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Abstract 

 Advanced materials are used in most industrial sectors and human activities and all developing and 
developed countries as well as international organizations e.g. United Nations have established work 
groups, which survey the national and global state and developments in the area of advanced 
materials trying to establish strategies on that crucial technology sector. These strategies are focused 
on research and technology activities including education and vocation training, as well as stimulus 
for the starting up of new industrial applications. To introduce such a concept in Greece and 
especially in Northern Greece, the Technological Education Institute of Serres has initiated an 
Interregional technology transfer project in this scientific field. This project includes most topics of 
advanced materials technology with emphasis on specific industrial applications (renewable energy 
systems). The project demonstrates the development of a prototype photovoltaic thermal system in 
terms of a new industrial product. The product development procedure consists of steps such as initial 
product design, materials selection and processing, prototype design and manufacturing, quality 
control, performance optimization, but also control of materials ecocompatibility according to the 
national trends of life cycle design and recycling techniques.  

Key words: Interregional technology transfer, materials, renewable energy systems 

 
1. INTRODUCTION 

The current research work aims at the impartment of know-how and technology innovations through 
the creation of an interregional co-operation network between Northern Greece and Bulgaria in the 
cognitive area of “advanced materials, processing and technology” with emphasis on the exploitation 
of renewable energy systems. This project includes most topics of advanced materials technology with 
emphasis on renewable energy systems and aims at the following overall objectives: 

 Establishment of Interregional cooperation structure between Northern Greece and 
Bulgaria on the subject of processing and technology of advanced materials and renewable 
energy systems. 

 Consolidation and further development of the infrastructure in the EU border countries 
Greece and Bulgaria. 

 Initiation of Technology Transfer activities between interregional countries in the area of 
advanced material technology and their applications in renewable energy systems. 
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According to scientific state of the art, it has been adequately grounded that all applications of 
advanced materials are based on the interrelation between the production and processing methods 
from one side and the microstructure and properties of the materials from the other. These factors 
influence the life cycle of the materials as well as of the products. The production procedure comprises 
particular phases such as conceptual design, selection of materials and processes, determination of the 
product technical specifications, prototype development, quality control, recycling etc. Materials 
selection is of great importance for the product design and intends not only to the product efficiency 
optimization but also to ecocompatibility of the products and materials according to the international 
trends of Life Cycle Analysis (LCA). In order to achieve the objectives of the current research project 
three main phases have been defined as following: 

 design and development of a prototype system that exploits renewable energy resources 
and selection of optimum materials 

 advanced materials production methods and development of a prototype system that 
exploits renewable energy resources 

 characterization and identification of material properties and product quality control 

 

2. PRODUCT DESIGN AND MATERIALS SELECTION 
The consequences of the human activities to the environment comprise an increasing concern. The 
human activities (production, consuming etc.) cannot operate independently of the environment. The 
industrial production affect negatively the environment through the increased levels of CO2 emissions, 
as well as through the consuming of natural resources and the energy demands during the production 
process. Nowadays the limits of proper environmental management are not only constrained in the 
control and regulation of the local pollution and the materials recycling in the end of their life, but they 
extend in all phases of product life from the excavation of the materials, production, usage to the 
disposal (from the cradle to the grave) as it is shown in figure 1. 

 
Figure 1: Product life cycle analysis and the interaction with the environment 
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There is an interaction between the environment and the product. At every stage of the product life 
cycle we have to manage and minimize he environmental impact without influencing the production 
costs, as well as the mechanical and design specifications of the product. The application of such a 
systematic procedure according to the principles of Life-Cycle Design results in materials and 
products that are environmental compatible and with improved specifications. The products consist of 
metals, polymers, ceramics glasses, elastomers and composite materials, which are formed and 
processed in suitable production processes (e.g. molding, forming, cutting and other manufacturing 
processes) according to their design requirements. In this context the materials are selected and used 
according to their interrelated properties and applications. 

The environmental impacts, which are caused by a product, are affected directly from the 
environmental material properties, from the energy consumption that is required for the production, 
from the recycling process etc. The material and production process selection is usually taken into 
account for a new product development. There are a lot of reasons, which lead in to reconsideration of 
the materials and the processes that are used in the production of an existing product. These reasons 
are summarized as follows:  

 

 The exploitation of a new material or a new process. 

 The adaptation of a new frame of principles and norms. 

 The enhancement of the working conditions. 

 The improvement of the environmental profile. 

 The optimization of the product performance. 

 

The optimum material selection is based on the sufficient knowledge of the technical specifications 
and properties of the materials in addition to parameters and constrains, which are related to the shape, 
dimension and technical and economic limitations of the production processes. A systematic method 
that has to be applied at every stage of the design and development procedure is necessary. Today an 
engineer has in his disposition a huge number of materials and manufacturing process that are 
available (e.g. there are approximately 40000 – 80000 materials and about 1000 production methods to 
choose). Although standardization is arranged aiming at the limitation of materials and processes in 
order to be easier for the engineer to choose, new materials with improved properties are always 
appeared boosting up the spectrum of possibilities. 

Recently a few systematic methods and strategic choice have been introduced to help the engineers to 
choose materials and production methods. Ashby’s method is one of the most applicable methods. It’s 
a quantitative choice method, which is based on material performance indices (combinations of 
physical and mechanical properties). By increasing of the values of that indices the material and 
thereby the product performance is optimized. This relationship can be expressed as following: 

  

 , , , ,
Pr  

Functional Geometric Material
p f F G M f

demands F Parameters G operties M
 

      
     
      

 

 

In this method the so-called Ashby’s material diagrams are used (Figure 2) (diagrams in which a 
material property is appeared in one axis and another relative property in the other axis and a 
combination of properties against another combination). The material diagrams are effective if the 
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material indices are drawn on them, in order several material performances in a given application to be 
compared. Some of these properties can describe environmental properties. 

 

 

 
Figure 2: Ashby’s material selection diagram 

 

The application of the above method is realize by the aid of a particular software tool called CES 
(Cambridge Material Selector) and especially by using the environmental version of CES, namely 
Eco-Selector. There is flexibility in the usage of the method in combination with the available 
databases in the Internet (e.g. matdata.net). 

The best material selection requires the being of a procedure or methodology, which includes a total 
environmental survey during the selection phase. Its results must be products with satisfactory 
technical and economic specifications and minimum environmental impact throughout their life cycle. 
The final assessment of the environmental impact is succeeded with the application of life cycle 
analysis techniques. 

 

3. MATERIALS SELECTION – LIFE CYCLE ANALYSIS (LCA) 

According to the ISO 14040 standard Life Cycle Assessment (LCA) is the balancing of inputs and 
outputs and the contingent environmental impact of a product throughout its life cycle. We call life 
cycle of a product the life of a product from its excavation or manufacture till its consummation as it is 
appeared in figure 3.  
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Figure 3: Properties of materials 

 

In other words Life cycle analysis is a tool for the estimation of the environmental impact of a product 
or a service from its creation till the end of its life. It is important to take into consideration all stages 
that take place i.e. the excavation of raw materials, manufacturing, product maintenance and at last the 
environmental impact from its recycling or its disposal. As a result we determine the environmental 
impact and compare two or more methods in order to improve an existing one in relation to causes and 
effects. Life Cycle Analysis is a complicated tool and a lot of parameters must be taken into 
consideration. Life Cycle Analysis can provide: 

 

 Product problems’ analysis in relation to environmental impacts 

 Comparison of product selections 

 Existing products’ improvement 

 Designing of new and environmental friendly products 

 Products and materials selection 

 

Instructions regarding the Life Cycle Analysis are given according to international ISO 14040-14043. 
This method consists of the following four stages: 

 

 Target and aim specification 

 Life cycle description analysis 

 Life cycle environmental impact assessment 

 Interpretation 
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According to the above procedure in this project a new product is designed based on the methodology 
of life cycle assessment. Especially, the life cycle analysis method is applied for energy systems using 
renewable and non-renewable resources. A comparison of a photovoltaic-thermal system to an electric 
one takes place. For example the solar collector requires more materials and its construction is more 
complicate. There is a need for more raw materials and energy for its construction than an electric 
water heater. This means that the environmental pollution is higher than in case of an electric water 
heater. But the electric water heater needs a huge quantity of electric energy for its operation. Electric 
energy production provokes environmental pollution. Solar collector needs no electric energy 
throughout its life cycle. So the solar collector is friendlier to the environment than the electric water 
heater. 

 
5. CONCLUSIONS 

The paper demonstrates the design and development procedure of industrial products in terms of the 
product and materials life cycle analysis method. The method is described focusing on the 
environmental impact of the production process. Special emphasis is given also in the material 
selection procedure.  
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Abstract 
Oscillations of the comparator, which is used for the dynamic calibration of long optical line scales, 
are analyzed in the paper. The accuracy of determination of the position of optical lines on the scale 
depends on the velocity of the carriage, which transports the microscope with a CCD camera in 
relation to the line scale. Oscillations influence the velocity equability, its value, and at the same time 
the error compo measuring. The base part of the comparator is acted upon by external excitations 
which come through the foundation and supports, also due to natural frequencies of the comparator 
set. It is shown in the work that vibration surroundings acting on the comparator have a random 
character and correspond to the criteria of the normal (Gauss) distribution. It is proved 
experimentally that preaching amplitudes of measured components of vertical and horizontal 
oscillations influence the stability of the carriage movement which causes the error of measuring.  
Key words: comparator, dynamic calibration, vibration, carriage, measuring, calibrated scale. 

 

1. INTRADUCTION 
Line gauges are important components in the length link chain. They are used in the measuring 
devices (systems) and technological equipment, etc. 

The world practice witnesses increased focusing on the improvement of line gauge technologies and 
application thereof in length measurement and precise controlled motion systems. Modern precision scale 
production technologies enable to create small-step displacement transducers with measuring 
possibilities that come close to those of optical interferometers. Currently, line gauges with 0,125 nm 
(1,25 Å) resolution are used in precision devices [1, 2, 3]. 

A rapid advance of technologies, primarily micro- and nanotechnologies as well as micro-electro-
mechanical system (MEMS) technologies raises higher and higher precision requirements, measuring 
speed requirements and other requirements thus stimulating creation of new precision length calibration 
systems. Reacting to these challenges the national metrology institutes (NMI) and manufacturing 
companies create new linear scale comparators whereof calibration uncertainty is a value of the 
nanometer range. 

A line gauge defines one or several length values which are determined by the shortest distance between 
the centers of two lines of the periodic structure (scale). 

Line gauges are calibrated by means of optical interference comparators with a sliding microscope for 
viewing scale lines and with a sliding measuring scale [4-6]. Interferometric measuring systems are 
used for precise measurement of the displacement of these sliding parts. Generally, the sources of 
interferometer stabilized frequency radiation are double-frequency He-Ne lasers. 

A calibrated scale is precisely exposed under the microscope. Split-field photoelectric microscopes, 
point projection microscopes, confocal microscopes and photoelectric microscopes with CCD camera 
are used for the initial positioning and the positioning of the centers of lines of the measuring scale. 
The type of the microscope used determines in essence the measurement signal processing algorithm and 
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the calibration precision and rate. Further details about line (edge) detection microscopes are presented in 
[4, 6]. 

Besides many device characteristics whereon scanning of line gauges of the comparator is dependent, 
external factors affect the precision of the device as well. One of the utmost effects is produced by 
vibrations. Lengthwise vibrations affect the carriage speed dynamics which directly affects the scanning 
precision.  

The length of the calibrated end gauge and the position of line centers are precisely determined 
(calculated) by processing of the measurement data, by estimating the corrections of the 
environment conditions on the basis of pressure, humidity, temperature and CO2 content 
measurement results. The lengths of the scale intervals obtained from the measuring system are 
recalculated for the 20 °C temperature. 

The line gauge calibration procedures are determined by documents [7, 8-13]. 

The impact of vibrations on the precision of calibration of line gauges is discussed in this paper. 

Most dangerous are the vibrations that occur in the direction of the carriage motion (x axis) and 
torsional vibrations that occur on the carriage axis z (on x, y plane) which is perpendicular to the 
direction of motion x. Vibrations that occur in the direction of the length of the carriage, i.e. the 
carriage velocity and its dynamics determine the precision of scanning of the line gauge position. 
Precision is defined by means of a photoelectric microscope with a CCD camera. Torsional vibrations 
cause an error specified in Fig. 1.  

 

 
Fig. 1. Angular vibration error 

 

When the device displacement measurement system is parallel to the measuring direction and is distanced from 
it by length e, Abbe’s error occurs: 

.e   (1) 

The carriage speed will be equal to: 

  lavv .  (2) 

.av  – actual, assigned speed; 

l  – speed change due to lengthwise vibrations; 
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 – speed change due to angular vibrations. 

Thus, the dangerous speed error (3) will be created by the function of speed changes that occur due to 
lengthwise and angular vibrations: 

   lfv  (3) 

 

2. OBJECT OF RESEARCH 
An interference comparator with air refraction coefficient compensation meets the technical and 
economic criteria by estimating the refraction coefficient from Edlen formula according to the results of 
measurement of the environment parameters or by means of a refractometer. The structural diagram of 
the equipment is shown in Fig. 2. It is based on a line gauge calibration comparator with a sliding 
microscope and a stationary scale. The comparator’s frameis made from granite and is mounted on 
vibration-proof supports, the microscope holder moves on air guides. The carriage is driven by means 
of motor, worm reduction gear and friction gear. T, P and H are temperature, pressure and humidity 
meters, respectively. The laser measuring system comprises laser, interferometer and retroreflector. 
Letters A, B, and C show the measurement points. 

The position of line centers of the calibrated gauge is precisely determined (calculated) by processing 
the measurement data and estimating corrections for geometrical, instrumental and environmental 
errors. 

The comparator is installed in a standard (conditioned) room. 

The whole operation of the comparator and error compensation are computer-controlled. 

 
 

Fig.2. A structural diagram of the comparator: 1 – vibration insulation supports; 2 – springy aerostatic 
bearing; 3 – electromotor with reducer; 4 – belt drive; 5 – granite guideway; 6 – friction gear; 7 – joint 
member of two carriage; 8 – frame of force carriage; 9 – frame of the precision carriage; 10 – 
microscope with camera and flash; 11 – retroreflektor; 12 – calibrate scale; 13 – laser head; 14 – linear 
interferometer; 15 –tight built aerostatic bearing, A, B, and C –  measurement points. 

 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

14 

3. DYNAMICAL MODEL OF THE COMPARATOR 

 
Fig.3. Dynamical model of the comparator 

 

There O1, O2 – center of masses; m1, m2 – are masses of assembly units; I1j, I2j, inertia moments, where 
j – coincides with angles α, β, γ; 

Stiffness coefficients kn – is of linear motion; cn – is of angular rotation motion (n=1,..., 6). Damping 
coefficients rn – is of linear motion; hn – is of angular rotation motion (n=1,...,6). 

For equation forming simplification the dynamic model at a comparator we are dividing into two 
subsystems: the 1–st subsystem consists of vibration insulation supports without connection with a 
carriage; the 2–nd subsystem consists of carriage with ties connecting it with the bed of granite. 

The main coordinates of two subsystem are xi, yi, zi, αi, βi, γi (i=1, 2) which fix linear and angular 
motions of mass centers in coordinate systems with initial position in points O1 and O2. All members 
of coordinates are 12 main ones and 6 additional: x3, y3, z3, α3, β3, γ3. 

To research vibration of 12 degree of freedom systems is mostly compact at using matrices. A 
vibration of the system is mostly convenient to describe by matrix: 

 

           tQqDqBqA    (4) 
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There [A], [B], [D] are generalized inertia, damping and stiffness coefficients of matrices;      qqq  ,,  
are generalized coordinates of displacement, velocity and acceleration one columns matrices;   tQ  – 
external generalized force column acting in accordance with force: 

 

     



































































1212212112

1222221

1211211

1212212112

1222221

1211211

1212212112

1222221

1211211

;;

ddd

ddd

ddd

D

bbb

bbb

bbb

B

aaa

aaa

aaa

A

























 (5) 

        

 
 

 























































































tQ

tQ
tQ

tQ

q

q
q

q

q

q
q

q

q

q
q

q

12

2

1

12

2

1

12

2

1

12

2

1

;;;























 (6) 

 
Expression at kinetic and potential energy and dissipative function it is possible to write as a product 
of row matrix and one columns matrix: 

 

              ;
2
1;

2
1;

2
1 qBqqDqqAqT TTT    (7) 

 

There [A], [B], [D] are generalized inertia, damping and stiffness coefficients square 12 members 
matrix;    qq ,  are one columns matrices and their differential;    TT qq ,  are one row matrices of 
generalized coordinates and their differential. 

When a dynamic model is obtained (Fig. 3) a mathematical model of the tested system is created 
(vibration equation). To this end Lagrange’s equation of the second type is used [9]: 

 

 tQ
dq
d

qd
d

dq
dT

qd
dT

dt
d

i
iii

















 (8) 

 

There T, Π are the system's kinetic and potential energy; 

Φ – dissipation function; 

qi – i-th generalized coordinate; 

Qi(t) – generalized force acting in accordance with coordinate qi. 

At forming of equation lat we use expressions of Ti and Пi (i=1, 2) presented in formula 6. 
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   (9) 

 

There x0, y0, z0, α0, β0, γ0 are excitations of a bed with consequent coordinates. View at dissipation 
function (Φi) is received from Πi, after changing stiffness coefficients to damping coefficients. 
Connecting equations are expressed:  

 

x3–x1–l1β1–l2γ2=0; y3–y1–l1α1–l3γ1=0; z3–z1–l2α1+l3β1=0; α3–α1=0; β3–β1=0; γ3–γ1=0; (10) 

 

After performing modeling by means of Matlab 6.1 and Origin 6.1 software packages we obtain the 
results presented in Fig. 4. 

 

 
Fig.4. Point C, the spectrum of the vibration velocity (during dynamic calibration) 

 

 
4. EXPERIMENTAL TESTS 
Experimental tests were conducted in measurement paint shown in Fig. 5. The vibration measuring 
devices of the Denmark firm “Brüel & Kjær”, with accelerometer 8306, vibrometer 2511, signal input 
and control board “Ebiol–Comlab–SeiTech” and personal computer IBM–50 was used for measuring 
of vibration parameters. 

It was determinate during experimental investigation that dominated amplitudes of vertical and 
horizontal oscillations are comparatively of law frequencies (1–50Hz).  
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Fig.5. Flow chart of diagnostic measurements 

 

In this paper was measured the vibration displacement and the vibration velocity. Measurement points 
A, B and C results in a static position are shown in Figures from 6 to 13. Results of measurement 
points C obtained during dynamic calibration are shown in Figures 14 and 15. Specters, distributions 
and statistic parameters of signals were calculated: 

Arithmetic mean x, mm/s: 



n

i
ix

n
x

1

1 ;  

Root mean square deviation:  






n

i
iX xx

n
S

1

2

1
1

; 

Scatter: minmax xxxscatter  . 

There n is the number of measurement results, x – measurement result. 

 

 

 
 

Fig. 6. Typical the signal of the displacement and its histogram 
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Fig.7. The spectrum of the displacement amplitude point A: a) horizontal direction, b) vertical 

direction. 

 

 
Fig.8. The spectrum of the displacement amplitude point B: a) horizontal direction, b) vertical 

direction. 

 
Fig.9. The spectrum of the displacement amplitude point C: a) horizontal direction, b) vertical 

direction. 
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Table 1 Statistical parameters of the displacement measurement signal 

Statistical 
parameter Direction Arithmetical 

mean, [mm/s] 
Root mean square 

deviation 
Minimum 

value, [mm/s] 

Maximum 
value, 
[mm/s] 

Scatter, 
[mm/s] 

Point A horizontal 2,348E-6 0,315 0,00315 -1,198 1,743 
Point B horizontal 0,0359 0,429 0,00429 -1,092 1,253 
Point C horizontal -1,049E-6 1,258 0,0095 -4,241 3,775 
Point A vertical -4,396E-6 0,211 0,00211 -0,905 0,817 
Point B vertical 4,711E-6 0,205 0,002 -0,762 0,746 

 

The measurement point C with the precision carriage being in a static position (without air supplying). 

 
Fig.10. The signal of the vibration velocity and its histogram  

 

Table 2 Statistical parameters of the vibration velocity measurement signal 
Statistical 
parameter 

Direction Arithmetical 
mean, [mm/s] 

Root mean square 
deviation 

Minimum 
value, [mm/s] 

Maximum 
value, [mm/s] 

Scatter, 
[mm/s] 

Point C horizontal -3.123E-6 0.01224 -0.04807 0.04795 0.09601 

 
Fig.11. The spectrum of the vibration velocity signal (without air supplying) 
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The measurement point C with the precision carriage being in a static position (with air supplying). 

 

 
 

Fig.12. The signal of the vibration velocity and its histogram 

 

 

Table 3 Statistical parameters of the vibration velocity measurement signal 

Statistical 
parameter 

Direction Arithmetical 
mean, [mm/s] 

Root mean square 
deviation 

Minimum 
value, [mm/s] 

Maximum 
value, [mm/s] 

Scatter, 
[mm/s] 

Point C horizontal 2.882E-6 0.00549 -0.02623 0.0305 0.05673 

 

 

 
Fig.13. The spectrum of the vibration velocity signal (with air supplying) 

 

The measurement point C during dynamic calibration. 
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Fig.14. The signal of vibration velocity and its histogram 

 

Table 4 Statistical parameters of the vibrations velocity measurement signal 

Statistical 
parameter 

Direction Arithmetical 
mean, [mm/s] 

Root mean square 
deviation 

Minimum value, 
[mm/s] 

Maximum 
value, [mm/s] 

Scatter, 
[mm/s] 

Point C horizontal 2.8118E-4 0.16196 -0.90585 0.7869 1.69275 

 

 
Fig.15. The spectrum of the vibration velocity signal and its fragment (during dynamic calibration) 

 

DISCUSSION OF THE RESULTS 
The obtained experimental results show that the spectral amplitudes of the carriage vibrations at 2 – 4 
Hz frequencies fluctuate from 0.02 to 0.04 μm, whereas at 10 – 13 Hz frequencies - from 0.02 to 0.025 
μm, at 17 – 27 Hz from 0.005 to 0.015 μm, amplitudes at other frequencies are inconsiderable.  
Measurements were carried out in horizontal directions. Supply of air to the comparator’s frame 
supports and the carriage’s aerostatic bearings was controlled. The illustrations show the measurement 
point at which vibration velocity amplitudes reach maximum values at the respective frequencies.  
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The obtained experimental results show that the amplitudes of vibration velocity level at 0,1 – 0,4 
mm/s (without air supplying) decrease at 0,05 – 0,15 mm/s. The vibration velocities during dynamic 
calibration fluctuate from 0,2 to 0,4 mm/s. The obtained experimental results show that the spectral 
amplitudes of vibration velocity (without air supplying) at 10 – 20 Hz frequencies fluctuate from 
0,5·10-3 to 1,4·10-3 mm/s, whereas at other frequencies vibration velocity amplitudes are 
inconsiderable. The spectral amplitudes of vibration velocity (with air supplying) at 1 – 6 Hz 
frequencies fluctuate from 0,3·10-3 to 1,05·10-3 mm/s, whereas at other frequencies vibration velocity 
amplitudes are inconsiderable. The spectral amplitudes of vibration velocity during dynamic 
calibration at 8 – 10 Hz frequencies fluctuate from 0,015 to 0,040 mm/s. 

Results obtained in theoretical tests are markedly expressed at 10 – 12 Hz frequencies only, where 
amplitudes reach up to 0,040 mm/s. This is related to inaccurate setting of parameters of differential 
equations. Hence, result reliability problems arise in the course of determining the vibration level of 
such accurate calibration devices by calculating methods. Therefore, to find out possible sources of 
uncertainties and errors in the course of creating tools of such high-end technologies one should be 
guided by experimental tests despite the fact of their expensive costs. 

 

CONCLUSIONS 
1. It has been found out that low-frequency vibrations are capable of affecting the accuracy of reading 
while the carriage with a microscope are moving. 

2. Where the comparator’s calibration uncertainty is 0,1 µm/m the obtained values of vibration 
velocity may affect the accuracy of reading. 

3. The spectra of random vibration velocity obtained within the low-frequency range (2 – 10 Hz) 
define the preparation requirements of the vibration-proof supports. 

4. These vibration velocities are acting and must be measured setting the accuracy of raster indication. 
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Abstract 
The paper tackles the working of a irrigation plot with pipes under pressure on the basis of analyse of 
the connections between the constructive and working parameters, of the energy included in fitting out 
and of the operative consumption of energy (for water’s pumping, the remove wet equipment, the 
maintenance and exploitation of working) on rate-setting duration of existence of system. 

The optimisation problem matters in the minimization of the specific consumption total average 
annual of energy demanded by irrigation through pipes under pressure of the complex climate – 
ground – plant. The needs of water is expressed through a average norm of irrigation M (mm/year), a 
specific debit of top qd (l/s) and the static features of the annual variation and seasonal q/qd, 
respectively (q/qd)2, in the conditions of the respect of the functional restrictions and of the limitation 
introduced by the technique of irrigation available. 
The results of researches serve at the optimum designing of point of view energetic of the fittings out 
for irrigations in the zones with plan relief and in steep, the methods proposed allow a reduction with 
20  25 % of the consumption of energy generated by the irrigation through aspersion. 
Key words: Pumping station, pipe network, economic efficiency, optimization, piezometer slope. 

 

1. INTRODUCTION 
The projection of a pumping station under pressure SPP – irrigation plot through aspersion PIA 
optimum ensemble point of constructive, functional, economic and power is a complex activity 
multilateral. 

The demand of energy for the irrigation systems is bound by the specific consumptions of water and 
by the medium spores of agricultural production. The reduction of the specific consumptions of energy 
is established by a complex of optimization what involve the following stages: 

1. The optimization of the technique of wetting; 

2. The optimization of the type of arrangement; 

3. The structural optimization of the system; 

4. The optimization of the working regimes of the arrangement in the concrete conditions of the 
natural frame, social and economic given. 

The optimization of the technique of wetting visa the choice of the best technology of administration 
of the wettings what, respecting the restrictions imposed by the necessity of the medium’s protection, 
ensure a social level of work acceptable for the personnel of execution in the conditions of the 
minimization of the specific consumption total average annual of energy CSTMAE associated to the 
achievement of the respective function of water’s distribution at plot’s level. 
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The optimization of the type of arrangement follows the optimum structure’s calculation of the 
operative consumption of energy OCE for hydraulic systems depending on the water deficit and the 
specific features of ground. 

In the conditions of the complementary irrigation, in zones with water deficit less accented and 
variable are recommended fitting out with a reduced weight of the included energy. 

The structural optimization of the system constitutes the process of selection of the best solutions of 
achievement of the arrangement’s different elements. The process of structural optimization permits a 
objective determination of the consumption’s size of energy for the improvement and of the optimum 
structure. It takes into account the values of dimensioning of the water deficit what must cover and the 
static specific features (the medium value and the dispersion). 

The working regime’s optimization of the arrangement is necessary for the modelling OCE. It follows 
the defining of the exploitation modalities of the system’s different elements with the smallest OCE 
(the system is achieved for to satisfy maximum needs of dimensioning and cover the needs in different 
work regimes). 

 

2. THE WORDING OF THE OPTIMIZATION PROBLEM 
2.1 The aim of the optimization problem 

The paper follows the analyse of the connections between the constructive, working parameters, the 
annual energy consumptions and the energy quantity included in fitting out; it formulates a 
methodology of establishment of the optimum values of the parameters admeasurements of the 
pumping stations for the setting under pressure SPP, of pipes networks, what ensures an optimum 
consumption of energy during of duty of the fitting out (the operational energy and the included 
energy in the networks, equipment and constructions), of the conditions after that it can be obtained. It 
follows the generalization of the solutions of increase of the power and economic efficiency of the 
water’s pumping, what ensures the minimum of the total consumption of energy necessary for the 
networks under pressure, in the conditions of the respect of the restrictions imposed by the complex 
climate – ground – plant technique. 

