies and designing of protective details of
packaging, multilayer labels and tags made of the new interval shrinkable polymer films there were
used thermoplastic polymers, such as polyvinylchloride (PVC) in the form of shrinkable film and
polyethylene (PE) in the form of film, produced by extrusion with tube ballooning. The narrow zones
with minimum shrinkage were formed in anisotropic thermoshrinkable PVC films by the local heat
treatment under pressure in a free state and with fixed sizes. The zones with maximum shrinkage in
isotropic polyethylene films were received by a local deformation of the narrow zones of ribbon
samples on 300÷500 percent at 20ºC. On the samples of interval films of both types was applied by
screening a millimetric coordinate grid for realization of dilatometric measurements in film
deformation and shrinkage processes. The “shape memory” effect on the samples of interval film
materials made of PVC and
was showing up at the heating temperature from 60º to 100º .
At calorimetric studies of interval films with ”shape memory” were cut out the microdisks of these
samples for placing in a crucible of differential scanning calorimeter (DSC). There were used the
aluminium crucibles 5 mm in diameter with holes; and the calorimeter with a software for diagrammes
processing on a PC - DSC 204 Phoenix, firm NETZSCH (Germany). For realization of a controlled
shrinkage of interval films in various and strictly reproducible conditions was used a standard
technique of shrinkage properties assessment (GOST 25951-83), a specially developed mesh [4] and a
pack laminator “Prolamic HR 330 D”, firm ProfiOffice (Germany).
3. THE RESULTS OF THE THEORETICAL AND EXPERIMENTAL STUDIES AND THEIR
DISCUSSION
The degree of local structure heterogeneity of polymers and heterogeneity of local film shrinkage are
significant for printing industry, especially for production of protected elements of packaging, should
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be commensurable with the cross sizes of the line elements of printed image, e. g. bar code; and have
an average size not less than one millimetre. The film zones with a local shrinkage on the protective
packaging elements made of polymer films, different from that one on the other part of material, are
repeated as a rule at a distance of several millimetres. On the figure 4 is shown as an example a
fragment of PVC film with a latent "water mark", intended for manufacturing of counterfeit protected
flexible packing. The interval film takes this form after heat treatment in hot water. The photo is taken
by transmitted light microfilming through the microscope objective with low magnification. In the
given example (fig. 4) the modification process represents a local heat treatment of a narrow zone (of
1,5-2 mm) of shrinkable film during 0,5÷2 seconds to the temperature of 85÷100ºC with a subsequent
retention interval under pressure up to the cooling to the temperature below polymer vitrification
temperature.
On the interval shrinkable film sample was applied a layer of an opaque light ink by flexographic
proof press “Flexiproof 100 RK”, and after that by screen printing was formed an image consisting of
parallel dark strips. The "water-mark" is invisible on the print.
After heat treatment of a printed sample, e.g. using a blow dry air stream heated to 100 ± 15 degrees
centigrade, a pack laminator or by its sinking in hot water on the film surface appears a cross-shaped
water-mark", hidden in polymer structure; this mark is clearly discernible with naked eye, and can be
tactile sensed (to the touch) by blind or purblind persons.

1

Figure 4. : The photomicrography of sample sections of printed heat shrinkable polyvinylchloride film
with a "water-mark", identified by heat treatment. Tactile mark (1).
The efficiency of visualization and the possibility of tactile identification of a “water-mark" on an
interval film depends first of all on geometrical factors and on ratio of local shrinkage magnitudes of
polymer on the modified and not modified zones.
We investigated the dependences of films shrinkage range in the modified zone ("a watermark" zone)
and in abutting zones on the modification temperature in the range of 70÷96 degrees centigrade at the
time of local heat treatment under pressure of 5÷7 seconds. Under these conditions depending on
pressure and fixing of the sample sizes in the thermoshrinkable film are taking place several
interconnected relaxation processes: shrinkage (reduction of not fixed sizes of a film sample, drop of
internal stress at the heating and increase of internal stress in the heated zone after cooling).
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The last process of internal stress increase at the film cooling after heating with a fixed length is
abnomalous. The drop of stress in the thermoshrinkable polyvinylchloride film sample at its cooling
after heating to the temperature higher than the vitrification temperature does not correspond to the
known concepts of relaxation mechanisms [5,6].
This unconventional "shape memory” effect is worthy of special studying. On the figure 5 is shown a
change of stress in the thermoshrinkable polyvinylchloride film sample in the heating by hot air with a
subsequent cooling in the stationary tensometer clips.

f/f0

II1
I

III

f,%

t,
Figure 5. The change of stress in the shrinkable PVC film at heating and cooling in the stationary
tensometer clips.
The tensometric curve has a strange form and can be divided into some characteristic parts. The first
part is the curve of a rapid increase of stress in a sample with a fixed length at heating to the PVC
vitrification temperature (I). The achieved level of shrinkage stress we recognize as one. The
relaxation (II) of stress begins in thermostating process of the sample at the temperature above the
vitrification temperature (80ºC). At this stage the stress drops is going down to 0.8, i.e. by 20 percent.
The side counteraction of thermoshrinkable film is to be observed. The time of stress relaxation to the
level 0,8 is in order of 1 minute. The stress relaxation effect at heating is well corresponded to the
theoretical concepts of the stress relaxation mechanism in stressedly-deformed polymer [6]. At the
sample cooling, at the stage (III) is to be observed an anomalous increase of internal stress in the film
to the level of 1.2. This stress increase by 20 percent as against the original one is not a maximum
possible one. If the same sample is heated a few times (fig. 6), the regress processes described above
and the subsequent stress icrease are repeated in the same order but with a lower speed. The
characteristic time of relaxation on the regress areas reflects in a quantitative sense the speed of
bipolar stress change in the film (table 1). The total stress increase in thermoshrinkable film samples
at cyclic heating and cooling was 80 percent.
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Table 1. The speed of relaxation processes in the PVC thermoshrinkable films with a fixed length at
the heat cycling
Cycle No.

Overstress ( f), %

Relaxation time (

1

28

8

2

32

21

3

12

56

4

8

–

), minute

f,
4
1

2

3

t,
Figure 6. The bipolar stress relaxation in a thermoshrinkable film at the heat cycling.
For studying of the mechanism of this phenomenon there were realized the dilatometric and
calorimetric studies of original thermoshrinkable polyvinylchloride films and the samples made of
these films, heated under pressure. The film-loading pressure at the local heat treatment was realized
by pressing between the flat metal plates which provided the fixing of film sizes at the heating due to
the friction force hindering the film slipping lengthwise the plates at the shrinkage behavior.
For the shrinkage measuring at the heating it was applied by screen printing a coordinate grid on the
samples of original thermoshrinkable film with homogeneous shrinkage along the full length of the
interval film. The distorted grid after shrinkage was studied under a microscope. The local shrinkage
of the modified intervals is shown in various rates depending on the methods of its evaluation and on
the used device. We have used three techniques of quantitative assessment of shrinkable polymer
materials deformation, there are the heating in a water bath, the heating in a dry-air thermostat (in
accordance with GOST No. 25951-83) and the heating in a laminator between two sheets of heatresistant polymer with a release coating [4]. The received results were tabulated and shown on the
figure 7.
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y = 0.0128x + 38.91
R² = 0.0171

3
1
2

y = 0.0475x2 - 8.6062x + 389.01
y = -0.0026x3 + 0.6336x2 - 52.558x + 1467.2
R² = 0.8453
R² = 0.8552

Temperature,

, °C

Figure 7. The local shrinkage of the modified intervals (1, 2) and of the not modified shrinkable PVC
film (3) at the heating of samples in a free state in water (1,3), in laminator [4] (2,3) and in dry-air
thermostat in accordance with GOST 25951-83 (3).
There is evident from the received results of measurements, that the application of a special cell for the
rapid heat treatment in laminator [4] as a technical appearance medium of interval film local shrinkage
heterogeneity gives a practice-important advantage. Already at 80°C the reduction of linear sizes of
the polyvinylchloride film zones, subject to heat modification, is equal to 0; and the local shrinkage
distinction on the neighbour film zones run up to the maximum values. The shrinkage gradient on
zones borders of polyvinylchloride film, subject to modification, makes 0,3÷0,8 mm-1 and depends on
the type of polymer material, as well as on the method of local modification and the preferred
orientation value of macromolecules in original polymer material.
The modification of thermoshrinkable interval film zones by cold stretching gives a rather smaller
"shape memory” effect but it allows receiving a shrinkage gradient of 0,45÷0,6 mm-1 in a transitive
zone of 1÷1,25 mm in length.
The absolute value and the local shrinkage gradient of interval polymer films of both types, subject to
oriented stretching by production of thermoshrinkable materials and formed in the orientation process
by deformation (under normal conditions) can be quantitatively assessed by several
physicomechanical and thermophysical methods. We have used the microscopy, macrophotography,
dilatometric and calorimetric analysis (DSC).
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Table 2. The deformation of intervals reduction with a minimum shrinkage in interval films of various
types, there are the modified polyvinylchloride film and the polyethylene film.
Processing temperature of the
interval,°C

Minimum shrinkage of the
interval film, %

Shrinkage gradient, mm-1

No.

laminator

laminator

t

,°C

t

, °C

water (100°C)

water

Shrinkable polyvinylchloride «Eurofilm» (maximum shrinkage: 40 percent)
1

70

70

17

16

0,43

0,20

2

75

75

17

10

0,43

0,25

3

80

80

0

6

0,33

0,28

4

85

85

0

11

0,33

0,24

5

90

90

0

5

0,33

0,29

6

92

92

0

0

0,33

0,33

7

94

94

0

0

0,43

0,33

8

96

96

0

0

0,48

0,40

Shrinkable polyvinylchloride «Don-Polymer» (maximum shrinkage: 50 percent)
9

80

80*

-

0

-

0,23

10

110

110**

-

0

-

0,80

11

112

112***

-

0

-

0,89

Low-density polyethylene (maximum shrinkage: 63 percent)
12

22

22****

-

0,6

-

0,49

13

22

22****

-

0,4

-

0,50

*) transition zone length 1,25 mm; **) transition zone length 0,63 mm
***) transition zone length 0,63 mm; ****) transition zone length 1,25 mm
The shrinkage of interval films proceeds spontaneously at heating under the influence of internal stress
[5], due to the energy absorbed by polymer in film formation process.
By the example of polyvinylchloride, polystyrene and its copolymers with methacrylic acid it is shown
[6] that the polymer material, deformed in glassy state by 30÷40 percent, reserves about 5÷6 joule of
internal energy per one gram of polymer. The influence of the forced-elastic deformation on the
thermophysic constants of a glassy polymer is shown as follows. The DSC diagramme of a deformed
polymer contains a wide exothermic peak below the vitrification temperature, and the DSC diagramme
of not deformed polymer contains only an endothermic peak in the field of its vitrification
temperature. In low- annealing process the exothermic is gradually displaced to the area of high
temperatures and decreases; and thereupon disappears completely after a long heat treatment in free
condition. The endothermic peak grows in the annealing process on the contrary. These
experimentally verified facts show that the physical deterioration process and internal stress relaxation
process in structure of deformed glassy polymer are accompanied by thermal effects of the opposite
signs [6].
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1
2

3

Figure 8. The DSC curves of polyvinylchloride film samples with characteristic exothermic peaks.
The original film sample, unprocessed (1). The sample, thermal processed under the pressure of 70 psi
at 90º during 90 seconds (2). The sample at the repeated heating in the crucible of the DSC
calorimeter (3).
The DSC diagrammes of the first heating and the repeated heatings of the thermoshrinkable polymer
material samples differ in quality (fig. 8).
On the studied samples it is established that the diagramme of the first heating of thermoshrinkable
polyvinylchloride films, and the films, heated in boiling water for short-time (for 5 seconds), has an
exothermic peak corresponding to the temperature of the oriented stretching during the production. If.
If the film is modified by heat treatment at 70-80ºC under the pressure of 70 psi within 90 seconds the
exothermal peak is displaced to the polyvinylchloride vitrification temperature area. The amount of
energy liberated by the shrinkage makes 3,6÷3,7 J./g; and does not change practically in the
modification process of thermoshrinkable polyvinylchloride by local heat treatment under pressure i.e.
the normal pressure, due to the friction on the contacting surfaces, prevents from the film shrinkage at
the heat treatment. In the places of local heat treatment under pressure remains the previous level of
internal stress; and the exothermic effect is shown in the same rates at the subsequent heating, but at
the higher temperatures.
In many experimental studies of glassy polymers by the deformation calorimetry method it is shown
[7-12] that the plastic deformation of polymer glasses differs in principle from the corresponding
process which takes place in low-molecular solid bodies. The considerable part of deformation work
at the initial stage of "cold" stretching or linear pressing is accumulated by a polymer body and is not
be transformed into the heat [10], without an additional heating of deformed samples in a free
condition. For the description of thermophysical effect features and mechano-structural behaviour of
glassy polymers there were suggested some hypotheses stated in the monography [13]. The essence of
these hypotheses consists in the analogy between the “forced-elastic deformation” and the “forced306
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elastic relaxation”. The application of conformable terms shows the commonality of the deformation
mechanisms and the afterreduction of deformed polymer.
Our investigations show that a determinating factor is the physical condition of polymer, at which the
processes of forced-elastic deformation and the forced-elastic relaxation are realized. The thermal
effects accompanying the shrinkage have opposite signs, i.e. are exothermic or endothermic in a glassy
and a hyperelastic state. In glassy polyvinylchloride the forced-elastic relaxation proceeds with an
exothermic effect, and the similar process in elastic amorphous-crystalline polyethylene is
accompanied by an endothermic effect (fig. 9).
The intensity of endothermic effects is rather lower.

Figure 9. The DSC curves of polyethylene film samples with characteristic endothermic peaks
The size of thermal shrinkage effect of amorphous-crystalline polyethylene changes in the range of 0,3
- 2,5 J./g and depends on the conditions of forced-elastic deformation. The higher is the stress aapplied
to the sample at stretching, the more resilience energy it reserves and the greater is the shrinkage. At
the same time the dependence of the shrinkage on the stress and stretching size of film is not linear
(fig. 10), and has intervals of minimum and maximum values of 150-200 percent.
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Figure 10. The dependence of polyethylene film shrinkage on the stretching degree.
Under the adiabatic conditions the deformed polyethylene film shrinkage is accompanied by the heat
absorption and the growth of polymer macromolecule entropy in the disorientation (fig. 9).
As a result of low thermal conductivity of polyethylene and specific surface of the layered sample,
placed in the DSC crucible, it is lawful to consider the shrinkage process to be adiabatic. Under the
adiabatic conditions the jumping increase of macromolecular system entropy in consequence of the
shrinkage is accompanied by temperature pulldown of the polymer film sample. The endotermic effect
is the more; the higher is the level of internal stress in thermoshrinkable polyethylene.
4. THE CONCLUSION
The local structure change of thermoshrinkable polymer films under controlled conditions by using of
“shape memory” effect allows manufacturing of a wide set of modified packing materials for original
production and creating of a new technology of brands counterfeit protection of bulk commodities.
The offered materials and the developed on their basis methods of material science for printed
products counterfeit protection excel the similar technical solutions in usability of large-capacity
polymers, high-performance equipment for thermoplastics processing into oriented or
thermoshrinkable films with an insignificant design debugging, as well as in the applicability of highspeed printing (planar) technologies of data recording on roll-to-roll films.
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COMBINED BRIDGMAN ANVILS FOR ULTRA HIGH PRESSURES
Alexander A. Antanovich, Vladimir P. Filonenko, Georgii N. Stepanov
Russian Academy of Sciences, Institute for High Pressure Physics, 142190 Troitsk, Russia

Abstract
Combined Bridgman anvils comprising a central part made from superhard materials and an external
cover made from metal ceramic based on cubic boron nitride are described. Used in diamond cells,
these anvils produced pressure up to 50 GPa.
Key words: high-pressure device, Bridgman anvils, superhard materials, cubic boron nitride,
synthetic diamonds
1. INTRODUCTION
Bridgman anvils [1] represent one of the simplest high pressure devices. Fig. 1 shows Bridgman
anvils.

Fig.1
1, 5 – support for the anvils, 2, 4 – anvils, 3 – gasket
Two anvils (2, 4) made from a hard material and shaped as a flattened cone with apical opening of
angle between 160 and 170 are drawn together by the axial force applied to supports (1, 5) and
compress the gasket (3). In the central part of the gasket, a hole is drilled, where a pressure
transmitting medium, a pressure sensor and a sample are located.
Anvils made from hard alloy provide pressures of up to ~10 GPa [2]. The highest pressures are
reached when the jewelry-grade natural diamonds are used as the material for anvils. For example, in
the study of the hydrogen melting curve, the pressure of ~200 GPa was achieved in diamond anvils
[3]. Pressure sensors for the diamond anvils are ruby crystals, which luminescence R1 line shifts with
the pressure.
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As the cost of jewelry-grade diamonds is high, the weight of anvils is commonly several tenths of
carat, while the diameter of anvil’s work area does not exceed 0.5-0.6 mm at a height of 2 to 3 mm,
and the support platform is 3 to 4 mm in diameter. So small dimensions of the anvil give the working
volume where the maximum pressure is achieved of ~10-2 mm3 for the sample ~0.1 mm thick. This
considerably limits the range of studies which can be performed using such anvils.
Recently, many new superhard materials were created by baking or directed impregnation with metals
of diamond powders or cubic boron nitride powders. Such materials have somewhat lower mechanical
properties than diamond, but they are much cheaper and can be produced in bigger sizes, about 10 to
20 mm in diameter and height. This paper deals with the use of such materials in the Bridgman anvils.
2. APPARATUS AND RESULTS
The previous paper [4] published in this magazine last year described the superhard material
production technology based on cubic boron nitride (cBN), i.e. directed impregnation of cBN powders
with aluminum under high pressures and at high temperatures. From this material, Bridgman anvils
(Fig. 2) were made, one of which, paired with an anvil from transparent natural diamond, was tested in
a standard diamond anvil cell (Fig. 3).

Ø 0,53

10º
7

Ø 14

Fig. 2.

Fig. 3.

The force applied to anvils in the cell was created by a hydraulic press and fixed by a swivel nut, and
after that the cell was placed to a spectrometer to measure pressure via ruby luminescence line shift.
Ruby luminescence was excited by an argon laser. The maximum pressure achieved in this test was
36.2 GPa.
It appeared to be interesting to see how this superhard material would behave when used as a support
for Bridgman anvil made from harder superhard material, for example synthetic polycrystalline
diamond. Firstly, a polycrystalline diamond composite of Russian SV grade was chosen, having 3.5
mm in diameter and 2.5 mm high. This composite material consists of diamond crystals fixed by a
binder representing a thin interlining between diamond crystals. The composite material was coaxially
“baked” into a superhard ceramic in accordance with our technology [4]. The work piece obtained was
processed to fit the dimensions of the pure ceramic anvil (Fig. 4). Fig. 5 shows the image of the upper
surface of this anvil.
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Fig. 4.

Fig. 5.

Paired with the natural diamond anvil, this anvil was tested in the high pressure diamond cell shown in
Fig. 3. In the test, the maximum pressure of 42.2 GPa was achieved.
The same anvil was made using a diamond compact produced by baking of pure natural diamond
micropowders without any binder. The compact was 6 mm in diameter and 4 mm high. This anvil
paired with the natural diamond anvil was tested in a modified Boehler high-pressure diamond cell [5].
In this cell, the force is applied to anvils by controlled disk spring deformation. General view of this
cell is shown in Fig. 6.

Fig. 6.
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In this test, the maximum pressure of 49.6 GPa was achieved.
5. CONCLUSION
The superhard material developed on the basis of compact forms of cubic boron nitride can be used to
manufacture Bridgman anvils that operate in the pressure range of up to 50 GPa.
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CATALYTIC HYDROGENATION OF ANTHRACENE – BENZOTHIOPHENE MODEL
BLEND IN THE PRESENCE DONOR OF HYDROGEN
Kristina Gudun1, Murzabek Baikenov1, Zhanar Ahmetkarimova1, Ma Fengyun2
1

Academician Y. A. Buketov Karaganda State University, 28 Universitetskaya str., Karaganda,
100028 Kazakhstan

2

College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi, 830046 China

Abstract
The research was focused on the reactivity of the anthracene and anthracene-benzthiophene model
blend with various catalytic additives. The research demonstrates how the product yield is changed by
raising the temperature and adding a solvent.
Key words: model blend; catalytic hydrogenation; anthracene; benzothiophene
1. INTRODUCTION
In the beginning of the former century, the processes of solid fossil fuel conversion into liquid fuels,
such as gasification, coking, thermal dissolution, pyrolysis, hydropyrolysis, destructive hydrogenation,
etc., began to be a focus of significant scientific research.
Some of the processes listed above were carried put on commercial scale in the 1930s-1950s in many
countries. However, in the 1950s – 1960s, the production was suspended after relatively cheap oil
appeared on the world market (Maloletnev, & Shpirt, 2008).
At present, the oil reserves are decreasing and oil production is growing more expensive. It is a good
time for returning to the technologies of artificial liquid fuels production which are already familiar,
but at the contemporary level, including destructive hydrogenation of coals, shales and black oil,
taking into account the significant proven reserves and the economic efficiency of their appropriate
use (Kalechits 1999).
As hydrocarbons hydrogenating and decompounding are the most important reactions of solid fossil
fuels, elaboration of the theory and technology of solid fossil fuels hydrogenation and principles of
this process managementrequires researching into the transformations in a hydrogen medium of
individual hydrocarbons and heteroatomic compounds, modeling the substances of coal organic
composition (Lipovich, Kalabin & Kalechits 1988).
2. EXPERIMENT
Two model compounds were used in the experiment – anthracene and benzthiophene. Pyrite, iron
oxide, elemental sulfur, “Steel” (iron-and-steel waste) and a catalyst produced by “Shenhua” company
were used as the catalytic additives, and tetralin was used as the donor of hydrogen.
The blend hydrogenation was carried out in a high-pressure tank with a blender (autoclave) inside
(capacity 0.02 l) at the temperature of 375 – 400° , the initial gas pressure of 6,0 MPa and the
duration of 30 minutes. The moment when the autoclave reached the temperature of 375° was
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recorded as the start of the reaction. The rate of the autoclave heating was 10° a minute. The amount
of anthracene – 1,0 g, benzthiophene – 0,5 g, tetralin – 0,5 g.
The anthracene, benzthiophene and tetralin were first blended and then placed into the autoclave. Then
it was closed, blown with hydrogen, and excess hydrogen pressure was fed. The autoclave was heated
up to the required temperature and kept for the specified time. After the experiment, it was cooled
down to the room temperature, the volume of the gaseous yield was measured with the gas meter
GSB-400, and the gas mass was calculated based on the gas-chromatographic analysis data.

P
PH2,

, min

T,ºC

“Shenhua”, g

“Steel”, g

S, g

FeS2, g

Fe2O3, g

Tetralin, g

Benzthiophene, g

Anthracene, g

Experiment no

Table 1. Conditions of hydrogenation of the model blend

1

1

-

0,5

-

-

-

-

-

375

30

6,0

2

1

-

0,5

-

-

0,0114

0,0293

-

375

30

6,0

3

1

-

0,5

-

-

0,0229

0,0587

-

375

30

6,0

4

1

-

0,5

-

-

0,0343

0,0881

-

375

30

6,0

5

1

-

0,5

-

-

0,0457

0,1174

-

375

30

6,0

6

1

-

0,5

-

-

0,0572

0,1467

-

375

30

6,0

7

1

0,5

0,5

-

-

-

-

-

375

30

6,0

8

1

0,5

0,5

0,0143

-

0,0057

-

-

375

30

6,0

9

1

0,5

0,5

0,0714

-

0,0286

-

-

375

30

6,0

10

1

0,5

0,5

-

0,1071

0,0286

-

-

400

30

6,0

11

1

0,5

0,5

-

0,1071

-

-

-

400

30

6,0

12

1

0,5

0,5

-

-

-

-

0,0500

400

30

6,0

13

1

0,5

0,5

-

-

-

-

0,0500

400

60

6,0

The composition of the hydrogenation end gases was defined with a chromatographic column of
stainless steel and with the CL-4 chromatography recorder. The model compounds hydrogenation
products were analyzed with the HP 5890/5972 5D chromatography-mass-spectrometer produced by
Agilent (USA). The substances were identified by the NIST98 library data.
3. RESULTS
Experiments were carried out to evaluate the effectiveness of the model systems with respect to the
hydrogenation products. Conditions of hydrogenation of the model blend are represented in Table I.
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Firstly, we conducted a series of experiments on the hydrogenation of anthracene in the presence of
tetralin.
It is known from the literature that anthracene hydrogenated in the presence of a hydrogen donor in the
following way (Nishimura 2001):

H2

H2
o

120 - 150
12 MPa H2

9,10-dihydro

200 o
16 MPa H2

tetrahydro

H2

H2

3H2

220 o
15 MPa H2

255 o
15,2 MPa H2

280 o
18 MPa H2

hexahydro

s-octahydro

perhydro

In our case, the experimental results showed that the hydrogenation of anthracene in the presence of
tetralin without catalyst proceeds with the formation of these products (Table 2).
Table II shows that the products of hydrogenation constitute 49.02% and 36.56% of cracking products.
It is also clear that fully hydrogenated anthracene. This is in agreement with literature data.
Table 2. Product yield in conditions of anthraceneand with tetraline hydrogenation without catalyst

316

Reaction products

Yields
of
products, %

1-Methylindan

1,22

Tetralin

9,06

Naphthalene

4,66

2-Methylnaphtalene

1,68

2-Ethylnaphthalene

4,33

1-Methyl-4phenylmethylbenzene

9,40

2-Butylnaphthalene

2,46

2-Methylbiphenyl

3,95

2,2 -Dimethylbiphenyl

10,08

9,10-Dihydroanthracene

20,35

1,2,3,4- Tetrahydroanthracene

27,45

Anthracene

5,36
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Next, consider the impact of “Steel” and elemental sulfur amount in the process of hydrogenation of
anthracene in the presence of tetralin. Conditions of the hydrogenation process are described in Table
1, experiments from1 till 6.
When adding 0.02935 g “Steel” and 0.01143 g elementary sulfur reaction of anthracene with tetralin
yields 61.25% of the products of hydrogenation and cracking products 24.04% (Table 3).
When adding 0.0587 g “Steel” and 0.0229 g elementary sulfur hydrogenation of anthracene with
tetralin gives 68.25% with the formation of hydrogenation products and 18.32% of the decomposition
products (Table 3).
When adding 0.0881 g “Steel” and 0.0343 g elementary sulfur yield of decomposition products
increased to 29.46% and the yield of hydrogenation decreased to 54.36% (Table 3).
When adding 0.1174 g “Steel” and 0.0457 g elementary sulfur in the reaction of anthracene with
tetralin hydrogenation product yield and product cracking virtually unchanged at 51.35% and 29.09%
respectively (Table 3).
When adding 0.14675 g “Steel” and 0.05715 g elementary sulfur hydrogenation products were
57.71%, products of cracking were 25.21% (Table 3).
Table 3. Product yield in conditions of anthracene with tetraline hydrogenation (see the experiment
numbers in Table1)
Reaction products

Yields of reaction products, %
2

3

4

5

6

Benzene

-

0,80

0,91

-

-

1-Methylindan

-

-

1,14

-

-

Tetralin

4,69

3,19

6,52

4,49

8,12

Naphthalene

2,54

1,46

4,52

3,24

3,88

2-Methylnaphtalene

0,86

-

1,00

1,00

-

2-Ethylnaphthalene

1,95

0,13

2,39

2,24

1,38

1-Methyl-4phenylmethylbenzene

6,29

3,34

6,45

6,10

3,53

2-Butylnaphthalene

1,40

1,40

1,97

1,80

3,72

2-Methylbiphenyl

2,13

2,13

2,37

3,19

1,04

2,2 -Dimethylbiphenyl

7,90

7,76

9,85

10,50

11,66

9,10-Dihydroanthracene

28,21

27,92

23,08

22,33

18,14

1,2,3,4,5,6,7,8Octahydroanthracene

-

1,11

0,77

-

2,80

1,2,3,4Tetrahydroanthracene

33,04

39,22

29,37

29,02

36,77

Anthracene

10,08

9,67

9,67

14,10

8,87

trans-1,2Diphenylethylene

0,97

1,30

-

1,02

-
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Figure 1 shows that the hydrogenation of anthracene in the presence of tetralin hydrogenation products
superior formation of fission products. A change in the amount of catalyst from 4% to 8%, a
significant increase in product yield and decrease in the yield of hydrogenation products of
decomposition, further addition of the catalyst does not lead to specific changes in relative yields of
the product in the reaction without catalysts.
Next, we consider the behavior of anthracene – benzothiofene system in the presence of tetralin by
adding catalysts. Conditions of the hydrogenation process are described in Table 1, experiments from
7 till 13.
To begin, consider the interaction of anthracene, benzothiophene and tetralin without catalyst. As a
result of this reaction in Table IV it was found that the yield of cracking (37.21%) marginally prevails
over the release of the hydrogenation products (32.58%). It should be noted that the hydrogenation of
the anthracene – benzothiofene model blend without hydrogen donor and catalyst was prepared by
almost 3% more than the hydrogenationproducts and 3.5% more products cracking (Gudun, Baikenov,
Ma Fengyun 2010).

Cracking production

Yield of products, %

Hydrogenation products

Concentration of catalyst, %

Fig. 1. Product yield in conditions of anthracene with tetraline hydrogenation
Table 4. Product yield in conditions of the model blend of anthracene – benzthiophene with tetraline
hydrogenation (see the experiment numbers in Table 1)
Reaction products

Yields of reaction products, %
7

8

9

10

11

12

13

1-Methylindan

2,08

1,43

2,55

2,28

2,83

3,22

1,60

Tetralin

6,04

3,85

9,25

6,73

7,37

7,31

5,56

Naphthalene

6,99

5,62

6,28

7,10

7,45

9,37

5,94

Benzothiophene

6,32

5,47

5,03

7,58

8,34

8,45

5,19

1,3Dihydrobenzothiophen
e

2,42

2,11

2,89

3,36

4,03

3,52

2,86
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2-Methylnaphtalene

2,43

2,08

2,05

2,36

1,97

2,53

2,27

2-Ethylnaphthalene

3,47

3,09

3,18

3,35

2,94

3,44

2,92

1-Methyl-4phenylmethylbenzene

6,43

5,08

5,10

6,51

5,95

5,39

4,08

2-Butylnaphthalene

2,22

1,57

2,32

2,13

2,09

1,77

2,52

2-Methylbiphenyl

3,82

4,08

2,54

3,08

2,74

2,94

2,91

2,2 -Dimethylbiphenyl

13,84

14,17

12,32

12,60

11,49

11,44

15,17

9,10Dihydroanthracene

6,78

14,04

13,14

6,13

8,26

11,75

11,49

1,2,3,4,5,6,7,8Octahydroanthracene

–

–

1,01

–

–

–

1,37

1,2,3,4Tetrahydroanthracene

21,30

22,20

21,69

19,90

29,27

17,12

23,24

Anthracene

3,22

14,43

9,76

13,34

11,16

10,09

10,94

2Isopropylbenzenethiol

1,48

–

–

1,61

1,58

1,67

0,86

Also note that anthracene in the presence tetralin gives more hydrogenation products than the
anthracene – benzothiofene blend is in the same conditions. This agrees with published data. It is
known that an important indicator of the relative difficulty of raw materials hydrogenation is the ratio
of hydrogen and carbon. The lower the ratio, the more difficult material is processed hydrogenation
techniques.
When adding a catalytic mixture of iron oxide (0.0143 g) and elemental sulfur (0.0057 g) the reaction
of anthracene, benzothiophene and tetralin proceeds with the formation of 39.78% hydrogenation
products and 35.69% the decomposition products. It is clear that the addition of 2% of the catalytic
mixture increases the yield of hydrogenation products (Table 4).
The increase in the same catalytic addition to 10% resulted in the following. Yields of the
hydrogenation and cracking have not changed significantly and amounted to 41.28% and 33.79%
respectively (Table 4).
Next, we studied the effect of pyrite and the catalytic mixture of pyrite and elemental sulfur. The
obtained data showed that the addition of sulfur in the catalytic mixture leads to the formation of
hydrogenation products more than the products of cracking. While the addition of a pyrite products of
cracking prevail over the hydrogenation products (Table 4).
When we used catalyst “Shenhua” the concentration of hydrogenation products was less than
concentration of decompounding products near 3%. However, with increasing reaction time up to 60
minutes, the yield of hydrogenation prevails almost 4% (Table 4)
3. CONCLUSION
From these data we can conclude that the anthracene in the presence of a hydrogen donor for various
catalytic additives has many more products of hydrogenation than anthratcene – benzothiofen model
blend in the presence of hydrogen donor.
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MICROSTRUCTURE AND ELECTRICAL PROPERTIES OF MULTILAYER VARISTORS
BASED ON DOPED ZINC OXIDE
Jan Kulawik, Dorota Szwagierczak, Bohdan Rusiecki, Barbara Gröger
Institute of Electron Technology, Kraków Division,
ul. Zablocie 39, 30-701 Kraków, Poland