The model of optimum admeasurements of SPP through pipes under pressure is elaborated for plan 
ground and in slope, in any conditions of water need and taking the equip possibilities into account 
offered by the present technique: 

1. The diameter of the sprinkler’s spouts; 

2. The distance between sprinklers on wing; 

3. The diameter of the aspersion wing; 

4. The diameter of pipes and the installation’s debit; 

5. The diameter of the pipes used for the realization of the feelers; 

6. The diameter of the pipes superior order; 

7. The charge necessary at hydrant proper of the pressure demanded of the correct working of the 
installations of aspersion; 

8. The consumption of energy generated by the equipment’s removal wetting is estimated for the case 
of the pulled installations and manual displaced. 

The paper tackles the working of a irrigation plot with pipes under pressure on the basis of analyse of 
the connections between the constructive and working parameters, of the energy included in fitting out 
and of the operative consumption of energy (for water’s pumping, the remove wet equipment, the 
maintenance and exploitation of working) on rate-setting duration of existence of system. 
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The optimisation problem OP matters in the minimization of the yearly average total specific 
consumption of energy YATSCE demanded by irrigation through pipes under pressure of the complex 
climate – ground – plant. The needs of water is expressed through a average norm of irrigation M 
(mm/year), a specific debit of top qd (l/s) and the static features of the annual variation and seasonal 
q/qd, respectively (q/qd)2, in the conditions of the respect of the functional restrictions and of the 
limitation introduced by the technique of irrigation available. 

2.2 Conditions and restrictions of the optimization problem 
For the defining of the relations between the operative consumption of energy, the energy included in 
the workings afferent of the ensemble and the constructive - functional parameters it is thought the 
following aspects: 

1. The irrigated plot IP must to be a rectangular shape, characterized through the factor of shape f = 
Lcs/Lcp and it were arranged on a plane ground; SPP must placed in the origin of the principle pipe CP, 
in the middle of the side. 

2. SPP is situated in centre, serving a bushel area, obtained through the joining of two identical plots. 

3. In general its will work simultaneously at the most a number ni of identical installations of wetting, 
with debit Qi. 

4. At the maximum loading, the wetting installations ni are uniform distributed in the network. On 
each antenna work nics = ni / n wetting installations, with ni = nt sections and different debit Qj = j. Qi , 
j = 1, 2, …, nt . 

5. The ramifications of n antenna establish on CP, n/2 sections with dimensioning debit in the shape 
of: 

2. k. Qcs = 2. k. nt . Qi , k = 1, 2, …, n/2. 

6. Depending on the plot area S and of the specific debit of top qd , the dimensions nt and ni are integer 
number; its are established that: 

ditii qSQnnQn ....   . 

7. The network is dimensioned with an average piezometer quota Jo constant for all sections j si k. 

8. The route of admeasurements is formed by the principal pipe CP and one of last antennas, situated 
in the knot k = 0. 

9. The antennas situated in the others knots of CP, k = 1, 2,   , 1
2


n , are dimension on the sections j = 

1, 2, …, nt with a piezometer slope PMS: 

Jk > Jo , Jk = Jo(1+2. k. l), k = 0, 1, 2, …, 1
2


n , 

what permits a reduction of the diameters and a decrease of the energy included in the network. 

10. The piezometer quota Jo establishes the following parameters: 

a. The diameters Dkj and the length of pipe sections Lkj depending on the geometry of plot and of the 

admeasurements debits of sections kj , k = 0, 1, 2, …, 1
2


n
, j = 1, 2, …, nt , establishing thus the size 

of the energy included in the network. 

b. Depending on the route’s length of admeasurements Lcpef+ Lcs , is established the necessary charge 
for the water’s transport in the network. 

c. It is established the power installed in SPP and the energy included in SPP. 
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d. It is established the absorbed average power of SPP and YATSCE for pumping generated of the 
working with a average duration To (hours/year). 

11. The reduction of PMS Jo has like effect a decrease of the operational consumption of energy for 
pumping and an enlargement of the energy included in the network. The admeasurements of the SPP – 
network ensemble is effected for an optimum average piezometer slope OAPMS, J*o , established 
from the minimum’s condition of the YATSCE established of water’s transport in the plot’s network 
analysed. 

12. For water need of parameters Mo , qd , (q/qd) si (q/qd)2, all geometrical and power specific features 
and J*o vary depending on the area’s size irrigated. 

13. From the condition of the minimum YATSCE generated by the wetting’s realization is established 
the structure of the wetting installations used and the charge necessary at hydrant. 

14. The minimum of YATSCE is independent of fixed network’s specific features and is obtained 
accordingly to the satisfaction barely of the restrictions mentioned at 12 point. 

SPP of a PIA must to ensure the hydraulic power H = Hg + Ht + HH  necessary for: 

1. The water’s raising from source until the level of the devices of spraying, Hg. 

2. The water’s transport under pressure until the points of utilization, Ht . 

3. The uniform distribution above to the ground, through the working with a certain quality of 
sprinklers, HH. 

2.3 The objective function’s calculation of the optimization problem 

2.3.1 The yearly average total specific consumption of energy 
The yearly average specific consumption of energy YASCE for the maintenance and the exploitation 
of the workings (kWh/ha.year) is calculated like a sum of the specific consumptions for: SPP CiSPP, 
pipes network CiPN , the wetting installations CiWI, (maintenance, overhauling and major overhaul): 

 i iSPP iPN iWI re p i, e e eC C C C k .C ; C a .E ;  e SPP,  NP,  WI      . 

In the (1) equation is used the following notations: 

ae – is the standardized quota of the yearly average expenses established by the e component of SIPP; 

kre – is a coefficient for the estimate of the personnel’s salaries in the terms of the energy consumption. 

YASCE for the water’s pumping Cp (kWh/ha.year) is established by the YASCE necessary for the 
water’s transport in the immobile network Ct and by the YASCE necessary for the wetting’s 
administration Cwa: 

t wa
p

C CC
S


 . 

YASCE for the removal of the WI Cm (kWh/ha.year) is calculated in function by the number of 
removals what must effected for the administration of the average norm of irrigation Mo on unit area of 
the plot of land arranged and by the equivalent energy consumption established of the removal of an 
installations rm : 

4
o m

m
o WI

M .r .10C
m .l .L

 . 

The reduction of the consumption of energy generated by the working of the SPP is conditioned of the 
charge’s reduction at hydrant, respective the energy’s reduction for the water’s transport in the 
network Ht . This reduction is established through included energy’s growth in the wetting 

(1) 

(2) 

(3) 
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installations and in the network. The HH and Ht parameters are established like optimum values for the 
minimum of the total consumption of energy of all normalized duration of utilization of fitting out, in 
the conditions of the need’s respecting of functional order. 

The dimensioning of the SPP what feeds the optimum irrigation plot through aspersion IPA is 
conditioned of area’s size S, of the antennas number n, of the specific debit of admeasurements qd and 
of the aspersion installation’s type used, what established the necessary load on sprinkler. 

The systems of irrigation through pipes under pressure SIPP achieve in each lapse time tk of the 
exploitation, the distribution on a are Sk = nk . So (ha) of a debits Qk . It follows the determination of 
the criterions of optimum admeasurements of the SPP – network – wetting installations WI ensemble, 
what allow the attainment of the objective function: the minimum of the total consumption of energy 
in IP with rectangular shape. 

The ensemble’s exploitation SPP - network – WI is made in variable regimes with specific debit q, 
corresponding to the real deficits of water what must covered at a given moment. For each climatic 
zone, through the processing of the datum’s recorded in the working’s period of the systems of 
irrigation, can be established the static specific features of the relative debits qr = q/qd , restored in the 
shape of the frequency curves qr and a square average deviation (q/qd) = (qr). 

The specific consumption total medium yearly of energy C kWh
ha year

 
  

 results of the summing of the 

specific consumption medium yearly associated to the energy included: 
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In the equation (4) are used the following notations: 

j j
j

1a a
T

  , 

where jT  - is the duration normalized of existence j component. 

In the period standardized of water Mo (mm/year) through a working with the average duration To 
(hours/year), SIPP ensure the following functions: 

1. The water’s raising at the altitude Hg ; 

2. The water’s transport through the network at the active hydrants with a specific consumption of 
hydraulic energy SCHE Ht ; 

3. The wetting’s achievement with a SCHE HuH ; 

4. The wetting installation’s removals with a equivalent SCHE cM (kWh/removal), generating a SCHE 
constituted by the following elements: 

a) The quota what again of the included energy in the constitutive elements; 

(4) 

(5) 
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b) The operative consumption of energy for the water’s pumping; 

c) The operative consumption of energy for the installation’s removal. 

The charge utilized for transport is expressed through: 

 
t 0

n 1 .l 1
H J .L.

l
 

 , 

while the charge at hydrant is established of: 

H o rWIH H h   

rIUh  represents the loss of charge on the installation of wetting: 

H
rWI hrh k .Q .L  

for the installations with debit independent of length L and: 

H Hhr
rWI

p

kh .d .L
k

   

in the case of aspersion, with hr H Hk ,  ,     - empiric coefficients adequate to the equipments used. I 
have noted: 

2

re
o

SPP m 1 d

1 k q
Y 1 . .T

a .k .K q
 

   
 

; re
1 0

SPP m 1 d

1 k qY 1 . .T
a .k .K q

 
   

 
, 

The YATSCE C becomes: 
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NP o WI WIo WI
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n 1 .l 1M r Y10. . a .K .K . .q . H H h .L.J
m l L l

n 1 .l. n n. n n .Q
5000.a.a. .K . .

n.L
J







 
           

 
   

        

   


 

The need’s specific features of water correspond to the natural frame and to the crops practised. The 
element’s admeasurements SIP is conditioned by the deficit of calculus of the month top mv . The 
charge what must be ensured on sprinklers is established by the drop’s fineness (the coefficient Degan 
Kp) what is established of the relation’s specific feature soil – plant. 

2.3.2 The wording of the optimization problem 

The optimisation problem OP matters in the minimization of the specific consumption total average 
annual of energy YATSCE demanded by irrigation through pipes under pressure of the relation 
climate ground – plant. It must be respected the restrictions of functional order and it were adopted the 
standardized dimensions. 

It must be found size’s values Jo , l, L what, depending on the equipment’s category of wetting used 
(QWI , Ho , do , Kp) lead at the minimum of YATSCE, equation (11): 

(10) 

(6) 

(7) 

(8) 

(9) 

(11) 
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The functional restrictions for YATSCE are written in the following shape: 

i iWI WI o
u o i o p p max

WI w o

3600.Q i di i ;  K .d .L c;  K K ,
L.l i H

 
       

with io , Kp imposed by the relation ground – plant through aspersion with WI movable. The equation 
(11) becomes: 

   

 

SPP SPP d
oJ NP o WI WIo WI
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4
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The piezometer slope is expressed depending on depending on the length l and the specific debit of 
admeasurements: 

     
 

J
o 2

d
SPPI

N
NP p

l. n 1 . n n. n K 1 5000.lJ . . .
L .qn. n 1 .l 1 aK YK . . .

a a

  
  

 
 

      
                

        

 

The equation (15) shows the relation between the optimum unitary specific consumption of energy for 
the transport of the debit of dimensioning through fixed network and every factors what it conditions 
(the specific features of the water consumption for irrigation: qd , Y; the network’s geometry: n, l, L; 
the pipe’s specific features used: 1,,,,, RJ aaK  ; the specific features of pumping: 1,,, SPSPIN aKK  ). 

The component dependent on J0 of specific consumption total medium yearly of energy is: 

     
 

 

   

NP
J j
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3. THE OBJECTIVE FUNCTIONS OF THE MODEL OF OPTIMIZATION OF PUMPING 
STATION WITH MOVABLE INSTALLATIONS 
In the case of the irrigation through aspersion based on equipments with the distributed debit on the 
installation’s length, the objective function of the model of optimization of pumping station with 
movable installations is: 

1,21687
P0,88234 0,185940 0

A J l 0 L g0,03686 2,522 0,23734
P P 0 P

Kd dBC A. f .f . .d C. f .D. A.H
K K d K

     , 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 
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In the (17) equation its have used the notations of equation (18): 

1
d

p

0,19935
0,14864 0,07373

0,51885WI 1
d0,11766

s p

WI
d

WI
0,286530,61509

o m 1

o WI p

0,38491 0,61509
d WI

YA 1, 22426. .q

n .k YB 382,42. . .q
k

iC 937,88. .q
k

M r YD 1,61788
m l

q k

  
        




            




 

In the case of utilization of the equipments with concentrate debit, the objective function of the model 
of optimization of pumping station with movable installations has the following mathematical 
formula: 

0,07373
1,84 0,88341 1

S 1 1 s l 1 10,07997

A CL QC B . D .L.Q f .f .E . F
L Q Q L

      . 

In the (19) equation its have used the notations of equation (20): 

 

o

4 o m
1

o WI

1 WI d

1 WI d

1
1 d

p
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0,51885WI 1
1 d0,11766

s p

1 1 g 0

M rA 10 . .
m l

B 0,175.i .q
C 0,175.I .q

YD 1,22426. .q

n .k YE 746,06. . .q
k

F D . H H

 

 









 

      
  

 

 

4. RESULTS AND DISCUSSION 
Operational efficiency for a pumping supply system is strictly determined by the type of pump used. 
Best performances are obtained when, so that user’s needs to be met, pumps are set to operate at 
ratings located in the neighbourhood of their maximal efficiency which at its turn must have optimal 
values for the best machines located in the respective class. As to reach that goal the process pump 
choice has to be based on a thorough acknowledge of all operating parameters of such supply, that is 
the relations between flow Q and specific hydraulic energy that has to be released towards this flow by 
the pump H, in all different possible operational configurations. 

The process of optimization imposes mathematically speaking the use of a calculation algorithm very 
complex. 

The pumping station must provide in the distribution network the maximum timetable debit; the debits 

(18) 

(19) 

(20) 
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with the highest frequency in the exploitation must be elaborated with efficiency closer to the 
maximum efficiency of the best type of necessary pump. 

At the admeasurements of the pipes for the transportation of the water it must be taken into 
consideration the nominal diameter given by the optimum diameter adequate to the transportation of 
the debit with the highest frequency. 

The benefit of the activity of the distribution of water depends mainly by the relations in which it is 
found by the operating capacity and the determined costs by the service’s performance, with the 
volume of water distributed and with the price that can be obtained through the effective performance 
of it, depending so, on one side by the value of the necessary investment, and on other side, by the 
specific consumption of energy for pumping, by the unitary price of the electric energy and, in a 
determinant way, by the volume of water invoiced monthly. The projection of the rehabilitation 
measures and modernization must be based, in this way, by the results of a study market which must 
establish realistically the volumes of water that may be distributed and invoiced. 

 

5. CONCLUSIONS 

The efficient working of irrigation systems establishes a strong growth economic through the increase 
of the productivity at hectare of the irrigated crops. 

The processes of optimization follow the optimization of the specific consumption of water and the 
determination of the specific debits of dimensioning of the system’s elements. 

The model of optimum admeasurements of the irrigation size through pipes under pressure it applies at 
any conditions of water demand and takes into account by the possibilities of equipment offered by 
present technique: 

1. for irrigation through aspersion: 

- The diameter of the aspersion’s nozzles d = 5  8 mm; 

- The distance between the aspersions las = 18 m; 

- The diameter of the aspersion wing Dar = 100 mm. 

2. For the irrigation through EUBA installations: 

-The diameter of pipes Dar = 150 mm; 

-The installation’s debit Qi = 20  30 l/s; 

-The charge necessary at hydrant HH = 7  10 m. 

3. The fix network is achieved by the cement tubes or by PVC with   = 400  1000 mm (the principal 
pipes). 

The results of researches serve at the optimum designing of point of view energetic of the fittings out 
for irrigations in the zones with plan relief and in steep, the methods proposed allow a reduction with 
20  25 % of the consumption of energy generated by the irrigation through aspersion. 
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Abstract 
 To be successful and competitive in the globalizing and rapidly changing world, most organizations 
are under pressure to effectively either develop or transfer technology. Technology transfer is a 
managed process of conveying a technology from a point of origin to its potential users. Transferring 
technology from universities to private sectors results in economic development and welfare 
improvement of the issued country. But, for a sustainable development, the universities should also 
transfer the available technology until they can be enough sufficient to develop it internally. 
Especially, new-established universities like the foundation those recently established in Turkey need 
to transfer the technology in order to become a potential technology developer as being other old and 
long-established ones. Therefore, this paper represents a case study of how to transfer and adopt the 
technology from a private sector to Kadir Has University, as a newly established private university, 
which should be rational on investment decisions. This study is a work of technology strategy 
development through positioning-based approach, and includes three sections as follows: in the first 
part, a SWOT analysis, the issues of technology scanning are presented, in the second part, the 
selection of technology transfer method is included, in the final part, the criterion are determined to 
have a successful technology transfer process. 
Key words: Technology strategy development, positioning-based approach, technology transfer,  
SWOT analysis  
 

1. INTRODUCTION 

To be successful and competitive in the globalizing and rapidly changing world, most organizations 
are under pressure to effectively either develop or transfer technology. Technology transfer is a 
managed process of conveying a technology from a point of origin to its potential users. Transferring 
technology from universities to private sectors results in economic development and welfare 
improvement of the issued country. But, for a sustainable development, the universities should also 
transfer the available technology until they can be enough sufficient to develop it internally. 
Especially, new-established universities like the foundation those recently established in Turkey need 
to transfer the technology in order to become a potential technology developer as being other old and 
long-established ones.  

In Turkey, there are 111 universities educating 2.242.995 student: 67 government, 30 foundation, 1 
foundation vocational school, 5 military, 1 police academy, 5 in Turkish Republic of Northern Cyprus 
and 2 special status government schools [1]. To establish a university, there are rules made by a 
government agency called YOK. Since 1992, foundations have a chance to establish university. Kadir 
Has University (KHU) is one of the foundation universities and was founded in 1997, in Istanbul [2]. 
The mission of KHU is to educate bright individuals in international relations, technology, and culture. 
The school hopes to turn out students who have consciously assimilated Ataturk's principles and 
reforms and who have thus become better citizens. They will use the knowledge and experience that 
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they have attained for the welfare of the country, nation and humanity. The university is composed of 
three campuses. The main campus is in the Cibali (Halic or Golden Horn) area. The English 
preparatory school and vocational schools are located at the Bahcelievler and Selimpasa campuses, 
respectively. The faculties and departments of the university are as follows: 

 Faculty of Engineering offering BS degrees in Computer Engineering, Electronics 
Engineering and Industrial Engineering 

 Faculty of Economics and Administrative Sciences offering BA degrees in Economics, 
Business Administration, International Relations, International Finance and Tourism 
Management  

 Faculty of Arts and Sciences offering BA degrees in American Literature and Culture and the 
BS degree in Statistics and Computer Sciences  

 Faculty of Communication offering BA degrees in Communication Design, Advertisement, 
Television and Cinema, Public Relations  

 Faculty of Law offering the BA degree in Law  

 Faculty of Fine Arts offering BA degrees in Industrial Design, Interior Design and Graphic 
Design  

 Vocational Schools offering a pre-BA degree in Social Sciences and a pre-BS degree in 
Technical Sciences and Health Services 

 Graduate Schools offering the MA degree in Social Sciences and MS degrees in Technical 
Sciences and Health Sciences  

In order to be successful, a university should have some features like the quality and the quantity of 
teachers, laboratories, library, relationships with national or international universities and social 
medium.  

In KHU, the number of teachers including from research assistant to professors is 205. On the other 
hand, KHU outsources professors, assistant professors and adjunct professors in the number of 105.  

The Computer Technologies Center supports IT use for all members of the University. A total of 700 
computers are in use by staff, all Internet connected. KHU has eight computer laboratories (two of 
them are Sun-Ray 1 Thin-client based) at the Cibali campus, two laboratories at Bahcelievler campus, 
and four laboratories at the Selimpasa campus. All laboratories are equipped with multimedia 
technology. All students at KHU receive their own internet access accounts for computers located in 
the laboratories and the entire KHU information system. Departments also have their special labs like 
chemistry, software, control, physics etc.  

KHU library supplements its traditional services with several technological innovations like dedicated 
computers and up to date databases. It serves 225 users in over 1000 squares of meters of space in 
Cibali campus. Its collection consists of nearly 50000 published materials, over 1000 DVDs, 500 
video tapes, 30 000 electronic books, and 13 online databases including more than 12 000 electronic 
journals.   

KHU is a partner of ERASMUS program and has exchange or dual degree programs with USA 
universities.  The USA universities are Wayne State College, Southern New Hampshire University, 
Virginia State University, Purdue University, Fordham University, Montana State University and Ball 
State University.   
University student clubs help students to develop themselves, encouraging them to fill their spare time 
efficiently, to extend their knowledge and creavity. There are 38 clubs to total 3694 students. Clubs 
organize activities such as panels, conferences, forums organized with the participation of important 
scholars, businessmen, experts. On the other hand, KHU with 17 sport branches participating in 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

36 

official university leagues takes it very seriously to get its students improve themselves in sports in 
addition to their education.  
When KHU is compared other universities in Turkey, it is seen that the number of the students in 
KHAS is %0. 16 of the total number [1].  In the rank of universities according to the number of 
publications per faculty member in SCI+ SSCI+ AHCI journals in 2006, the whole universities in 
Turkey has a ratio of 0,52 and  KHU is 64th with 0,23 ratio.  
This study is a work of technology strategy development in KHU. For technology strategy 
development there are 2 approaches: resource based approach and positioning based approach. 
Resource based approach assumes that the organization has its own competences and should make its 
competitive strategies based on the competences. It suggests that organizations compete and create 
value on the basis of resources that are unique, rare, valuable, and not easily imitable or substitutable 
[3, 4, 5]. Competencies develop when such resources are combined to create specific organizational 
abilities [6]. On the other hand positioning based approach is about where in the competitive 
environment, firm wants to see itself. Porter’s generic strategies and strategy development phases are 
included in the approach [7].  
As a new established university, KHU has no competences and wants to make technology investment 
in order to gain some tangible and intangible competences like choosing the right technology, 
applying that technology into its training process and to develop new technologies [8]. In the study, 
positioning-based approach is used. 

 

2. POSITIONING BASED APPROACH METHOD: 

In order to develop a technology strategy, firm should evaluate its environment, both internal and 
external. After taking the whole picture of the market, it should choose a strategy that will fulfill the 
hole of the market place and firm internal structure; and a technology to perform the strategy. The 
chosen technology can be get or develop inside the technology or outside.   

                    

Selection of the department in which investment should be made 

SWOT analysis for the department 

Selection of the competitive strategy 

Technology Selection 

Timing of the application of the strategy 

Technology Acquisition and Exploitataion 

Figure1. Positioning based approach phases 
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2.1. Selection of Department  
In order to determine to which department investment should be made Porter’s 5 forces evaluation 
method is used [7].   

2.1.1. Threats from Potential Entrants 

To establish a university there are too many barriers in Turkey made by YOK the government agency. 
Capital requirement is so high. But established universities reserve only several rooms for their new 
faculty members because they’ve already provided necessary infrastructure such as laboratories. An 
enormous demand for university education has caused such an increase in the number of departments. 
Especially private universities start education in a specific department by recruiting several successful 
and experienced faculty members and the members necessary for other lectures are provided by 
recruiting part time faculty staff from state universities. They assure their need for research assistants 
again from the pool of doctorate and master students in state universities. Building departments in 
such a way is especially observed in departments such as industrial engineering and management 
which do not require too much investment on instrument and laboratory materials and are demanded 
highly by students.  

2.1.2. Threat of Substitutes 

Recently, many enterprises providing courses on management, industrial engineering and software, 
started in market. So the idea that people who do not get university education are not able to specialize 
and find a job is not valid anymore. People are able to specialize in certain areas in shorter time and 
with fewer prices by the help of courses provided by enterprises like Bilge Adam. Also increase in 
national income and easier access to abroad increase the potential number of foundation universities in 
our country. State universities are still a strong alternative because they provide cheaper education, 
more stable establishment and have a much longer history.    

2.1.3. Students Bargaining Power 

The increased number of specialized courses and universities gives successful students the chance to 
bargain more strongly. All universities try establish legitimacy and to increase the quality of their 
education by offering scholarships to successful students. Especially private universities offer high 
scholarships. Another method to recruit successful students is to advertise connections with 
universities at abroad. Students, who have economical competency and have education in private 
universities without scholarship, are able to go abroad because the prices are almost same in foreign 
countries. The thought that US is advanced in management and industrial engineering, forces 
universities to make education in American style and make cooperation with US. Especially, 95% of 
math based students who participate in university presentations prefer industrial engineering. 

2.1.4. Supplier Bargaining Power 
Students, faculty members, business people and companies selling instruments can be considered as 
suppliers of universities. Demands of students are on in industrial engineering. Business people prefer 
more multi disciplinary education. The idea that engineering education is not enough by itself 
increases the demand for master and double major programs. Industrial engineering and management 
are most preferred areas in double major because they increase the chance to be a manager. System 
approach has caused an increase in demand for sonar industrial engineering. It’s hard to find 
academics that are well educated and have a bright career. Especially in Turkey, the number is low.   
It’s possible to observe transfers from state universities to private universities. The one who stay in 
state universities are satisfied with the student quality and infrastructure of state universities. Private 
universities generally recruit faculty members as part time staff.  The cost of faculty members is high 
for universities because the number of qualified ones is low. 
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2.1.5. Competition among Universities 

Industrial departments are built in all universities because of the demand from both students and 
industry. In these departments, business people can take courses in addition to students. Generally 
universities with established infrastructure, increase their rankings by advertisement and success 
stories. Not only students, but companies also prefer these universities as consultants. The amount of 
income from state depends on the student quality; this is another reason why scholarships are so high. 

2.1.6. Evaluation Results 

Continuous increase of demand to universities and industrial engineering to be a department to be 
preferred among students, low cost of infrastructure to build the department, demand by not only 
students but also companies for industrial engineering, increase of need for educated people in 
industrial engineering in industry, make industrial engineering one of the most preferred as a 
department to invest in. KHU must be one of the leading among its competitors and must educate its 
students adapted to recent advancements and requirements.   

2.2. SWOT Analysis 
In order to be a world class department in the university, industrial engineering department should 
make environment analysis to complete inefficiencies. The best method enabling the analysis of the 
environment and the organization itself is SWOT analysis. It is used for several reasons: 

 Developing strategies 

 Understanding relationship between internal and external issues 

 Evaluate strategies  

Determination strength and weakness includes determination of the main value added activities, 
determination of the requirements of customers, determination of the resources for each requirement, 
determination of competitors, evaluation of the rareness of each resource, and evaluation of the 
imitated possibility of each resource.  Universities resources can be classified into three categories of 
physical capital, human resource and organizational resource:  

 Capital is high. 

 In faculty of engineering there are three departments; industrial, computer and electronic 
working together. So investment should be a kind of that all of them benefit from.   

 There is no hierarchy in the faculty. Communication and decision taking speed are high.  

 Campus is in the center of Istanbul. 

 Lecturers who took education abroad are chosen. 

 Because income level of students is high, they can get what is required easily. 

 The faculty building is small, so small. 

 Full time lecturers are only in number of 2; other required ones are supplied from other state 
universities.  

 Nearly every university in Turkey has industrial engineering department. Competitors 
number of KHU Industrial Engineering department in Istanbul is 18 and only 6 of them are 
state universities [1]. On the other hand there are big and successful universities in other 
cities of Turkey like Ankara, Izmir.  

 Competitors’ industrial engineering departments have their specific hardware and software 
fixture.   

 Students successful in the exam of OSS (student selection exam) do not prefer KHU. 
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 Because of its founder Kadir Has, KHU has an image of conservative and the image make 
KHU preferred by the families living in Anatolia. 

 In the rank of industrial engineering departments according to the number of publications 
per department member in SCI+ SSCI+ AHCI journals in 2006, KHU is 2nd  with 2,5 ratio.  

 KHU industrial engineering department does not have a plant for manufacturing techniques 
like lathe, cutter etc. 

In order to determine OT (opportunities and threats) PEST analysis is made which is abbreviation of 
political, economical, social and technical environment:  

 Population and economic welfare increases and people give weight to their education much 
more than past.  

 If the department wants to be a developer in the future, it should take care of current 
technologies forming basis for next generation technologies. 

    Industry needs employees informed in ERP and statistics.  

 Expectations of students from universities about practice education increase.   

 Legislations are enacted about working conditions; so ergonomics should be understood not 
only by industrial engineers, but also every employee. 

 Today to see and understand an industry with its suppliers and agencies is a necessity. So 
there should be simulation software packets for the integrity.  

 Number of corporations other than universities giving education about CAD and ERP 
increases.  

 YOK can impose restrictions and requirements for departments’ education fixture. 

 Visual education makes students learn better. 

2.3. Selection of Competitive Strategy 
Porter has argued that a firm's strengths ultimately fall into one of two headings: cost advantage and 
differentiation [7]. By applying these strengths in either a broad or narrow scope, three generic 
strategies result: cost leadership, differentiation, and focus. Cost leadership generic strategy calls for 
being the low cost producer in an industry for a given level of quality. A differentiation strategy calls 
for the development of a product or service that offers unique attributes that are valued by customers 
and that customers perceive to be better than or different from the products of the competition. The 
focus strategy concentrates on a narrow segment and within that segment attempts to achieve either a 
cost advantage or differentiation. The premise is that the needs of the group can be better serviced by 
focusing entirely on it. A firm using a focus strategy often enjoys a high degree of customer loyalty, 
and this entrenched loyalty discourages other firms from competing directly.  

The competitive strategy of KHU is both differentiation and cost leadership. By investing to the 
software and hardware which competitors have, cost leadership is aimed. By investing the software 
and hardware which competitors do not have and which are used in the industry, differentiation is 
aimed.  

2.4. Technology Selection 
All of the reasons listed above, university has decided to set up a laboratory special to industrial 
engineering department including ergonomics, CIM, ERP, optimization, simulation and statistics, and 
DVD about lectures.  

ERP software is seen as the survivor of firms. Employee demand informed of ERP increases, so the 
number of corporations giving ERP education like Bilge Adam does. Research in the ERP Laboratory 
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addresses both basic and applied research issues, including supply chain management, enterprise 
resource planning and optimization, production logistics, manufacturing systems modeling, business 
process reengineering, and manufacturing information systems. For business world ERP is in its key 
level on S curve of commitment and performance. In Istanbul because of the number of foundation 
universities is bigger than state ones, ERP implementation is higher than whole Turkey.  

Computer-integrated manufacturing (CIM) is a method of manufacturing in which the entire 
production process is controlled by computer. Typically, it relies on closed-loop control processes, 
based on real-time input from sensors. It is also known as flexible design and manufacturing. The 
mission of the universities having CIM is to provide a facility where students and researchers can 
study manufacturing systems and develop tools for better decision-making throughout the product 
realization process, and to provide a place where students and researchers can discuss research, present 
research results, and demonstrate software.  

To have an optimized decision, if the cost of wrong decision is high, the alternative solutions are 
simulated. Computer simulation has become a useful part of modeling many natural systems in 
physics, chemistry and biology, and human systems in economics and social science as well as in 
engineering to gain insight into the operation of those systems. Key issues in simulation include 
acquisition of valid source information about the referent, selection of key characteristics and 
behaviors, the use of simplifying approximations and assumptions within the simulation, and fidelity 
and validity of the simulation outcomes; in other words statistics knowledge. Nearly all of the 
universities are aware of the importance of simulation and optimization.  

Ergonomics definition adopted by the International Ergonomics Association is the application of 
scientific information concerning objects, systems and environment for human use. Ergonomics is 
commonly thought of as how companies design tasks and work areas to maximize the efficiency and 
quality of their employees’ work. Using special ergonomics software is new to both universities and 
business world.  

Radio-frequency identification (RFID) is an automatic identification method, relying on storing and 
remotely retrieving data using devices called RFID tags or transponders. A significant thrust in RFID 
use is in enterprise supply chain management, improving the efficiency of inventory tracking and 
management. However because it is a new technology, in business world its commitment and usage 
performance is low.  

2.5. Timing of Application of the Strategy  
KHU should apply its strategy about industrial engineering laboratory as soon as possible by thinking 
of learning curve effect and the impact of the laboratory to other engineering department education 
curriculum.  

2.6. Technology Acquisition  
Technology acquisition phases are scanning of technology and selection of technology transfer 
method.  

2.6.1. Technology Scanning 

Technology scanning areas are current& new technologies, competitors, common technologies and 
potential applications. Information can be found from two basic sources: “open to public” channels 
and “organizational” channels. Open to public channels are general channels like internet, newspaper 
and industrial channels like scientific publications, books, databases etc. Especially by using internet it 
is possible to reach every university’s industrial engineering departments in the world. Organizational 
channels are internal reports. Firstly, competitors in Istanbul and Turkey are analyzed and their 
laboratory specifications are listed in Appendix A. There are 44 universities having industrial 
engineering department and 7 universities are on their establishment phase. 19 universities having the 
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department locate in Istanbul and 63% of them are foundation universities. The second data resource is 
business world in order to understand which software is used and which can be used.  

21 % of universities in Istanbul and only 23% of universities in Turkey have ERP laboratory: 40% 
SAP, % 40 IAS and %20 Oracle. But the problem is not nor can foundation or state use ERP 
efficiently. SAP is the most favorite ERP software in the business world and universities in Turkey. 
Although it has IAS/ CANIAS ERP package, KHU decided on SAP in order to reposition.  

But because of its huge cost most of the universities do not have a manufacturing laboratory. In 
Turkey some of the universities like Istanbul Technical University have their own machine tool plant; 
and give their student a summer internship program. Some of the universities have CNC machines to 
be used in their manufacturing courses. But only 31% of universities in Istanbul and 39% of 
universities in Turkey have manufacturing laboratory. %83 of the universities in Istanbul has special 
CIM sets offering alternatives that software and hardware can be bought separately, made by 
COSIMIR or Intelitekt. At first hand, KHU decided to buy only software because of financial issues. 

89% of universities in Istanbul and 82% of universities in Turkey have simulation and optimization 
laboratory. KHU has decided to buy some of the software that it does not have.  

Only 43% of universities has ergonomics laboratory and 21% has software. But KHU not nor has 
hardware or software, and firstly it decided to buy some hardware that can be used in work study.    

Universities have just realized RFID’s opportunities and the necessity education of it. RFID is seen as 
an electronic engineering issue in Turkey and only 5% of universities industrial engineering 
department have it. Because KHU is in short supply of lecturer number and financial, it decided not to 
have RFID laboratory.     

The technologies chosen for KHU laboratory is listed in Appendix B.  

2.6.2. Selection of Technology Transfer Method 

As a new founded university it is impossible for KHAS to improve any of the selected technologies 
internally, so it has to transfer them. The investment’s economic and physical nature [9] and, 
familiarity to the technology and market determine the transfer method. Current tools, human 
resource, capital resource and management support are some of the factors. In the majority of cases, 
technology is transferred not through formal search, but through some prior relationships among 
individuals [10].  

From the list of technology transfer methods including joint venture, venture capital, internal venture, 
training agreement, licensing, company acquisition, research consortia, innovation network, external 
R&D; 3 of them are suitable for KHU:  

 Licensing and Training Agreement 

 Joint venture 

A software license agreement is a memorandum of contract between a producer and a user of 
computer software which grants the user a software license. Most often, a software license agreement 
indicates the terms under which an end-user may utilize the licensed software, in which case the 
agreement is called an end-user license agreement. But licensing is not a whole solution because of 
short supply of is human resource. So KHU should make training agreement with the firms that 
software is licensed and with experienced teachers from other universities. The reason why teachers’ 
selection is called as technology transfer is because technology transfer includes information transfer 
too.  

The other method is joint venture. A joint venture is an entity formed between two or more parties to 
undertake economic activity together. The parties agree to create a new entity by both contributing 
equity, and they then share in the revenues, expenses, and control of the enterprise. New founded 
universities try to establish their infrastructure with a high capital cost, and generally they have to wait 
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for years in order to implement their plans. On the other hand none of the universities use their 
infrastructure in 100% capacity. In order to use laboratory facility effectively and efficiently, KHU can 
make a joint venture with other universities not having laboratory. But this choice brings some 
problems along with itself like where to built laboratory, how to chose the university, how to make the 
laboratory in use of students, etc.  

 

3. SUCCESS CRITERIA  
Technology transfer should give know-how and know-why. It involves cooperation and 
communication between actors [10]. So the differences of situation, organization, society and culture 
should be eliminated [11]. To win the sufficiency in technology, technological, physical try and 
human resource is needed [12]. Characteristics of technology, transfer level and extent, modification, 
management experience, resource level and time management are other factors affecting the success of 
the transfer [13].  

The first criterion for KHU’s success depends on is human resource sufficiency. There should be 2 
groups of people. First group is lecturers. The course curriculum should incline towards usage of the 
laboratory. There should be course projects and homework that make students really learn how to use 
software. The second group should be concentrated to use the software in university multidisciplinary 
and university- industry joint projects. The group should include students, research assistants and 
lecturers. The other problem is physical laboratory situation. As mentioned before in SWOT analysis, 
KHU building is small and it will be a problem for laboratory to have sufficient area. 

  

4. CONCLUSION 
Technology transfer is a managed process of conveying a technology from a point of origin to its 
potential users. For a sustainable development, the universities should transfer the available 
technology until they can be enough sufficient to develop it internally. KHU a new established private 
university developed a technology strategy via positioning based approach. It decided to have an 
industrial engineering laboratory including CIM, ergonomics, ERP, simulation and optimization 
laboratories.  To be successful in technology transfer process, the transfer method should be selected 
according to characteristics of technology, transfer level and extent, modification, management 
experience and resource level. There are 3 methods can be selected: licensing, training agreement and 
joint venture. But for the university the biggest barrier for its success is human resource and physical 
area insufficiency an. It can surmount difficulties by support of management.   
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6. APPENDIX A 
 

University Name Manufacturing 
facility 

Simulation& 
Optimization  

Ergonomics ERP RFID Lecturer 
Number 

Anadolu  ● ● SAP  20 

Balıkesir  ●    5 

Boğaziçi ● ● ●   17 

Çukurova  ● ● Oracle  8 

Dokuz Eylül    IAS  13 

Dumlupınar  ● ●   4 

Erciyes ● ● ●    

Eskişehir Osmangazi  ● ●   12 

Galatasaray ● ●     

Gazi ●  ● ●   18 

Gaziantep ● ● ●   6 

Hacettepe  ●    6 

İstanbul  ●    3 

İstanbul Teknik ● ● ●  ● 21 

Kırıkkale ●  ● ●   4 

Kocaeli  ● ● SAP  10 

Marmara  ●    15 

Ondokuz Mayıs       

Orta Doğu Teknik ● ● ●   20 

Pamukkale      3 

Sakarya    IAS  20 

Selçuk  ●    10 

Süleyman Demirel      2 

Uludağ ● ● ●   8 

Yıldız Teknik  ●  SAP  11 

Atılım  ● ● ●   8 

Bahçeşehir ● ●    3 

Başkent ● ●    10 
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Bilkent ● ● ●   22 

Çankaya ● ●    9 

Doğuş   ●    10 

Haliç  ●    2 

Fatih  ● ● ●   11 

Işık  ●    5 

İstanbul Kültür  ●  IAS  8 

İstanbul Ticaret   ●    3 

Kadir Has  ●  IAS  3 

Koç  ●    7 

Maltepe       4 

Okan      1 

Sabancı  ● ● ● Oracle  11 

Tobb      7 

Yaşar ● ● ● SAP ●  

Hava Harp Okulu  ● ●   9 

 

 

7. APPENDIX B 

 
KHU laboratory specifications 
 

CIM Ergonomics ERP 

FESTO “Digital Factory in iCIM” 
COSIMIR Factory 

Accustudy 3.3  

Testo 506 manometer 

Oregon Scientific SL888 Chronometer 

Thermometer 

Photometer 

Extech 407113 CFM wind meter 

Bicycle Ergonomics Lifecycle 

 

IAS CANIAS ERP 

SAP R/3 
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Abstract 
Landslide events display large variations in landslide types, size, distributions, patterns and triggering 
mechanisms. Landslides are triggered by many different causes, including intense or prolonged 
rainfall, snowmelt and earthquakes, and they can occur individually or in groups of thousands 
simultaneously. In nature, landslide areas have been documented to span more than eight orders of 
magnitude and landslide volumes more than ten. Landside velocities extend over fourteen orders of 
magnitude, from millimeters per year to hundreds of kilometers per hours. Landslide risk evaluation 
must take into account variable factors that affects the soil and also must admit the importance of 
landside distribution. 

Key words: risk evaluation, fresh and historical landslides, frequency–area distribution, landslide 
magnitude sale, one-meter depth temperature, weak zones of a saturated clay landslide 
 

1. INTRODUCTION 
Landslides or slope movements are complex natural phenomena that constitute a serious natural 
hazard in many countries (Brabb and Harrod, 1989) and play a major role in the evolution of 
landforms. These phenomena are influenced by many factors, such as: soil or rock types, bedding 
planes, topography, and moisture content. 

Landslides cause damages, injuries and death and affect a great variety of resources. For example, 
water availability, quantity, quality and supplies, forests, dams and roadways can be affected for years 
after a slide event.  

The negative economic effects of landslides include the cost to repair structures, loss of property 
value, disruption of transportation routes, medical costs in the event of injury, and indirect costs. 
Geotechnical studies and projects to assess and stabilize potentially dangerous sites are costly. 

Landslide risk can be reduced with engineering and geo-science investigations.  

By geological mapping, detecting slope hazards and determining the likelihood of landslide 
occurrence, geoscientists can assist engineers, developers, planners and building inspectors in avoiding 
high-risk areas. Through this process, structures such as homes, schools, hospitals, power-lines, fire 
stations and roads can be safely located away from potential landslide risk areas.  

 

2. CAUSES OF LANDSLIDES 
Some slopes are susceptible to landslides whereas others are more stable. Many factors contribute to 
the instability of slopes, but the most important factors are the nature of the underlying bedrock and 
soil, the configuration of the slope, the geometry of the slope, and ground-water conditions.  
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Three distinct physical events occur during a landslide: the initial slope failure, the subsequent 
transport, and the final deposition of the slide materials.  

Landslides can be triggered by gradual processes such as weathering, or by external mechanisms 
including:  

 Undercutting of a slope by stream erosion, wave action, glaciers, or human activity,  

 Intense or prolonged rainfall, rapid snowmelt, or sharp fluctuations in ground-water levels,  

 Shocks or vibrations caused by earthquakes or construction activity,  

 Loading on upper slopes, or  

 A combination of these and other factors.  

Geologists and geotechnical engineers use a variety of classification schemes to describe causes of 
landslides. Because of wide variety of causes, more than a single scheme has been developed that 
address or describe all types of landslides (source: The Royal Academy of Engineering, 1995, 
Landslides Hazard Mitigation, Westminster, London): 

External:       Geometrical change:  Gradient, Height, Slope length  

Unloading:                 Natural, Human-induced 

 Loading:  Natural, Human-induced 

 Shocks and Vibrations: Single, Multiple/continuous 

Internal: Progressive failure: Expansion, Fissuring, Strain softening, Stress concentration          

 Weathering:  Physical property changes, Swelling, Chemical changes  

 Seepage Erosion:  Removal of cements, Removal of fines  

 Water Regime Change:  Saturation, Rise in water table, Excess pressures, Drawdawn 

 
3. LANDSLIDE TYPES  
Geological structure determines types and subtypes of landslides and the intensity of the landslide 
process. For each slope exist individual peculiarities in the structure, but the general features of big 
groups of slopes are considered, in order to determine the characteristics of the landslide process. The 
following peculiarities of geological structure of slopes are most important for landslide development: 
form and size of the bodies and conditions of their location with regard to the slope; physical and 
mechanical characteristics of the rocks comprising the slope; form of contact between the rocks, 
contact orientation with regard to the slope, presence of fissures and other surfaces of weakening. 

Landslides can be classified in many ways using a lot of attributes as criteria, such as:  

 Rate of movement: This ranges from very slow creep (millimeters/year) to extremely rapid 
(meters/second).  

 Type of material: Landslides are composed of bedrock, unconsolidated sediment and/or 
organic debris.  

 Nature of movement: The moving debris can slide, slump, flow or fall. 

 Types of weakness planes and associated landslides: (1) slope failure in glacial sediment 
resulting in slumps; (2) parallel bedding in rock causing slides; and (3) fracturing of rock 
promoting falls. 
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Poorly planned forest clearing may increase rates of surface water run-off or ground-water infiltration. 
Inefficient irrigation may result in increased ground-water pressures, which in turn can reduce the 
stability of rock and sediment.  

Landslides may result directly or indirectly from the activities of people. Slope failures can be 
triggered by construction activity. Many people, unaware of their exposure to landslide risks, modify 
the landscape, building on unstable slopes, or redirect the flow of surface or ground-water. 

 

4. LANDSLIDE RISK EVALUATION 
Considering the hazard and the probability of landslide occurrence as coincident, doesn’t seem correct, 
since the term “hazard” corresponds to the real danger situation in a site for the advancing 
phenomenon (Canuti & Casagli, 1996; Crescenti, 1998, 1999). Instead, the probability doesn’t show 
the real danger state, because not all the landslide phenomena are dangerous for the elements at risk. 
The coincidence hazard-probability is not appropriate because the term “hazard” is connected to the 
real danger, which is related not only to the occurrence probability of a landslide phenomenon, but 
also to its intensity. It is therefore more correct to define hazard on the basis both of probability of 
occurrence, and of the intensity of the landslide phenomenon, agreeing with Fell, 1994. With this 
definition of hazard, the term specific risk disappears and corresponds to the new definition of 
vulnerability. The new definitions of the elements of the risk are (those that differ from the UNESCO 
terminology appearing in italics): 

 Intensity (I): severity of the landslide phenomenon. It can be assessed in relation to 
dimensions, velocity and energy of the phenomenon. The assessment of the relative intensity 
of landslide events is of interest for understanding the geomorphological evolution of a 
landscape shaped by mass-wasting process, and for landslide hazard-assessment studies.  

 Probability (P): probability of occurrence of the landslide phenomenon. In its assessment, in 
the case of active landslides, the return time must also be taken into account. 

 Hazard (H): the degree of expected hazard for the elements at risk following the occurrence of 
a landslide phenomenon. It is a function of intensity and probability. 

 Elements at Risk (E): they represent by the population, property and facilities exposed to 
landslide risk. 

 Vulnerability [V = F (H, C)]: degree of loss (damage) produced or expected to elements at 
risk assessed according to their characteristics (C) for the occurrence of a landslide 
phenomenon of a given level of hazard. 

 Risk [R = f (V, W)]: value of expected damage to elements at risk from the occurrence of a 
landslide event of a certain level of hazard. It is expressed in terms of annual cost and/or 
number of units (people) lost per year. 

Intensity and probability are the parameters of hazard; hazard and the value of the elements at risk are 
the parameters of risk. 

The probability of occurrence (P) of landslide phenomena is deduced from the stability map, which 
divide the areas in: stable areas (P = 0), unstable areas (P = 1) and medium stable areas (0 < P < 1). 

It follows that the stability map becomes the probability map. For the unstable areas, especially for the 
active landslides, data regarding the return time of the landslides can be inserted in the probability 
map. 

The vulnerability map is obtained showing on the hazard map the damage produced or predicted to the 
elements at risk following landslide phenomena. This is achieved by keeping human vulnerability 
distinct from that of property and facilities, thus obtaining two distinct vulnerability maps. 
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The quantification of the predicted damage (the value of goods and services subject to damage and the 
predicted number of human losses), makes it possible to transform the vulnerability map into a risk 
map. 

Since it is difficult to assess the value of damage and human losses in an absolute sense, the risk map 
can be drawn up with "relative" criteria, in the sense that the areas are divided in relation to their 
different degrees of risk (the value of the elements at risk subject to damage). 

This methodology makes it possible to establish, on a geological-technical basis, the programmes of 
management and mitigation of risk. 

The value of the elements at risk can be assessed both on the basis of their economic and social value, 
and on the basis of elements of judgment varying from case to case. 

 

5. “FRESH” AND HISTORICAL LANDSLIDES 
Landslide events are generally divided into two classes: (1) landslide-events that are associated with a 
trigger; and (2) historical (geomorphological) landslides, which are the sum of one or many landslide 
events over time in a region. 

Immediately after a landslide event, individual landslides are “fresh” and clearly recognizable. The 
boundaries between the failure areas (depletion, transport and depositional areas) and the unaffected 
zones are usually distinct, making easy to identify the landslide. This is particularly true for small, 
shallow landslides, such as soil slips or debris flows. 

For large, complex slope movements, the boundary between the stable area and the failed mass is 
transitional, particularly at the toe. The limit may also be transitional along the sides. For large deep-
seated landslides, identifying the exact limit of the failed mass may not be easy even for fresh failures, 
particularly in urban or forest areas. Areas affected by the largest and most catastrophic landslide 
events are investigated exhaustively, because investigators concentrate in the areas where landslides 
were more abundant or where the damage was most severe. 

“Fresh” landslides can be complete plotted if detailed mapping has been carried out shortly after the 
landslide event.  

Landslide boundaries become indistinct with the age of the landslide. This is caused by various 
factors, including local adjustments of the landslide to the new morphological setting, new landslides, 
and erosion. 

Historical landslide inventories are the total sum of single to many landslide events that occurred over 
time (tens, hundreds or even thousands of years) in a region. In many landscapes, landslides tend to 
occur where they have occurred in the past. A characteristic of historical landslides is that evidence of 
the existence of many of the smaller landslides has been lost due to various degrees of modification by 
subsequent landslides, erosional processes, human activities, and vegetation growth. All evidence of 
smaller landslides is likely to be lost, and the landslide boundaries become indistinct, making the 
landslides themselves much harder to identify. 

A formal definition requires that a landslide inventory includes all landslides associated with a 
landslide event (a single trigger) or multiple landslide events over time (historical). This definition 
assumes that all landslides are visible and recognizable, and that the entire study area affected by the 
trigger(s), even marginally, is investigated. But, in practice, this criterion is never met. 

A functional definition requires that the landslide inventory includes a substantial fraction of all 
landslides at all scales. An important attribute of this definition is that a complete inventory must 
include a substantial fraction of the smallest landslides. This definition may be applicable to landslide-
event inventories, but not to historical inventories, because in this case many smaller-size and 
intermediate-size landslides have been erased by erosion and human actions. 
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6. THE DISTRIBUTION OF LANDSLIDES 
6.1. The frequency–area (or volume) distribution of a landslide 

Landslides are generally associated with a trigger, such as an earthquake, a rapid snowmelt or a large 
storm. The landslide event can include a single landslide or many thousands. Slope failures generally 
occur within minutes after an earthquake trigger, hours to days after a snowmelt trigger, and days to 
weeks after an intense rainfall trigger. 

Landslides exhibit power-law frequency-area statistics. A simple model has been proposed to explain 
the behaviour of a landslide. The model is the “sand pile” model. Noever (1993) and other authors 
have associated the power-law frequency–area statistics of large landslides with the sand-pile model. 
In this model there is a square grid of boxes and at each time step a particle is dropped into a randomly 
selected box. When a box accumulates four particles, they are redistributed to the four adjacent boxes, 
or in the case of edge boxes they are lost from the grid. Redistributions can lead to further instabilities 
and avalanches of particles in which many particles may be lost from the edges of the grid. Each of the 
multiple redistributions during a time step contributes to the size of the model “avalanche”. 

Having specified the size of the grid, the number of avalanches NL with area AL is determined. The 
area AL is defined to be the number of boxes that participate in an avalanche.  

There is a large extrapolation from the “sand-pile” model to actual landslides, especially for the 
medium and largest landslides. Considering the simplicity of the model and the three-dimensional 
nature of actual landslides, a revision of the rules for the “sand pile” model are needed for a realistic 
landslides nature. Nevertheless, the relatively simple “sand-pile” model may provide the basis for 
understanding the power-law statistics of large landslides. In the “sand-pile” model, the region over 
which an avalanche will spread is well defined prior to the avalanche. Similarly, the area over which a 
landslide will spread can be defined before landslide is triggered. In both, there are metastable areas. 
As particles are added, the metastable avalanche areas grow. As mountains grow, metastable landslide 
areas also grow. This growth is dominated by the coalescence of smaller metastable regions (Turcotte 
et al., 1999; Gabrielov et al., 1999; Turcotte, 1999). In addition, the coalescence cross-sections lead 
directly to a power-law distribution of metastable areas. It is expected that a similar coalescence and 
growth process would be applicable to metastable landslide areas and can explain the observed power-
law frequency–area distribution of large landslides. 

Other explanations for the power-law dependence have been given by Pelletier et al. (1997) which 
combined a slope stability analysis with a soil-moisture analysis and obtained a power-law 
distribution, and by Hergarten and Neugebauer (1998, 2000) which proposed two alternative models 
that give power-law distributions. 

In many historical and fresh-event landslides, the frequency–area distribution of medium and large 
landslides decays as an inverse power of the landslide area (Whitehouse and Griffiths, 1983; Ohmori 
and Hirano, 1988; Sasaki, 1991; Noever, 1993; Sugai et al., 1994; Hovius et al., 1997). 

The frequency–area (or volume) distribution of a landslide event quantifies the number of landslides 
that occur at different sizes. The mean area of landslides in the distribution is independent of the size 
of the event.  

The quantification of landslides is useful in estimating the role of landslides in erosional processes and 
in assessing landslide hazards. The landslide-event hazard can be quantified only in function of a 
general landslide distribution. Based on this distribution a landslide-event magnitude scale was 
introduced to quantify landslide events. 

An implication of having a general landslide probability distribution is the ability to create a landslide 
event magnitude scale. Measures o events sizes are useful for natural hazards. For example, the 
Richter scale for earthquakes is universally used. Other magnitude scales are available for other 
natural hazards, including the Saffir-Simpson scale for hurricanes, the Fujita scale for tornadoes, and 
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the Volcanic Explosivity Index. Malamud et.al. (2004) proposed a magnitude scale mL for a landslide 
event based on the logarithm to the base 10 of the total number of landslides associated with the event: 

mL = log(NLT), 

where: NLT  represents the total number of landslides associated with a trigger. 

When examining landslides associated with individual landslide events, we are interested in knowing 
ALT, the total area of all landslides that occurred as part of the event. Using the mean landslide area 
AL, and the number of landslides that occur during the event, we calculate a predicted total area ALT of 
landslides in the inventory. 

The total measured area of landslides associated with a landslide event ALT can also be used to 
determine the landslide magnitude mL. 

Using the distribution, we can extrapolate the largest landslide areas associated with a landslide event, 
to give a rapid estimate of the landslide-event magnitude, along with the total number and area of 
landslides in the event. 

The frequency-area statistics of 
landslides can be presented using either 
cumulative or non-cumulative statistics 
(Malamud and Turcotte, 2000). The 
cumulative number of landslides NCL 
with areas greater than or equal to 
landslide area AL is plotted as a function 
of AL. 

NCL = C(AL)-α 

where α is the power-low exponent and 
C a constant. 

6.2. The general landslide distribution 

We will focus on the general probability 
distribution of landslide areas for 

triggered landslide events, and the several implications of having a general 
distribution, including, first, a magnitude scale for landslides events, and second, 
the incomplete inventories of landslide-events in the case of historical landslides. 

The direct determination of the landslide-event magnitude requires that the 
landslide inventory be substantially complete. However, the general landslide 
distribution can be used to determine a landslide-event magnitude from a partial 

inventory, where the inventory is complete only for landslide areas greater than a specified value. 

It can also be used for historical inventories, which include the sum of landslide events over time. 
Using the general landslide distribution, the total area and volume of associated landslides in the event 
or sum of events over time, as well as the area and volume of the maximum landslides, can be directly 
related to the landslide-event magnitude mL. These can be used to estimate regional erosion due to 
landslides. 

6.2.1. Landslide magnitude scale 

Keefer (1984) and Rodriguez et al. (1999) used a scale similar to the scale of Malamud et al. (2004) to 
quantify the number of landslides in earthquake-triggered landslide events: 100-1,000 landslides were 
classified as two, 1,000-10,000 landslides three etc. Some important landslide event magnitudes 
considered by Malamud et al. (2004) were: Northridge earthquake triggered event, mL = 4.05; Umbria 
snow-melt triggered event, mL = 3.63; Guatemala rainfall triggered event, mL = 3.98. 