Abstract
The paper presents fabrication procedure, microstructure and electrical properties of multilayer
varistors based on ZnO doped with Bi, Sb, Co, Mn, B, Si and Pr oxides. Tape casting technique was
used for preparation of flexible ceramic tapes 100 m thick. A slurry for tape casting was prepared by
ball-milling of the inorganic powder with the organic part which contains polyvinyl butyral as a
binder, fish oil as a dispersant, polyethylene glycol and dibutyl phthalate as plasticizers, toluene and
isopropyl alcohol as solvents. Green sheets with screen-printed Pt electrodes were stacked, pressed
isostatically and cosintered at 1050°C. The microstructure and the distribution of elements inside
multilayer varistors were studied using scanning electron microscopy and energy dispersive
spectroscopy. Current-voltage characteristics of multilayer varistors were determined. The
investigated varistors exhibit a high nonlinearity coefficient of 25-28 and a breakdown voltage of 6080 V.
Key words: multilayer varistor, doped ZnO, tape casting, nonlinearity coefficient
1. INTRODUCTION
Varistor is a ceramic variable resistor which exhibits a voltage-dependent nonlinear current-voltage
characteristic. Varistors are applied to protect electronic devices against voltage surges [1-3].
The current-voltage (I-V) dependence for a varistor is shown schematically in Fig.1. Three regions can
be distinguished in this curve. In a region of low currents, the characteristic is almost ohmic and the
resistance value is very high (about 109 ). The voltage is lower than the potential barrier at grain
boundaries. In a medium current region (above the switch voltage) current I changes exponentially
with voltage U (I = CU where: - nonlinearity coefficient, C – constant).
In this region, the potential barrier at grain boundaries is overcome and a rapid increase in electrical
conduction takes place. The value of nonlinearity coefficient = d log I/ d log U can be determined
from the slope of the current-voltage characteristic. Typically, nonlinearity coefficients of oxide
varistors are at a level of 20-80. For high currents, there exists a second region of linear I-U
dependence related to a low intrinsic resistance of varistor grains (1-10 .
Conventional varistors are produced as bulk elements based on semiconducting ceramics containing
ZnO, SiC, TiO2, SrTiO3 [1-7]. The widely used varistor ceramics based on doped zinc oxide is
composed of relatively large ZnO grains (about 10 m in diameter), characterized by a relatively high
electrical conductivity, surrounded by thin insulating layers built of phases rich in Bi2O3 and in other
dopants. For fabrication of conventional bulk varistors, a typical ceramic procedure is used comprising
preparation of ceramic powders followed by pressing and sintering of ceramic pellets.
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Fig. 1. Schematic plot of current-voltage characteristic of a varistor
Since the 80s of the 20th century, development of multilayer varistors (MLC) has taken place due to
growing application range of low voltage circuits and strong demand for miniaturization and enhanced
integration scale in electronic circuits. These varistors are fabricated by a technology analogous to that
applied for multilayer capacitors – by cosintering of laminates containing several tape cast ceramic
foils with screen printed internal electrodes connected in parallel [8-18]. Multilayer varistors are
utilized for low voltage protection against surges caused by electrostatic discharge, atmospheric
discharge, overvoltage in integrated circuits, hybrid circuits, surface mount circuits. Today, many
electronic devices have their own independent supply source and work at low voltages of 3-4 V. For
their surge protection, multilayer varistors are the most suitable choice.
Electrostatic barrier which is created by Bi2O3–rich grain boundary is about 3.5 V [2]. To some extent,
the height of this barrier depends on grain boundary thickness, kind and content of dopants, sintering
profile. Under applied electrical field, current flows in the part of a layer with the lowest number of
grain boundaries between internal electrodes. So, to fabricate a low-voltage varistor only a small
number of grain boundaries is required between electrodes. However, diminishing of the grain size
distribution is essential for a good performance of multilayer varistors [8].
The paper presents the microstructure and electrical properties of multilayer varistors based on ZnO
doped with Bi, Sb, Co, Mn, B, Si and Pr oxides fabricated by tape casting and cosintering of ceramic
tapes with screen-printed platinum electrodes.
2. EXPERIMENTAL PROCEDURE
Tape casting technique was used for preparation of a flexible varistor ceramic tape. As shown in
Table 1 the inorganic part of a slurry is based on ZnO doped with Bi 2O3 , Si2O3, CoO, MnO, Cr2O3 ,
B2O3 , SiO2 and Pr2O3. Main constituents of the inorganic part were obtained by coprecipitation
method. Some dopants, such as Pr2O3, were introduced by mixing of the components in a ball-mill.
The organic part consists of polyvinyl butyral as a binder, fish oil as a dispersant, polyethylene glycol
and dibutyl phthalate as plasticizers, toluene and isopropyl alcohol as solvents.
Flow chart for fabrication of multilayer varistors is shown schematically in Fig. 2.
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Tape casting
Slurry preparation
Laser cutting
Preparation of
inorganic powder

Screen printing of Pt
internal electrodes

Sintering of varistors
Stacking of varistor
green sheets

Deposition of
external terminations
Dicing into
individual varistors

Isostatic lamination

Fig. 2. Flow chart for fabrication process of multilayer varistors
Table 1. Composition of the inorganic part of the slurry for varistor tape casting
Oxide

ZnO

Bi2O3

Sb2O3

CoO

MnO

Cr2O3

B2O3

SiO2

Pr2O3

Content
(mol%)

96.95

0.129

0.257

0.594

0.495

0.116

0.069

0.495

0.895

The slurry was prepared by ball-milling of the inorganic powders with the organic part for 3 h. The
composition of the slurry for tape casting of foils for multilayer varistors is given in Table 2.
Table 2. Composition of slurry for tape casting of varistor foil
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Slurry component

Content (wt.%)

Inorganic powder

52.6

Polyvinyl butyral

7.0

Fish oil

0.9

Polyethylene glycol

2.2

Dibutyl phthalate

2.2

Isopropyl alcohol

17.5

Toluene

17.6
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Tape casting was performed by a R. Mistler TTC-1200 machine. Ceramic foils were cast onto a
moving polyester carrier tape covered with silicone. The green tape was dried for a few hours at room
temperature and subsequently at 50°C. Then, using a laser (E-355-3-G-OA Oxford Laser) the green
tape was cut into sheets with proper dimensions and holes for sheet positioning during stacking were
made.
Internal electrodes from a platinum thick-film paste were screen printed on green varistor sheets.
Then, five or ten layers with screen printed electrodes separated by 1-3 layers of the varistor foil were
stacked and laminated isostatically (IL-4008PC Pacific Trinetics Corporation laminator) under a
pressure of 35 MPa at 70°C. Subsequently, the laminates were diced into individual varistors, and
external terminations of the internal electrodes connected in parallel were deposited.
The final step was firing of multilayer varistors. The temperature profile was carefully chosen to
ensure slow burnout of organic components from the green tapes and from the electrode paste
followed by cosintering of ceramic layers and platinum electrodes. The maximum temperature of
1050°C was maintained for 2 h to attain good densification of ceramic. The applied firing profile is
shown in Fig. 3.

Temperature (°C)

1000
800
600
400
200
0
0

8

16

24

32

Time (h)

Fig. 3. Firing profile of multilayer varistors
The microstructure and distribution of elements inside multilayer varistors were studied using
scanning electron microscopy (FEI Company Nova NanoSEM 200) and energy dispersive
spectroscopy (EDAX EDS System, Genesis Software).
Current-voltage characteristics of multilayer varistors were determined in a voltage range of 0-110 V.
3. RESULTS AND DISCUSSION
The green varistor tape was smooth, flexibile and with a high tensile strength. Its thickness was
uniform, equals to about 100 m. In Fig. 4a a roll of the green varistor tape is shown and in Fig. 4b
green sheets with screen printed Pt electrodes are presented.
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Fig. 4. (a) Flexible green varistor tape, (b) green sheets with screen printed Pt electrodes for 4 varistors
Fig. 5a presents a schematic view of the cross-section of a multilayer varistor. Fig. 5b illustrates a
multilayer varistor after lamination and sintering processes. The thicknesses of ceramic layers between
internal electrodes after sintering were about 105 m for 10-layer varistors and about 160 m for 5layer varistors.
Ceramic layers

Internal Pt electrodes

Terminations

(a)

(b)

Fig. 5. (a) Schematic view of a multilayer varistor, (b) multilayer varistor after lamination and
sintering processes
In Fig. 6 and Fig. 7, BSE (Back Scattered Electrons) images of cross-sections of a fired multilayer
varistor are presented. The microstructure of the varistor layers is fine-grained and well densified. As
can be seen from Fig. 6, besides dominating larger ZnO grains (1-5 m in diameter), there are smaller
and brighter grains, and needle-like crystallites containing elements with higher atomic number. Fig. 7
illustrates a good cooperation with the platinum electrodes. No cracks or delaminations resulting from
the thermal treatment were observed at the electrode-ceramic layer boundaries.
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(a)

(b)

Fig. 6. Back-scattered electron images of a fractured cross-section of the varistor ceramic layer
Fig. 8 displays the results of the chemical microanalysis using EDS method for points 1-4 marked in
Fig. 7. Point 1 corresponds to the interior of a large ZnO grain. The region around point 2
corresponding to a needle-shaped crystallite contains zinc, praseodymium, bismuth and silicon.
Presumably, it is zinc oxide strongly doped with praseodymium which after sintering at lower
temperatures may crystallize in a form of needles, or a separate crystalline phase based on zinc and
praseodymium. Further investigations using X-ray diffraction analysis should be carried out to
elucidate phase composition of these needle crystallites. The composition determined in the point 3
indicates the presence of zinc, antimony, manganese, cobalt and chromium. It can be ascribed to a
grain of the complex spinel phase situated at the grain boundary of the ZnO grains. Point 4
corresponds to Pt electrode.

1 - ZnO grain
2 - praseodymium-rich crystallite
3 - Zn Sb O spinel
7

2

1 2

4 - platinum electrode

Fig. 7. Back-scattered electron image of a fractured cross-section of a multilayer varistor in the region
of the ceramic layer-electrode boundary
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Point 1 - ZnO grain

Point 2 – needle-shaped grain

Point 3 – spinel

Point 4 – Pt electrode

Fig. 8. The results of the energy-dispersive X-ray microanalysis in the points 1-4 (marked in Fig. 7).
The additional phases represented by points 2 and 3 may contribute to the inhibition of grain growth of
ZnO grains and result in formation of fine-grained and uniform microstructure with a small grain size
distribution which is desired for multilayer varistors.
In Fig. 9 the microstructure of the varistor layer and the composition along two lines A and B are
presented. The line A intersects a large ZnO grain and two smaller grains situated at the boundary of
two ZnO grains. It follows from the line analysis that the composition of two smaller grains is not the
same. One of these grains contains antimony and is enriched in oxygen and manganese which implies
that it may be Zn7Sb2O12 spinel with a part of ions substituted by Mn. The second small grain at the
boundary of ZnO grains contains praseodymium, bismuth, chromium, manganese and exhibits an
enhanced oxygen concentration.
The line B intersects a large ZnO grain about 5 m in diameter, a smaller spherical grain with the
diameter less than 0.5 m and three needle-shaped crystallites. In the region of needles, a significant
enrichment in praseodymium, bismuth and chromium is observed. The composition of a spherical
grain, presumably being spinel phase, is characterized by an increased level of antimony and
manganese.
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Fig. 9. (a) BSE image of a fractured cross-section of a multilayer varistor, (b) EDS analysis of the
content of chemical elements along lines A and B
The SEM observations of varistor layers under a high magnification (80000 x) reveal very thin films
(with the thickness of tens of nanometers) surrounding ZnO grains, probably built of glass phase rich
in Bi2O3.
The current-voltage characteristics of the obtained varistors are plotted in different coordinates in
Figs. 10a, 10b and 10c. As can be seen from Fig. 10a, for the voltage exceeding 60 V and 80 V for 10layer and 5-layer varistors, respectively, a rapid increase in current occurs which results from an
abrupt decrease in the varistor resistance. Figs. 10b and 10c illustrate a transition from the region of
low voltages and currents which is related to a high resistance of the varistor, to the region of
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nonlinear characteristic of the varistor which is observed above the breakdown voltage of the potential
barrier at grain boundaries. The nonlinearity coefficient determined from the slope of the log I = f (log
U) plot is about 23 and 27 for 10-layer and 5-layer varistors, respectively.
The breakdown voltages and nonlinearity coefficients increase with increasing thickness of the
ceramic layer between the internal electrodes of a varistor. This effect is caused by an enhanced
number of grain boundaries in his region and is consistent with the results reported by other authors
[8].
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Fig. 10. Current-voltage characteristic of a multilayer varistor
4. CONCLUSIONS
Tape casting method was used successfully for obtainment of green varistor foils based on ZnO doped
with Bi, Sb, Co, Mn, B, Si and Pr oxides. As a result of a sequence of operations including laser
cutting, screen printing of platinum electrodes, stacking of green sheets, isostatic lamination and
cofiring, multilayer varistors were fabricated. After thermal treatment, ceramic layers were dense and
fine-grained and show good cooperation with platinum internal electrodes. SEM and EDS studies
reveal the presence of large ZnO grains of 1-5 m size, submicrometer spinel grains at the boundaries
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of ZnO, needle-shaped praseodymium rich crystallites and nanometric Bi2O3-rich films surrounding
ZnO grains. The breakdown voltage and nonlinearity coefficient are 60 V and 23 for 10-layer
varistors, and 80 V and 27 for 5-layer varistors. Both these varistor parameters increase with growing
thickness of the ceramic layer between electrodes.
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CHARACTERIZATION OF SAMARIUM COPPER TANTALATE - A NEW PEROVSKITE
MATERIAL WITH HIGH DIELECTRIC PERMITTIVITY
Dorota Szwagierczak, Jan Kulawik
Institute of Electron Technology, Kraków Division,
ul. Zablocie 39, 30-701 Kraków, Poland

Abstract
A permanent progress in miniaturization of electronic capacitive elements requires development of
new materials exhibiting a high dielectric constant. The paper reports on synthesis and sintering
conditions and dielectric properties of a new ceramic material with the composition Sm2/3CuTa4O12.
This material has a complex perovskite structure analogous to that of Cu2Ta4O12. Its high dielectric
permittivity reaching 105 could be attributed to spontaneous formation of internal barrier layer
capacitors (IBLC). Complex impedance spectroscopic studies carried out at frequencies of 10 Hz –
2 MHz and in a wide temperature range from -55 to 700°C reveal two types of dielectric response of
the ceramic samples. A high-frequency and low-temperature response is related to grains, whereas a
low-frequency and high-temperature response is attributed to grain boundaries. Scanning electron
microscope images and energy-dispersive X-ray microanalysis confirmed the existence of
semiconducting grains and more resistive grain boundaries in the investigated ceramic material.
Key words: samarium copper tantalate, perovskite ceramic, dielectric properties, internal barrier
layer capacitor
1. INTRODUCTION
Development of new materials exhibiting high dielectric permittivity is important to attain progress in
miniaturization of capacitive electronic components. Among candidates are members of a family of
nonferroelectric materials with a complex perovskite structure and the composition of ACu3Ti4O12
(A=Ca, Bi2/3, Nd2/3, Sm2/3, Gd2/3, Dy2/3) [1-9] and ACuTa4O12 (A=Cu, Bi2/3, Nd2/3, Sm2/3, Gd2/3, Dy2/3)
[10-15].
CaCu3Ti4O12 which is the best known representative of these materials, shows a very high dielectric
constant of 105 being stable over a wide frequency and temperature range. Formation of internal
barrier layer (IBL) and surface barrier layer (SBL) capacitors has been suggested to be the most
plausible reason for this dielectric behavior.
In contrast to a complex multistage fabrication procedure of conventional barrier layer capacitors
based on BaTiO3 and SrTiO3, for ACu3Ti4O12 and ACuTa4O12 materials such capacitors are formed
spontaneously in a one step sintering process in air.
In ABO3 perovskite structure of the considered compounds, there occurs strong tilting of TiO6 or TaO6
octahedra and four-fold coordination of small Cu ions in A sites [1, 10, 12]. CaCu 3Ti4O12 is a
stoichiometric compound, but most of other members of the family have partly unoccupied A sites. In
the case of Cu2Ta4O12, a half of A sites remains unoccupied [10, 12].
The present work describes fabrication procedure and dielectric properties of a new material with the
composition Sm2/3CuTa4O12 ceramic with the structure analogous to Cu2Ta4O12.
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2. EXPERIMENTAL
The Sm2/3CuTa4O12 material was synthesized by a conventional solid state reaction method. Starting
oxides Sm2O3, CuO and Ta2O5 were weighed in stoichiometric proportions, mixed and ball-milled for
8 h in isopropyl alcohol, then dried, pelletized and calcined at 1180°C for 25 h. The reaction product
was ball-milled for 8 h, pressed into pellets and sintered at 1180-1220°C for 12-25 h. A X’Pert Philips
diffractometer was used to determine phase composition of the obtained material.
A FEI scanning electron microscope and an EDAX Genesis EDS system were utilized to examine the
microstructure and chemical composition of the ceramic samples. Impedance spectroscopic studies
using a LCR QuadTech meter were carried out in the temperature range from -55 to 700°C at
frequencies 10 Hz - 2 MHz. Dc conductivity of the investigated material was measured in the
temperature range 20-800°C.
3. RESULTS AND DISCUSSION
Figs. 1-6 present the results of the impedance spectroscopic studies of Sm2/3CuTa4O12 ceramic samples
sintered at 1220°C for 25 h. In Fig. 1a and Fig. 1b the frequency dependencies of the real and the
imaginary parts of impedance are plotted as a function of frequency in log-log coordinates. Fig. 2
shows log-log plots of the imaginary versus the real part of impedance in the whole investigated temperature range
from -55 to 700°C. In Fig. 3 the complex impedance data are depicted for a few selected temperatures in the
range from -55 to 700°C.
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Fig. 1. Frequency dependence of the real (a) and the imaginary (b) parts of impedance in a
temperature range from -55 to 700°C for Sm2/3CuTa4O12 ceramic sintered at 1220°C.
The impedance data reflect two main kinds of the dielectric response. At low temperatures and high
frequencies, a response related to grains can be distinguished. This response is represented by a flat
maximum in Z” versus frequency plot (Fig. 1b) and a small incomplete arc in Z” versus Z’ plots
(Fig. 3a). Above 100°C, a dominant response is that attributed to grain boundaries. At a given
temperature, a distinct maximum is visible in Z” versus frequency plot (Fig. 1b) corresponding to a
plateau in Z’ versus frequency curve (Fig. 1a).