 
Fig.1. Dependence of the mean landslide volume  
on the total number of the landslide in the event (after 
Malamud et al., 2004) 
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While observed earthquakes span a wide range on the Richter scale, available landslide-event 
inventories are often restricted to a relatively narrow magnitude range. The reasons for this are: 
accurate inventories are restricted to populated areas and they haven been carried out only during the 
last years. Thus, in regions where studies have been carried out have occurred only few large landslide 
events with mL =  > 4.0.  

Given several hundred landslide events and their magnitudes in a given region and time period, we 
hypothesize that there will be many smaller magnitude events compared to the larger ones. In analogy 
to earthquakes, we further hypothesize that these will follow a relationship such  

log NC = - bmL + a 

where NC is the number of landslide evens with 
magnitudes greater than or equal to mL, and  b  
and  a  are constants.  

6.2.2. Historical and incomplete inventories 

Assuming that our landslide probability 
distribution is applicable to all landslide events, 
the sum of events over time (the historical 
inventory) will also satisfy this distribution 
(Malamud et al. 2004). However, in historical 
inventories, the evidence for the existence of 
many smaller and medium landslides will have 
been lost due to wasting processes over time. 
Therefore, for historical inventories, we 
attribute the deviation from our general 
landslide distribution. We can extrapolate an 
inventory, which contains just the largest 
landslides to give the total number and total 
volume of all landslides in the region. 

The same method can be used for a single 
incomplete landslide event inventory where only 
the largest landslides have been measured and the 
medium and smaller landslides sizes are not 
know. Using the general landslide distribution we can extrapolate the frequency densities of the largest 
landslides in the event, and estimate of the equivalent landslide event magnitude. 

Malamud et al. (2004) related the landslide-event magnitude for individual events to the total area and 
volume of the maximum landslides. They used the historical landslide inventories and made estimates 
of total area and volumes of landslides involved over time for each of the regions, and from these a 
lower bound estimate on regional erosion rates due to landslides.  

 

7. IMPORTANT FACTORS THAT INFLUENCE A LANDSLIDE EVENT 
7.1. The presence of ground water in landslide 

Most of the slope failure disasters in a humid area are caused by heavy rain. The topography of 
the surface of underground water does not follow the topography of ground surface. The topography 
of ground water surface in moved masses of a landslide is complex and forms a series of vein-streams. 
Detecting the veins of the ground water on landslide mass is the first necessary stage for planning 
drainage network and any other prevention works. 

 
Fig.2. Predicted landslide-event areas and 
volumes associated with a given landslide-
event magnitude (after Malamud et al., 2004) 
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One-meter depth temperature measuring is a reliable method for conducting ground water detection on 
landslide masses. 

Measurement of temperature of spring-water and wells in landslide area shows that the variation of 
temperature of ground water in winter and summer is negligible. However, the annual variation of 
temperature at one-meter depth is appreciable in landslide masses. This could be due to the non-
uniform distribution of ground water. Based on this fact, it is possible to detect the vein-streams of 
ground water in displaced masses by measuring one-meter depth temperature (Takeuchi, 1980). In this 
method, the temperature of ground at one-meter depth and on a network of landslide map is measured. 

The temperature around the vein-streams is lower during summer and autumn and higher during 
winter and spring, but it is nearly stable during winter and summer. As an example, the measured 
temperature at one-meter depth in Japan for one year is shown in Figure 3. It is about 16.5Cº for all 
seasons (θw). The surface temperature is highly affected by ground 
water vein-streams. In Figure 3, the measured temperature at one-
meter depth for the same point is shown (θu). It changes from 7.5 Cº 
in January to maximum 24.9 Cº in August. This phenomenon is the 
basic of the method for detecting vein-streams in landslide masses 
(Takeuchi, 1980). 

This method could be used when the value of  ׀θu - θw ׀ is greater 
than 2.5Cº. Therefore, as shown in Fig. 3, late spring, early summer, 
late autumn and early winter are not appropriate for investigation. 

The procedure of this method is as follows: 

1. First the investigation area should be set up by mesh with the 
dimensions of 15 m x 30 m. 

2. Non-conductive rods that thermal sensors are fixed to their tips were 
put at the bottom of holes. The thermal sensors were connected to the 
thermometer with the precision of ±0.1Cº. 

3. One-meter depth temperature is measured after being constant 
(experimentally it was found that the waiting time should be about 10 
minutes). 

The measured temperature is affected by some factors. That is why 
correction of the influences of variation of measured value by a series of 
sensors, the effect of annual variation in temperature, geological condition, micro-topographical 
condition, existence of water in holes and the effect of ground condition should be done. All sensors 
must be calibrated before field survey by using high precision thermometer. Correction of annual 
variation is necessary when the fieldwork was done for a long time; a sensor must be set on a hole at 
the middle part mass and the temperature have to be measured three times a day. Experimentally, it 
was found that more than 350m difference in elevation could affect the results.  

The calibrated values will be plotted on the map of landslide.  

7.2. The identification of weak zones of a saturated clay landslide 

Once a landslide is triggered, material is transported by various mechanisms including sliding, flowing 
and falling. Landslides often occur along planes of weakness that may parallel the hill slope. In 
bedrock, planes of weakness are usually beds, joints or fractures. Soils such as silt and clay are weaker 
than rock and commonly have complex (or multiple) planes of weakness.  

In the case of the saturated clays the shearing displacements lead to relative motions of the structural 
aggregates still uncrushed along discontinuity surfaces together with their opening. These relative 

 
Fig.3. Annual time series 
of temperature changes of 
one-meter depth under 
ground, in Japan (after 
Malamud et al., 2004) 
 
 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

55 

movements bring about mechanical swelling, and consequently, the increase of water, the shear 
strength of soil is drastically diminished to the residual value, provoking local failure. 

This happens in clays which are very near from the base of a loessian stratum and in which there is 
free water source (Tulucesti, Dobrogea, Romania). In this way, due to dilatancy, a weak area, right 
under the loess appeared. This led to the detachment of a new plot of soil from the plateau, triggering 
in detrusive way the progressive landslide. 

Landslides phenomena are very likely to occur when permeable strata lying on structured clay deposits 
facilitate the free water access towards mechanically swollen zones due to dilatancy. 

It is very important to define the weak areas in which dilatancy appears, according to the stress values, 
because they are parts of the sliding surface. To simulate the behaviour of the soil in the plane state 
strain the hyperbolic model is used (Duncan, 1980). 

For determining the parameters of the material (Izumi et al., 1976), the tangent modulus Eτ, bulk 
modulus B and dilatancy modulus H are calculated with relations: 

E = {1 – [RF1(1 - sinφ) (σ1 - σ3) / 2c cosφ + 2σ3 sinφ]}2 K pa (σ1 / pa)n
E 

B = K pa (σ3 / pa) n
B 

H = {1 – [3τnet RF2(1 - sinφ) / 2√2]}2 K pa (σ1 / pa)n
H 

where  nE,, K, nB, nH, RF1, RF2 are hyperbolic models parameters and pa is the atmospheric pressure. 

In those areas of the slope an extra volumetric strain will appear. 

Assuming that dilatancy appears as isotropic phenomena (Frank, Gullec, 1974) the correction of 
stresses is considered to be a state of initial stresses and a new vector of nodal loadings corresponding 
to it. In this way we can establish the deformations occurring with the corrected stresses, for all the 
finite elements, and we can identify the dilatancy areas along the slope. 

Consequently, the landslides phenomena in fissured clays can be prevented by draining the critical 
areas or by modifying the soil mechanical properties using chemical or thermical methods. 

 

8. CONCLUSIONS 
Based on the results given in this paper and by numerous other authors, landslides satisfy power-law 
frequency–area statistics. Certainly landslide distribution is only approximate, but is it useful? The 
quantification of landslides is useful in terms of estimating the role of landslides in erosional processes 
and in assessing landslide hazards. It is only in terms of a general landslide distribution that the 
landslide-event hazard can be quantified. 

It is based on this distribution that a landslide-event magnitude scale to quantify landslide events was 
introduced. Using the distribution, we can extrapolate the largest landslide areas associated with a 
landslide event. This approach should be useful to hazard managers who do not have the time and 
resources to derive substantially complete inventories. 

With one-meter depth temperature measuring method we can conduct ground water detection on 
landslide masses, and we agree that solving the problem starting from the identification of weak zones, 
using dilatancy criterion, is more rational than using models with many parameters, usually more than 
7, which are hard to determine. 
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Abstract 
The paper describes a study of some optical parameters of the amorphous chalcogenide glass of the 
composition Sb32As5S48I15. Dispersion of the refraction index was determined by the direct method on 
the prism made of the investigated glass, and the obtained results served as the basis for determining 
the value of the wavelength corresponding to the characteristic frequencies of elementary oscillations 
( 0 ) and total oscillator force of the electronic system (A). The recorded transparency spectra were 
used to determine spectral distribution of the absorption coefficient ( ), with and without taking the 
reflection into account. It was shown that the reflection can be neglected in the first approximation. 
The values of the absorption edge ( g ), optical band gap ( gE ), as well as the width of the tails of 
localized states in the band gap region ( 0Г ), were also determined. 

Key words: chalcogenides, refraction index, optical constants 

 

1. INTRODUCTION 
Amorphous chalcogenides represent a group of noncrystalline materials involving sulfides, selenides, 
or tellurides of the elements of the fourth and fifth groups of the periodic system of elements. The 
nature of the components of the given system determines the structural units that are formed in the 
glass matrix. With increase in the number of components increases also the region of glass formation, 
since this enhances the possibility of formation of the different structural units.  

The objective of this work was to study the amorphous semiconducting material from the system 
Sb(As)-S-I, primarily interesting as ferroelectric sitals. It may be expected that by varying the arsenic 
to antimony ratio in the glass composition one can tailor the ferroelectric characteristics of the 
resulting material by influencing the thermal induction of the ferroelectric centers of antimony 
sulfoiodide (SbSI). 

The glasses of the type Sb-S-I have a narrow range of amorphousness of the island character  [1], so it 
could be expected that the addition of arsenic atoms, having in mind the wide range of amorphousness 
of the glasses from the system As-S-I, would facilitate the preparation of the amorphous material 
within which it would be possible to thermally induce the important ferroelectric centers SbSI. This 
might bring about all the advantages of the amorphous structure in respect of their properties, first of 
all the ferroelectric characteristics.  

Measurements of the optical characteristics of the glasses from the same system showed also the 
significance of their behavior, first of all of the index of refraction [2]. 
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2. EXPERIMENTAL 
The Sb32As5S48I15 glass was synthesized from the high-purity elementary components in quartz 
ampoules, using the method of cascade heating and annealing in the air. To achieve best 
homogenization, the ampoule was held at the maximal temperature of 923 K for a sufficiently long 
time, not shorter than 12 hours [3].  

Dispersion of the refraction index of the investigated glass was measured by direct method on the 
prism made of the investigated material (Figure 1). If it is ensured that the incident ray is 
perpendicular to the prism side, the standard equation of light refraction can be transformed into the 
following form: 

   
 


sin
sinnn 

  (1) 

where   is the deflection angle of the refracted ray with respect to the direction of the incident ray, 
and   is the prism angle. 

Samples for the measurement of the 
refractive index dispersion were prepared 
by grinding with abrasive powders of 
different grain size (using a special 
holder), and then finely polished on silk.  

The prism angle between the polished 
surfaces   was measured by reflection 
method using an Enraf Nonius Y-881 
bicircular optical goniometer, with an 
accuracy of  ±1’, and it was 15 0 10’. 

A high-presure xenon lamp, Osram XBO 
450W, was used as the light source and, with the aid of the focusing lenses, the light was directed to 
the entrance slit of an SPM 2 monochromator. The colimated monochromatatic light was normal to the 
prism surface. The refracted ray was detected by Si and Ge photodiodes. 

The bodies of the photodiodes were firmly fixed to the mobile part of a Philips PM 8120 XY plotter. 
Such an arrangement allowed the displacement of the detector along the x-axis of the plotter, while the 
signal from the detector was simultaneously fed to the vertical input of the plotter, ensuring thus the 
simultaneous recording of the intensity of the photocurrent during the diode displacement along the x-
axis.  

For measuring the sample transparency in the interval of wavelengths to 1000 nm use was made of a 
powerful tungsten filament lamp as a light source. Through the broad-band filters, WG5 for 400-600 
nm and OG5 for 600-1000 nm, the light enters the SPM 2 monochromator (Carl Zeiss Jena) with an 
optical grating of 650 lines per mm. After leaving the monochromator the light successively passes 
through the sample glued to the holder with a fixed aperture and through the same holder but without a 
sample. In the first case is measured the photocurrent of the transmitted light and in the second case 
the incidence light. An EMI 9684B photomultiplier was connected to a high-voltage source. The 
working voltage of 1 kV was selected to ensure an optimum relationship between the sensitivity and 
the dark current of the photomultiplier. The photomultiplier current was measured using a universal 
measuring instrument, a Philips PM-2436/06 DC microvoltmeter. 

                                                   
[3] Štrbac G. R., Lukić S. R., Avramov M. I., Vinča Bulletin 1-4(8) (2003) 35 

 

Figure 1. Light refraction on the prism 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

60 

In the sample preparation, the planparallel plates were finely polished to obtain a mirror-like 
appearance, and transparencies were measured for each plate thickness. The polishing procedure was 
repeated to the lowest possible thickness achievable, at which the plate broke.  

 

3. RESULTS 
In Figure 2 are presented results of the measurement of the refractive index dispersion for the glass 
Sb32As5S48I15. As can be seen, in the investigated range of wavelengths the sample is characterized by 
high values of the refraction index, which is in agreement with the previous findings for the glasses 
from this system [2]. Such values of the refractive index justify the use of the prism method for their 
measurement.  

In order to model the optical behavior of investigated glasses on the basis of the theory of electronic 
oscillator it is necessary to consider an ideal glass. In that case the bound and localized electrons are 
excluded from consideration. Assuming that the dominant valence electrons oscillate at very close, 
practically identical, frequencies, the following relation holds [4]: 








i

2
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  (2) 

where A denotes the total force of the oscillator of the electronic system and 0  is the wavelength 
corresponding to the characteristic frequencies of elementary oscillations. 

In order to determine the values for A and 0 the relation 2 is linearized to the form: 
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[4] Feltz A.: Amorphe und glasartige anorganische Festkörper, Akademie – Verlag, Berlin (1983) 

 
 

Figure 2. Dispersion of the refractive index for the glass Sb32As5S48I15 
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and the linear dependence of 
1n2

2



  on 2  allows the determination of these parameters. 

Graphical presentation of this linearization is shown in Figure 3, and the values of the calculated 
parameters are given in Table 1. 

 

Table 1. Values of the wavelengths, energies, and electron oscillation frequencies and 
oscillator force for the glass Sb32As5S48I15 at room temperature 

 

 

 

x (at %)  nm0   eVEosc   Hz1014
osc   A 

32 299(4) 4.2 10.0 6.544(17) 

 
 

Figure 3. Linearization of the refractive index dispersion for the glass Sb32As5S48I15 
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Calculations showed that the frequencies of electronic oscillator are in the UV range, which is in 
agreement with the previosly published data for the glasses from this system [2]. 

 

In Figure 4 are shown the transparancy spectra for the glass Sb32As5S48I15 for the different plate 
thicknesses. Maximum transparency value was about 25 %. In the region of short wavelengths the 
limit of the transparency range represents the absorption due to the electron transitions from the 
valence band to the conduction band. This short-wavelength transparency limit is called absorption 
edge, and it corresponds to the optical band gap [4]. 

In Figure 5 are presented the spectral distributions of the absorption coefficient for the different plate 
thicknesses obtained from the recorded transparency spectra using the relation: 

 

T
1ln

d
1

  (4) 

 

which holds for the materials with small reflection coefficients and high transmissivity (small plate 
thickness). 

 
   

  Figure 4. Transparency spectrum of the glass Sb32As5S48I15 for different plate thicknesses:       
   1 - 0.23 mm, 2 - 0.18 mm, and 3 - 0.12 mm 
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For the determination of the optical band gap by Stuke’s method the values of the absorption 
coefficients  even for the thinnest samples were far below 14 cm10  . Because of that, for the samples 
for which this was possible, the optical band gap gE  and absorption edge  g  were determined for the 

absorption coefficient 13 cm10   [5]. The absorption edge thus determined was 
  nm179.616g  , and the optical band gap   eV6014.2Eg  . 

On the other hand, if the reflection is taken into account, the absorption coefficient should be 
calculated from the relation: 

T2
RT4)R1()R1(

ln
d
1 2242 

  (5) 

On the basis of the values for 0  and A , determined from the dispersion measurements and using 
relation 3, one can calculate the values of the refraction index at the different wavelengths, and thus 
obtain the reflection R  [4]: 
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1nR
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(6) 

                                                   
[5] Vahalova R., Tichy L., Vlček M., Ticha H., Phys. Stat. Sol. 181 (2000) 199 

 
 

Figure 5. Spectral distribution of the absorption coefficient for the glass Sb32As5S48I15 at the different 
plate thicknesses: 

1 - 0.23 mm, 2 - 0.18 mm, 3 - 0.12 mm 
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The spectral distribution of the absorption coefficient for the thinnest plate of the investigated glass is 
shown in Figure 6. The absorption edge obtained for the value 13 cm10  was   nm170.611,

g  . 

The values of absorption edge thus obtained do not deviate much from the values calculated without 
taking into account reflection, so that the reflection can be neglected in the first approximation.  

For the absorption coefficient less than 14 cm10  , the Urbach tail, holds an exponential dependence 
between the absorption coefficient and photon energy [6]: 

   X,T
EE

o

g

eT,E 



  
(7) 

where (T,X) is a constant for each concrete system that determines the slope of the absorption edge, 
indicating thus the width of the exponential tail; X is the parameter of structural disorderliness, and T 
is the temperature. The symbol o

gE is related to the optical band gap, whereas the constant 0 is an 

experimentally determined parameter that corresponds to the absorption coefficient at gEh  . 

For the glass-forming structures in which dominates structural disorderliness ((T,X)=Γ0), it was 
shown [7] that the relation 7 can be written in the form: 

 0st /hexp    (8) 

The linearization of this expression allows the determination of the quantity Γ0, which is interpreted as 
the width of localized states tails in the region of the band gap. 

                                                   
[6] Urbach F., Phys. Rev., 92 (1953) 1324 
[7] Вайштейн И. А., Зацепин А. Ф., Кортов В. С., Физика и химия стекла, 25(1) (1999) 85 

 
 

Figure 6. Spectral distribution of the absorption coefficient for the glass Sb32As5S48I15  
for the thinnest plate prepared 
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In Figure 7 is presented the quantity ln  as a function of the photon energy h for the thinnest plate 
in the Urbach region. The slope of the curve gives the quantity Γ0. 

The obtained value for the tails widths of localized states was eV09.0Г0  . 

 

4. CONCLUSION 
The recorded dispersion spectra in the wavelengths of measurement show a normal dispersion and are 
characterized by high values of the refraction index, which at 750 nm is  26977.2n  . The frequency 

of the electronic oscillator is observed in the UV range and its value is  Hz1010 14 , which 
corresponds to the wavelength of elementary oscillations of   nm42990  . The optical band gap 
determined from the transparency spectra is   eV6014.2Eg  . The short-wavelength absorption 

edge at neglecting reflection is   nm179.616g  , and when the reflection is taken into account 

  nm170.611,
g  , which indicates that the reflection can be neglected in the first approximation. 

The measurements give for the tails width a value eV09.0Г0  . 
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Figure 7. Spectral dependence for the glass Sb32As5S48I15 
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Abstract 
The nonlinear chaotic autonomous Arneodo system is algebraically simple but can generate complex 
chaotic attractors. In this paper, Arneodo Attractor’s chaotic oscillator circuits were designed and 
simulated. Also Arneodo Attractor is addressed suitable for chaotic masking communication circuits 
using Matlab-Simulink and PSpice programs. We have demonstrated in simulations that chaos can be 
synchronized and applied to signal masking communications. We suggest that this phenomenon of 
chaos synchronism may serve as the basis for little known Arneodo Attractor to achieve signal 
masking communication applications. Simulation results are used to visualize and illustrate the 
effectiveness of Arneodo chaotic system in signal masking. All simulations results performed on 
Arneodo chaotic system are verify the applicable of secure communication. 

Key words: arneodo attractor, arneodo oscillator, chaotic oscillator, chaotic masking, chaotic 
synchronization, secure communication system  

 

1. INTRODUCTION 
Chaos behavior can occur every where, even in very simple and low-dimensional nonlinear systems. 
The well known Poincare’-Bendixon theorem [1], requires an autonomous continuous time state space 
model to be at least three-dimensional in order to have bounded chaotic solutions. On the other hand, 
for non-autonomous systems, chaos can appear in two-dimensional models. There are many examples, 
such as Lorenz [2], and Rössler [3, 4] systems that have been widely studied. Electronic circuits that 
consist of two nonlinear elements can be used to verify theoretical predictions. As an example, 
nonlinear Duffing forced oscillators have been experimentally studied [5]. Another popular example is 
the nonlinear chua's circuit, built and experimentally examined [6]. Up to now, various chaotic 
systems are introduced in [7-9] Chaos and chaotic systems have many fields of applications. One of 
the popular practical application is secure communication. Synchronization of chaotic systems and 
chaos based secure communications have become an area of active research in recent years[10-22]. 
Different approaches are proposed and being pursued.  

Chaotic signals depend very sensitively on initial conditions, have unpredictable features and noise 
like wideband spread spectrum. So, it can be used in various communication applications because of 
their features of masking and immunizing information against noise. Chaos-based secure 
communication systems have been alternative of the standard spread-spectrum systems, since they are 
able to spread the spectrum of the information signals and simultaneously encrypt the information 
signals with chaotic circuitry which is simple and inexpensive. Many researchers have investigated the 
implications of chaotic signals in communication systems. For example, Kocarev et. al., and Cuomo et 
al., [14,15], have used chaotic signals in communication security, and spread spectrum 
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communication.  

This paper focuses on design of chaotic oscillator and signal masking circuits. The brief is organized 
as follows. In Section II, Simulink modeling and PSpice circuit design and their simulations of the 
Arneodo system are obtained. In Section III, chaotic masking communication circuits and their 
simulations of the Arneodo system are realized also using Simulink and PSpice. Section IV contains 
conclusions. 

 

2.  DESIGN AND SIMULATIONS OF THE ARNEODO ATTRACTOR’S CHAOTIC    
     OSCILLATOR  
Following nonlinear autonomous ordinary differential equations are the Arneodo chaotic system. 

x = y                                                     (1.a) 

y = z                                                     (1.b) 
3

1 2 3 4z = - b x - b y - b z + b x             (1.c) 

The Lyapunov exponents of the Arneodo Attractor are 0.232, 0, and -1.232. Namely, only one positive 
LE is present. The Figure 1 and Figure 2  show the Simulink modeling and the simulation results of 
the Arneodo Attractor respectively. 

 
 

 

 

 

 

 

Figure 1. Matlab-Simulink Model of the Arneodo Attractor 

 
 

 

(a)                                                                                                                                                      (b) 

 

 

 

 

(c) 

 

 

Figure 2. Phase portraits ( (a) x-y, (b) x-z , (c) y-z ) of  the Arneodo Attractor when 
1 2 3 4b  = - 5.5,  b  = 3.5,  b  = 1,  b  = -1 , and O O Ox  = 0.5,   y  = - 1,   z  = 0.5  
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Figure 3 shows the circuit schematic for implementing the Arneodo Attractor. We use TL081 opamps, 
the Analog Devices AD633JN multipliers, appropriate valued resistors and capacitors for PSpice 
simulations. The circuit is supplied ±15 V power supplies. Acceptable inputs to the AD633 multiplier 
IC are –10 to +10 V. The resistors R1-R12, are all shown with nominal values in Figure 3. Figure 4 
also shows PSpice simulation results of this circuit. Electronic circuit PSpice simulations of this circuit 
are implemented for 1 2 3 4b  = - 5.5,  b  = 3.5,  b  = 1,  b  = -1  parameters and initial conditions 

O O Ox  = 0.5,   y  = - 1,   z  = 0.5 . Matlab-Simulink and PSpice simulation results of Arneodo Attractor 
(Fig.1-2) give the same conclusions. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Designed Circuit  Schematic of the Arneodo Attractor 
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Figure 4. PSpice simulation results of the Arneodo Attractor, (a) x, y phase portrait 
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Figure 4. PSpice simulation results of the Arneodo Attractor,  (b) x, z,   (c) y, z   phase portraits 

 

3. CHAOTIC SIGNAL MASKING CIRCUITS OF THE ARNEODO SYSTEM 
Due to the fact that output signal can recover input signal, it indicates that it is possible to implement 
secure communication for a chaotic system. Figure 5 shows the principle scheme of a general secure 
communication system that employs the masking technique. Figure 6 shows simulink modeling of 
chaotic masking communication circuit of the Arneodo Attractor.  

 

 
 
 

 

 

 

 

 

 

Figure 5. Principle scheme of a general secure communication system with masking technique 
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Figure 6. Simulink modeling of chaotic masking communication circuit of the Arneodo Attractor. 

 

The presence of the chaotic signal between the transmitter and receiver has proposed the use of chaos 
in secure communication systems. The design of these systems depends on the self-synchronization 
property of the Arneodo Attractor. Transmitter and receiver systems are identical except for their 
initial values, in which the transmitter system are 0.5, -1, 0.5 and the receiver system are 0.5, 1, and 
0.5 as shown in Fig.6. It is necessary to make sure the parameters of transmitter and receiver are 
identical for implementing the chaotic masking communication. In this masking scheme, a low-level 
message signal is added to the synchronizing driving chaotic signal in order to regenerate a clean 
driving signal at the receiver. Thus, the message has been perfectly recovered by using the signal 
masking approach through cascading synchronization in the Arneodo Attractor. Computer simulation 
results have shown that the performance of Arneodo Attractor in chaotic masking and message 
recovery. One disadvantage of using one-way coupling method is that compared to this cascading 
method, it takes longer to synchronize the coupled systems, especially when the coupling parameter is 
small. This may cause problems in practical applications such as secure communications since 
information may be delayed or lost during the first period of matching time. The transmitted signal is a 
sinus wave of amplitude 0.2 volts and of 10 KHz frequency. The sinus wave signal is added to the 
generated chaotic x signal, and the S(t)= y + i(t) is feed into the receiver. The chaotic y signal is 
regenerated allowing a single subtraction to retrieve the transmitted signal, [y+i(t)]-y r = i(t), If y = yr. 
This is a result of synchronization as in Fig.7.(a). Figure 7 (c) shows the information signal-sinus wave 
and the retrieved signal output of scope. Figure 8 shows the circuit schematic for implementing the 
Arneodo Attractor’s Chaotic Masking Communication. Figure 9 shows PSpice simulation results of 
this Chaotic Masking Circuit. The transmitted signal is a sinus wave of amplitude 0.2V and frequency 
10 KHz.  

Transmitter and receiver circuits are identical except for their initial values, in which the transmitter 
circuit are 0.5, -1, 0.01 and the receiver circuit are 0.5, 0, 0.5 as shown in Fig. 8. Simulink and PSpice 
simulations (Fig. 7, 9) of Chaotic Masking circuit give the same conclusions. 
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                         (a)                                                  (b)                                                    (c) 

Figure 7. Simulink outputs of Masking Communication Scheme of  Arneodo Attractor                            
(a) Drive (y) and response (yr) system chaotic signals vs. time (b) Transmitted signal S(t) = y(t) + i(t)    

(c) Information i(t) and retrieved ir(t) signals (sinus signal) has 0.2V amplitude and frequency 10 KHz, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Arneodo Attractor Chaotic Masking Communication Circuit 
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(a)           (b) 
 

Figure 9. PSpice outputs of Arneodo Attractor Masking Communication Circuit (a) Drive system y 
signal and response system yr signal vs. time (b) Information and retrieved signal (0.2 V, 10 KHz) 

 

4. CONCLUSIONS 

This paper focuses on the Arneodo Attractor’s chaotic oscillator circuits and their applications in 
signal masking communications. Arneodo Attractor’s chaotic oscillator circuits were designed and 
simulated. Chaotic signal masking circuits were realized using Matlab-Simulink and PSpice 
programmes. Related figures in Fig.(7, 9) point out that Matlab-Simulink and PSpice outputs prove the 
same conclusions. We have demonstrated in simulations that chaos can be synchronized and applied to 
secure communications. We suggest that this phenomenon of chaos synchronism may serve as the 
basis for little known Arneodo Attractor to achieve secure communication. Simulation results are used 
to visualize and illustrate the effectiveness of Arneodo chaotic system in signal masking. All 
simulations results performed on Arneodo chaotic system are verify the applicable of secure 
communication. 

 
REFERENCES 

1. Nayfeh A. & Balanchandra (1994) Applied Nonlinear Dynamics, John Wiley, New York. 

2. Lorenz E. N. (1963) Deterministic nonperiodic flow, J. Atmos. Sci. 20, 130-141.  

3. Rossler O. E. (1976) An equation for continuous chaos, Phys. Lett. A 57, 397-398  

4. Rossler O. E. (1979) An equation for hyperchaos Phys. Lett. A 71, 155-157.  

5. Hayashi C. (1964) Nonlinear Oscillations in Physical Systems McGraw-Hill, New York.  

6. Madan R. N. (1993) Chua’s Circuit: A Paradigm for chaos, World Scientific, Singapore. 

7. Arneodo A., Coullet P., Spiegel E. & Tresser C. (1985) Asymptotic chaos, Physica 
D;14(3):327–47.  

8. Sprott J. C. (1994)  Some Simple Chaotic Flows Physical Review E, 50(2):647-650. 

9. Lü J., Chen G. & Cheng D. Z. (2004) A New Chaotic System and Beyond: the Generalized 
Lorenz-like System, Int. J. of Bifurcation and Chaos, 14(5):1507-1537. 

10. Pecora L. &  Carroll T. (1990) Synchronization in Chaotic Systems, Physical Review Letters, 
Vol. 64, pp. 821, 823. 

11. Pecora L. & Carroll T. (1991) Driving systems With Chaotic Signals, Physical Review 

           Time

0s 10ms 20ms
V(6) V(66)

-5.0V

0V

5.0VY
 
Y
r

           Time

0s 1.0ms 2.0ms
V(23) V(55)

-1.0V

0V
i
 
i
r



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

73 

Letter,Vol. 44, pp.2374-2383. 

12. Carroll T. L., Johnson G. A. & Pecora L. M. (1999) Parameter-Insensitive and Narrow-Band 
Synchronization of Chaotic Circuits, Int. J. of Bifur. and Chaos, Vol. 9, No. 11, pp. 2189-2196. 

13. Bai E., Lonngren K. & Sprott J. C. (2002)  On the synchronization of a class of electronic 
circuits that exhibit chaos, Chaos, Solitons, and Fractals, 13, pp. 1515-1521.  

14. Kocarev L., Hall K. S., Eckert K., Chua L. O. & Parlitz U. (1992) Experimental Demonstration 
of Secure Communications via Chaotic Synchronization, International J. of 
Bifurcation&Chaos,;2:709.  

15. Cuomo K. M. & Oppenheim A. V. (1993) Circuit Implementation of Synchronized Chaos with 
applications to Communication, Phys. Rev. Lett.,;71:65-68. 

16. Agiza H.N. (2004) Chaos Synchronization Of Lü Dynamical System, Nonlinear Analysis, Vol. 
58, Issue 1-2, pp. 11-20,  

17. Cuomo K. M., Oppenheim A. V. & Strogatz S. H (1993) Synchronization of Lorenz-based 
chaotic circuits with applications to communications, IEEE Trans. Circuits Syst.,;40(10):626–633. 

18. Wu C. W. & Chu L. O. (1993) Simple Way to Synchronize Chaotic Systems with Applications 
to Secure Communication Systems, International J. of Bifurcation&Chaos;3:1919-1627. 

19. Itoh M. (1999) Spread Spectrum Communication via Chaos, International J. of Bifurcation & 
Chaos, 9:155-213. 

20. Lu J. G. (2005) Chaotic dynamics and synchronization of fractional-order Arneodo’s systems, 
Chaos, Solitons and Fractals, 26: 1125–1133. 

21. Li Z., Li K., Wen C. Soh Y. & C (2003) A New Chaotic Secure Communication System, IEEE 
Transactions on communications, 51(8);1306-1312. 

22. Miliou A. N., Antoniades I. P., Stavrinides S. G. & Anagnostopoulos A. N (2007) Secure 
communication by chaotic synchronization: Robustness under noisy conditions, Nonlinear 
Analysis: Real World Applications, Volume 8, Issue 3, Pages 1003-1012,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

74 

CYLINDER WITH DIFFERENTIAL PISTON FOR MASS MEASUREMENTS 
Ilare Bordeaşu 

Universitatea “Politehnica” din Timişoara, Bvd. Mihai Viteazul, Nr.1, 300222, Timişoara, România 

Anton Hadăr 

Universitatea Politehnica Bucureşti, Splaiul Independenţei, nr.313, 060021, Bucureşti, România 

Mircea O., Popoviciu 

Academy of Romanian Scientists Timişoara Branch, Bvd. Mihai Viteazul, Nr.1, 300222, România 

Victor Bălăşoiu 

Universitatea “Politehnica” din Timişoara, Bvd. Mihai Viteazul, Nr.1, 300222, Timişoara, România 

 
 

Abstract 
The paper presents a cylinder with differential piston, adapted for measuring the weight of fixed 
objects such as: fuel tanks (regardless of their capacity), bunkers and silos for all kind of materials, or 
mobile objects such as: automobiles, trucks, locomotives and railway cars.  Although, the cylinder 
with differential piston is used on a large scale in hydraulic drive or hydraulic control circuits, till 
now it was not used as constituent part for weight measurements devices. The novelty of the present 
paper is precisely the use of the device for such purposes. Based on a computation algorithm, the 
paper presents the general design (assembly), of the device used for weighing important masses 
(1…100 tones). The fundamental idea consist in the fact that, a mass over 10 tones may be weighted 
with a helicoidally spring subjected to an axial force between 0 and 3000 N, with a deflection of about 
30 mm. Simultaneously with the mechanical part, the electronic recording system is also described. 
The great advantage of the presented device consist in the fact that it can be used in heavy polluted 
atmosphere or difficult topographic conditions as a result of both the small dimensions and the 
protection systems adopted. 
Key words: cylinder hydraulic with differential piston, hydrostatic pressure, measuring devices 

 

1. INTRODUCTION 
In the technical literature, the cylinder with differential piston is mentioned in the schemes of 
hydraulic control or driving [1], [2], [3], [4], for various actuating systems (such as transport and 
hoisting devices, adjusting mechanisms for hydraulic turbines, actuating systems for lock gates, etc. 
The novelty of our studies was the use of differential pistons for measuring the weight of fixed objects, 
such as: fuel tanks (regardless of their capacity), bunkers and silos for all kind of materials or mobile 
ones, such as: automobiles, trucks, locomotives and railway cars. In this way a mass over 10 tones 
may be weighted with a helicoidally spring subjected to an axial force between 0 and 3000 N, with a 
deflection of about 30 mm. At the ground idea of the paper (for which it was obtained also the patent 
A00307/10.05.2006) there are the considerations regarding the devices having cylinders with 
differential pistons: simple and robust construction, great sensibility and precision. Such devices are 
not influenced by some corrosive environments in which there are used.  Supplementary, the use of 
microelectronics allows obtaining a modern product, competitive and easy to employ. It is 
characterized by: low acquisition price (it is three times cheaper than similar other products) and 
favorable maintenance costs.   
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2. DESCRIPTION OF THE SYSTEM 
The weighing system has two components: a mechanical one, which includes the differential cylinder 
and an electronic one for the digital display of the measured mass.  

2.1 The mechanical system 

The assembly of the mechanical system is presented in Figure 1. It is composed from the cylindrical 
main part 1 continued by the cylindrical body 8, which separate the lower part, maintained under the 
oil pressure, from the upper one, where is formed a tight space under atmospheric pressure. In this 
tight space, the elements displaying the value of the measured mass are placed. 

The piston 3, placed at the cylinder bottom is put in contact with the body that must be measured. 
Through the elastic membrane 4, a hydrostatic pressure is produced in the working fluid. Depending 
on the value of the measured mass this pressure ranges between 0 and 100 daN/cm2. As a result of the 
communication orifices existing in the differential piston, the pressure will be equal on both sides of 
the piston. Because the working areas of the piston are different, the acting forces will be also 
different. As a result the piston rod will be pushed upward, into a translation motion. This translation 
will be converted into a rotation motion of the disk 9.  

 

 
 

Figure1. The mechanical part of the device (axial cross section)  

 

Considering that the hydrostatic pressure p has the maximum value (100 daN/cm2), the force F acting 
on the inferior side of the piston will be [1], [5]: 

daN 5026p
4
DpSF

2




   

and the force F’ acting on the upper side of the piston will be: 

F’ = S’p= p
4

)dD( 22




 5006 daN  
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The difference between the forces acting on the piston is: 

F-F’ = 20 daN 

The force acting on helicoidally spring being Fsp = F-F’, with a deflection of 30 mm the approximate 
constant of the spring will be: 

mmN 667.6
30
200

f
FFk ap 
  

Choosing the following parameters for the hydraulic cylinder and the spring: 

dsp = 4.3 mm, the diameter of the spring wire, 

Dsp = 60 mm, the wrapping diameter of the spring, 

d = 5.05 mm, the piston rod diameter, 

f = 30 mm, the spring deflection equal with the piston stroke, 

p = 100 bar, the maximum pressure in the cylinder, 

n  = number of the spring whirl, 

the actual constant of the spring becomes: 

mmN 648.6
Dn8

dG
k 3

sp

2
sp 




  

Taking into account the actual parameters, the force developed by the spring is:  

 

Fsp =kf = 199,44 N  F-F’ 

 

and the force reduction of the device: 

00562.252
44.199

50260
FF

Fi 


  

The stroke of the differential piston 2 is 30 mm and is put into correlation with the pitch of trapezoidal 
thread (Tr 18x30) of the nut 7 and the disc 9 so that at the end of the stroke, the indicatory disc rotates 
itself with 360º. This represents a good accuracy being 140 N for each degree. 

The proposed solution offers the following advantages: 

 allow the weighing of large and extra large masses in every place where such necessity occur, 
regardless if the objective is stationary or mobile; 

 for mobile objects (cars, lorries, locomotives, railway cars, etc.) is sufficient a single device, 
over which every axle pass successively. Finally the total mass is computed by adding the 
successive values;  

 for stationary objects, the measuring cylinders will be placed in those parts that sustain the 
objectives. The devices will remain there for the entire life of the objective. 

In the figures 2 and 3 there are presented images of the cylinders and the complex device 
manufactured for the measurement of light vehicles masses. The assembly for measurements in the 
light variant comprises the following elements: the cylinder with differential piston 1, the central 
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frame 2 and the access platforms 3. These platforms facilitate the mounting and descending of the 
vehicle wheel, on the central frame that include the cylinder with differential piston.  

The central frame consists of two plates (the lower and the upper) pressed in heated conditions (deep 
drawing), between them being placed the cylinder 1. The upper plate sits on the cylinder (Figure 4) 
and transmitted the whole load towards the piston 3. It is important that the displacement of the two 
plates forming the central frame take place only on the vertical direction. To fulfill this condition, 
there were placed four plugs, for guiding and centering.  

 

 
Figure 2. Cylinders with differential piston  (measuring transducers)  

 

 

 

Figure 3.  Prototype used for the mass measurement of light vehicles 

 

For realizing a weighing, two such devices are needed so that the entire front axle, with both the left 
and right wheel, passes in a single movement, over the weighing cylinder. The operation will be 
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repeated also for the rear axle (or rear axles, if the vehicle has multiple rear axles). The values read on 
the disk 7 will be totalized and the whole mass of the vehicle is found. It is possible to use a single 
device by passing successively the left wheels and the right ones (the errors are small but the weighing 
time is a little longer). For easing the handling and transportation of the frames the weighing device 
can be folded and dismounted.  

The device for measuring very heavy masses, this is the case for lorry trailers, or lorry trailers 
combination, is similar to that presented in Figure 3 but between the two plates (the upper and the 
lower) of the frame 2, there were placed two differentials weighing cylinders. For this variant, the 
central frame must be longer, because here must be placed two weighing cylinders, but also because 
the rear part of a heavy lorry is provided with 2 axles. Because the mass is very great the load of each 
wheel is taken by two weighing cylinders.  

For this variant, the two plates composing the central frame have a single degree movement (namely 
translation in the vertical direction), the oscillations and tilting are prevented by the tree pairs of plugs.  

It must be mentioned that for weighing a heavy lorry, for the front axle, provided with a single axle, it 
is sometimes possible to use the light-weighing device, but for the rear axle in all cases it must be used 
the heavy weight device. Also in this case the central frame is composed from individual elements that 
can be assembled in the indicated place and the two frames may be folded and dismounted. 

 

 
 

     Fig. 4. The mass measuring of an automobile front axle 

 

 

In order to maintain the alignment of the three elements, composing the frame, during the vehicle 
climbing, the lower plates are provided with elements preventing the plates to slide.  

2.2 The electronic system for picking-up and displaying the measured values 

Sometimes the reading of the measured values, mechanically displayed, encounter difficulties because 
the cylinder are placed in very low positions. For such situations it was conceived an electronic 
telemeter system for displaying the measured values. The electronic system maintains the high 
precision and the reading may be done easy at distances till 10 m, from the measuring cylinder.  

The electronic system is composed from two devices: 
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 the measuring device (two pieces)-MD; 

 the displaying and control device-DCD. 

The two MD are permanently in communication with the DCD through a RS 232 interface.  

2.2.1 The measuring device MD  

The measuring devices (Figure 5) are used for obtaining the mass of the vehicle on each wheel and to 
transmit this information to the displaying and control device.  

The good working of the MD is supervised by a microcontroler. A piston that has a displacement 
proportional with the vehicle mass, play the role of transducer. This displacement is converted in 
voltage by a potentiometer transducer. At his turn the voltage is transmitted to an interface circuit. 
This circuit assures the calibration of the mass measuring transducer. The voltage is converted in a 
digital magnitude by the analogical/digital converter of the microcontroler.    The digital magnitude 
processed by the microcontroler is transmitted through a RS232 interface.  

The feeding of the measuring device is provided by five batteries of the type “AA”.  The other parts of 
the measuring device are: 

 a supervision circuit of the fed voltage, which signalize through a led, the discharge of the 
batteries:  

 an ”ON/OFF” switch. 

 

   
a) Measuring device of type 1 b) Measuring device of type 2  c) Measuring device of type 3  

 

Figure 5 The electronic measuring devices (MD)  

 

2.2.2. The displaying and control device-DCD  

From a constructive point of view, this device is a portable console (Figure 6). This device displays 
the information obtained by the measuring devices upon a LCD with 2x16 characters.     
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a) displaying and control device-DCD (front view)  b) displaying and control device-DCD (rear view)  

 

Figure 6 The displaying and control device-DCD 
The displaying and control device-DCD has the following buttons:  

 “ON/OFF”;  
 “RESET” for entering in the measuring menu;  
 „MEASUREMENT”  for performing a measurement;  
 “M+” for adding the measured masses in order to obtain the vehicle mass;  
 “STOP MEASUREMENT” to end the measurement process.  

The feeding of the displaying and control device is done by five “AA” type batteries. The DCD 
contains also a circuit for signalizing discharge of the battery.  
The running parameters of the electronic device are:  

 Type of feeding: 5 “AA” type batteries;   
 Number of measuring devices: 2; 
 Maximum number of measurements for a vehicle: 8; 
 Measurement precision for a measuring device:  25 kg; 
 Displayed precision:  0.5%; 
 The measuring unities: tons (T); 
 The maximum measured mass for a single device: 10.0 tons; 
 The dimensions of “DCD”: (90x170x40) mm; 
 The dimensions of “MD”: Ф100 – 135 mm. 

 

2.2.3 Description of the measuring process  

For putting into operation the device, the DCD must be connected to the two MD with the proper 
cables. The button “ON/OFF” of the first „MD” is pushed in the position “ON”. If the green led is 
continuously burning, the supplying voltage is in normal limits, if the led is intermittently burning, the 
supplying voltage is under the normal value and the battery must be replaced.  The second “MD” must 
be proofed in the same way. The button ”ON/OFF” of the DCD is pushed in the position ‘ON’. On the 
LCD display the following messages appear (there are illustrated in the Figure 7):  
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 the message “DISCHARGED BATTERY”, if the voltage is under the normal value. If this 
message is seen, the batteries must be replaced and the procedure must be repeated (Figure 7a); 

 the message “TRANSDUCER ERROR” appears if there is a communication lack between the 
transducers. If this message is seen, it means that there are transducers deficiencies or the 
connecting cable is damaged. At first, the connecting cable must be verified and if it is in order 
than all the transducers must be verified. After the defective part is repaired, the putting into 
function procedure must be repeated (Figure 7b); 

 the message “READY FOR MEASUREMENTS” signifies that the installation is functioning 
(Figure 7c).  

To obtain the vehicle mass, the following procedure must be applied:  

The first axle of the vehicle is mounted on the two measuring devices and after that, the button 
„MEASURE” of the DCD is pushed.  On the LCD display appears the message „THE MASS OF 
AXLE 1: xx.xT” on the first row, and the message „TOTAL MASS: zzz.zT” on the second row 
(Figure 8a). The figure 1 represents the axle number and is displayed intermittently and “xx.x” 
represents the mass of the axle. The device remains in measuring state for 50 ms. The measured value 
is displayed every 0.5 s. If the operator wants to memorize the measured value the button “+M” must 
be pushed. On the LCD appear the following messages, on the first row “THE AXLE MASS1: xx,xT” 
and on the second row “TOTAL MASS: zzz.zT” (Figure 3). The “TOTAL MASS” displayed value is 
equal with the measured value. The axle number “1” is continuously displayed, which means that the 
mass value is memorized. 

 

 

 

  

a) ”DISCHARGED BATTERY” b) The message   

“TRANSDUCERS ERROR”  

c) The message  “READY FOR 
MEASUREMENTS”  

 

Figure 7 Messages displayed   
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In order to fulfill the following measurement, the vehicle is mounted with the adequate axle on the two 
measuring devices and the button “MEASURE” of the DCD is pushed.  On the LCD appears the 
message „THE MASS OF AXLE 2: yy.yT” on the first row, and the message „TOTAL MASS: 
www.wT” on the second row. The figure 2 represents the axle number and “yy,y” represents the 
measured axle mass. The axle figure is intermittently displayed. The device remains in measuring state 
for 50 ms. The measured value is displayed for 0.5 s. If the operator wants to memorize the measured 
value the button “+M” must be pushed. On the LCD display appear the following messages, on the 
first row “THE AXLE MASS2: xx,xT” and on the second row “TOTAL MASS: zzz,zT”. The 
“TOTAL MASS” displayed value is equal with the current measured value added with the mass 
previously measured. The axle number “2” is continuously displayed, which means that the mass 
value is memorized. If the vehicle has only two axles and the measurement is finished, the button 
“STOP MEASUREMENTS” must be pushed. On the LCD appears the message: “AUTO MASS: 
aaa.aT”. The DCD goes out from the measuring state and pushing any of the buttons ‘MEASURE”, 
“+M”, “STOP MEASURING” remains without effect. In order to perform another cycle of 
measurements the button “RESET” must be pushed. On the LCD will appear the message “READY 
FOR MEASURE” and the procedure presented previously must be repeated.  

If a vehicle has more than two axles, the measurement procedure for the other axles are similar as for 
the axle 2, the number of the axle being 3, 4 till 8. If the number of measurements goes beyond eight, 
on the display appears the message “ERROR: TO MANY MEASUREMENTS” (Figure 15). In this 
situation the “reset” button must be pushed, on the display appears the message “READY FOR 
MEASURE” and a new cycle of measurements can begin. 

 

 
 

 
 

a) Display “TOTAL MASS”: 0xx,xT’ b) Display “ERROR TO MANY MEASUREMENTS”  
 

Fig. 8 Messages displayed  
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The homologation tests were accomplished in the following way: 

 In traffic for a small weight vehicle (a DACIA car), as can be seen in Figure 16; 

 By loading the devices with a 10 tons hydraulic press, available at the I. M. S. T. Faculty of 
the Bucharest Polytechnic University, considering that in the traffic loading the forces will be 
similar with those offered by the hydraulic press. Such a loading was necessary to see if heavy 
vehicles can be measured but also to verify if undesirable leakage may occur. 

Each device was tested six times with different loadings and all the results were excellent. 

The presented measuring system can be used for:  

 mobile objectives: cars in traffic to see if it is loaded or empty, to verify the momentary mass, 
without deviating the vehicle from its moving direction, towards a weigh platform. The 
system allow the weighing of the vehicle in a short delay of time, just on the place were it was 
stopped;  

 fixed objectives (bunkers, silos, tanks etc.). These objectives may be permanently observed 
and on there entire life. Sometimes this information is important for those, which administrate 
such objectives. Of course, the reduction of the content under an inferior limit may be 
announced by acoustic or optic means;   

 protection of fixed objectives (protection against overloading). For example, the 
weight of lorries can be measured when acceding on some bridges.  When the weight 
goes beyond some reference value, an optic or acoustic signal is released. 

3. CONCLUSIONS 
The presented system, which uses a differential hydraulic cylinder, is a new procedure in weighing 
systems. It allow to measure heavy and very heavy loads, easy, with high precision, from distances till 
10 m, regardless if the objective is fixed or mobile.      
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 Abstract 
Lightweight concretes can be produced by using different type of lightweight aggregates. The results 
of investigations on the suitability of using pumice aggregates from Isparta region in Turkey as fine 
and coarse materials in lightweight concrete masonry production are reported. In this study, pumice 
aggregate lightweight concrete (PLWC) samples were produced with different sizes of 0-4 mm as fine 
pumice aggregate (FPA), of 4/8 mm as middle pumice aggregate (MPA) and of 8/16 mm as coarse 
pumice aggregate (CPA). The pumice aggregates collected from the quarry were first crushed and 
screened in this study. In order to analyze the role of pumice aggregate ratio on the properties of 
lightweight concrete masonry for dry mix conditions, a series of preliminary trial batches were first 
carried out. Trial batches were cast into 100x100x100 mm cube samples with the cement content of 
220 kg/m3 in low water/cement ratio as 0,15. The specimens were analyzed to examine the 
compressive strength, water absorption and specific porosity of all series. According to the results of 
preliminary trial batches, it was decided to produce a full scale pumice aggregate masonry block 
(PAMB) units for the same mixture proportions of the best series in trials. PAMB units were analyzed 
to investigate their unit weight and the compressive strength for air dry condition at 28 days. The 
coefficient of thermal conductivity for the blocks was tested based on oven dry. According to 
experimental results, while dry unit weight has increased, compressive strength of 28 days samples 
has increased, too for the PLWC dry mix composition. Due to the low strength and thermal 
conductivity, pumice aggregate lightweight masonry units can be used in constructions for non-load 
bearing infill walls providing the high isolations. 
Key words: Pumice, lightweight aggregate, hollow blocks, property. 

 

1. INTRODUCTION 
Compressed masonry blocks have traditionally been widely used as a construction material for both 
structural and non-structural walls. Masonry walls are primarily composed of masonry units (typically 
concrete blocks or clay bricks) and mortar. In addition to the various options available for masonry 
units with respect to material composition, further options relate to the geometry of the units and to 
their percentage of hollow volume. Furthermore, mortar can be composed of several materials and 
aggregate types and its workability may be adjusted by varying its water content. All these features 
naturally have a considerable effect on the mechanical characteristics of masonry walls [1]. 

The capacity of masonry in compression is strongly related to the compressive strength of the masonry 
units (stone, brick, and block), as well as mortar strength, bonding pattern and many other factors. 
Though other parameters, such as density, frost resistance and water absorption, may be specified in 
design, compressive strength has become a basic and universally accepted unit of measurement to 
specify the quality of masonry units. The relative ease of undertaking laboratory compressive strength 
testing has also contributed to its universality as an expression of material quality [2]. 

Masonry wall construction has a number of advantages the first of which is the fact that a single 
element can fulfill several functions including structure, fire protection, thermal and sound insulation, 
weather protection and sub-division of space. Masonry materials are available with properties capable 
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of meeting these functions, requiring only to be supplemented in some cases by other materials for 
thermal insulation, damp-proof courses and the like. The second major advantage relates to the 
durability of the materials which, with appropriate selection, may be expected to remain serviceable 
for many decades, if not centuries, with relatively little maintenance. From the architectural point of 
view, masonry offers advantages in terms of great flexibility of plan form, spatial composition and 
appearance of external walls for which materials are available in a wide variety of colors and textures 
[5]. 

Concrete masonry blocks come in a much greater variety of sizes and formats (solid, cellular and 
hollow). Also, materials that used in making of masonry block such as aggregate are affected to 
physical and mechanical properties of blocks. In the production of masonry units, lightweight 
aggregates are used for reduce the unit weight of material [3].  

Increasing utilization of lightweight materials in civil structuring applications is making pumice stone 
a very popular raw material as a lightweight rock. Due to its having a good ability for making the 
different products based on its physical, chemical and mechanical properties, the pumice aggregate 
finds a large using area in civil industry as a construction material. In order to design an initial stage of 
a building project, the construction material properties should be well evaluated. Therefore, the need 
arises to analyze the materials to be used in construction experimentally in detail [4].   

In this study hollow and non-load bearing masonry units were designed with pumice lightweight 
aggregate. Physical and mechanical properties of masonry blocks were investigated.  

 

2. EXPERIMENTAL STUDY 
2.1. Materials 

Isparta / Turkey region volcanic pumice was used for this study. Particle density and bulk density of 
pumice were 2.24 and 760 kg/m3, respectively. Ordinary Portland cement (CEM I 42.5R) was used for 
the production of the LWC and blocks. Surface area by Blaine, specific gravity and 28 days 
compressive strength of cement were 386 m2/kg, 3.07 and 48.5 N/mm2, respectively. The chemical 
analyses of materials used in this study were determined in Acme Analytical Laboratories Ltd. in 
Canada and results were given in Table 1.  

To define the optimal mix proportions and to obtain satisfactory mechanical properties of masonry 
units, the pumice LWA was divided into three different size ranges: smaller than 4 mm, 4 to 8 mm and 
8 to 16 mm. The aggregates in these size ranges were combined in different proportions to obtain the 
optimum granulometry in five grading curves properly to TS 1114 EN 13055-1 [6] as Grade 1, Grade 
2 and Grade 3, Grade 4 and Grade 5. Aggregate ratios in the mixes were designed that as fine 
aggregate (FA) has been reduced from 60 % to 40 % while that of medium aggregate (MA) was 
increased from 20 % to 40 % by a ratio of 5 %. Coarse aggregate (CA) was kept at a ratio of 20 %.  
Sieve analyses of pumice aggregates were given in Figure 1. 
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Figure 1. Sieve analyses of aggregates  

 

Table 1. Chemical analysis of cement and pumice 

COMPONENT (%) SiO2 Al2O3 Fe2O3 MgO CaO Na2O SO3 K2O        L.O.I. 

Cement 19,3 5,57 3,46 0,86 63,56 0,13 2,91 0,80 2,78 

Pumice 56,85 16,72 4,66 1,84 5,39 4,61 - 5,19 2,8 

 

2.2. Mix Proportions and Test Program 

Before production of masonry blocks, trial batches were produced for defining of optimum aggregate 
granulometry that supplying to the best properties on masonry units. The all mixtures were designed at 
220 kg/m3 cement content and at 0.15 actual water/cement ratios (w/c). The pumice aggregates were 
absorbed water in 30 min before adding the mix because of high porosity of aggregates [7]. In the trial 
batches, the prepared lightweight aggregate concrete (LWAC) as damped was filled in 100 x 100 x 
100 mm cubic moulds by vibration-compression machine in 20 % compression ratio. The specimens 
immediately demoulded and cured in air (in laboratory condition) at 20±2 oC for 7, 28 and 56 days. On 
the trial specimens, compressive strength was defined according to TS EN 12390-3 [8] by 2000 kN 
compressive machine with a rate of loading controller. Unit weight (UW), specific porosity (SP) and 
water absorption (WA) were calculated aged in 7 and 28 days specimens according to Archimedes 
principle by the weight measurements of saturated specimens in air and in water, and the dry weight 
(oven drying at 105°C to constant weight). In the best granulometry, masonry blocks were produced in 
same cement content and w/c (Fig. 2). Three types of masonry blocks were designed as one-order 
hollow, two-order hollow and three-order hollow in size of 135 x 190 x 190 mm, 150 x 340 x 190 mm 
and 190 x 340 x 190 mm, respectively. Also, the production method was same with trial batches.  
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Figure 2 Masonry blocks produced with pumice LWA 

 

Also, compressive strength and unit weight are defined on the masonry blocks. The thermal 
conductivity of masonry blocks was determined by the ‘‘hot box method” according to ASTM C1363 
[9] on the aged 28 days specimens. For the all tests, arithmetic average of three specimens has been 
used.  