333

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
8
7

log [Z'' ( )]

6
5
4
3

-55°C
50°C
150°C
250°C
400°C
600°C

2
1

0°C
100°C
200°C
300°C
500°C
700°C

0
1

2

3

4

5

6

7

8

log [Z'( )]

Fig. 2. Log-log plot of the imaginary versus the real part of impedance in the temperatures range from
-55 to 700°C for Sm2/3CuTa4O12 ceramic
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Fig. 3. (a)-(d) Complex plane impedance plots for different temperatures in a range from -55 to 700°C
for Sm2/3CuTa4O12 ceramic
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In the complex impedance plots (Z”=f(Z’)) the response of grain boundaries is reflected by a large arc
(Fig. 3b,c,d). Below 200°C and above 400°C this arc is incomplete at the low- or high-frequency side,
respectively. The additional right-side (low-frequency) very small and depressed arc which can be
observed at the highest investigated temperatures (above 600°C) and at the lowest frequencies
(Fig. 3d), can be ascribed to the electrode-sample interface.
In Fig. 4a the resistances of grains and grain boundaries determined from the complex impedance plots
are shown as a function of reciprocal temperature. Fig. 4b displays the temperature dependence of the
relaxation times of dielectric relaxation of grains and grain boundaries calculated from the
relationship 2 fmax = 1 (where fmax is frequency corresponding to a maximum in the complex
impedance plot). The activation energies determined from the slopes of the Arrhenius plots are
0.35 eV and 0.77 eV for resistances of grains and resistances of grain boundaries, respectively. The
activation energies of relaxation times are 0.29 eV and 0.68 eV for grains and grain boundaries,
respectively. The values of activation energies for resistance and dielectric relaxation are close. This
indicates that electrical conduction and dielectric relaxation processes are controlled by transport of
the same charge carriers. Below 150°C, the resistances of grain boundaries are more than one order
higher than those of grains.
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Fig. 4. (a) Resistances of grains and grain boundaries versus reciprocal temperature (b) dielectric
relaxation times of grains and grain boundaries versus reciprocal temperature for Sm2/3CuTa4O12
ceramic
In Fig. 5a and Fig. 5b the log-log plots of frequency dependencies of the real part of permittivity
’ and the imaginary part of electric modulus M” are displayed in a wide temperature range. The ’
plots tend to converge at the high-frequency and low-frequency sides. The high frequency lowtemperature step at a level of about 40 is related to intrinsic properties of grains. The low-frequency,
high-temperature step corresponding to the values exceeding 10 3-105 is attributed to the response of
grain boundaries.
The frequency dependence of M” reveals large maxima which shift to higher frequencies with
increasing temperature. These M” peak values, which are proportional to the capacitances of grains,
are almost the same for all temperatures in the range from -55 to 300°C. The humps with the heights
2-3 orders lower than those of maxima can be attributed to the capacitances of grain boundaries.
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Fig. 5. Frequency dependence of (a) the real part of permittivity in a temperature range from -55 to
600°C, (b) the imaginary part of electric modulus in a temperature range from -55 to 300°C (b) for
Sm2/3CuTa4O12 ceramic
In Fig. 6 the logarithm of dc electrical conductivity of Sm2/3CuTa4O12 ceramic in the temperature
range 20-800°C is plotted as a function of reciprocal temperature. The activation energies determined
from the slopes of linear parts of the plot are 0.49, 0.74 and 0.77 eV in different temperature ranges
shown in Fig. 6. The activation energy of dc conduction in the temperature range 420-800°C is close
to that of resistance of grain boundaries (0.77 eV), determined from the impedance data.
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Fig. 6. Logarithm of dc electrical conductivity as a function of reciprocal temperature
The microstructure observed using scanning electron microscope is fine-grained although the grain
sizes are not uniform changing in the range from 0.5 to 5 m. The energy dispersive spectroscopy
method (EDS) reveals a higher content of oxygen at grain boundaries than in grain interiors.
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4. CONCLUSIONS
On the basis of impedance spectroscopic data two main dielectric responses were recognized in
Sm2/3CuTa4O12 ceramics. A low-temperature, high-frequency response can be attributed to grains,
whereas a high-temperature low-frequency response to grain boundaries. The resistances and
capacitances of grains are more than one order lower than those of grain boundaries. The
microanalysis by the EDS method reveals that the content of oxygen at grain boundaries is higher than
that in grain interiors. The fabricated material seems to be an IBL capacitor with internal barriers
spontaneously formed at grain boundaries of semiconducting grains.
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VORTICAL MECHANICAL RESONANCE AS A METHOD OF GENERATION
OF THE STABLE TRAVERSABLE WORMHOLE AND TELEPORTATION
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Abstract
On the basis of the analysis of the theory of infinite hierarchical nesting of matter, it is shown, that
hypothetical wormhole can be received at a vortical mechanical resonance on the special narrowly
allocated frequency. The description of the technological decision is resulted for tool and experiments,
which can confirm or deny possibility of a similar technique of generation of wormholes and
teleportation realization.
Key words: wormhole, teleportation, resonance, axial rotation.
1. INTRODUCTION.
The purpose of given article is to find technically possible decision, for realization of process of
instant teleportation, or generation of a stable traversable wormhole.
Opening of effect of quantum teleportation in certain degree was stimulus to search of ideas of
realizations of the present material teleportation. One of these hypotheses is based on the assumption
of existence of microscopic holes or tunnels in space. The general relativity theory does not deny
existence of such tunnels though does not confirm. However, as is known, quantum teleportation does
not pass energy or substance to distance. It passes only quantum state to distance by means of
separated in space linked pair and a classical communication channel, at which the state destroy in a
sending point at measurement carrying out, then it is recreated in a reception point. In effect, it is a
process of electronic copying, electronic cloning, but as not teleportation as that – i.e. instant moving
of material object from one point of space in another. For today has collected enough mathematical the
proved researches, proving moving possibility faster a velocity of light and existence of stable
wormholes for this purpose. Attempt to consider a task in the light of SP -symmetry allows
assuming presence in the nature of natural conditions for technologically realizable process of
teleportation of material bodies and generation of a stable traversable wormhole.
2. STRATIFICATION AND SELF-SIMILARITY OF LEVELS OF A MATTER.
The theory of infinite nesting of matter – as opposed to atomism alternative philosophical, physical
and cosmological theory [1]. The given theory is based on inductive logic conclusions about a
structure of the observable infinite Universe [2]. The metaphysical school studying the given theory,
concentrates on fundamental organizational principles of the nature and in the beginning named the
given concept discrete fractal a paradigm, and then discrete self-similar cosmological the paradigm. It
underlines the hierarchical organization of systems of the nature, from the least observable elementary
particles to the greatest visible clusters of galaxies. The new paradigm also highlight that fact, that the
global hierarchy of the nature is rather stratified in discrete levels of a matter from which the most
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notable are Nuclear, Star and Galactic levels. Other important principle of the given paradigm – that
cosmological levels are strictly self-similar. As a result, for each class of objects or the phenomena in
the given scale level there is a similar class of objects or the phenomena in everyone other
cosmological level that leads to similarity of levels of a matter. Self-similar analogues of objects and
the phenomena from various levels have coincident morphology, kinematics and dynamics. From the
physical point of view of a ratio of similarity, lead to the SP -symmetry confirming invariance of
physical laws, operating on different levels of a matter [3]. If the micro-level quantization is found in
many phenomena, on the macro level or at the stars, it may seem surprising. However, the conditions
for the emergence of quanta can occasionally occur at different levels of matter [4]. An example are
planetary systems of stars and satellite systems of the planets, have a similar to atoms by quantity of
objects and character of operating forces. Robert Oldershaw in several of his works since 1978
develops a model of cosmological self-similarity (the self-similar cosmological model). He has
allocated three basic levels of matter – nuclear, star and galactic levels. The matter is concentrated to
the given levels basically in the form of nucleons and stars, and stars also in the majority are a part of
galaxies [5]. Oldershaw marks, that the overwhelming quantity of substance in space contains in the
most easy elements – in hydrogen and in helium, and at the level of stars – in stars-dwarfs with mass
0.1 – 0.8 solar mass [6]. Besides are available much another examples of similarity:
– Rotation of carriers near each other under action of the force, decreasing in inverse proportion to a
square of distance.
– Often observable jets and emissions of a matter of the identical form in star and galactic systems.
– The attitude of the sizes of the greatest atoms to the size of a nucleon of the same order, as the
attitude of the size of greater star systems to the size of a neutron star.
– Dependences between spin and mass, between the magnetic moment and spin have the identical
form at nuclear and star systems.
– Rydberg’s atoms show dependence between radiuses and the periods of fluctuations electrons, very
similar to Kepler's law for planets.
Sergey Fedosin, from the Perm State University, in 1999 proving SP -symmetry showed that the
specific mechanical torques orbiting planets can be described by quantum Bohr formula for the
hydrogen atom [7]. He deduced the corresponding quantum formula for the spin of the planets. Also,
present estimates the extreme values of the mass and size of planets, white dwarfs and neutron stars.
Opened recently in a large number of L-dwarfs are well described by the model of the hydrogen white
dwarfs and are stars and minimum weight. Consequently, it is concluded that the quantization and
discrete properties of space objects, including those as small as elementary particles, is derived from
their complex structure, depending on the degree of degeneracy of their constituent material.
In general, the transfer of quantum mechanics on the level of stellar and planetary objects is a logical
development of the idea of the similarity of matter levels because quantization is a universal property
of matter.
3. SP

-SYMMETRY AND SECOND BOHR POSTULATE.

3.1. It should note that the possibility of wormholes is not postulate, but derived logically deductive
four independent directions: 1 – of SP -symmetry; 2 – of the second postulate (assumptions) Bohr;
3 – from the resonance phenomenon; 4 – axial rotating (gravitational torsion field) [8].
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Until recently was considered that the existence of stable traversable wormholes is necessary that it is
filled with exotic matter with negative energy density, which creates a strong gravitational repulsion
and preventing a collapse of the wormhole.
A group of physicists from Germany and Greece under the guidance Burkhard Kleinhaus from
Oldenburg University showed that no negative energy or exotic matter which does not require [9].
Moreover, Sergey Krasnikov, from the Pulkovo Astronomical Observatory, by theoretical
mathematical calculations proved that exotic matter can be generated in any number of itself
wormhole and therefore the wormhole can be any size. In his opinion no known mechanisms that
prevent such wormholes exist, do not exist [10]. Nevertheless, the energy for the formation of
wormholes – to deform the topology of space-time in the interaction of electromagnetic and
gravitational fields, definitely need a lot of [11]. In principle, Einstein's equations allow for the
interaction of electromagnetic and gravitational fields. However, for such an interaction has been
noticeable, need enormous electromagnetic energy, comparable to Einstein rest energy.
3.2. Electron having spin and orbital moments has own cyclic frequency , which is reflected in its
energy spectrum. The planet has a similar electronic axial and orbital rotation, has an individual
combination of cyclic rotation frequency – around its own axis and of the Sun, expressed as definite
numerical values that can be described graphically and analytically given by the function f x , and
substituting the value of in the expression for finding period and rotation frequency.
Thus, of the Earth is approximately equal to 365.25 turns, of Mars – 668.6.
In addition, the planet creates harmonic oscillations (gravitational and electromagnetic) during rotation
also described by the corresponding equations.
3.3. According to the of scale logic invariance SP -symmetry [7],
the second quantum postulate Bohr hv En Em on a galactic
scale (macro-level) will look like
0 – that is the resonance
condition. Basic principles of resonance: a) Resonance it is sharp
increase in the amplitude of the forced oscillations in frequency
approaches external harmonic influence to the natural frequency of
the system. b) Resonance it is an optimal condition for the transfer of
energy (and hence the matter) from one oscillating system to another.
Nikola Tesla believed the law of resonance most common natural
law: "All communications between the phenomena are established
exclusively by all kinds of simple and complex resonances – agreed vibrations of physical systems"
[12]. Today we know the conditions of the appearance and manifestations but the physical
significance of the resonance phenomenon is not understood so far, as well as the physical significance
of the mechanism action of the charges, though without electricity life of our civilization impossible.
Resonance phenomena occur with all types of vibrations or waves. Today science knows many types
of resonance: the mechanical resonance, acoustic resonance, the optical resonance, electromagnetic
resonance, nuclear magnetic resonance (NMR), resonance of quantum wave functions, electron
paramagnetic resonance (EPR), and orbital resonance in astronomy.
3.4. Graphic below shows the dependence of the amplitude A from the
attenuation coefficients constructed by (1) – a formula the forced oscillation.
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From formula (1) follows that at a small ratio
coefficient increase of the oscillations ( ) is close
to unity and the amplitude A of forced oscillations only slightly different from the static deformation.
When the frequency of the forced oscillations approaches the natural frequency of the system, the
amplitude A the forced oscillations tends to infinity, i.e. when
, the amplitude
.
When
0 have a state of resonance. The corresponding frequency of the exciting force is critical.
3.5. Hence it is obvious that the physical phenomenon of resonance corresponds to two basic required
conditions: 1 – generation of large amounts of energy, presumably sufficient to form a stable
wormhole or instant teleportation. 2 – corresponds to the essence of the second quantum postulate of
Bohr on the macro level – energy release (or its absorption – in the antiphase [11]) with the
corresponding frequency, that similar to the conditions of the transition of an electron from one orbit
to another – that is the matching condition of transit (quantum jump).
Thus, the author came to the conclusion that it is the phenomenon of resonance at orbital frequency of
the planet allow to carry out transit (macro orbital jump) material body to the sought-for planet
without forward motion in space. A measure of the quantum-mechanical motion of an electron in a
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stationary orbit is the wave function, and for the planet is analogous measure of its mechanical
impulse. So far, logically correct will to assume that to create conditions for transit of the material
body by means the angular frequency of rotation of the planets (macro orbital jump) is required
resonance carried out by mechanical vibrations.
4. THE TECHNICAL SOLUTION.
4.1. Short review: a resonance in history and its research.
As is known, the mechanical resonance causes irreversible destruction in the various mechanical
systems.
– In England, April 12, 1831 at pass marching soldiers crashed Broughton suspension bridge over the
river Irwell.
– In France in Angers April 16, 1850 at a similar passing of soldiers marched on the suspension bridge
over the Maine River was its complete destruction.
– In the U.S., November 7, 1940 in resonant swinging by wind suspension bridge over the Tacoma
River was full collapse.
– In Russia, 14 February 2004 Moscow Water Park collapsed dome. Its collapse was from falling the
support column. In analyzing the structure deformation of steel columns, representing the tube, experts
have found a dent with soft melt forms. According to experts, the steel column diameter of 45
centimeters broke down because of the dynamic side blow, caused by the pressure of sound from the
discotheque took place at the water park. Between the pool and the outside wall of the building was
found a few speakers total capacity of 25 kilowatt. Such pressure sound wave, no doubt, was too weak
to influence the design elements, but got into resonance with the natural vibrations of the column
many times increased. Unfortunately, the list of destruction occurred due to resonance and resulted in
to deaths is a long one. However, one should note that a similar is the case in those cases where the
system (part, assembly or building) and the materials from which it is composed, have insufficient
strength and are not designed to work in conditions of resonance. Today, when the development of
mathematical modeling has reached the impressive progress in the construction of complex technical
constructions and electro technical devices, it resorted to a mathematical apparatus of differential
calculus. And yet, experts reluctantly admit that resonance – little-studied phenomenon in science and
not enough forecast. It is safe to say that today science has not completely disclosed the potential of
the resonance phenomenon. A detailed scientific study of the phenomenon of resonance, using
mathematical tools, only began in the first half of the 20th century.
a) As a phenomenon, the resonance was first described in 1602 by Galileo Galilei in works devoted to
the study of pendulums and musical strings [14].
b) Phenomenon of nuclear magnetic resonance was discovered in 1938 by Isaac Rabi in molecular
beams, for which he was awarded the Nobel Prize in 1944.
c) Eight years later, Felix Bloch [15] and Edward Purcell M. [16] obtained a nuclear magnetic
resonance in liquids and solids, for which they was awarded the Nobel Prize in 1952.
d) Stochastic resonance phenomenon was discovered and recognized as recently as 80 years of the
20th century. Thus, it is clear that the phenomenon of resonance is necessary to continue to study
thoroughly and openly declare its full depth research and understanding of nature, still very early.
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4.2. Basic requirements for the resonator
Returning to the subject of the article, it can to say that in the case of: a) Selection required materials;
b) Calculation of the design; c) The fine adjustment of forced vibrations to the required frequency, is
possible to achieve the generation of new physical phenomena not yet known to science.
Obviously, the quality of the resonator should be as a maximum. In this case, the quality factor is
composed of: a) the appropriate choice composition of materials resonator having high strength,
elasticity and low mechanical damping decrement fluctuations; b) to be made a thorough the modal
analysis of the construction of the resonator to work in conditions mechanical resonance. Only in this
case, it can be guaranteed that the resonator will not be destroyed at a critical value of the disturbing
force. c) Also, logically obvious that the geometry of the resonator should be most similar to the
geometry of natural systems – elementary particles and celestial bodies. In other words resonator
system (hereinafter: the resonator) should take the form of sphere, ellipsoid or disc.
It should have noted that, produced resonator elastic wave momentum p must also give a closed
circular (vortex
rotv ) movement, as this type of movement: a) – will correspond to the movement
of natural systems (electron, planet) – spin/axial rotation. b) – maximum stabilize its operation under
the resonance conditions by transforming enormous arising radial force, excited at
0 in the
centripetal, thus preventing the resonator from destruction (spin stabilization).
c) – observed the interaction between the electromagnetic and gravitational fields by axial rotating
body or fields [17], [18], [19].
4.3. "Composite vibro-plait" and "reactive cover"
Considering the most appropriate type of vibrator to excite of mechanical vibrations, the author has
chosen a piezomaterials. Unlike electromechanical vibrators piezomaterials favorably by providing a
constant frequency with high precision.
For the formation of the resonator mechanical oscillatory impulses p with the required precision and
frequency v axial rotation on its surface, it is necessary to use a special covering with a certain
structure, the main operating element of which is composite vibrating plait (Fig. 1):