 

3. RESULTS AND DISCUSSION 
To investigate the influence of porous aggregate on the physical and mechanical properties of masonry 
units, natural lightweight aggregate as pumice has been used. Pumice lightweight aggregate concrete 
(PLWAC) was produced in low w/c ratio by vibration – compression method and they have been 
tested in 7, 28 and 56 ages.  

 
Figure 3 Compressive strength of PLWAC in different ages and gradations 

 

Compressive strength of PLWAC was compared in Figure 3 depending on specimen age. Generally, 
the compressive strength of LWC has increased by rising of concrete age. Developing of strength in 
PLWAC was the highest in Grade-2 and Grade-5, Grade-1 and Grade-4, respectively. Of course, the 
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strength development in lightweight concrete is limited by the inherent strength of aggregate [10]. The 
strength development was reduced by increasing of concrete ages from 28 to 56 days due to 
evaporation of free water that affect to hydration of cement. Besides, the highest compressive strength 
of PLWAC was obtained in Grade-2 as 12 N/mm2. The compressive strength of PLWAC has changed 
between 7 - 12 N/mm2 for 7 – 56 aged specimens.  

Sari et. al. [11] investigated to the effects of gradation and admixture on the pumice LWAC. The 
specimens were cured at a temperature of 20-25 oC and a relative humidity of 50-55 %. Compressive 
strength of the specimens was determined as between 3.5 - 7 N/mm2 for 28 and 56 ages. Babu et. al. 
[12] investigated to the performance of lightweight EPS aggregate concretes containing fly ash over a 
wide range of concrete densities of 500 - 2200 kg/m3. The compressive strengths of the specimens 
have varied between 1.1 and 18.4 N/mm2 for 28 ages.  

 
Figure 4. Unit weight of 28 aged PLWAC  

 

As known from the literature, LWACs are categorized according to compressive strength and unit 
weight of them (Figure 4). Generally, the PLWAC for 28-56 days can be categorized as moderate 
strength LWC because of their strength in between 7 – 12 N/mm2 and unit weight in between 1100 - 
1260 kg/m3. The grading effects to unit weight of LWAC as seen in Fig. 4. The lowest unit weight was 
obtained on the specimens that produced with Grade-1 while the highest unit weight was obtaining on 
the specimens produced with Grade – 4.     

Figure 5 illustrates the specific porosity (sp) and water absorption (wa) of pumice LWAC. The 
specific porosity and water absorption of pumice LWAC have ranged between 15 % - 25 % and 12 % 
and 23 %, respectively. They have decreased until Grade-3 and then again increased by increasing of 
surface area of aggregate depending on fine material and in cubic meter. Pumice LWAC has higher 
“sp” and “wa” value than normal strength concrete due to properties of aggregate such as pore 
structure. The specific porosity and water absorption of LWC depends upon the raw material used for 
making them. 

Even tough the lowest porosity and water absorption were obtained in the specimens that produced 
with Grade-3, the highest compressive strength and improper unit weight was obtained on the 
specimens produced with Grade-2. Hence, masonry units in this study were produced in Grade-2. 
Geometrical, physical and mechanical properties of three type’s masonry blocks are presented in Table 
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2. Compressive strength of masonry units is different depending on hollow ratio on surface or totally 
surface area, and it has changed between 3.77 – 5.11 N/mm2. In the same cement and w/c ratios, three-
order hollow masonry blocks more proper than other units due to strength and thermal conductivity.  

 
Figure 5. Specific porosity (sp) and water absorption (wa) of 28 aged PLWAC  

 

Table 2. Properties of Masonry Blocks 

Property 
Masonry Block Type 

135x190x190 150x340x190 190x340x190 

Total surface area (cm2) 256,5 570 710,64 

Total hollow surface area (cm2) 75 150,12 169,96 

Total full surface area (cm2) 181,5 419,88 540,68 

Hollow ratio on surface (%) 29,24 26,34 23,92 

Fullness ratio on surface (%) 70,76 73,66 76,08 

Total volume (cm3) 4874 10944 13502 

Total hollow volume (cm3) 1350 2732 3059 

Total fullness volume (cm3) 3524 8212 10443 

Volumetric hollow ratio (%) 27,70 24,96 22,66 

Volumetric fullness ratio (%) 72,30 75,04 77,34 

Block weight (kg) 4,06 9,31 12,07 

Dry unit weight  (kg/m3) 833 851 894 

Masonry number in 1 m2  28 13,5 13,5 

Compressive strength (N/mm2) 3.77 3.66 5.11 

Thermal conductivity (W/mK) 0.237 0.214 0.203 
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Thermal conductivity is depends upon the pore structure of the lightweight aggregates, density of 
concrete and the cement paste matrix [13]. Other words, the thermal conductivity is increases with 
increasing of density of concrete. Also, according to Kim et al. [14], aggregate volume fraction and 
moisture condition of concrete are revealed as mainly affecting factors on the thermal conductivity of 
concrete. The thermal conductivity of masonry units has decreased by increasing of volumetric hollow 
ratio and thermal conductivity of masonry blocks has ranged between 0.203 - 0.237 W/mK. 

Al-Jabri et. al. [15] studied to block element for hot climate region. The blocks were produced from 
two indigenous materials: vermiculite (VerBlock) and polystyrene beads (PolyBlock1) which were 
used as lightweight aggregates with different proportions in the mix. The mechanical properties of the 
two types of blocks were compared and compressive strength of these blocks has changed between 
2.2-15 N/mm2. 

Uysal et.al. [13] a study has conducted on thermal conductivity coefficients of concretes made up of 
mixtures of pumice aggregate (PA) and normal aggregate, and they were reported that when 25%, 
50%, 75%, and 100% PA ratios were used in place of normal aggregate by volume,  PA decreased the 
density and thermal conductivity of concretes up to 40% and 46%, respectively. 

As seen, the masonry blocks produced with pumice aggregate has lower thermal conductivity than 
normal concrete and brick used in constructions.  
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Abstract 
Metal oxide varistors (also known as ZnO based varistors) are today used for making state of the art 
surge arresters for all voltage levels, but they are less used for telecommunication lines. Essentially 
they are “n” semi-conductor ceramics made of ZnO (more than 90%) and many other oxides having 
different roles. This paper presents a new manufacturing technology based on 2 additional oxides 
Cr2O3 and MnO2. This varistor material has a smaller electrical capacity, suitable for 
telecommunication applications. Started from chemical measurements, and finished by electrical tests, 
the experimental pat of this paper is an Interdisciplinary research. 
Key words: metal oxide varistors, telecommunications 

 

1. INTRODUCTION 
It is well known that Metal Oxide Varistors (also named ZnO varistors, due to their most important 
component) are today used for making state of the art surge arresters for all voltage levels, from 
domestic low voltage to high voltage transport lines. Their main goal is to protect any piece of 
electrical equipment against any type of over voltage which occurs on the power supplying network 
(technical incident, induced voltages or lightning stroke) [2]. They are applied in modern technologies 
due to some important advantages such as: a high level of non-linearity for the current-voltage 
characteristic, a high energy absorption capacity and an excellent response time. They are essentially 
ceramic poly-crystalline n – semiconductors. They are made from a mixture of metal oxides such ZnO 
(more than 90 %), Sb2O3, MnO2, Bi2O3, Cr2O3, Co3O4 and many others [1]. But, for different purposes, 
not all the ingredients are necessary. This paper intends to demonstrate this. Varistors were invented at 
the beginning of the sixties, by Russian scientists, in order to protect military telecommunication lines 
against the overvoltage effects caused by the Nuclear Power Pulse. But this first application was 
rapidly forgotten.   

ZnO in his natural state is an excellent semiconductor. Generally it is more likely to find more Zn2+ 
ions inside his structure. By introducing other metal oxides, Zn2+ ions are substituted inside the crystal 
structure only by bivalent metal ones. The others will be placed between the ZnO fragments and work 
like a supplementary potential barrier.     

Figure 1 shows us the microstructure of a metal oxide varistor, as observed on the electronic 
microscope. We notice the large ZnO crystal grains and the inter-granular layer of other oxides, which, 
in fact, gives the varistance effect by introducing a supplementary potential barrier. This micro-
structure looks like a stone-wall having ZnO grains as stones and other oxides acting as cement [1].   

The varistance effect consists in a non-linear (non-ohmic) relation between the crossing current (the 
crossing current density) and the voltage (the field intensity applied to the material). In fact, at low 
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voltage, the varistor acts as an insulator and at higher voltages, it acts like a conductor. So, it is ideal 
for any protective devices made for voltage suppression [4].  

Cr2O3 and MnO2 are used in order to obtain different structure phases during the elaboration process. 
It’s obviously that the amount of Cr2O3 and MnO2 used during manufacturing has a highly influence 
over all electrical proprieties of that varistor [1]. The main purpose of this paper is to determine the 
influence of Cr2O3 and MnO2 concentration over the electrical capacity of that varistor. The opening 
voltage of a certain varistor VN is the DC voltage measured between the faces of the varistor, 
conventionally, when a 1 mA DC current is established through that varistor [1]. 

 
 

Figure 1. Micro-structure of a Metal Oxide Varistor 

All phases of the varistor manufacturing process are shortly described bellow:  

First, all metal oxide powders are carefully weighed. After weighing, all components are mixed and 
grinded by using pure water and organic solvents for a few hours. Water and organic solvents are 
removed by slowly heating that mixture. Another grinding operation is necessary after removing those 
solvents. The resulting powder mixture is sifted to avoid formation of large pieces. The resulting 
powder is put into moulds and carefully exposed to higher pressure (hundred of barrs). After pressing, 
the resulting piece is gradually submitted to extreme heating (at temperatures higher than 1000 °C) for 
a few hours. Next, the varistor is naturally cooled down. When the varistor is cooled at the 
environmental temperature, a small layer of Ag is applied to both ends, as electrodes. The Ag based 
compound is a semi liquid paste which has to be dried before any other action could be performed (by 
slowly heating again). Then, the final phase of the technological process consists in submerging the 
heated piece into an epoxy resin powder in order to obtain the rapid polymerization of that organic 
insulator [1].  

 

2. THE CHEMICAL COMPOSITION AND THE MANUFACTURING OF THE 
VARISTORS 
Generally, all physical and electrical proprieties are depending of the chemical composition. Weighing 
all ingredients (after establishing a correct composition) is an important operation. This operation is 
made by using a standard METTLER electronic balance for weights more than 0.1 mg. This operation 
is relatively simple, because all the ingredients are delivered as powders, having a very uniform and 
well determined granulation. 

The initial chemical composition of a standard varistor having 5 additional oxides is shown in table 1 
[1], according to a technology developed by the Génie Electrique Laboratory in Toulouse, France 
(now it is called the Laplace Laboratory). All masses are reported to 500 g of mixture. The role of 
each component is different. There are many oxides inside this material, but the role of the last 4 
oxides is not very important, because they are used only for grain growth [2].  
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The authors developed, during their stages at the Génie Electrique Laboratory form the PAUL 
SABATIER University of Toulouse, France, another varistor material which could be used for 
telecommunication applications, due to its reduced electrical capacity. It is based only to no more than 
2 additive oxides (having a reduced electrical capacity). This initial chemical composition is shown in 
Table 2 (all masses are reported to 500 g of mixture [3]. By comparing to the initial composition, we 
notice that only the Sb2O3 amount has been modified. 

 

Table 1 - The initial chemical composition of a varistor (with 5 additive oxides) 

 

Substance Percentage [%] Mass [g] for 500 g mixture 

ZnO 82.25 411.28 

MnO2 0.75 3.75 

Cr2O3 1.32 6.601 

Co3O4 2.09 10.457 

NiO 0.648 3.244 

Bi2O3 4.047 20.235 

Sb2O3 8.862 44.345 

B2O3 0.0756 0.378 

MgO 0.0438 0.219 

Al(NO3)9 0.0260 0.130 

 

Table 2 - The initial chemical composition of a varistor (with 2 additive oxides) 

 

Substance Percentage [%] Mass [g] for 500 g mixture 

ZnO 87.45 437.25 

MnO2 1.843 9.215 

Cr2O3 1.515 7.575 

Sb2O3 9.0466 45.233 

B2O3 0.0756 0.378 

MgO 0.0438 0.219 

Al(NO3)9 0.0260 0.130 

 

We insist that this is only the initial chemical composition. It will be changed after passing all the 
phases of the manufacturing process, due to the vaporization and decomposition of many 
supplementary oxides. Practically, only the first two useful oxides will remain inside the electrical 
material [4].  
For the two remaining oxides we can say that their roles are: 

 Cr2O3 is used mostly for grain growth limitation; 

 MnO2 is used as a doping element. 
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After weighing, all ingredients have to be carefully mixed by using the mixing ball machine shown in 
Figure 2. The mixing procedure can last for more then 30 hours, in order to obtain a homogeneous 
powder, which could be pressed after.  

As we mentioned before, the rest of the oxides will be decomposed after passing through all the phases 
of the manufacturing process. 

The resulting piece of semiconductor equipment will be carefully put to electrical measurements in 
order to determine all its parameters  

A 7 mm varistor made according to this technology, during all phases of the manufacturing process, is 
shown in Figure 2. 

 
Figure 2. The results for the main phases of the manufacturing process 

Figure 3 shows as some of the equipment used in laboratory for varistor manufacturing. It may be 
different from the industrial one, but in principle, it is the same. 

 

 
 

Figure 3. Laboratory equipment for varistor manufacturing process 
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This equipment is used for making all type of varistors, starting from low voltage ones to medium and 
high voltage series. 

 

3. EXPERIMENTAL PROCEDURE AND RESULTS 
For telecommunication equipment (such as digital phone centers), supplied from the low voltage 
power network, it is necessary to measure the electrical capacity of the varistor at 50 Hz. There is an 
original, simple and efficient method, described below, which could be applied by using a simple 
digital oscilloscope. 

This method is base don the fact that the varistor is a non-linear electric device, having, at this 
frequency, an important capacity.  

The varistor is equivalent to a parallel electrical schema having a capacity CV and a resistance RV 
(variable with the applied voltage, but constant for a certain voltage). This schema, together with the 
principle schema for carrying out measurements is presented in Figure 4. A SEFRAM 5064DC two 
channel digital oscilloscope was used. The PC is recommended, but not absolutely necessary. 

One channel is reserved to the varistor voltage and another is reserved for observing, by using the Rd 
resistance, the current passing through the varistor. The varistor was connected to 250 Vef (UMCOV, the 
maximum RMS voltage value in normal conditions). If the supplying voltage is higher, the varistor is 
a conductor and the resistive part of the current is higher. If the voltage is lower, that varistor acts like 
an insulator, and the capacitive component is higher than the resistive one. All measurements made at 
50 Hz AC were performed at the Faculty of Electrical Engineering in Timisoara. 

In principle, we can separate the two current components, Ir the resistive one, in phase with the main 
voltage, and  Ic, the capacitive one, with a 90 degrees delay. 

We have to measure the maximum capacitive current Icmax, obtained, obviously, to the maximum 90 
degrees distance, when the main voltage reaches 0. 

By knowing this value, we can wrote this relation for the varistor capacity CV: 

CV = Icmax / (Vmax ·ω) 

We know that Vmax = 250·1.41= 352 V, ω = 314 rad/s 

After obtaining the CV capacity at 50 Hz, we can measure its relative permittivity, εr for this 250 Vef 
voltage and 50 Hz frequency. The computing relation is: 

εr = (4·h·CV)/(ε0·π·d2) 

where: 

h = 2.8 mm (for the 230 Vef –RMS classic varistors); 

d is the diameter; 

ε0 = 8.854·10-12 F/m (the absolute air permittivity). 

All results are shown in Table 3: 

 

 

 

 

 

(1) 

(2) 
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Table 3 - AC measurements at 250 Vef, 50 Hz 

 

Type of the classic 
230Vef Varistor 

(diameter) 

Icmax [A] CV [nF] εr 

7 mm 1.32 ·10-5 0.12 1044 

20 mm 1.13·10-4 1.03 1038 

30 mm 2.57·10-4 2.33 1046 

 

From Table 3, we notice that the average value for εr is around 1040, for a material having 5 additive 
oxides, used in common AC applications. 

Using the new material, applied to telecommunication lines, with 2 additional oxides, only varistors 
for 48 Vdc were made. They have reduced εr. The maximum RMS value of the voltage (in AC regime) 
is about. 0.65 from the opening voltage (aprox. 40 Vef, not 38.9). 

We considered Vmax = 0.65·59·1.41 = aprox. 56.4 V, ω = 314 rad/s 

Relations (1) and (2) are applied by knowing: 

 h = 0.9 mm (the 48 Vcc varistor height); 

 d = 7 mm; 

All results are shown in Table 4. 

 

 

Table 4 - AC measurements at 40 V, 50 Hz 

 
Type of the new 48 Vdc Varistor (d) Icmax [A] CV [nF] εr 

7 mm 3.01 ·10-6 0.17 468 
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The measurements were carried out at an environmental temperature of 20 °C. 

 

Figure 4. The electrical schema for alternative measurements 

From Table 4, we notice that the average value for εr is around 470, for a new material having 2 
additive oxides, which could be used in common telecommunication applications. It gives a reduced 
electrical capacity and a higher capacitive reactance for the useful signals.  

 

4. CONCLUSIONS 
The new material developed by the authors is easy to made and easy to use. It is suitable for protecting 
all telecommunication equipment, having a lower electrical capacity. Test were carried out by using a 
new, simple and efficient method for varistor testing. 

This method is simple, easy to use, with equipment available in any electrical engineering laboratory, 
by medium qualified persons. It gives information about the performances of all those materials 
involved and gives also suggestion for their application domain.  
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The results obtained by using this method are simple and they are confirmed by obtaining an εr which 
is 2.2 times lower for the 2 oxides material by comparing with the 5 oxides one, which has a 2.11 
higher granulation. They are also confirmed with the close range of values obtained for 230 Vef 
varistors. Generally, on literature, for this classic material, only values of 1000-1500 are shown. 
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Abstarct 
This paper presents some basic theoretical aspects concerning the predictive maintenance applicable 
to high voltage switches as well as (on line and off-line) methods of monitoring and diagnosing the 
status of their main contacts. All principles are applicable to other many high voltage devices like 
surge-arresters, separators etc. Some fuzzy-logic algorithms are used to determine the key elements of 
the predictive maintenance. Those algorithms are implemented into powerful software tools for high 
voltage equipment maintenance. It is a clear example of implementing technology changes in order to 
obtain a higher efficiency of some existing equipment with low costs. 
Key words: high voltage equipment, maintenance 

 

1. INTRODUCTION 
High voltage switching devices (and, generally, all high voltage equipment) are very expensive pieces 
of equipment. Their normal life is at least 30 years of continuous operating service.  So, maintenance 
is crucial for those pieces of equipment, no mater their construction and destination. 

The types of high voltage switching devices in service in the European Union (in 2002) are 
represented (as percentage) in Figure 1. Since then, no major improvements were carried out, so data 
are still valid. The situation in Romania is more or less similar. 

 

 
 

Figure 1. The main types of medium and high voltage European circuit breakers and their percentage 
in 2002 

Monitoring high voltage equipments implies the following three main goals: 

 optimizing the equipment maintenance; 

 increasing its disposal; 
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 ameliorating the knowledge concerning assembly functioning. 

The present paper refers to the operations, which are necessary to ensure a normal work of the 
equipments in exploitation, which make up the maintenance of the product. 

Maintenance can be: 

 curative  detecting and connecting accidental faults; 

 preventive  preventing faults throughout periodical interventions; 

 predictive  forecasting faults and avoiding their apparition. 

All these categories having as main goal amelioration of management and optimization of the use of 
equipments, goal realized through monitoring and diagnosing techniques. 

Monitoring, as an action of measuring and automatic comparing of some peculiar parameters, having 
referential values of a process or equipment is based on (Pelinici) methods of diagnosis and analysis of 
appearing faults. 

The choice of the number and types of sensors, their location and the establishment of the measuring 
schemes of the monitored parameters influence decisively the solution of this problem. More over, an 
adequate system of monitoring – diagnosing must have the following characteristics: 

 to be capable of independent functioning; 

 to be flexible, adjusting to the user’s necessities; 

 not to affect the response of the equipment or its reliability; 

 to be capable of integration into the command and automation of the monitored installation work. 

From the point of view of the resolution of the modeling problem of the monitored system, it can be 
approached either through optimizing the problem of monitoring – diagnosing following different 
criteria or through using artificial neuronic networks [2] 

High voltage isolating switches (SIT) are the largest equipments of the transformers and it is their 
work that the continuity of electric power supply of the consumers depends on. 

The main goals of the SIT predictive maintenance policy refer to: 

 collecting, analyzing and interpreting the data of the important working characteristics of the 
equipment; 

 elaborating the informational diagnosis concerning the SIT status to prevent the apparition of its 
faults; 

 reducing the periods of unavailability in order to make work more effective. 

The faults in SIT depend on: 

 the type of construction, 

 the voltage level of the installation, 

 the location inside the diagram of primary commutation etc. 

In [3] according to some research work done at S.C. Electrica S.A. – Sibiu Branch – there have been 
established the main sources of faults on SIT: 

 an increase in the contact electric resistance corresponding to the close status of these equipment 
of maneuver – separation; 

 breaking of the support isolators respectively acting ones; 
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 other causes,  whose  importance  is illustrated in Figure 2. 

Among the causes of the increase, in the electric resistance the there have been mentioned [3], [4]: 

 the decrease in the push force in the contact as a result of the fatigue of the springs used, function 
of the number of commutations made; 

 the reduction of the real contact area, as a result of pollution oscillation and fatigue of the 
microscopic contact pins; 

 the improper maintenance operations etc. 

Their effect is an increase in the voltage drop on contacts, while functioning, above the admissible 
values [3]. 

 
43% - improper materials and adjustments 
32% - breaking – through of isolators 
25% - other causes 

 

Figure2: The cause of faults in 110 kV exterior isolating switches 

 

Any supplementary post-accident (curative) maintenance operation means supplementary costs and 
financial and operational losses for the electricity supplier or transporter. Predictive maintenance is, of 
course, more efficient. 

 

2. TECHNICAL DIAGNOSIS OF ISOLATING SWITCH CONTACTS 

Monitoring contact status in SIT is possible on line through the method of using optic fibers installed 
at the construction of the isolating switch and their connection to an interface for introducing, treating 
and interpreting data. It consists in analyzing the thermal images appeared and informing the decision 
staff on the evolution of the contact resistance Rc meant to prevent faults. Knowing the stationary 
supra-temperature of the contact, c (c =c - amb) and the intensity of the permanent regime current, I, 
function of the nature of the superficial material of the contact pieces (copper or silver), there can be 
determined a voltage drop, Uc, 

2/1
cc IRU   

respectively, contact resistance, Rc 

2/1
c

1
c IR    

which is steadily compared with the admissible limits. 

43%

32%

25%

(1) 

(2) 
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In table 1 [5] for couples of contact pieces of the same material (silver – silver or cooper – cooper) in a 
new status there have been raised the temperatures and critical voltage drops in contact (when 
plasticization of materials is possible) as well as the values of  factor: 

 

Table 1 - Physical properties for contact materials   

Material of contacts in 
the air in a new status 

Critical temperature cr 
[grd] 

Critical voltage drops 
in contact Ucr [mV] [Vgrd-1/2] 

Silver–silver 180 93.6 7.4410-3 

Cooper-cooper 190 94 7.4010-3 

 

From relations (1) and, respectively, (2) there has been found out that the modification of the 
conduction status and increase of the contact surfaces, at work, through impurification with isolating 
pellicles, respectively, decrease in the pushing contact force, result in an increase of the contact 
temperature. Monitoring, either directly contact supra-temperature, or voltage drop in it, there can be 
appreciated with maximum economic efficiency, through predictive maintenance, the proper moment 
of maintaining works of the contact sub – assemblies of SIT. 

Another way of diagnosing the status of the principal contacts of SIT which does not involve the 
thermal vision equipments, but which can be occasionally or periodically (off line) monitored is based 
on measuring the electric contact resistance of the equipment, according to the schema shown in 
Figure 3, [1]. 

According to this method, applicable to disconnecting the installation, where the checked isolating 
switch is found, a current of 100 – 1000 A is injected through it, both voltage drop U2 between the 
equipment buses and current I through closed contacts of the maneuver / isolating switch apparatus 
being measured. 

The CDR (Contact Disturbance Recorder) acquisition interface records, calculates, compares, 
transmits to the managing point and stores information obtained through the measurements done 
according to the schema in Figure 3, recording at the same time the number of commutations N made 
by the isolating switch between two successive acts of monitoring. 

 

Figure 3. Block diagram of measuring and recording contact resistance 
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The periodical determination of the resistance contact, which best characterizes the technical status of 
the commutation sub-assembly of the isolating switch and comparison of this parameter with pre – 
determined or referential values allows the quantitative appreciation of the current technical status of 
the equipment. 

The best moment of the maintaining is established through fixing a percentage limit of value Ucr 
(Tab.1) which is compared with the current value of the contact voltage drop. UCN, as a result of the 
measurement of the contact resistance RCN (after N maneuvers with the isolating switch) and of 
current I recorded by CDR. 

Algorithm of establishing the predictive maintenance period of the commutation sub-assembly of SIT 
could be implemented using FUZZY logic techniques. 

The data obtained from the periodical measurements of the contact resistance after N maneuvers 
with isolating switch RNC are used to calculate nominated error j(N) versus the value of the same 
parameter established at the end of the latest revision, RCO. 

 

 
as well as the variation of this value after N commutation cycles (between two consecutive 
measurements) j(N) 

)1N()N()N( jjj   

Placing j(N) and j(N) in fuzzy multitudes of Figure 3 and linking them to fuzzy values SP; MP; LP, 
we can pass to the calculation of the final functions of output to a fuzzy multitude: 

   i
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Figure 4: Fuzzy multitudes and belonging functions 
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The calculation of functions f(SP), f(MP) and f(LP) is realized on the basis of Table 2 and Table 3. 

The following step consists of determining belonging function  output from the algorithm presented 
in figure 4 in relations: 

      LP,MP,SPMAX fffoutput   

Table 2 - Fuzzy rules 

 
 
 SP MP LP 

SP SP MP MP 
MP MP MP LP 
LP LP LP LP 

 

Through the conversion of the linguistic value of  output into a clearly numerical value  % 
(representing fatigue of SIT electric contacts in percentage) and comparing the latter with admissible 
fatigue of SIT electric contacts, adm, there has been established the moment of the next diagnosis test 
and revision. 

 

Table 3 - Decision table of fuzzy multitudes and belonging functions 

 

xi 

Input output 

(j, j) (xi, SP) (xi, MP) (xi, LP) 

x1 (SP,SP) 1 0.5 0 

x2 (SP,MP) 0.5 1 0.5 

x3 (SP,LP) 0.5 1 0.5 

x4 (MP,SP) 0.5 1 0.5 

x5 (MP,MP) 0.5 1 0.5 

x6 (MP,LP) 0 0.5 1 

x7 (LP,SP) 0 0.5 1 

x8 (LP,MP) 0 0.5 1 

x9 (LP,LP) 0 0.5 1 

 

A simple algorithm for calculating the predictive maintenance period of a SIT, based on this fuzzy-

logic method is shown below: 

 

 

j 

(8) 
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Initial data: RCO, RCN, N

Calculates: j(N), j(N)

Calculates: f(SP), f(MP), f(LP)

Establishes output as linguistic value

Executes conversion output          %

Compares
m % with adm

Displays analysis results
 

 

Figure 5. Block diagram of the algorithm used for establishing the period of predictive maintenance of 
SIT electric contacts 

 

3. CONCLUSIONS 
The methods presented in this paper allow high confidence diagnosis of the technical status of the 
commutation sub-assembly of high voltage isolating switches providing detailed information on: the 
electric contact resistance, the fatigue degree of main contacts and the best moment for predictive 
maintaining works with this equipment. 

The monitoring off line system of contact resistance of the isolating switches found in high voltage 
stations presented in the paper allows the prevention exploiting of their breaking increasing the 
efficiency of the activity through the periods of unavailability, respectively increasing the reliability if 
these equipments. 

Extending the application of the diagnosing methods, recommended for a large number of high 
voltage installations we could obtain data banks concerning the parameter we are intersected in – 
contact resistance – this allowing a report on the tested equipments at this data banks, thus 
ameliorating the knowledge about their work in order to optimally forecast the period of safe usage. 
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Abstarct 
SF6 insulating installations are today the most performing technical solution applied to high voltage 
devices such as circuit-breakers and surge arresters. This gas is used due to a lot of excellent 
insulating properties. These properties are depending on many variables, one of them is electrodes’ 
geometry and material. Capsulated SF6 installations unlike open ones are submitted to various faults 
which are revealed only when all the equipment is completely or partially destroyed. This paper 
presents some aspects concerning fault location methods used in the diagnosis of capsulated SF6 
equipment (circuit breakers, surge arresters). These methods are applied in Romania and in other 
countries by both producers and users of this piece of equipment.  

Key words: high voltage equipment, gas insulation 
 

1. INTRODUCTION 
Generally, in capsulated equipment each fault which appears is less visible than in open ones. Only 
when the entire compartment is open (and by doing that, it is totally or partially destroyed), all faults 
could be visible and located. In the case of insulation tests made by the producer or by the user of that 
equipment, each partial discharge have to be precisely located in order to reduce time or to reduce the 
costs of the maintenance. 

Generally, when studding the dielectric breakthrough process, ideal electrode surfaces are taken in 
consideration. But many experimental results, different than theoretical ones, could be a consequence 
of microscopic asperities. These asperities are mostly undefined and could modify the dielectric 
breakthrough process by local increases of the electric field’s intensity or by supplementary electrons 
emission which leads to an apparent dielectric rigidity decrease. In reality, only a few parameters are 
modified (the electric field, the initial electrons number).  The individual asperities number will affect 
the dielectric rigidity empirically determined before. 

We also notice all SF6 equipment users’ requests for having precise methods and test equipment 
adequate for continuous control of the insulation state [2], [3]. Such methods and test equipment will 
be presented in this paper. 

 

2. FAULT LOCATION POSSIBILITIES INSIDE SF6 CAPSULATED INSULATIONS 
Insulation breakthrough appears as a consequence of an electrical discharge like a streamer or like an 
electrical arch. Breakthroughs during insulation test are most likely streamers and the others, 
appearing during long time service are electrical arches. 

As we know, the appearance of the leader (as a preliminary phase of the breakthrough) is 
characterized by an intense light, heat, sound and ultrasound emission as well as SF6 decomposition. 
These effects are normally limited to the fault area. Combined with these effects, an electromagnetic 
transitory phenomenon, consisting in traveling waves, over voltages or intense magnetic fields, occurs 
too. 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

109

Each fault location device has to be able to memorize that fault, which mostly has a very short period 
of time, until the fault (the state) is registered by the operator or by a dispatcher. After that, the record 
could be erased on demand or automatically.  

Figure 1 shows the main effects produced by electrical breakthrough, which could be used for fault 
location. “S” means an effect used for spark faults and “A” an effect used for arch faults.  

 

 
Figure 1. The effects of SF6 breakthrough and their use for fault location 

 

Fault location is based on the main effects of dielectric breakthrough and it could be: 

 Fault location based on temperature increase is a function of the electric energy transformed in 
heat in the electrical arch canal. It could not be applied to insulation tests. But it could be used in 
detecting faults appearing in long service time by applying heat sensitive paint on capsulated 
devices. 

 Pressure increase based fault location applied to separated capsules (with no gas exchange) is 
possible only in the case of an electrical arch.  

Pressure variation is given by equation (1): 

P = k I t / V 

where I is the RMS value of the short-circuit current, t is the short-circuit time, V is the capsulated 
gas volume, and k is a constant depending on equipment’ design. Pressure variation occurred in 
this case has the same order like gas pressure and it’s bigger than temperature caused pressure 
variation. It could be measured by using a simple manometer. 

 Fault location based on acoustic waves caused by the incident is possible both in case of sparks 
and electrical arch. Although it is difficult to separate sounds of an electrical arch fault from 
sounds of an electrical arch which appears on normal commutation.  

 Gas analysis based fault location, on each compartment of the capsulated device is a cheap 
technical solution. A minimum amount of gas from the verified compartment is released by a 
valve in a glass tube containing a basic solution. In presence of acid decomposition residues, the 
solution is neutralized and changes color. For the whole capsulated device, this process could take 
a few hours, so its use is limited. 

Temperature variation            A 

Internal pressure variation     A    

Acoustic/ultra-acoustic pressure   A, S        

SF6 decomposition                   A 

Traveling waves                       S 

Magnetic fields                        A 

Light emission                      A, S 

SF
6  breakthrough 

 

(1) 
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 Traveling waves based fault location can be used only for a short amount of sections, only in 
specialized labs, because each impedance variation causes reflections and refractions which could 
complicate the process. 

 Magnetic field based fault location is used when an internal breakthrough, followed by an 
electrical arch, occurs. This phenomenon produces a strong magnetic field which could be 
measured only on the exterior surface of the aluminum shield, as we notice on Figure 2. The 
experimental results [3] shown a radial component of the magnetic induction of about 3 mT for a 
fault current of 1 kA. This kind of magnetic fields could be measured by magnetic sensors placed 
on an adhesive tape fixes around the envelope. This deposit has to look like a heavy magnetic 
material and the distance between two separate tapes has to be at least 120 – 150 mm [3].  

The flexible magnetic sensors, (named from 1 to 8 in Figure 2) are initially de-magnetized and in 
normally service state of the equipment and their magnetic status is not affected by the current 
crossing the envelope. The reading of the measurements is done by using a flux-meter. Ik is the 
short-circuit current and Br is the radial magnetic induction. 
 

 
 

Figure 2. Magnetic field based fault location method applied to a capsulated bar system 

 Light emission fault location allows detection of both sparks and electrical arch. Experiments 
shown that breakthroughs in SF6 made light emissions in a specter between 330 and 655 nm [2]. 
We can also notice a weak continuous red specter and a spectral maximum between 330 and 470 
nm (ultra-violet and blue). If every section of the capsulated device contains an optical sensor, 
each of them must be extremely sensitive, due to the geometry of that section (curves, angles, 
insulations, different layer).  

As we notice in Figure 3a, the light open angle of that device must be as large as possible due to 
its exocentric position. Light emission diodes, and photo-transistors are placed as sensors and the 
light is received by passing trough Plexiglas windows.  The detection block may be realized, as we 
notice in Figure 3b, by using an integrated light sensor. This block contains also a pre-amplifier 
followed by a comparator block which gives de sensitivity limit of this device. The turn-off of that 
comparator acts an execution circuit which maintains the information for a local or remote control. 
In order to avoid any electromagnetic interferences caused by fault short-circuit currents, 
detectors’ electric supply is made by using batteries, the whole device being made inside an 
electromagnetic shield.  

In Figure 3 a: 

 1 are the optical sensors; 

 2 are the tight insulating elements;  

 3 is a middle insulating element.  
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In Figure 3 b, (which is the schema of the optical sensor): 

 1 is a threaded connection; 

 2 is a transparent section; 

 3 is a photo-diode (or a photo-transistor); 

 4 is a pre-amplifier; 

 5 is a comparator; 

 6 is a relay;  

 7 is a battery;  

 8 a signal output gate; 

 9 is an electromagnetic shield.  

 
 
Figure 3. Light emission based fault location method applied to a capsulated SF6 compartment 

 

3. PREDICTIVE BREAKTHROUGH DETECTION POSSIBILITIES 
This problem is more difficult to solve than fault location due to the lack of information about it. One 
way to do this is by using the partial discharges. 

Each partial discharge detector must have these properties: 

 to not modify the existing capsulated insulation (eventually to be placed outside that device); 

 to be as compact as possible; 

 to not be affected by external discharges or electromagnetic noises and to resist to extreme 
internal ones. 

Fault simulation in a capsulated insulation (having a nominal voltage of 77 kV) has lead to the results 
shown in Table 1. All the measurements were made by using an electrical fault detection equipment 
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type ERA3. We can notice that no matter the detection method involved, that one has to be able to 
detect partial discharges on a level from 10 to 20 pC. 

Table 1- Partial discharges level and repetition frequency made by artificial faults in a 77 kV 
capsulated insulation 

 

Simulated fault 
Apparent charge 

pC 

Frequency 

Hz 

Imperfect contact on current way 10 000 1 000 

Contour discharge for a border insulating 
element 11 000 600 

Presence of foreign elements: 

Grains of Copper 

M10 screw 

 

40 

600 

 

- 

100 

Border insulating element enclosures 2800 80 

 

Between all preventive fault detection methods taken in consideration, the optical and the acoustical 
method are mostly used. The ultra-acoustic method was successfully applied by the biggest Romanian 
high-voltage circuit-breaker manufacturer, Electroputere S.A. Craiova [2] to detect any free particle 
inside that equipment. This company is making some researches in order to design and manufacture an 
industrial testing equipment based on this method. 

An original electrical preventive fault detection method is described in [1]. This method is designated 
for fault detection on conic insulators or disc insulators. These faults could appear as pollution with 
SF6 decomposition residues. 

As we notice on Figure 4 a, on one exterior surface of the insulating element 1 (made of resin) which 
sustains the main conductor 2, a conductive layer 3 was applied. This layer represents the electrode 
used to collect all the information about any possible faults in the insulating element. This information 
is then transmitted to the differential amplifier 4. On the other entry of that amplifier, a signal from the 
capacitive sensor made through the insulation 5 between the electrode 6 and the earth-connected metal 
envelope 7 is received. 
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Figure 4. Partial discharges detection method applied to a capsulated SF6 installation 

 

This differential scheme assures a very high noise reduction as we observe in Figure 4 b. A 10 pC 
partial discharge could be easily detected using this equipment.  

On this figure, E is an spark gap which simulate the partial discharges on the insulating element 1.  

C2-7, C2-3, C3-7 and C5-5 are the capacities existing between all these electrodes involved. 
 
 
4. THE INFLUENCE OF THE ELECTRODES’ ROUGHNESS ON SF6 DIELECTRIC 
BEHAVIOR 
Generally, when studding the dielectric breakthrough process, ideal electrode surfaces are taken in 
consideration. But many experimental results, different than theoretical ones, could be a consequence 
of microscopic asperities. These asperities are mostly undefined and could modify the dielectric 
breakthrough process by local increases of the electric field’s intensity or by supplementary electrons 
emission which leads to an apparent dielectric rigidity decrease. In reality, only a few parameters are 
modified (the electric field, the initial electrons number).  The individual asperities number will affect 
the dielectric rigidity empirically determined before. We will present separately the influence of the 
asperities and the influence of electrodes’ material on supplementary electrons emission.  
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The breakthrough fault could be stimulated when microscopic electrodes are present. The influence of 
the roughness of the electrodes must be taken in consideration after a massive maintenance operation 
when all contacts are cleaned, polished and covered. 

On a technical electrode surface, depending on which treatment was applied on that surface, all 
asperities are distributed evenly (polished, sandblasted, cast) or periodically (turned, milled, planed) 
[1]. Even polished aluminum surfaces have roughness when looking on an electronic microscope. The 
maximum peak of that surface could be determined in a dielectric breakthrough. This microscopic 
fault, on a few square centimeters surface seems almost unidentifiable, because it could be detected 
only on a longitudinal palpation. That’s why the maximum roughness Rtmax, taken from a standard 
profile is not representative for the entire electrode [2]. 

If measured values for the dielectric withstand-voltage are related to Rtmax, those results could heavily 
be used to other systems. It is more advantageous to describe the roughness of a certain electrode 
surface by using a standard well-defined method or (better) by using the medium roughness tR , 

measured from a roughness profile. A complete analysis is done when using both tR and microscopic 
pictures taken from that profile. The electronic microscope pictures indicate even post-breakthrough 
geometrical variations of that superficial surface which normally don’t affect the withstand-voltage, 
because simultaneously conductive deposits appear. The influence of electrode’s roughness on the  
withstand-voltage could be easily and detailed studied by making measurements on aluminum 
electrodes characterized by a certain tR combined with electronic microscope pictures.  

As we know, when the medium roughness tR increases, the dielectric rigidity Es063 decreases.  
The relation between dielectric rigidity and gas pressure is given by (2): 

CsT
s p

p
E

E )10( 20

*

20
063 








    

This linear family is limited on top by the interior dielectric rigidity, line 1, Esi (considered only for 
ideal electrodes) and on bottom by the technical dielectric rigidity line 6, Est, for not treated surfaces. 
All the surfaces considered are also represented by lines. Some values for those parameters are given 
in Table 2 [2]: 

By using this relation between the dielectric rigidity and the medium roughness, a roughness factor, 
depending on pressure, could be determined, as shown in relation (2): 
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These parameters are deductible from different other relations given in literature. 

By knowing this roughness factor, for a given medium roughness tR , the requested dielectric rigidity 
could be easily determined: 

sirs EeE   

The withstand-voltage, for a given electrodes system is given by: 

d
Fh

e
r

e
si

E
s

U    

Where ek is the curve coefficient, ηF is the homogeneity coefficient and d is the distance between the 
electrodes [3].  

(2) 

(3) 

(4) 

(5) 
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Table 2 - Dielectric rigidity values for different surface treatments 

 

Line 
nr. MPamm

kVin
p
EsT









,

*

20

 Treatment tR  

[μm] 

1 89 - (0) 

2 84 Polished 0,085 

3 81 Pulled 0,550 

4 78 Sandblasted 5,0 

5 71 Striated 36,0 

6 65 none (300) 

 

These relations could be used for any type of voltage. 

 
5. CONCLUSIONS 
 Fault detection and location in capsulated SF6 installations could be easily made on new pieces of 
equipment as well as on existing service ones. 

Fault location optical devices have a large perspective for the next future, due to their simplicity. They 
are compact, easy to use and very high noise resistant and could be applied both for fault risk detection 
and effective fault detection. 

Dielectric rigidity for SF6 insulations depends on different factors. One of them is roughness. 
Generally, we can say that when the medium roughness increases, the dielectric rigidity decreases. 
The electrodes material’s influence on dielectric behavior is interesting only for “smaller asperities”. 
We noticed that for normal SF6 insulations, no important electrode material influence was detected. 
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Abstract 
Elm wood was esterified with acetic and maleic anhydride and studied for moisture adsorption 
behaviour.  The sorption isotherms for untreated and chemically modified wood were analysed using 
the Hailwood-Horrobin model.  The experimental analysis of the sorption isotherms showed that 
esterification affects total, polymolecular, and monomol-ecular sorption.  Acetic anhydride treatment 
was found more effective in reducing the hygroscopicity of wood compared to maleic anhydride 
treatment at comparable weight percentage gain. 

Key words: Chemical modification, Acetic anhydride, Maleic anhydride, Sorption, Hailwood-
Horrobin model 

 

1. INTRODUCTION 
The fibrous nature of wood has made it one of the most appropriate and versatile raw materials for a 
variety of uses.  However, two properties restrict its much wider use: dimensional changes when 
subjected to fluctuating humidity, and susceptibility to biodegradation by microorganisms.  The 
varying moisture content of wood results in dimensional and conformational instability, which can 
compromise the performance of other materials combined with wood, such as adhesives and surface 
coatings.  Until relatively recently, these shortcomings were addressed by impregnating wood with 
appropriate hydrophobes (Stamm 1964; Kumar 1994).  It has now been demonstrated that wood may 
be modified chemically so that selected properties are enhanced in a more or less permanent fashion 
(Rowell 1983, Hill and Papadopoulos, 2002). 

It has been shown that the dimensional stability of wood can be effectively improved by esterification 
with anhydrides (Rowell et al. 1988, Papadopoulos and Hill, 2003).  There is limited work reported on 
the water vapour sorptive properties of such modified woods.  A number of authors have investigated 
the sorption isotherms of acetylated wood specimens at only one level of substitution (Risi and 
Arseneau 1957; Spalt 1958; Popper and Bariska 1972; Yasuda et al. 1995).   

In this study, water adsorption behaviour of one widely used Greek hardwood, namely elm (Ulmus 
montana), esterified by acetic and maleic anhydride was investigated.  Esterified wood was analysed 
by FTIR spectroscopic technique to study the changes in spectral intensity of hydroxyl groups of cell 
wall polymers during the reaction with anhydrides.  Adsorption isotherms were obtained to assess the 
hygroscopicity of esterified wood, using the Hailwood-Horrobin sorption theory. 

 
2. EXPERIMENTAL 

Wood modification reactions 
Sapwood samples of dimension 20 mm x 20 mm x 5 mm (radial x tangential x longitudinal) were cut 
from freshly-felled kiln-dried elm (Ulmus Montana).  Samples were carefully smoothed with 
sandpaper to remove loosely adhering fibres, then placed in a Soxhlet extractor for solvent extraction 
using toluene/methanol/acetone (4:1:1 by volume) for 8 h. and subsequently dried in an oven for 8 h at 
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105oC.  Samples were removed from the oven, transferred to a vacuum desiccator and allowed to cool 
to ambient temperature over silica gel.  Prior to reaction, each sample was weighed on a four-figure 
balance.  Samples (thirty replicates) were then vacuum impregnated with pyridine (dried over KOH) 
for 1 h, then transferred to a flask containing pyridine set in an oil bath at 100oC.  Samples were 
allowed to equilibrate in the hot pyridine for one hour.  After heating for 1 h, the sample batch was 
transferred to a round-bottom flask containing a one molar solution of the anhydride (acetic or maleic) 
in pyridine set in an oil bath at 100oC.  At the end of the reaction period (5 hours), the flask was 
removed from the oil bath, the hot reagent decanted off, and ice cold acetone added to quench the 
reaction.  Samples were kept in the acetone for 1 h, before being transferred to the Soxhlet apparatus 
for solvent extraction, as previously detailed.  Samples were then oven dried at 105oC for 8 h and 
weight gain due to reaction recorded. 

 

Infra-red (IR) Analysis 

For Infra-red (IR) analysis, the treated samples were ground up by using a microdismembrator (20.000 
rpm for 6 min).  The fibre flour was then mixed with oven- dry potassium bromide (KBr) powder (the 
fibre flour/KBr ratio was 1:100) and placed in a vibratory ball mill capsule.  The mixture was ground 
for about 2 min.  The ground mixture was then transferred to a press and the bolts of press screwed 
down.  The bolts were tightened with a spanner to press the disk.  After a few minutes, the bolts were 
loosen and removed.  The press was placed directly into a sample beam of a Mattson FTIR 
spectrometer, Nicolet 750, series II. 

 

Determination of moisture adsorption isotherms 
Test samples were kept above saturated solutions of various salts in containers stored in a controlled 
temperature room set at 20oC (variation +/- 1oC).  Six salts were chosen and these are listed in Table 
1, along with the RH of the atmosphere above each saturated solution at 20oC (according to Kaye and 
Laby 1973).  They were chosen on the basis of giving minimum RH variation with changes in the 
temperature (Stamm 1964).  Data published by Kaye and Laby (1973) show the equilibrium RH above 
saturated solutions of these salts to be insensitive to any variation in temperature expected in the 
controlled temperature room (a variation around 20oC of +/-5oC, causing a maximum variation of +/- 
1% RH).  Excess salt was always present within each solution to ensure saturation was maintained.  
The solution and air in the container were agitated by bubbling air through the solution.  The oven-dry 
wood samples were placed in the containers above saturated salt solutions.  They were left to 
equilibrate for 4 weeks and then weighed once a week, using a four-place analytical balance, until it 
became obvious that no significant weight change had occurred since the last weight was recorded 
(and equilibrium moisture content (EMC) had been attained).  After the adsorption equilibrium was 
attained, samples were weighed, and the moisture content was calculated on the oven dried weight 
basis. 

Table 1. Saturated salt solutions used and their resultant relative humidities at 20 0C. 

Salt RH (%) 

Potassium nitrate (KNO3) 93 

Sodium chloride (NaCl) 76 

Sodium dichromate (Na2Cr2O7) 55 

Potassium carbonate (K2CO3) 44 

Potassium acetate (CH3COOK) 23 

Lithium chloride (LiCl) 12 
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3. RESULTS AND DISCUSSION 
Infra-red (IR) Analysis 
Esterification of wood was established by infra-red spectroscopy (Fig. 1).  Infra-red spectra confirmed 
the occurrence of wood-anhydride reaction.  The strong vibrational absorbance obtained in the region 
of 1736 and 1730cm-1 (C=O) was a distinct pattern present in modified samples, which indicates ester 
bond formation.  As expected, such absorption was not present in unmodified wood. 

 

 
 

Fig. 1.  FTIR spectra of esterified and control wood: (a) control, (b) modified with maleic anhydride 
and (c) modified with acetic anhydride. 

 

Moisture adsorption isotherms 
Isotherm fitting 

To the experimental mean (average values obtained from two replicate samples) moisture contents at 
each RH values, the Hailwood-Horrobin (1946) adsorption equation was applied.  The adsorption 
equation is defined as follows: 

 

h/M = A + Bh – Ch2,         (1) 

where: 
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h (%) is RH, M (%) is moisture content, K1 is the equilibrium constant where the hydrate is formed 
from dissolved water and dry wood, K2 is the equilibrium constant between dissolved water and water 
vapour and W is the molecular weight of dry wood polymer per mole of water sorption sites.  The H-H 
model divides total moisture sorbed into its monomolecular and polymolecular components.  The 
equation for the model is as follows:  

M = Mh + Md = 
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where:  

M is the wood moisture content in equilibrium with h, Mh is the moisture content relating to the 
hydrate water (monomolecular sorption), and Md is the moisture content relating to the dissolved 
water (polymolecular sorption). 

From Equation 1 it can be seen that the H-H theory predicts a parabolic relationship between the ratio 
h/M and h.  The constants A, B and C are obtained from the fitting parameters of a second-order 
polynomial.  From these parameters the values of K1, K2 and W can be calculated as follows: 
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The values of A, B, C, coefficient of determination (R2), K1, K2 and W of various modified woods are 
presented in Table 2.  The degree of fit, as measured by the coefficient of determination (R2) is 
remarkably high, considering the complexity of the matrix of data, where wood samples were 
chemically modified at several levels of reaction with different anhydrides.  The R2 values range from 
0.844 to 0.981, indicating good fit to the experimental results.  R2 is a statistical measure of the 
proportion of variation that can be explained by the regression line (i.e. for unmodified control maple 
wood, the regression line accounted for 98.1% of variation); the lower the R2 value, the lower the 
proportion of total variation accounted for the fitted regression line.  The physical constants K1, K2, W 
obtained were found to be in good agreement with those previously reported by Spalt (1958) and 
Wangaard and Granados (1967) for unmodified wood, and by Spalt (1958) for acetylated wood.  For 
the modified wood, the W values increase as the WPG increases, indicating that a proportion of sites 
are made unavailable for water sorption. 
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Table 2.  Fitted and physical constants calculated for the Hailwood –Horrobin adsorption isotherms. 

 

Reagent WPG A B C K1 K2 Wo R2 

Elm wood 

Control 0 3,58 10,78 10,27 4,95 0,76 292,0 0.981 

Acetic 14.1 8,21 12,95 14,64 3,06 0,76 458,3 0.884 

Maleic 15.9 5,99 12,47 12,84 3,75 0,75 387,3 0.844 

 

As defined above, the constant K2 expresses the activity of dissolved water per unit relative vapour 
pressure.  According to Okoh and Skaar (1980), its value should be unity if it has the same activity as 
liquid water.  The K2 values vary approximately between 0.75 and 0.76, indicating that the dissolved 
water shows a lower activity than the liquid water. This suggests that the freedom of motion of water 
in the cell wall micropores (dissolved water) is not the same as that in liquid water. 

Adsorption isotherms are shown in Fig. 2.  Equilibrium moisture content of modified wood was 
reduced at all relative humidities compared to the control, indicating a reduction in the hygroscopicity 
of wood.  The adsorbed water was then separated into hydrate water relating to monomolecular 
sorption and into dissolved water relating to polymolecular sorption, using the Equation (5).  The 
isotherms for monomolecular and polymolecular adsorption are plotted in Figures 3, indicating a 
reduction in the hygroscopicity of wood at both the monomolecular and the polymolecular level. 

 

 

 
Fig. 2.  Adsorption isotherms for unmodified (), modified with acetic () and maleic (▲) anhydride 

elm wood. 
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Fig. 3.  Polymolecular adsorption isotherms for unmodified, modified with acetic, maleic (+) 

anhydride elm wood and monomolecular adsorption isotherms for unmodified, modified with acetic, 
maleic anhydride elm wood. 

 

Acetic anhydride treatment was found to be more effective in reducing the hygroscopicity of wood, 
compared to maleic anhydride treatment at comparable weight percentage gain, at the total, 
monomolecular, and polymolecular levels, as it can been seen in Fig. 2 and 3.  This is perhaps 
illustrated more clearly in Table 3, which presents the reduction in the hygroscopicity at saturation.  It 
can be seen that the esterification with acetic anhydride to elm wood reduced total sorption by 38%, 
polymolecular sorption by 35.8%, and monomolecular sorption by 44% at saturation, whereas the 
corresponding reduction due to maleic anhydride was lower for both total, monomolecular and 
polymolecular level.  The better performance of wood modified with acetic anhydride may be 
attributed to the smaller anhydride molecule, since it was known that the micropore network geometry 
controls the accessibility of molecules to the cell wall interior (Hill and Papadopoulos, 2001). It is 
resonable therefore to expect that different sized molecules would have different accessibility to the 
cell wall. 

 

Table 3.  Reduction in the hygroscopicity (%) at saturation of maple and elm wood as a result of 
esterification with acetic and maleic anhydride. 

 

Reagent WPG Reduction in Hygroscopicity (%) 

  Total Polymolecular Monomolecular 

Elm wood 

Acetic 15.3 38 35.8 44 

Maleic 16.3 27.1 26.1 29.8 
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The efficacy of modified wood with different anhydrides in reducing hygroscopicity has been the 
subject of many studies.  A comprehensive investigation into the effect of molecular size of the 
substituent group of softwood modified with linear chain carboxylic acid anhydrides, namely acetic, 
propionic, butyric, valeric, hexanoic, upon the sorption of water vapour has been performed 
(Papadopoulos and Hill, 2003).  Analysis of the sorption isotherms, using the Hailwood-Horrobin 
model, at comparable weight percentage gain, revealed that the five anhydrides used show similar 
effectiveness in total, polymolecular and monomolecular sorption, despite the substantial differences 
in the proportion of hydroxyl groups reacted.  It was concluded that the reduction in total, 
polymolecular, and monomolecular sorption produced by the linear chain anhydrides is primarily 
determined by the volume of adduct deposited in the cell wall (bulking), rather than by the number of 
hydroxyl groups which have been substituted.  The sorption properties of modified white fir with 
acetic and phthalic anhydride were measured by fitting isotherms to sorption data using the BET and 
Hailwood–Horrobin models (Popper and Bariska, 1972).  It was found that the reaction with acetic 
anhydride significantly reduced monomolecular adsorption, as the hydrophilic hydroxyl groups were 
replaced.  In contrast, wood modified with phthalic anhydride gave monomolecular adsorption 
isotherms similar to untreated wood.  This was attributed to the hydrophilic acid introduced during 
reaction with phthalic anhydride.  Similar observation was also made by Chauhan et al. (2001) in 
rubber wood.  In this case, not much difference was observed in the behaviour of maleic and phthalic 
anhydride treated wood. 

 

4. CONCLUSIONS 
 

1. Water vapour sorption isotherms for untreated and chemically modified wood were analysed 
using the Hailwood-Horrobin model.  The experimental analysis of the sorption isotherms 
showed that esterification affects the total, polymolecular, and monomolecular sorption.   