FIG. 1

344

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
Where: 1 – metal plaits outer layer; 2 – plaits from piezomaterial (brown-green) of the interlayer;
3 – steel plaits of the inner layer. All intermediate plaits (1, 2 and 3) of the composite vibration plaits
for maximal strength comprised of even thinner threads and should twist by the method armour
weaving that will maximize tightly twist the plaits and isolate one from the other layer, protecting
them from mutual fault. In early twist steel harness 3, then it winds around piezo-plaits 2 and the last
thing on them wound around steel plait 1. Diameter of separately taken filament of each of the plaits
(1, 2, and 3) the need to minimize [20], and only then twist the collective plaits (steel and
piezomaterial), as this will give them maximum durability [21] and will withstand the mechanical
stresses in the resonance. In simpler terms, for maximum durability, the diameter of the composite
vibration plait should have micron dimensions. Filaments from piezomaterial 2 at pre-cast need pass
into a static intense magnetic field for maximum structural molecular orientation of piezomaterial.
Filaments of composite vibrating plait laid on the previously prepared surface of the resonator, and fix
on it by the method of electroplating and gradually submerge as plating. Such a method of fixing
vibrating plait on the body resonator unlike other (powder sintering, plasma spraying, casting) the
most acceptable as gentle for of its thin filaments. Case of the resonator laid in his body vibrating
plaits in a structure named as the fine-mesh net "reactive cover" Fig. 2. The cells may take the form
either of squares (Fig. 2a), or rhombuses (Fig. 2b).

FIG.2
Surface of the case of the resonator after laying of composite vibration plait must be perfectly smooth:
without ridges, cracks and sharp corners. In principle, this have achieved by applying metal method of
the electroplating. It is also maximize the quality of the resonator. The more so, the body of the
resonator must not have technical superstructures (antennas and mounted devices), as propagating on
the external surface of the casing mechanical waves forming the standing circular waves [22].
Standing circular waves, obstacles encountered along the way (in the form of sharp corners, crevices
and technical add-ins) standing secondary waves, which will lead to the destruction of both the
technical superstructure and case of the resonator. Mechanical resonating waves should freely
distribute on the surface of the case. During the construction of the resonator and the defining of its
geometry necessary to proceed from principles of the theory of antennas [23]. Location "reactive
cover" can be external (Fig. 3a), and internal (Fig. 3b).
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FIG.3

By the principle of action – that is, depending on the geometric characteristics of the resonator and the
location of "reactive cover" (on the external surface, Fig. 3a – the ellipsoid or internal, Fig. 3b – a ring,
a truncated cylinder), supposedly will depend and the type of macro orbital jump: a) Or instant transit
(teleportation – for the ellipsoid, Fig 4a), or b) Generation of stable traversable wormholes (for
truncated cylinder Fig. 4b). The given assumption base on the resonator geometry drawn analogy with
the geometry of the radiating antenna, depending on what is possible to create of open type antenna, or
with narrowly focused the ray [24].

FIG.4
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4.4. The principle of operation "reactive cover"
From the driving oscillator on the case of the resonator and metal harnesses of the outer layer 1
(Fig.1), soldered into the outer casing of the resonator supplied with current with a "minus" – , and
the central plait-conductor (3) with a "plus"
. Electromotive force (i) are having voltage (u),
current strength (A) and frequency ( ), is apply on a close-meshed net consisting of a composite plait.
Wires from the center conductors of separately-individually connected to the onboard computer. Their
collectives will form the collector cables. Board computer by means of individual supply electrodes
that are soldered to the center conductor 3 of individual net cells reactive cover sets the desired pattern
resonating vibrations running down on the case the resonator, forming necessary a circular
configuration. Piezoelectric plaits 2 are both insulators (between the center conductor 3 and the metal
case of the resonator) and the active element of the "reactive cover" which under the influence of
alternating current will compress and expand. Elastic mechanical deformation of piezomaterial will be
transmitted to the surrounding metal of reactive cover to specific points thus forming necessary pattern
(vortex rotation) of vibrating waves.
4.5. The picture (stages) of transit
a) At tuning of a "reactive cover" in a resonance on frequency of Mars at
enter (mechanical) resonance with frequency of a required planet.
b) At a resonance (

0 ),

0

the resonator will

due to the high quality of the resonator, on the outer surface of the case of

reactive cover arise
. Here it is necessary make a digression and to say that in posed problems
article does not mathematically describe the structure of formed the wormhole [9], or the process of
teleportation by means of it, because this is an area, which has the singularity
. Objective of
article is to find real conditions and technical feasibility of solutions for their generation.
c) Under the influence of rotation mechanical impulses and the resonance expected to take place a
mutual enhancement general effect: the amplitude of the forced oscillation reaches a critical value (
), and the magnetic and gravitational fields of resonator will interact. As a result, Earth's
gravity will be reduced to zero and the rotating mechanical impulses on the surface of "reactive cover"
will approach to a value close to the singularity.
d) Automatically take effect the fundamental law of the relationship the frequency and wave:
frequency is inversely proportional to the wavelength and on the contrary.
e) Resonator, staying on the same wavelength with cyclic frequency of Mars, by directional vectors of
interaction of the two forces (and the gravitomagnetic fields of resonator and of the Mars) will be
pushed out (will attract) in his space-sphere through formed by wormhole that has singular properties.
In case of placing "reactive cover" on internal surface of the teleporter (i.e. the ring – as a focused
radiator), at the critical value of the amplitude of forced oscillations (
), arise a stable
traversable wormhole – singular values ray channel. The calculations show that speed of movement by
means of the singularity must exceed the light [25].
Process of transportation in space-sphere of required planet presumably will occur naturallyautomatically.
5. CONCLUSION
In the article is shown the theoretical data possibilities of technical generating stable traversable the
wormhole based on the phenomenon of mechanical vortical resonance. It is shown the real technology
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and describes two methods by which possible either obtain an instant teleportation, or stable in time
traversable wormhole.
Need to re-emphasize that the fact that the obvious stratification levels of matter, during an elementary
deductive analysis, easily detect the ability to move in space by means of the planetary cycle
frequency. Speaking easier, stations for moving in space like method will to serve planets.
Transportation will occur naturally-automatically – it will be necessary to enter only into a resonance
with a required planet.
The phenomenon of quantum jump of the electron, which has not been applied to the macro system –
a serious missed element in modern scientific paradigm that does not allow approach to the effective
breakthrough technologies movement in space. Why in science takes place to be such a situation?
Solely because of subjectivity of human psychology world outlook, that changes and following that
developing and improving science, technology and scientific paradigm [26]. Just this omission on the
present day does not allow man to reach the stars and settle in from overcrowded the Earth in space,
the depletion of resources and, as a consequence, the state of the environment, which, according to
experts, every year more and more close to the catastrophic condition.
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Abstract
As a group the calcium channel blockers are effective antihypertensive agents, but their cell protective
properties are not investigated well. Rats were separated in three groups: Normotensive control group
(normotensive Wistar-Kyotorats), Hypertensive control group (spontaneously hypertensive rats - SHR)
and Amlodipine group (SHR that received a 10 mg/kg /day amlodipine dose during three months). We
performed examination of the myocardium’s fragments under a scanning electron microscope.
Morphometric investigation of mitochondrions we performed using special program’s named
"ORGANELLE". Amlodipine significantly normalizes the ultrastructure of the myocardium. This
antihypertensive drug prevents strengthening contractility of the myofibrils. Amlodipine causes the
fusion mitochondrions which has compensatory character on theback ground of good safety of
mitochondrial ultrastructures. Another feature of amlodipine is a significant increasing number of the
blood capillaries. There are distributed ribosomes, polysomes, endoplasmic reticulums in the
cytoplasm of the endothelial cells of these blood capillaries, which denotes biosynthetic activity of
these cells. This cell-protective effect of the amlodipine in spontaneously hypertensive rats could be a
significant additional factor in the treatment of hypertension, especially one that complicated with
pathological changes in heart.
Key words: hypertension, amlodipine, ultrastructure of cardiomyocytes
1. INTRODUCTION
Anatomic and functional relationships between various body systems determine development of
interrelated metabolic, functional and structural disorders in the organs during arterial hypertension
(AH). In this case not only drugs with antihypertensive activity are very important for treatment of AH
but also ones with cell protective activity or both effects. That’s why momentous question of modern
cardiology is to find antihypertensive drugs with cell protective properties.
In the recent years calcium channel blocker amlodipine has occupied superior position and that is
caused by its effective therapeutic activity as antihypertensive agent [1,7,9]. However, till the present
days there haven’t been any detailed researches of amlodipine effects to the heart ultrastructure in the
literature [4,5,11-13]. So, our study evaluate influence of amlodipine to the myocardium
ultrastructures of hypertensive rats, furthermore we investigated mitochondrial morphology of the
cardiomyocytes.
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2. MATERIALS AND METHODS
Amlodipine was purchased from Glochem Industries Limited (India). Normotensive Wistar-Kyoto rats
(WKY) and spontaneously hypertensive rats (SHR) of either sex were provided by the Animal Center
of our University (National O.O. Bohomolets Medical University, Ukraine). They were housed with
controlled temperature (23–25°C) and lighting, and with free access to standard food and drinking
water. All of the animals used in this experiment received humane care; and the study was in
compliance with the institutional guidelines for the health and care of experimental animals and in
accordance with Directive 86/609/EEC (Ethic Committee permit No. 62 from 05.IV.2012).
The rats were separated into three groups of 21 animals each. The groups were composed as follows:
1) Normotensive control group – WKY received standard rat chow and fresh water ad libitum;
2) Hypertensive control group – SHR received standard rat chow and fresh water ad libitum, without
treatment;
3) Amlodipine group – SHR received standard rat chow and fresh water ad libitum as well as a 10
mg/kg/day amlodipine dose via an orogastric tube during three months.
Under ketamine hydrochloride anesthesia animals were perfused through the left ventricle with
physiological saline at 37°C, followed by 2,5% glutaraldehyde in 0,1 M phosphate buffer (pH 7,4).
The excised fragments of the myocardium were further immersed in the same fixative for one hour,
washed in 0,1 M phosphate buffer (pH 7,4) 3 times and postfixed in 1% OsO4 in the same buffer
solution for one hour. After dehydration in a graded concentration of ethanol, the specimens were
passed through isoamyl acetate, dried in a critical-point dryer. After that the fragments of the
myocardium coated with uranyl acetate and lead citrate, and examined under a Hitachi scanning
electron microscope.
Morphometric investigation of mitochondrions we performed using special program’s named
"ORGANELLE". In each experimental group we studied 30 areas of myocardium under the
magnification of 20000-27000 times.
Data are expressed as means ±s.e.m. Statistical analyses were performed using the parametric
Student's test. Differences were considered significant when the P value was < 0,05.
3. RESULTS AND DISCUSSION
Scanning electron microscopic studies showed that ultrastructure of myocardium from left ventricle of
the rats line WKY have no deviation. Cardiomyocytes contain normal myofibrils that are organized in
common sarcomere with A and I disks. Mitochondrions have oval or elongated form, also they have
well-structured outer membrane, matrix moderate electron density and parallel cristas.
According to the morphometric analysis mitochondrions of normotensive rats occupy 30,3±2,9%
volume of cardiomyocytes. Their quantitative density is (51,1±5,20) 10-2/ m3 with an average area
of a cut (41,3±2,04) 10-2 m2 (Table 1, Fig. 1).
Blood microvessels have open lumen. Also nuclear zone of the endothelial cells evaginates in this
lumens. Peripheral areas of these cells of the moderate thickness contain mainly micropinocytic
vesicles.
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Table 1. Morphometric indexes that characterize changes of mitochondrions of the cardiomyocytes.
Indexes
Groups

Volume density of

Quantitative density of

Average area of

mitochondrion (%)

mitochondrion

mitochondrion’s cut

(10-2 m3)

of animals

(10-2 m2)

Normotensive rats

30,3±2,9

51,1±5,2

41,3±2,04

Hypertensive rats

21,16±2,47*

59,21±10,63

31,96±1,53*

Hypertensive rats +
Amlodipine

27,46±1,76**

21,38±4,36*/**

81,16±7,69*/**

Values are means ±s.e.m. *P < 0,05 vs. normotensive rats, **P < 0,05 vs. hypertensive rats

Figure 1. The distribution of mitochondrions by area.
On the x-axis – average area of mitochondrions’ cut (10-2 m2); on the y-axis – volume density of
mitochondrions (%).
The myocardium from left ventricular of SHR is characterized by mosaic ultrastructure. This is due to
different depth and prevalence of injuries which primarily relate to contractile and the energy
apparatuses of cardiomyocytes. In general there is lysis of the myofilaments in cardiomyocytes which
sometimes extends to the entire sarcomere (Fig. 2a).
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Figure 2. Electron micrographs of the left ventricular myocytes of the spontaneously hypertensive rats
heart.
a, b – largely coarctate myofibrils ( ); myofibrils with destructive features ( ); intercalated disk (1)
of the cardiomyocytes. c – swollen and injured mitochondrions (2).
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Only rare cardiomyocytes contain myofibrils without destructive features. Myofibrils are largely
coarctate, as a result sarcomeres contain indistinguishable A and I disks, and Z-lines are sharply close
each other (Fig. 2b).
Violations of the myocardium contractile structures correlate with changes of intercalated disk to
which they are attached. Between some cardiomyocytes slots there is expansion due to separation of
plasmatic membranes of the neighboring cardiomyocytes (Fig. 2b). In another sites plasmalemma of
the cells twists, and this changes the order between bridge contact and gap junction.
Also we’ve discovered changes that touch the system of T-tubules and sarcoplasmic reticulum, and
which associate with the impaired contractility of the cardiomyocytes. In the SHR the tubules of these
systems are expanded throughout, T-tubules penetrate deep into cardiomyocytes (Fig. 2a), which
probably increase the release of calcium from these structures and increases the contractility of the
myofibrils.
During arterial hypertension mitochondrions of the cardiomyocytes from left ventricular often become
wavy due to invaginations of outer membranes. Sometimes there is a local lysis of outer membranes,
which also may extend to all surface of the mitochondrion and as a result there remain only internal
membranes – cristas (Fig. 2c).
Morphometric analysis showed that the number of mitochondrions is (59,21±10,63) 10-2/ m3, which
is no different from normotensive control (p > 0.05) (Table 1). Also their volume density is
significantly lower than in normotensive controls; and average area of mitochondrion’s cut decreases.
However the analysis of a mitochondrial distribution by the areas showed that in the cardiomyocytes
of the rats with hypertension besides increasing quantity of small mitochondrions also appear large
organelles that were not inherent in the control animals (Fig. 1). But the fact that the largest
mitochondrions are swollen gives us grounds to consider that increasing of the size of these organelles
not to be as a compensative hypertrophy but to be as the manifestation of dystrophic processes.
Although amlodipine significantly normalizes the ultrastructure of the myocardium, it doesn’t
completely restore one. This antihypertensive drug prevents strengthening contractility of the
myofibrils, which displays a lack of reduced-size sarcomeres, parallel Z- and M-lines in the
neighboring sarcomeres (Fig. 3a,b).
Also the structures that involve in calcium metabolism (T-tubules and sarcoplasmic reticulum) have
no signs of damage (Fig. 3a). In general the number of the damaged myofibrils is lower than in
untreated rats.
Mitochondrions have mostly elongated shape with well-preserved outer membrane. In general, the
safety of outer and inner membranes of mitochondrions after using of amlodipine is much better than
it is in the rats with hypertension (Fig. 3a,b).
Morphometric analysis showed that amlodipine causes significant increasing the size of
mitochondrions. The average area of the cut is equal to (81,16±7,69) 10-2 m2, which is almost twice
higher than in normotensive and untreated rats with hypertension (Table 1). The analysis of the
distribution of mitochondrions per areas showed that their average size increases due to decreasing
number of small mitochondrions against the increasing number of medium-sized organelles and the
appearance of giant mitochondrions (Fig. 1). On the other hand the simultaneous reduction of
quantitative density of mitochondrions more than in two times leads to the fact that the volume they
occupy in the cytoplasm remains statistically unchanged compare with normotensive rats. This gives
grounds to suppose that amlodipine causes the fusion of mitochondrions which has compensatory
character on the background of good safety of mitochondrial ultrastructures, coronary artery
vasodilatation and improved myocardial perfusion. This mitochondrial fusion may be explained by
activation mitofusins of their outer and inner membranes under the influence of the therapeutic effects
of amlodipine [2,3,10].
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Figure 3. Electron micrographs of the left ventricular myocytes of the spontaneously hypertensive rats
heart treated with amlodipine.
a, b – nucleus (1), myofibrils coarctate (2), mitochondrions (3) of the cardiomyocytes. c – blood
capillaries with opened gaps (4). d – mitochondrions (5), endoplasmic reticulums ( ),
micropinocytic vesicles (
) of the endotheliocytes.
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Also, the other feature of amlodipine is a significant increasing number of the blood capillaries. There
are distributed ribosomes, polysomes, endoplasmic reticulums in the cytoplasm of the endothelial cells
of these blood capillaries, which denotes biosynthetic activity of this cells (Fig. 3d, 4).

Figure 4. Electron micrographs of the left ventricular myocytes of the spontaneously hypertensive rats
heart treated with amlodipine.
Nucleus (1), clusters of the micropinocytic vesicles (

) of the endotheliocytes.

Also there are placed micropinocytic vesicles in the peripheral areas of endotheliocytes that sometimes
form clusters (Fig. 4). Small diameter and opened gaps of the capillaries, the proximity of capillaries
to each other (Fig. 3c) indicates their active growth, which restores again reducing by arterial
hypertension the number of microvessels. This angiogenesis probably caused by a normalizing effect
of amlodipine on nitric oxide synthase level and an increasing functional activity of the
endotheliocytes. It is known that the increasing functional activity of the endotheliocytes is the key to
initiate migration and division of the endotheliocytes [6,8,14,15]. These newly formed vessels can
serve as bypass for arteries affected by atherosclerosis and reduce the damage of the tissues that is
caused by the lack of blood supply.
4. CONCLUSION
We conclude that newly identified protective effect of amlodipine on the myocardium cells could be a
significant additional factor in the treatment of hypertension, especially one that complicated with
pathological changes in heart.

357

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
REFERENCES
1. Chan D. 2006, ‘Mitochondrial fusion and fission in mammals’, Annu Rev Cell Dev Biol, vol.
22, pp. 79-99.
2. Chen H., Vermulst M., Wang Y.E., Chomyn A., Prolla T.A., McCaffery J.M., Chan D.C.
2010, ‘Mitochondrial fusion is required for mtDNA stability in skeletal muscle and tolerance
of mtDNA mutations’, Cell, vol. 14, no. 2, pp. 280-289.
3. Choi S.M., Kim J.E., Ahn B.O., Kwon J.W. 2006, ‘Effects of amlodipine orotate on
hypertension-related
complications
in
spontaneously
hypertensive
rats’,
Arzneimittelforschung, vol. 56, no.1, pp. 12-17.
4. Hazama F., Ozaki T., Amano S. 1979, ‘Scanning electron microscopic study of endothelial
cells of cerebral arteries from spontaneously hypertensive rats’, Stroke, vol. 10, no.3, pp. 245252.
5. Khan N.A, Chattopadhyay P., Abid M., Pawdey A., Kishore K., Wahi A.K. 2012, ‘Protective
effects of amlodipine on mitochondrial injury in ischemic reperfused rat heart’, J Environ
Biol, vol. 33, no. 3, pp. 591-595.
6. Kizhakekuttu T.J., Wang J., Dharmashankar K., Ying R., Gutterman D.D., Vita J.A.,
Widlansky M.E., 2012, ‘Adverse alterations in mitochondrial function contribute to type 2
diabetes mellitus-related endothelial dysfunction in humans’, Arterioscler Thromb Vasc Biol,
vol. 32, no.10, pp. 2531-2539.
7. Lee Y.J., Choi D.H., Cho G.H., Kim J.S., Kang D.G., Lee H.S. 2012, ‘Arctium lappa
ameliorates endothelial dysfunction in rats fed with high fat/cholesterol diets’, BMC
Complement Altern Med, vol. 12, no. 1, pp. 116.
8. Lu J.C., Cui W., Zhang H.L., Liu F., Han M., Liu D.M., Yin H.N. 2009, ‘Zhang K., Du J.,
Additivebeneficialeffectsofamlodipineandatorvastatininreversingadvancedcardiachypertrophyi
nelderlyspontaneouslyhypertensiverats’, Clin Exp Pharmacol Physiol, vol. 36, no. 11, pp.
1110-1119.
9. Makani H., Bangalore S., Romero J., Wever-Pinzon O., Messerli F.H. 2011, ‘Effect of renninangiotensine system blockade on calcium channel blocker-associated peripheral edema’, Am J
Med, vol. 124, no. 2, pp. 128-135.
10. Mozdy A., Shaw J. 2003, ‘A fuzzy mitochondrial fusion apparatus comes into focus’, Nat Rev
Mol Cell Biol, vol. 4, no. 6, pp. 468-478.
11. Sag C., Yokusoglu M., Cincik M., Ozkan M., Kayir H., Uzun M., Baykal B., Ozogul C.,
Baysan O., Uzbay I.T. 2006, ‘The prevention of myocardial ultrastructural changes by
perindopril, atenolol and amlodipine in chronic alcohol administered rats’, Pharmacol Res,
vol. 53, no. 2, pp. 142-148.
12. Singh A., Bangalore S. 2012, ‘Do angiotensin receptor blockers prevent myocardial
infarctions as well as other initial therapies?’ CurrOpinCadiol, vol. 27, no. 4, pp. 381-385.
13. Sorop O., Bakker E.N., Pistea A., Spaan J.A., VanBavel E. 2006, ‘Calcium channel blockade
prevents pressure-dependent inward remodeling in isolated subendocardial resistance vessels’.
Am J Physiol Heart CircPhysiol, vol. 29, no. 3, pp. 1236-1245.
14. Sun L., Bai Y., Du G. 2009, ‘Endothelial dysfunction – an obstacle of therapeutic
angiogenesis’, Aqeing Res Rev, vol. 8, no. 4, pp. 306-313.
15. Vesterdal L.K., Mikkelsen L., Folkmann J.K., Sheykhzade M., Cao Y., Roursgaard M., Loft
S., Møller P. 2012, ‘Carbon black nanoparticles and vascular dysfunction in cultured
endothelial cells and artery segments’, ToxicolLett, vol. 214, no. 1, pp. 19-26.

358

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
THEORIES OF COMPLEX SYSTEMS IN PSYCHOLOGY:
PRESENTATION OF A NEW PARADIGM
Marcel Lourel 1, Ofelia Petric-Tatu2, Nicolas Guéguen3, Alexandre Pascual4
1

IUFM Nord-Pas de Calais, university of Artois, BP 90357, F- 59304

FAMARS Cedex, France; 2 SCOP VTE Lyon, Laboratory Recifes, EA4520, University of Artois;
3

University of Bretagne Sud, France; 4 Dept. of psychology, University of Bordeaux, France
E-mail: marcel.lourel@lille.iufm.fr

Abstract
This paper presents a paradigm of the new dynamic characteristics of Nature according to the
importance of the effect of the elements that compose it. This paradigm is based on the paradigm of
complex systems. These have been considered in numerous works in many disciplines. The heuristic
significance of complex systems is high. The paradigm of complex systems supports the idea according
to which a system oscillates between instability and organization, which leads, by emergence and selforganization, to a new system that is highly sustainable and adaptable. This brings us however to the
crucial issue of the high intrinsic variability of the determinants which take part in the evolution of the
system. These aspects are discussed in the research note as are the future and epistemological
implications.
Key words: Non-linear complex systems, complexity, adaptation, Nature, variability.
1. INTRODUCTION
We must distinguish a complicated system from a complex system. The former can be interpreted
through a Cartesian cutting into small sections in order to make it easier to understand, while the latter
necessarily involves a comprehensive approach to Nature. This distinction is based on the work of the
Nobel Prize winner in physics, P.W. Anderson (1972).
According to author (Hassas, 2003, p.13), a non-linear complex system is: “the set of variables
allowing us to characterize its state and the functions expressing their evolution over time. When these
functions are not linear, the system is said to be non-linear dynamic. In adaptive complex systems, the
functions expressing the evolution of the system over time are indeed non-linear due to the non-trivial
interactions (retroactions for example) that characterize these systems. Moreover, when the transitions
from a state S of the system to state St+1 are deterministic (i.e. not probabilistic), the system is
characterized by a deterministic non-linear dynamic.”
In epistemological terms, the position of Karl Popper (1973, 1995) is based on the idea according to
which the examination of a rational/logical approach must be part of a justification of a plausible
theoretical system. In this respect, “induction” which is the feature of all explanatory approaches of
empirical and observable facts, can in and of itself cause the researcher to adopt an erroneous posture.
As a reminder, induction is based on:
1) The reproduction of a given phenomenon (i.e. the same causes generate the same effects);

359

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Materials, Methods

Technologies, Volume 6, Part

ISSN 1313-2539, Published at: http://www.science-journals.eu
2) A law that is valid for an identified object of study and for all the elements that compose it is valid
for all of the elements taken individually;
3) The law that prevails for one case will prevail for all analogous cases.
In an inductive approach, it is the observation of a unique fact that calls for the construction of new
knowledge. That is why it is the observation of the particular fact that produces the theory. We can
also speak of an empirical-deductive approach. This is where we find (in particular) a “classic”
factorial analysis in which the model is established after the fact. In this case, the power of the
statistical tool, such as confirmatory factor analysis, consolidates the approach. But researchers must
not be content with this. A theory that is accredited by itself or by the power of a method cannot be
considered satisfactory. We have the idea that Research must constantly provide “explanatory content
of the things of Nature in excess” i.e. provide new theories in the revisable sense of the term.
The disciplines must therefore provide plausible explanations until there is proof of the contrary. This
is the real challenge by virtue of the fact that a theory must be “good” until another one is judged
“better” and supplants it.
In the deductive approach, the researcher initially establishes a working hypothesis which is based on a
model, materializes the hypothesis through a protocol and tests it so that the initial model can be
improved, replaced or rejected.
It therefore pushes me to go forward and to experiment with new models which – by Nature we hope –
will become outdated.
The theory of complex systems is well suited for addressing some of the issues of explaining the world
through a comprehensive understanding of interconnected phenomena.
As a reminder, the understanding of natural things involves a minimal logic which is expressed in the
followed manner:
Observed effect = Real effect + Bias + Random error
This logic is valid in an ecological context for an evaluation “at rest” of the characterization of the
study variables.
2. PRESENTATION OF A DYNAMIC PARADIGM
From a dynamic perspective this time, we consider that the entropy of the system increases with time
(t) such that t reflects the random and continual changes (positive or negative) of an iterative series.
In this iterative order, we use a model with the hypothesis that a score obtained at t4 determined by a
score obtained at t3, itself determined by the one obtained at t2, and so on. Thus, each current score
(coefficient of auto-regression ) is the result of a weighted sum of scores obtained previously,
presented in the form of coefficients (with calculation of the moving average). The iterative series (yt)
follows the Auto-Regressive Integrated Moving Average (ARIMA) procedure of Box & Jenkins
(1976) which aims to identify the function:
yt = f(yt-1)
Logically, the current score is subject to the following equation:
yt =

yt-1 +

t

With consideration of the total error
(the accuracy of the measurement or uncertainty [ 1]; the
statistical dispersion [ 2]; and the systematic error [ 3]):
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= 1+ 2+ 3
The effect observed or resultant called e* (along with its uncertainty calculation) of an iterative series
will obey the following function for a non-stationary system:
(y ) =

y

+

+

+

)

However, this presentation is incomplete because as such, we consider that yt of a non-stationary
system in an ecological context undergoes the uncontrollable and unpredictable impacts resulting from
the self-organization at time t. Does this mean that “all other things being equal” the variables that
impact it are equivalent? I don’t think so. So it is necessary to improve the equation a little by
introducing a size effect. Here of course we accept that the probability of appearance of an event at t
depends not just on an iterative series but also on the weight of each of the elements that composes it.
In this case we introduce an indicator to evaluate the importance of the effect. In other words, to gauge
the force of this difference which is applied to x elements. The contingency coefficient Phi ( ) is used
for this. It is used to measure the size of the differences between 2 proportions ( (X²/n), n corresponds
to the intensity and/or the frequency of elements taken 2 by 2 of a
t-1 and t subject to entropy.
As a reminder, the contingency coefficient Phi ( ) is calculated using a contingency table that
oscillates between +1 and -1 (0 corresponds to the absence of difference between the 2 elements or
events). It is usual to consider the effect weak at 0.1, average at 0.25 and strong at 0.45 (See Guéguen,
Lourel & Pascual, 2007). The coefficient Phi s expressed as follows:

A D

B C

E

G

F

H

Structure of the contingency table in the calculation of the coefficient Phi ( )
Variable 2/

Variable 1

Modality 1

Modality 2

Total

Modality 1

A

B

A+B = E

Modality 2

C

D

C+D = F

Total

A+C = G

B+D + H

With a correction for the size of the effect of

t-1 and

t we

can simplify the terms as follows:

If we accept an infinite number of hypotheses in a fixist state in which the base postulates are limited,
we can present this as follows:
= (H ) × (A)

Keeping in mind that:
(y ) est soumise y

où

(y ) =

est pondérée et insertion faite de

y

+

+

Above, a reminder of the equation before transformation.
according to their effects. We thus obtain:
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(y )

)

(

y

)

(

)

Thus, in a dynamic system in which the postulates are finite, the resultant e*can be simplified in the
following manner:
(e )

y

(

)

= (H )

A

(

)

)

If we accept that in a dynamic system subject to entropy and in which the base postulates are included
in a finite vectorial space, then the function is expressed in terms of covariants of which the covariant
derivatives are identically zero, in accordance with the Einstein equations presented below.
Reminder of Einstein’s equations
(Excerpt according to http://florenaud.free.fr/Cosmologique.php)
“In Einstein’s equation, the parameter

is the cosmological constant

In this case, the left member represents the geometry of space-time. The right member brings in gravitation
and the energy tensor. By placing the cosmological term at right, its meaning changes.

It now involves a form of energy that ordinary matter would not contain and which would be equivalent to
an additional tensor.

Based on this expression, we can calculate the volume density of energy

And then the pressure

On the macro level, it is now accepted that the Universe, a thing of Nature, shows a rate of expansion
which is the combination of the density of energy and the pressure of the physical content that
composes it. An equation of state (called w by convention), illustrates the relationship between
pressure and energy. Thus for ordinary matter, the pressure is insignificant such that w = 0. On the
micro level, it was demonstrated that the relativistic particles provide radiation that equals w = 1/3.
But for a Universe in accelerated expansion, the most recent works show that it must contain a
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component strictly less than – 1/3 in the equation of state. Whence the necessity of considering a socalled “cosmological constant” to predict the outcome of a Universe in accelerated expansion. This
was introduced by Einstein in 1917 in all of the equations of general relativity (1915), and is written as
” by convention. At the time, the author thought that the Universe was static. As has just been
stated, the most recent works show that the Universe is in expansion and that a constant plays a role in
what is called “vacuum energy.” The equation of state associated with the cosmological constant is
illustrated as additional matter such that w = – 1.
The human phenomenon and its behaviors are no exception. They are subject to the nomothetic laws
of Nature. It has been demonstrated that they follow a clear series of events, in a complex system of
non-linear order that oscillates between equilibrium and instability. Complexity leads to new
properties based on self-organization at time t. With the correction made in our analysis for the degree
of the effect of the variables that impact the resultant, the plausibility of an event at time t is still
accelerated by a phenomenon of entropy that requires, and this is my point of view, the introduction of
a hidden constant ( ), but one that is omnipresent in the equation of state. In this respect, we propose
an equation of state simplified as follows:
(e ) =

y

+

(

= (H ) × A

)

+

(

)

+

)

3. CONCLUSION
For these reasons, I think, an allowable paradigm must necessarily be based on a dynamic approach
that excludes, de facto, the classic and fixist attempts at explanation of natural facts, including facts of
an epistemological order. In our view, this is one of the main factors that make the theory of complex
systems valuable. In this respect, our paradigm, if it is confirmed, will make it possible to take into
account certain outcomes or new dynamic characteristics of Nature. These are universal elements that
must be taken into account in all approaches to the dynamics of the laws of probability of a complex
system, approached in a comprehensive manner. The heuristic significance that is offered by the
paradigm of non-linear complex systems is high. The paradigm defended in this research note begins a
response to the question of the materialization of the universal laws of Nature which all complex and
adaptive systems obey. This leads us to the fundamental issue which is the epistemological break with
the classic paradigmatic currents (often causal) involving natural – and also human – phenomena, in
the meaning used by Teilhard de Chardin (1955). The stakes are crucial for the Sciences. For several
years now, the notion of complexity has been under consideration in the Human Sciences, and it has
led to the development of original paradigms. These have led to new approaches in inter-disciplinary
research strategies, to which we hope make our own contribution, however small.
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Abstract
In this paper fresh medicinal plants that are popularly believed to have aphrodisiac properties namely
Tacca involucrate, Imperata cylindrical, Cyperus esculentum, Momordica charantia, Garcinia kola,
and Fadogia agrestis were collected in the form of stem bark, nuts, fruits, seeds, and roots.
Instrumental Neutron Activation Analysis (INAA) was applied for multi-elemental determination of six
aphrodisiac herbs used as treatment of Sexual dysfunction. Concentrations of twenty two elements Al,
As, Ba, Br, Ca, Co, Cr, Cs, Dy, Eu, Fe, Hf, K, La, Lu, Mg, Mn, Na, Rb, Sb, Sc, Sm, Ta, Th, Ti, U, V,
Yb, and Zn have been determined by short and long irradiation with a thermal neutron flux of
5*1011ncm-2s-1, and the spectra analyzed using WINSPAN 2004 software package. Several recent
researches indicate that impaired sexual function which is now a common problem may be improved
by Iron and Zinc supplements. Our result shows that
Fadogia agrestis (black aphrodisiac) recorded high Zn (123 ± 11 gg-1) which was more than the
amount (95 gg-1) in Jaipal sex tonic, (92.02 and 84.24 gg-1) in the popular aphrodisiac Panax
gingseng and Radix codonopsis respectively. The level of K in Imperata cylindrica, and Tacca
involucrata, was 19,170 gg-1and 19,340 gg-1 respectively. These values are about three times that of
Aphrodisiac powder. The present study can be used to some extent to assess the safety of aphrodisiac
herbs in the final formulation. Quality control and quality assurance of the method was tested by
analyzing two Standard Reference Materials (IAEA-359 and SRM-1573) simultaneously with the
samples.
Key words: Aphrodisiac, Sexual dysfunction, Thermal NAA
1. INTRODUCTION
Traditional herbs have brought about a revolutionary breakthrough in the management of sexual
inadequacies and are known worldwide as an instant treatment (Adimoelja et al., 2000). The
increasing incidence of male sexual dysfunction is necessitating more and rapid search for plants with
aphrodisiac potentials. This is very important because of the side effects associated with other
treatment options and the readily availability of medicinal plants and world is fast turning to the use of
medicinal plants for managing sexual dysfunctions. Sexual dysfunction is more prevalent in males
than in females, (Guay et al., 2003). It has been discovered that men between 17 and 96 years old
could suffer sexual dysfunction as a result of psychological or physical health problems (Joe 1990).
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Aphrodisiacs act as catalysts that stimulate sexually, thus enhance potency for reproduction. The
Aphrodisiacs are used to address the problem of repeated inability to achieve normal sexual
intercourse (male impotence) which in addition may contribute to infertility (Yakubu et al., 2003).
Before the advent of fast and accurate multi-elemental analytic techniques, studies on medicinal plants
were mostly concentrated on their organic contents, including essential oils, glycosides, vitamins,
alkaloids saponin and other active components (Yakubu et al., 2005; 2006). It is now well established
that many trace elements play a vital role in curing diseases (Lamari et. al., 2008) and enhancing
sexual desire, (Obi et. al., 2006) as well as general well-being (Barry et al., 1996; Funtua et. al., 2003).
The effect and influences of these elements on administration of medicinal plant has received
relatively little attention (Funtua et. al., 2003). The studies of elemental contents of herbal medicine
have been documented in literature (Serfor et al., 2001; Funtua et. al., 2003; Obi et. al., 2006; Muh’d
et al., 2007; Lamari et. al., 2008; Rajeev et al., 2010; Mohammed et al., 2011). However, the present
study is apparently the first multi elemental analysis of Nigerian aphrodisiac herbs (Mohammed et al.,
2011). Some of the mineral elements that are reported to address the issue of impaired sexual function
which is now a serious medical and social symptom that occurs in 10-52% of men and 25-63% of
women (Porst, 2004), include Mn (Guenther and Konieczynski, 2003), Zinc (Serfor et. al., 2001;
Chaturvedi et al. 2004), and Iron (Shils et al., 1988). In this study one of the sensitive analytical
techniques INAA was applied to determine the elemental content in commonly used aphrodisiac herbs
in Nigeria.
2. EXPERIMENTAL
Six different medicinal plants that are adjudged to have aphrodisiac properties were collected in the
form of stem bark, nuts, fruits, seeds, and roots from Dambo, Dakace Shika, and Sabon-Gari market in
Zaria Northern Nigeria. The sampling sites were shaded and depicted in fig 1. After collection, each of
the samples was put into a light polyethylene bag which was again put into a larger and stronger
polyethylene bag. Surface contaminants of the plant samples were removed by washing with deionized
water twice and then with deionized double distilled water to remove superficial dust. The leaves were
o

first air dried and then dried at 80 C in an oven to constant weight.
The samples were powdered in agate mortar and passed through 125 m -mesh sieve. Two sub
samples of the homogenized analyte samples were prepared from each sample giving a total of 12
subsamples for this work. The samples have weight between the range of 0.2422 mg and 0.2897 mg
and each placed in a high density polyethylene vial and weighted using a Mettler Toledo balance
model CH-8606 (manufactured by Mettler-Toledo AG Greifensee, Switzerland) and the vial heat
sealed. Two analyte samples of certified reference material IAEA-359 (Cabbage) and SMR 1573
(Tomato Leaves) prepared and packed in a similar manner was used as quality control standard to
validate the analytical technique. The irradiation was achieved using a neutron flux of 5x 1011 n cm-2 s1
of Nigerian Research Reactor-1 (NIRR-1).
Table 1 List of the aphrodisiac herbs and the parts used for aphrodisiac treatment
No

Botanical Name

Family Name

Plant part used

Sample source

1

Tacca involucrate

Taccaceae

Roots

Dambo

2

Imperata cylindrical

Poaceae

Rhizome (root)

Dakace

3

Cyperus esculentum

Cyperaceae

Nuts

Sabon Gari market
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4

Momordica charantia

Cucurbitaceae

Roots and fruits

Dambo

5

Garcinia kola

Guttiferae

Seeds

Sabon Gari market

6

Fadogia agrestis

Rubiaceae

Stem

Shika

Fig 1. Map of Zaria metropolis showing the sampling sites for Aphrodisiac Plants
2.1 Irradiation Counting and Measurement
The INAA with NIRR-1 facilities utilize two analytical procedures. The first involves a short
irradiation regime followed by gamma ray measurements after appropriate decay periods. This
procedure is suitable for quantifying the following elements: Al, Br, Ca, Cd, Cl, Dy, I, K, Mn, Na, and
Ti, V. The second procedure involves a long irradiation regime of approximately 6–7 h and is suitable
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for the following elements: As, Au, Ba, Ce, Co, Cr, Cs, Eu, Fe, Ga, Gd, Hf, Ho, La, Lu, Nd, Rb, Sb,
Sc, Se, Sm, Sr, Ta, Tb, Th, U, Yb, W, and Zn. The irradiation and counting procedures adopted for
NIRR-1 were adequately described earlier by Jonah et al. (2006). The data processing was done by
using the gamma ray spectrum analysis software WINSPAN version 2004 (Liyu, 2004), a software
developed at CIAE, Beijing, China. On the basis of the well-known activation equation, the software
requires that calibration factors be pre-determined by a multi-element standard reference material for
elements of interest using adopted irradiation and counting regimes.
Basically, the relative standardization NAA method uses (Eq. 2.0) to obtain the concentration of the
element of interest with high presicion of up to parts per million (ppm).
=

W
W

(2.0)

Cstd and Csample are the count rates of standard and sample respectively. Wstd is the mass of the element
in the standard. Wsample which is the mass in the sample can then be calculated if the other three
parameters are known.
3. RESULTS AND DISCUSSION
The results of INAA analysis of aphrodisiac herbs used in this work is displayed in Table 2. The
presence of the elements in different plants was confirmed by the gamma energy of the corresponding
isotope formed. This shows the unique advantage of INAA technique in terms of its multi-element
capability and ability to analyze major, minor and trace elements in a single analysis. The variation in
elemental concentration is mainly attributed to the differences in botanical structure, as well as the
mineral composition of the soil in which the plants are cultivated. Other factors responsible for a
variation in elemental content are preferential absorbability of the plant, use of fertilizers, irrigation
water and climatological conditions (Rajurkar and Pardeshi, 1997). The calcium content in various
medicinal plants analyzed varies from 571-11090 mg/kg with the highest concentration from Fadogia
agrestis and the lowest concentration from Cyperus esculentum, this extremely high Ca content may
be used to overcome Ca deficiency. Moreover, earlier research on human has shown that optimal
intakes of Ca can reduce individual risk factors for health problems such as cardiovascular disease
(Mertz 1982; Sanchez et al., 1998), a study by Greger (1989) shows that a high calcium intake may
inhibit the intestinal absorption of iron, zinc, and other essential minerals in humans.
Zinc is among the nutritionally important element (Paul et al., 2007). It is also known to prevent
impaired spermatogenesis (Chaturvedi et al., 2004), which may be part of reasons why herbal plants
containing high concentration of Zn are used in treatment of infertility. On the other hand Zinc
deficiency is characterized by recurrent infections, lack of immunity, growth retardation poor appetite,
skin changes, and mental lethargy (FAO/WHO, 1974). Estimated safe and adequate daily intake for
Zn is between 10,000 and 20,000 g/day (N.R.C, 1989). However, prolonged consumption of large
doses can result in some health complications such as fatigue, dizziness and neutropenia bleeding,
boils, wounds, insect bites, and skin disease (Hess et al., 2002). All the aphrodisiac herbs analyzed
except Garcinia kola contain Zn within the concentration range of 18-123 g/g. The level of Zn in
Garcinia kola was found to be below the detection limit which indicates that Zn is not active
ingredient for the aphrodisiac property of this herb.
Moreover, Cobalt is regarded as an essential element and form part of vitamin B 12 required for redblood synthesis. Cobalt also aid in fixing of nitrogen in the root tubercles of plants. The Co content of
Garcinia kola, Momordica charantia and Cyperus esculentum was below the detection limit, the
highest observed was 3.4 mg/kg in Imperata cylindrical. It should however be noted that there is a
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wide margin of safety between toxic concentration and nutritional required level of Co (Awofolu et
al., 2005). However, adverse chronic effects of Co ingestion at concentration of 2mgl-1 may occur
(DWAF, 1996). Imperata cylindrical contained the highest level of Al (16270±135), whereas Cyperus
esculentum contain the lowest level (179 ± 15.4). There is little information on effects of high level
consumption of Al in healthy individuals (Funtua et al., 2003).
The major medical conditions associated with increased levels of Al are chronic or end stage renal
disease with or without dialysis (Cornelis et al., 1996). It was reported that the presence of Fe in the
body is associated with transfer of oxygen from lungs to tissue cells and with hemoglobin in the blood
cells (Sigel, 1978). Fe deficiency mainly caused by poor dietary intake, excessive menstrual-flow or
multiple births constitutes major nutritional deficiency in humans (Reddy et al; 1987) and usually
results in anemia. Fe content in the various samples analyzed in this work ranges from 833 mg/kg in
Fadogia agrestis to 6846 mg/kg in Imperata cylindrica. Therefore intake of some of these plants can
readily compensate for Fe deficiency. The intake of these plants should be administered with caution
though because excessive intake of Fe above the WHO recommended daily intake level of 10-30
mg/day to avoid chronic overload of Fe in the body.
The result for the concentrations of Mn and Na, and Zn in Cyperus esculentum, Imperata cylindrical,
respectively agreed with the values obtained for aphrodisiac powder by (Seifor et. al., 2001). Our
result shows that the elements of Al, Ca, K, Na,Zn, Mn, Fe,Ti, and Mg were found to be most enriched
in the samples analyzed. Fadogia agrestis (black aphrodisiac) (Yakubu et al., 2007) recorded high Zn
(123 ± 11 gg-1) which is more than the amount (95.0 gg-1) in Jaipal sex tonic as reported by Shils et
al (1988) as well as 74.2 ± 5.2 in aphrodisiac powder by Serfor et al (2001), 4.08 ± 0.01mg/100g in
aphrodisiac Chlorophytum borivilianum by Rajeev et al (2010), as well as in Panax gingseng a
remarkable known aphrodisiac prescription in the traditonal Chinese (Chen, 1997; and Paola, 2001)
recorded 92.02 gg-1 of Zn as reported by (Hamzah et al., 2004). In addition the Zn concentration in
Imperata cylindrica agrees closely with that of Panax gingseng and Radix codonopsis. However, it is
very small compared to 10,250 gg-1 in Nigerian ready-to use herbal product called Man Power sexual
energy as reported by Obi et al (2006). This indicates that Zn is one of the active ingredients in the
Man Power herbal product. Also, the level of Fe in Man power sexual energy (Nigerian herbal
remedies that is used in the treatment of low sperm count), was 20, 500 gg-1 as reported by Obi et al,
(2006). This value is three times the highest value of Fe recorded in this work.
It was reported that the stem or bark of a species of Corynanthe pachycerus (Agbovie et al., 2002), the
bark of the species of Pausinystalia yohimbe (Fabricant et al., 2001), and the fruit or leaf of a species
of Oxyantllus unilocularis, (Sugiyama et al., 1992) all contain aphrodisiac activity. This is an
interesting similarity, with Fadogia agrestis which belong to the same family as the above mentioned
plants. However, the active elements in the above mentioned plants might not be the same as in the
Fadogia agrestis, probably, due to the differences in the soil type; availability of soil water; and pH
value of the soil. Similarly the flower or fruit of Trichosanthes dioica (Wild snake-gourd), the seed of
Cucurbita pepo (Pumpkin), and the fruit of Benincasa hispida (Ash gourd) which belong to the same
family with momordica charantia were reported by Joy (1998) to show aphrodisiac activity. Also, the
leaf of momordica charantia was reported also by Sharma (1960) to contain aphrodisiac activity.
Sugiyama, (1992) again reported that the bark of Garcinia afzelii Engl and the leaf of Garcinia kola
Heckel contain aphrodisiac activity. The comparison between the concentration of Al, Ca, Fe, K, Mg,
Mn, Na, and Zn in this work and those obtained by other workers is depicted in Figure 1
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Ic

Ti

Fa

Mc

Ce

Ap

Pg

Rc

Cb

Mpse

Gk= Garcinia kola, Ic = Imperata cylindrica, Ti = Tacca involucrate, Fa = Fadogia agrestis, Mc =
Momordica charantia, Ce = Cyperus esculentum, Ap = Aphrodisiac powder (2001), Pg = Panax
gingseng (2004), Rc = Radix codonopsis (2004), Cb = Chlorophytum borivilianum (2010), Mpse =
Man power sexual energy (2006).
Fig. 1 Comparison between concentration of element for this work and the work done by others
Table 3 Elemental concentration (in gg-1) of reference materials used for quality control.
Elements

IAEA-359 (Cabbage)
This work

Certified values

Na

601±33.7

580±28

K

32300±230

32500±264

SRM-1573 (Tomato Leaves)
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This work

Certified values

Zn

61.81±19.8

62±6

Rb

16.72±4.23

16.5±0.1

Fe

982.3±235.8

690±25
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Table 2 Elemental concentration (in gg-1) for Nigerian aphrodisiac herbs

CONCLUSIONS
This study has demonstrated that mineral elements play a vital role in addressing the problem of
sexual dysfunction. It is hoped that this work will provide information that can help to standardize the
use of aphrodisiac herbs, because, without the knowledge of the active ingredients, it is difficult to
standardize a product and its dose, to guarantee efficacy and also to enhance quality control and
quality assurance. It should be noted that QA/QC values obtained in Table 3 are for method validation
only not elemental. Therefore, since our samples are purely biological in matrix IAEA-359 (Cabbage)
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and SRM-1573 (Tomato Leaves) are used. The element concentrations in these standard materials are
in good agreement with those obtained in our samples.
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RADIO-TELESCOPE RT-16 CONTROL SYSTEM
Gatis Gaigals, Inese L biete, Dmitrijs Bezrukovs, Normunds J kabsons
Engineering Research Institute "Ventspils International Radio Astronomy Centre"
of Ventspils University College, Inženieru 101, Ventspils, LV-3601, LATVIA

In article in short are described radiotelescope RT-16 construction, mechanisms and available
working equipment for development of antenna control system. More detailed are described changes
in power supply and motor feed, shown current motor feed and control system hardware connection
schematics. In detail is described and shown developed control system structure and purpose of
functional blocks.
As a result of work radiotelescope RT-16 is now in operating state equipped with new modern control
system. First successful observations are made.
Key words: RT-32, RT-16, radio-telescope, NASA Field System, VLBI.
1. INTRODUCTION
Till recent time Engineering Research Institute "Ventspils International Radio Astronomy Centre" of
Ventspils University College (VIRAC) in Irbene (Latvia) for radioastronomic observations and related
research did use radiotelescope RT-32 which is good condition and operating state 32 m parabolic
antenna. Currently it is used for all research areas: very long basis radio astronomy (VLBI),
ionospheric research, geodesy, space debris and solar observations. In 2013 VIRAC is planning to
launch first Latvian satellite “Venta-1”. As there is need to ensure receiving signals as backup ground
station from “Venta-1” and because RT-32 radioastronomic research load is increasing, it was clear,
that for some tasks smaller radiotelescope will be better suited. Luckily, in territory of VIRAC in
Irbene for applications is available one more similar construction radiotelescope – the RT-16 which is
16 m parabolic antenna and which from early 1990s till last year was in non operating state. In 2009
VIRAC started the European Social Founds (ESF) Attraction of Human Resources to Science, the
project Nr. 2009/0231/1DP/1.1.1.2.0/09/APIA/VIAA/151 “Technologies for receiving, transmitting
and processing the signals related to artificial Earth satellites”. Beside other in project planned
objectives, there was planned to prepare RT-16 for radioastronomic observations, in particularly, for
ionospheric research and, if there will be need, for satellite signal receiving.
Most challenging task in preparation of RT-16 for radioastronomic observations was development of
control system (CS) for RT-16 taking in account current implementation of CS for RT-32 and the fact
that there was no documentation for any RT-16 equipment, cabling, device or construction.
2. DESCRIPTION OF FACILITIES
2.1. Support construction and mechanisms
Support construction and mechanisms are well described in (Bezrukov 2011). Only short description
here is present to show overall picture.
A special reinforced concrete tower is created around all mechanisms and equipment – in opposite, for
example, well known 100 m Effelsberg telescope (Grahl 1973), RT-16 (and RT-32 too) in Irbene is
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not open type. Originally power supply and motor feed equipment were deployed in basement, while
central room on 1st stage was used to deploy control equipment.
Transmission of RT-16 has gear-boxes with two motors (larger and smaller) attached at each main
rotation axle: larger motors are used for fast antenna movement during the tracking target change,
smaller – to follow the target in the sky. Each gear-box has two exit axles as part of simple mechanical
backlash compensation mechanism; tension between axles depends from wind speed.
2.2. Power supply and motor feed
Originally on RT-16 amplidyne technology was used to feed the motors. The amplidynes itself were
controlled by differential amplifiers based on vacuum tube technology. During the research,
development and renovation amplidynes were replaced with DC converters (SIEMENS SIMOREG),
but only for smaller motors. Larger motors currently are not used because currently there is no need
for such fast antenna movement which can ensure larger motors. To control DC converters there are at
least two different remote control variants: Ethernet via help of additional communication extension
board or the built-in front panel G-SST1 interface.
2.3. Sensors and transducers
Originally on RT-16 there were many sensor systems for speed and position control. In working
condition currently are tachogenerators for speed control, optical position sensors RS-50 for angular
position control and transducer system.
At RT-16 there are six tachogenerator boxes, each box contains two tachogenerators with common
output axle. Tachogenerators are placed directly on motor axles and on each movement axle exit
before backlash compensation mechanism. Signals of motor axle tachogenerators as speed feedback
are connected to DC converters.
At RT-16 there are four optical position sensors RS-50 – a couple for each movement direction. They
input axles are connected to antenna main axles with a 1:4 gear-boxes. On output RS-50 has 14 bits
binary negative logic Gray code.
Horizontal movement transducers consists from end position switches (three at each end position),
sector switches and horizontal movement speed limit switch, which can be used to slow down
antennas movement short before reaching movement end position.
Vertical movement transducers consists from end position switches (four at each end position) and 90O
elevation switch, which is used to show to the operator the position when it is safe to fix the antenna in
vertical position with help of special rod.
3. RESULTS AND DISCUSSION
3.1. Support construction and mechanisms
During investigation of RT-16 detailed construction and mechanics drawings were created to form
documentation and to ease maintenance. Drawings examples are shown in (Bezrukov 2011).
3.2. Power supply and motor feed
During investigation of RT-16 detailed power supply and signal cabling schematics were created to
form documentation and to ease CS development and debugging. Schematics examples are shown in
(Bezrukov 2011).
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Early experiments with both vertical and horizontal movement motors were made with scheme of
motor control shown in Fig. 1 (Bezrukov 2011).

Fig. 1. Schematic of motor control during early experiments:
U1 – DC converter; DC1 – DC motor; G1 – tachogenerator attached to DC1;
W1 – excitation winding of DC1; W2 – winding for main electromagnetic brake of the gearbox;
W3 – DC1 brake reset winding; W4 – excitation winding of TG1;
W5 – winding for gearbox electromagnetic clutch of DC1; SW1 – “Enable operate” switch;
SW2 – “On/Off” switch; SW3 – “E-Stop” loop push-button; SW4 – DC converter reset push-button;
RV1 – potentiometer for setting the motor rotation direction and speed;
DCPS1 – 27 V DC power supply; DCPS2 – 220 V DC power supply.
During research and tests was found that there is no need for quite powerful stabilised 220 V DC
power source DCPS2 as it was originally. It was replaced with two power sources: one small power
stabilised 220 V DC power source for tachogenerator exciting windings, second – unstabilised 185V
DC power source for main electromagnetic brake and motor brake reset windings. After upgrading
analogue tachogenerators to digital encoders, 220 V DC power source can be removed from system.
Currently used improved schematic of motor control is shown in Fig. 2 (power chokes and RF filters
are omitted). As seen in Fig. 2, a safety loop was added to avoid damages to staff and antenna. Safety
loop for each movement direction is created by serial connection of normally closed end position
switches and circuit breaker safety push-buttons. To ensure operation in manual and automatic
(computer control) modes, an operation mode switch SW5 was added to schematic.
DC converters were programmed to ensure appropriate working and to provide remote control via
built-in G-SST1 interface and USS protocol. Built-in G-SST1 as remote control interface was chosen
not only because it is less expensive in implementation, but because serial interface makes less
interference to received signals.
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For radioastronomic observations very important is to reduce overall electromagnetic (EM) noise from
any electric equipment, but DC converters are very noisy. Because EM interference from motors feed
or power supply wiring is hard to plan, DC converters are placed in metal cabinet and all power and
motor feed shielded cables are fitted with chokes and RF filters.

Fig. 2. Simplified current schematic of motor control:
SW4 – DC converter working mode switch; J1 – safety loop connector; DCPS3 – 220 V DC power
supply; DCPS4 – 185 V DC power supply.
3.3. CS hardware
3.3.1. Sensors back-end
As sensors back-end two different self-made boards were developed and made. One board is Atmel
microcontroller based board with USB interface; second one is simple multiplexer board with parallel
interface. Both computer-connected sensor back-end boards are connected to sensors and transducers
via optocouplers. Both boards can be used in same time to make sensors back-end redundant.
Atmel microcontroller board as single board for optical sensor reading was developed first. During it
debugging was found, that more reliable system should consist of simple interconnection board with
connectors for unified modules. Unification of modules will allow exchange them between different
boards and create different configurations of sensor back-ends. Second version of Atmel
microcontroller board currently is in development.
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More simple multiplexer board was developed because during experiments was found that USB
interface realisation on standard PCs is not stable enough. But on modern computers a special parallel
interface card should be added since nowadays PCs normally do not have parallel interface. After
installing RF filters USB communication come stable.
3.3.2. Human front-end
As human front-end an ordinary PC is used. That allows reducing of front-end costs, simplifies
development of antenna CS software and ensures remote control of human front-end hardware on
demand. On control PC a Linux based OS is installed – a Debian OS with pseudo real-time kernel
extension. To control DC converters via RS-232 and USS protocol a PC with a couple of serial
interfaces is taken.
During experiments was found that for improved overall system stability optical isolation of serial
interfaces is preferable. Schematic of CS implementation hardware connections is shown in Fig. 3.

Linux PC
RS-232

DC
DC
converter
converter

Motor
Motor

TachoTachogenerator
generator

RS-232

USB
Ethernet

Microcontroller
board

Angular
Angular
sensor
sensor

End switches

Time server

Fig. 3. Schematic of CS implementation hardware connections.
3.4. CS software
RT-16 CS software (called rt16main) is based on one used at RT-32 but is made more modular to
allow implement new functionality – it is an attempt to create a universal control software which could
be easily expandable for use in wide variety of radio astronomical observations. Structure diagram of
rt16main is shown in Fig. 4.
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Fig. 4. Structure of rt16main.
As seen from Fig. 4, rt16main is divided into separate blocks. Each block represents CS layer with its
own purpose. Two near layers communicate via TCP/IP socket; each module can be executed with its
own priority. There are:
local hardware control (LHC) layer;
astronomical calculations (AC) layer;
user space (US) layer.
Such server-client approach allows not only ease system maintenance but also provides easy client
implementation of other software packages (particularly, automated control through standard VLBI
software NASA “Field System”) and remote connection of clients for control or maintenance.
Precise time module shown in Fig. 4 is not middle layer application – it is a GPS precise time server to
ensure operation of LHC and AC layers in real time. Maintenance module is special exception – it is
planned for testing and development purposes and can connect to any layer software.
3.4.1. LHC layer
LHC software contains locally available hardware drivers: microcontroller board, parallel interface
board and DC converters connectivity code. This layer reads sensor data and delivers data to middle
layer; it receives DC converters control data and delivers data to DC converters. Drivers do not make
any calculations; they only convert data from local hardware interface specific representation to C data
types and vice versa.
In overall following data is transmitted to AC layer:
antenna pointing angular coordinates in antenna angular sensor RS-50 units;
transducers data;
actual speed of motors;
actual working parameters of motors.
To avoid damages to antenna, there is functionality to check angular sensors returned coordinates
against limits set in software – so called soft limits functionality in opposite E-stop functionality
realized by DC converters and safety loops.
Currently rt16main LHC layer is developed and runs in testing mode.
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3.4.2. AC layer
AC layer is made by two modules:
astronomical module;
motor control module.
At each loop the astronomical module performs the calculations of the antenna coordinates
and angular speeds based on instant antenna angular motion and known geographical
coordinates of the radiotelescope in following steps:
calculations of apparent equatorial coordinates at the current epoch are performed taking into
account the precession, the nutation and the aberration;
apparent equatorial coordinates are transformed to local topocentric horizontal coordinates
with a following coordinate correction taking into account the refraction and RT-16 pointing
model parameters;
antenna pointing coordinates and angular speeds for motor control module are calculated.
The drive control module is controlling the DC converters. A two closed feedback loops – one
for the angle and other for the angular speed are implemented in software for both of axles. At
each software loop:
on input module receives:
current position and angular speeds from LHC layer;
calculated antenna position and calculated angular velocity from astronomical module;
module calculates output data for DC converters using preset PID control model.
Currently rt16main AC layer is transferred from RT-32 to RT-16 adding TCP/IP connectivity.
3.4.3. US layer
User space programs do whole experiment control operating as client for AC layer. The NASA Field
System (FS) can be one of such a user space programs example.
The FS main structure consists of different software modules communicating with each other through
shared memory (Fig. 5.). Modular design of FS provides several features that are useful for adapting
or customizing it for a particular station. The most fundamental of these is that it is organized into
station independent and station dependent parts.
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Fig. 5. FS structure.
The station-independent part of code provides the basic FS operation and support for the VLBI backends, like mk5cn module for automated MarkV control during observation sessions.
The station-dependent modules can be customized to support different hardware and antenna interface
that is present in the particular site. Most important is antenna control module (antcn), which is the
customizable module, used for data passing between FS and existing antenna drive system controller.
In order to operate RT-16 under control of FS a site-dependent antcn module had to develop.
The design of the antcn program code is such that once it is properly implemented at a station, the
antenna has certain standard features from the FS point of view. Once these features exist, control of
the antenna from a schedule and for pointing and sensitivity measurements can be carried out in a
station independent fashion (Himwich 1993).
The Field System interacts with antcn by scheduling it in different modes, determined by the first "run
parameter". The possible modes are:
0 - Initialization;
1 - New Source Request;
2 - New Offset Request;
3 - On-source Status With Error Logging;
4 - Direct Antenna Communication;
5 - On-source Status Without Error Logging;
6 - Reserved for Field System Focus Control;
7 - Additional Information Logging;
8-99 - Reserved for Future Use;
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100-32767 - Available for Site Specific Functions.
Considering the requirements of FS (Himwich 2001) a US layer client module that translates
instructions of FS to RT-16 (and vice versa) is made. Currently are implemented all important antcn
run modes 0, 1, 2, 3, 4, 5, 7. Other US layer modules can be written in similar way.
3.5. Test observations
As AC layer is not finished yet, it is possible to point RT-16 only to fixed coordinates in sky. To check
out overall system state and currently written code, in 21/11//2012 were made observations of GPS
satellites in transient mode. Experiments were successful and signals from GPS satellites were
observed (Fig. 6.).

Fig. 6. Received GPS satellite down-converted signals in transient mode:
on left – before entering RT-16 antenna pointing maximum;
on right – entering RT-16 antenna pointing maximum.
4. CONCLUSION
1.
During investigation of RT-16 detailed documentation is formed containing construction and
mechanics drawings, power supply and signal cabling schematics, maintenance and repair related
information.
2.
At RT-16 available sensor and transducer system is researched to form prerequisites for control
system (CS) development.
3.
Two different sensor back-end boards developed and made, upgraded version of unified
microcontroller based board is in development. Unified optoisolator boards are developed and made to
ensure decoupled connection of transducers and optical sensors to CS back-end.
4.
DC converters are programmed to ensure appropriate working and control using their front
panel RS-232 interface and USS protocol.
5.
On a regular PC as CS human front-end a Debian OS is installed and kernel is patched to ensure
real-time software support.
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6.
Three layers universal modular client-server type CS software is developed to ease different
hardware control and different user application implementation. US layer application – a NASA FS
antcn module is done, LHC layer software is under tests, AC layer software translation from RT-32 to
RT-16 and upgrade has to be finished.
7.
Successful observations in transient mode of GPS satellite were made using RT-16 under
control of developed control system.
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