2. Acetic anhydride treatment was found to be more effective in reducing the hygroscopicity of 
wood, compared to maleic anhydride treatment at comparable weight percentage gain. 
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 Jane Iv. Bavbel, Petr Al. Lyshchik  

Belarussian state technological university, Department of Technology and machines of logging and 
forestry, Sverdlova str. 13a, 220050, Minsk, Belarus. E-mail: jane18@mail.ru. 

 
 

Abstract 
Given the need to improve the Belarusian forest road networks and the severe constraint on the 
resources needed to plan these improvements, it is important to target these efforts based upon the 
available information. Previous research based on existing forest compartment and road network data 
produced the concept of a methodological study of forest accessibility. This article is devoted to 
development of the design technique forest road network for effective transport development of 
woodland in Belarus. The results of this analysis, obtained by use of Geographic Information System 
(GIS), help the forest manager to allocate efficiently the resources to specific forest areas. The results 
of the analysis are based on data that are easily obtained with GIS. GIS measures of skidding 
distance, skidding costs and desirable accessibility are included hi the model. Relative accessibility 
and forest road network efficiency are two important calculated results. The article presents a detailed 
description of each step of this work.  

Key words: forest roads, location, forest network, road density, transport development of woodland. 
 

1. INTRODUCTION AND SCOPE RESEARCH 
Forest cover in Belarus now accounts for 37,7% of land area or circa 9,3 million ha. According to the 
state account of woods for the period with 1994 for 2005 there were positive changes in structure of 
wood fund of Belarus [1]: 

 The area of wood plantings has increased on 392,8 thousand hectares;  

 The percentage of forest land of territory of republic has increased with 35,5 up to 37,7 percent; 

 The general stock of wood on a root has increased for 320,5 million m3. 

 The settlement cutting area on cabins of the main using a wood on republic (scientifically 
proved norm of annual preparation of wood which is defined by presence of ripe woods) has increased 
about 5,9 million m3 in 2000 up to 7,2 million m3 in 2006. 

Significant investment in forest roads will be required to access this roundwood. To date, due to the 
pattern of forest ownership, the State has been the major builder of forest roads. However, as private 
plantations mature and enter the thinning stage, forest roads will increasingly be required by private 
logging enterprises [2]. 

Forest roads are necessary to provide access to the forest for general management, maintenance, 
timber extraction and recreation. Apart from initial establishment, roads represent the single greatest 
capital investment by the owner. There is a need not only to provide a cost efficient road design and 
layout suitable for extraction but also to ensure that the forest road is compatible with environmental 
values. 

Forest owners might neglect the timing of forest road construction as roading only assumes relevance 
when the crop is ready to produce timber. However, if planned at the time of crop establishment, many 
advantages ensue including: 
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 ease of layout and survey; 

 alignment of road with the existing drainage system; 

 unplanted road lines can act as firebreaks; 

 reduces risk of windthrow as there is no opening up of the crop; 

 improved opportunity to enhance biodiversity; and 

 access. 

The exception is on peat soils, where road reserves are only cut prior to road construction as the tree 
roots can provide a base for road formation. 

 

The main stages in road construction are: 

 planning - roading requirement, road density; 

 survey - layout, alignment; 

 technical design - specification, drainage, construction method, costing; 

 contractor selection - based on detailed specification; 

 formation - construction of the road base; 

 completion - surfacing of the carriageway following a period to allow formation to dry; 

 final inspection - ensuring the road was constructed correctly; 

 commissioning - putting the road into use. 

 

Once built, roads will require on-going maintenance by the forest owner, especially after harvesting 
operations and periods of heavy rainfall. 

Forest roads in upland areas will be either contour, valley or connecting roads. Contour roads run at 
approximately the same elevation along their length and therefore will be, more or less, at a level 
grade. They are cut out of the hillside and are economical to construct. Valley roads are nearly always 
at a gradient, varying from almost level to the maximum permitted and are located to optimise timber 
extraction. Connecting roads are those which join up the system into an overall road network. 

 

2. THE DESIGN TECHNIQUE FOREST ROAD NETWORK 
2.1. Environmental considerations 

The construction of forest roads represents one of the more visible forestry operations and can have a 
number of environmental impacts including landscape, water, soil, habitat and social/community. This 
design technique includes practices and guidelines to ensure that all phases in the construction of 
forest roads are carried out in a manner that is compatible with environmental values and sustainable 
forest management [3]. 
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Table 1 - Environmental values for various road network construction phases. 

Phase Aim 

Planning 
Potential environmental risks and construction difficulties are identified at 
road planning stage to ensure adequate design standards consistent with 
minimising environmental impacts. 

Design 
New and upgraded roads designed to a standard capable of carrying 
anticipated timber haulage traffic for a crop rotation to meet environmental 
requirements and with safety. 

Location 
Roads located so as to minimise risks to environmental values and road 
construction to take account of environmental values during all stages of 
formation and completion. 

Construction 
Forest roads and access points to county roads constructed in planned 
engineering stages, to minimise disturbance to the site, and well in advance of 
timber harvesting and road haulage. 

Drainage Roads properly formed, consolidated, completed and drained to ensure that the 
impact of run-off on water quality is minimised. 

Maintenance Road surfaces and drainage works maintained to protect the road foundation, 
disperse water and minimise environmental impact. 

 

Road density is the number of linear metres of road per hectare. For any given site there is an optimum 
road density that minimises the combined cost of construction, maintenance and timber extraction. In 
calculating the optimum density, it is essential to have reliable estimates for: 

 volume and quality of timber to be harvested over the rotation; 

 cost of road construction; 

 cost of road maintenance; and 

 extraction method and ‘off road’ movement cost. 
The optimum density is only used as a guide to the appropriate roading for an area. There are many 
factors which may cause deviation from the optimum and these will be examined later in this chapter. 
Also, optimum road density does not take account of all the costs and benefits, e.g. recreation, hunting, 
access for fires etc., so it may be necessary in some circumstances to undertake a more complete cost 
benefit analysis before proceeding with road construction. 

Road density is closely related to the planned harvesting and extraction methods. In Ireland, the most 
common extraction method is forwarder, although there are some sites which due to slope and/or 
ground bearing capacity can only be extracted by skyline (cable extraction). There are other methods 
of extraction that can be used but the two mentioned are the most economical in relation to road 
density. Typically for forwarders, roads are spaced at 800 m centres providing an average haul of 200 
m. For cable extraction, road spacing, and therefore density, is determined by the maximum haul 
distance (length of cable). Typically in Ireland maximum haul distance for cable equates to 350 m. 
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2.1.2. Recommendation 

1. Calculate the volume of timber to be served throughout the rotation by the planned road. 

This volume varies from block to block depending on factors such as site conditions, species, yield 
class and silvicultural practices but will be independent of road density. Volumes can be calculated 
using yield models, e.g. and should be reduced to allow for stocking and unplanted/unproductive 
areas. 

2. Calculate the average road construction cost per linear m 

The cost of road construction will vary with site conditions and the requirement for any special 
construction works, e.g. culverts, bridges etc. This cost per m3 of timber increases as road density 
increases. 

3. Calculate the average off road movement cost per m3 of timber (to take the timber from inside 
the forest to the road). 

The movement cost depends on the type of extraction planned, being smallest for forwarder and 
largest for cable extraction. This cost decreases as road density increases. 

2.1.3. Elements of road cost 

There are a number of factors that contribute to the overall cost of a forest road and include [4]: 

 right of way (r.o.w.) development/purchase; 

 road drainage; 

 methods of road formation and construction; 

 culverting; 

 road completion (surface dressing) works; 

 large waterway crossings or other structures; 

 annual maintenance; and 

 operational overheads (planning development charges, design costs, holidays etc.). 
Not all of these would be included in optimum road density calculations as they would likely be 
incurred regardless of the constructed density and therefore do not influence movement cost. They 
would however have to be considered as part of a cost benefit analysis. 

The excluded costs from the density calculations are the r.o.w. costs, and the overheads. Bridges and 
large culverts have traditionally been included in the calculation but will have a very negative effect 
on short lengths of road as they add a considerable cost per linear m. It can be argued that like a r.o.w. 
development cost, they are an extra to the road and do not contribute to a reduction in movement costs. 
It is left to each forest road developer to make their own decision on this. 

2.1.4. Elements of extraction cost 

The cost of timber extraction comprises the following [4]: 

 setting up on site (machine delivery/skyline set up/removal, etc.); 

 machine upkeep (fuelling, operator maintenance, etc.); 

 travelling from road to timber (empty movement); 

 loading; 

 travelling loaded to forest road (full movement); 
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 unloading and stacking; and 

 overheads (machine management, downtime, etc.). 

When calculating optimum road density, the only part of the extraction cost that is considered is the 
off road movement cost as the travel distance is related to the road density. The other elements of 
extraction cost are independent of road density and are not considered at this time. If undertaking a full 
cost benefit analysis, the full cost of extraction and harvesting will need to be considered. 

2.2. Geometric design standards for forest road network 

The purpose of forest road network design is to provide the optimum road geometry to accommodate 
the planned vehicle sizes and traffic. Optimum forest road network design should minimise the cost of 
construction, transportation, maintenance and impacts on other resources, and provide for user safety 
and a stable road with appropriate alignments and travel speeds. 

2.2.1. Recommendation 
1. Standard forest roads are designed to carry vehicles conforming to maximum legal weights and 
dimensions applicable to public roads. However economic and external factors will sometimes result 
in the design of a road to less than full standard. 

 e.g. intractable limitations in either public road or right-of-way access routes, terrain (heavy rock 
outcrop, deep peat) may limit what can reasonably be provided; and 

 departures from full road standard must not be lightly undertaken, each case being carefully 
evaluated on its merits. Such departures must be clearly documented by competent designers. 

New and upgraded roads should be designed to: 

 comply with the standards set out later in this chapter; 

 accommodate the anticipated frequency, type and speed of traffic; 

 take cognisance of soil and sub-grade conditions; 

 provide for road drainage and water quality requirements; and 

 incorporate landscape and environmental values. 
It is a characteristic of all forest roads that they are subjected to low-intensity, slow-moving traffic so 
that some risk of partial structural failure can be taken, where this would not be acceptable on a public 
highway. However, these risks must be limited to situations where road user safety is not endangered. 
Safety considerations preclude risk-taking with bridges and embankments. 

The designer must bear in mind at all times that the primary purpose of forest roads is for timber 
extraction. 

While some forest roads are constructed to facilitate development and general control of large blocks 
(development roads), the bulk of road construction will be for extraction purposes. Indeed, where 
development roads are provided it is almost invariably intended that they should, perhaps after future 
strengthening, become part of the extraction network. The provision of a forest road is therefore the 
first element of the harvesting process and represents a significant capital investment. 
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2.2.2. Element and standards of a forest road [5] 

 
Figure 1. Typical forest roads cross sections for embankments. 

 
Figure 2. Typical forest roads cross sections for hollow. 

 

 
Figure 3. Typical forest roads cross sections for sloping sites. 

Road reserve 

The strip of land immediately affected by roadworks. In an existing plantation it corresponds to the 
tree clearance width. 
Standard tree clearance width shall be a minimum of 15 m. 

Tree clearance width for Reversal Roads shall be a minimum of 20 m. 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

130

The roadway 

The area between the extreme limits of earthworks. 

 In side-hill construction, its width is from the edge of the excavated section to the toe of the fill 
section. 

 In a cutting, it is the width between the top edges of the cutting plus width occupied by any spoil 
on the verges. 

 In a full embankment (excluding reversal), it is the width between the bottom edges of the 
embankment. 

 In a reversal road, the width depends on the method of construction. Outer edge could be either 
the toe of the embankment, the borrow pit/drain or the spoil. 
Formation (road foundation) 

The area between the usable limits of earthworks. 

 In side-hill construction it is the width between the toe of the excavated section and the top edge 
of the fill section. 

 In full cutting it is the width between the bottom edges of each side. 

 In full embankment it is the width between the top edges of the embankment. 

Forest road - I type Min. formation width = 10 m 

Forest road - II type Min. formation width = 6.5 m 

Forest road - III type Min. formation width = 4.5 m 

Carriageway 

The section of the formation strengthened for the passage of vehicles. This strengthening may take the 
form of: 

 Compaction of the natural formation (or sub-grade), where its composition is such as will give 
adequate strength. 

 Placing and compacting a layer of imported base material on the compacted formation, followed 
by a compacted layer of imported surfacing material. 

 Placing and compacting a layer of surfacing material only. 

Straight sections of road Min. carriageway width = 3.5 m 

Along curves and at junctions Surface to within 500 mm of formation edges to 
provide for vehicle track-in. 

Min. carriageway width = 4 m 
On embankments Carriageway width on substandard embankment 

formations must be at least 4.0 m 

 Drainage 

The provision of channels, to remove excess water and prevent ingress of water in the future. 

The provision of adequate drainage is the most important activity in road making. On it depends the 
strength and stability of the entire roadway. The ease with which effective drainage can be provided is 
a major consideration in the precise location of the roadway. 
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Three types of drain are commonly used [5]: 

I. Subsoil drains, to lower a high water-table, are provided at some distance (min. 2 m) from each side 
of the roadway prior to excavation or building of an embankment. Where it is intended to build an 
embankment road, particularly on peat sites, these drains should be provided as long as possible (many 
years, ideally) before construction of the embankment is undertaken. 

II. Interceptor (or cut-off) drains provided approximately parallel to roadway prior to excavation to 
catch run-off from higher ground. In undisturbed ground the cheapest way to do this is by excavating 
two or three drains parallel to the roadway so the closest drain is a minimum of 3 m from the estimated 
position of the top edge of the excavation. 

III. Roadside drains at the edge of the formation. In general the angle between the toe of the cutting 
and the edge of the cambered formation will be adequate to control the runoff from the formation area 
itself. Occasionally a deeper drain may have to be provided where a high water-table persists in the 
formation, especially in cuttings. 

The distance between the edge of subsoil or interceptor drains and the formation edge must always 
exceed 1.5 times the drain depth. 

Sub Soil Drains Min. 2 m from edge of roadway 450 mm to 750 mm deep on 
mineral sites. 

750 mm deep on peat sites. 
Interceptor Drains At least 3 m from top edge of 

excavation. 
Deeper than existing plough 
furrows. 

Roadside Drains At formation edge. 300 mm to 400 mm deep. 

Culvert Spacing This depends on road gradient an d susceptibility to soil erosion. 
Usual interval range is 40 to 100 m. Culverts must in all cases be 
provided at the lowest point of long of longitudinal section and at 
each end super elevated sections.  

 

3. EXPERIMENTAL STUDY 
The recommended time for road planning is prior to the commencement of planting. This will reduce 
the cost of planning by making site inspection and initial alignment much easier and enable the site 
and road drainage system to be planned together. It also prevents the opening up of the crop prior to 
thinning, reducing the risk of windthrow. The exception is on peat soils, where tree roots can provide a 
base for road formation but it is advisable to leave a 5 m wide unplanted strip beside the road site. 

Having decided upon the road density for the forest block, the next step is to plan a system of roads as 
soon as possible, even though construction work may not be carried out for a number of years. Good 
planning will ensure access to the maximum volume of timber with the minimum length of road. Not 
only should the road density be correct, but the roads should be in the right place to facilitate 
harvesting and minimise environmental impact [6]. 

The three basic steps in road planning are: 

 thorough site inspection of the area; 

 initial road alignment on map; and 

 confirm alignment by walking road lines and amend as necessary. 
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Forest road planning is the first phase of a forest road construction project. At this stage the need for a 
road has been identified and the forest owner/agent must now identify the criteria which must be met 
to achieve the desired objectives. 

The objectives to be achieved by a forest road must be clear. The primary purpose of a forest road is 
that it must be capable of safely carrying timber haulage vehicles. It must also provide satisfactory 
access to the forest property and work areas and have minimal impact on its surrounding environment. 

Potential environmental risks and construction difficulties are identified at this stage, to ensure 
adequate design standards consistent with minimising environmental impacts and construction 
difficulties. 

To achieve appropriate standards, forest road designers will normally be engineers with considerable 
forestry experience. 

3.1 Recomendations 

1. Roading plans to be prepared well in advance of harvesting and transport operations to enable the 
roads to be located on alignments and grades that provide the required standard of access without 
compromising environmental values. 

2. Roads to be kept to the minimum total length consistent with management objectives, located in 
the best landscape position possible, constructed under suitable weather conditions and well 
consolidated before use. 

3. Roading plans to be based on detailed surveys and environmental care principles that ensure that 
all environmentally sensitive locations are identified and appropriate design and construction 
techniques adopted. 

4. Establish if the area to be roaded lies within or contains [7]: 

 an area identified as being environmentally sensitive in a Forestry Development Plan, 

 a part or whole of a Special Area of Conservation (SAC), Special Protection Area (SPA) or 
proposed Natural Heritage Area (pNHA), 

 an aquatic zone, 

 archaeological sites and monuments or 

 important habitats retained for biodiversity. 
If any of these areas are affected by the road plan then the planner must lease with the Ministry of 
Forestry, Local Authority. 

5. Identify if the road plan could create any local social/community impacts. 

6. Identify the site conditions: 

 soil types; 

 ground conditions; ground slopes; 

 watercourse locations; 

 areas to be harvested; 

 likely method of timber extraction; and 

 landscape; 

as these will have a bearing on construction methods and environmental impacts. 
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It is recognised that not all issues will be fully definable at the outset and like any good planning 
process they must be monitored, reviewed and updated as necessary throughout the planning, design 
and construction phases of the forest road. 

3.2 Existing roads or tracks and development roads 

One further matter to bear in mind at this stage is the presently intended purpose of the road. Is it 
intended to be a development road or a harvest road? The answer to this will have some bearing on 
how issues are dealt with but it must also be remembered that most development roads will ultimately 
become part of the harvest road infrastructure [7]. 

Consideration should be given at the planning stage to the future use of any existing substandard roads 
and tracks. Decisions will usually take the form of: 

a) retention, and possibly extension, as a forwarder network instead of a new road; or 

b) retention in present form as a forwarder track to supplement a new road system; or 

c) network up-grading to full road standard and integration into a new road system. 

The decision taken should be recorded to avoid the possibility of the plan’s intention becoming 
obscured with the passage of time. 

3.3. Public road entrances design 

In designing a forest road system, the designer must take care to ensure that it causes least impact to 
the public road network. Forest road entrances should be kept to a minimum and they should be 
located wherever possible on the better quality public roads. 

3.4. Soil types 
Identifying the type of soil in the area to be roaded is very important as it will greatly influence the 
method of road construction and will also have a major bearing on the timber extraction for the 
property. 

The erodibility of the soil, its susceptibility to damage and its silt content will influence the likelihood 
of watercourse pollution and hence the measures required to combat this. 

3.5. Ground conditions 

Ground conditions are concerned with localised features on the site. Areas of rock, marsh, callows, 
deep peat, etc. need to be identified as road construction in many such areas can be very difficult. In 
addition to the difficult construction conditions, it is often more difficult to incorporate mitigation 
measures to minimise a road’s impact on its environment in these areas. 

Landscape features such as ravines, ridges and saddles also need to be located at this stage to aid good 
road planning. 

Ground condition will also effect extraction and so it is important to take account of this at road 
planning stage. Other ground condition obstructions such as banks, cliff faces, and boulders can have a 
major adverse affect on timber extraction. 

3.6. Ground slopes 

Contour maps of the site should be consulted early as they provide clear indications of areas that will 
be difficult to road. There are limits to road gradients and steeper cross slopes involve considerably 
more work. The tree clearance required for steep cross slopes needs to be greater and the resulting 
visual scarring on the hillside, although temporary in nature, will also be far greater. 

Once again, ground slopes influence timber extraction methods and costs and this need to be taken 
account of when planning a road. 
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3.7. Areas to be harvested 

For a forest road to be successful, it must adequately serve the forest area to be harvested. The 
catchment area for harvesting needs to be clearly identified. However, it is also very important that 
road building is not carried out in a piecemeal fashion. Thus, it is normal and recommended practice to 
design and construct forest roads to serve a full forest property/forest block [8]. 

The road engineer/designer has to understand all harvesting systems to ensure the road is sited so as to 
optimise the harvesting costs. Ground haulage systems are best served by roads located to reduce the 
average haul distance whereas cable systems are best served by roads located to maximise the length 
of cable used (fig. 4). 

 

 
Figure 4. Forest exploitation areas with a homogeneous environment. 

 

3.8. Likely method of extraction 

Forest roads are mostly constructed for harvesting purposes. The cost of extraction is influenced by a 
number of factors but the two greatest are probably the road density and the type of extraction 
machinery that will likely be used. Optimum road density is also dependant on the type of extraction 
(cable, forwarder, horse or skidder) and so it is very important to ascertain this at planning stage. Also, 
as noted in earlier paragraphs, many factors influencing extraction method also influence road 
construction and so a reasonable balance needs to be found (fig. 5). 
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Figure 5. Designing forest road network 

3.9. Other factors 
At planning stage, a road designer may well consider other issues, most of which will develop as the 
planning stage passes into the design stage. These issues could include resources, such as what road 
construction equipment and road surfacing material is available in the area[9]. 

The designer should begin to address Safety and Health issues at the planning stage. A designer must 
identify hazards associated with the site and the construction work. A small sample of hazards could 
include overhead power lines, steep drops, boggy ground, loose boulders, fast flowing or deep water 
and substandard road junctions to name but a few [10]. 

The property owner/agent may also want the road designer to provide necessary information for a road 
grant application, where applicable. Although it will not be possible to submit this until the design has 
been carried out, much of the information required should have been obtained at this planning stage. 

 

4. RESULTS AND DISCUSSION 
At all stages of forest road planning and design, it must be remembered that the primary purpose of a 
forest road is to provide access for harvesting and timber extraction. This must be achieved at an 
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economic cost (including optimum density) while taking account of environmental values during all 
stages of formation and completion. 

Roads should be located so that they [11]: 

1. avoid strictly protected areas, scientific research areas and designated archaeological and cultural 
sites; 

2. minimise the number of stream crossings and interference with natural drainage; 

3. keep earthworks to a minimum by matching wherever possible, road alignment with topography 
of the site; 

4. avoid environmentally sensitive areas; 

5. avoid steep (>60%) and unstable slopes and areas prone to landslips; 

6. avoid disturbance to streams, buffer strips and riparian vegetation; 

Forest road networks must eventually join the public (county) road network. These intersections most 
frequently occur along minor, and often substandard, public roads. 

The public roads are the responsibility of the Local Authorities and the National Roads Authority. It is 
important for forest managers to ensure that adequate consultation takes place between themselves and 
the Local Authorities Engineers. 

Great care must be exercised to ensure that the forest business makes the least impact possible on the 
public road network. Junctions must be of the highest standard possible and all forest activities, other 
than timber and materials transport, kept off the public road. 

1. Forest road facilities should be located so that minimal lengths of substandard public roads are 
used in so far as practically possible. 

2. The number of forest entrances should be kept to a minimum. 

3. Forest road entrances must be provided with adequate drains and culverts. 

4. Forest road drainage must be kept within the confines of the site. 

5. Pull-in lay byes (longitudinal loading bays) on public roads should not be provided, except where 
unavoidable. 

6. Forest owners/managers/agents must liase with Local Authority staff about principal activities 
and main developments. 

7. Harvest operations and timber loading must never take place on a public road. 

It is necessary to adopt the best standards of practice in respect to the use of public roads. The key 
points of this practice are: 

 public roads must not be used by extraction equipment; 

 public roads must not be used for the handling, stacking or loading of timber; and 

 public roads are to be used solely for the transport of timber. A good motto to adopt is ‘Keep 
Forestry in the Forest’. 
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Abstract 
It were investigated the rheological parameters of South-Turgay region waxy crude oils at presence of 
novel pour point depressant additive DP-43/2005. It has shown that additive improves pour point and 
rheological properties of crude oil mixture Kumkol-Akshabulak, inhibits wax deposition and can 
provide safe conditions of crude oil mixture transportation through pipeline at the cold season of year. 
Key words: oil, temperature of fluidity loss, rheology, viscosity, oligomer depressor dopants  

      
Improving low temperature properties of hydrocarbon fuel and lubricating oil is vital issue for 
Kazakhstan and a number of the north countries. This problem is increased for Kazakhstan, where the 
main part of oil produced is paraffinaceous i.e. basically consists of alkanes with normal and low-
branched structures. These hydrocarbons have high congelation temperature. That causes worsening 
the properties of oil and oil refining products such as mobility, fluidity etc. Besides exploitation of 
oilfields containing high congealed oil is complicated by accumulation of hard deposits (asphalt-tar-
paraffin deposits – ATPD) on inner walls of lifting columns that decreases in debit of oil wells and 
increases in exploitation costs.  

Using reagents with integrated action is a prospective and economically sound way of preparing high 
congealed paraffinaceous oils for transferring through trunk pipelines.  Introducing the small amount 
of reagents, as a rule - 0.01-0.1 wt. %, leads to significant decreasing temperature of congelation and 
improving fluidity at low temperatures and reaching inhibition of ATDP up to 60-85%. In contrast to 
the well-known methods this way provides the rational use of oil supplies and comprehensive 
improving the properties of various oil products.  

Development of oil transfer preparation technology by treatment of oil with new reagents allows 
reaching a new technological level due to sufficient improvement of rheology parameters and 
prevention of paraffin and asphalt-tar deposits on surface of ground and under-ground equipment.  

Authors of this communication have created a new generation of the condensation polyfunctional 
reagents with integrated action - DP-43/2005, DP-5/2007 and DP-58/2007 for intensifying the 
processes of producing and pipeline transferring the viscous and high congealed oils containing 
asphalt-tar-paraffin deposits and mineral salts [1-3]. 

The results of testing the new polymer additive – DP-43/2005 as a dope for highly paraffinaceous oil 
are presented. It has been shown that this additive improves the rheology and low temperature 
parameters and prevents the paraffin deposition on oil field equipment.  

The technology for introduction of additives to oil based on the recommendations developed for the 
depressant dopants was used in the following way [4]. The dopant amount calculated (50-200 ppm) 
was added to mix of oils taken from the Kumkol and Akshabulak oil fields in a ratio of 60:40 vol.% 
and kept at temperature of 60 оС for 30 minutes. Rate of cooling corresponded to a regime earlier 
developed was the same for all experiments [5]. 
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Efficiency of paraffin deposition inhibition was evaluated according to the method of “cold finger”; 
temperature of fluidity loss was determined by ASTM D97 and ASTM D5853; effective viscosity and 
shift voltage was measured by the “Brookfield”rotary rheometer; kinematic viscosity was determined 
according to the GOST 33-2000 standards and the ASTM 445-96. Temperature of loss of oil mix 
fluidity was 12 оС and kinematic viscosity was 21 mm2/sec at 20оС. 

The thixotropy oil properties were determined on a base of their viscosity characteristics by using the 
“Brookfield” rotary rheometer (“Euro Phisics” RHEO 2000). Values of shift voltage were determined 
on a base of on-line measurements of shift rate varying from 0 to 50 or 100 sec-1 at constant shift rate 
– 5 sec-1 under the thermal conditions from 15 to -5оС.  

Using the DP-43/2005 depressant allowed significantly increasing the parameters of transferring oil, 
especially in a low temperatures range. Study showed that addition of dopant to oil mix lead to 
significant decrease in effective viscosity and shift voltage at experiment temperatures - 0 оС and -5 
оС (Figures 1a and 1b).     

For example, the effective viscosity of oil mix treated by 100 ppm of the DP-43/2005 at temperature is 
-5 оС and shift rate is 5 sec-1 was decreased by a factor of 35 and by 7 times for oil mix before heat 
treatment and after heat treatment respectively.  

Under the same experiment conditions, shift voltage was decreased from 160 Pa for oil mix before 
heat treatment to 0.9 Pa after addition of 100 ppm of the DP-43/2005 into the Kumkol/Akshabulak  
(60: 40 vol.%) oil mix. 

Ability of oil to transferring through the oil pipeline was studied by using a model pipeline designed to 
determination of static shift voltage in regimes simulating the real transfer conditions of the selected 
site of trunk oil pipeline such as oil temperature at the inlet and outlet, cooling rate, shift rate etc. Oil 
flow through the pipeline was simulated in dynamic reservoir by mixing during cooling. Injecting oil 
by pumps was simulated by pressing through nozzle, and pipeline break was simulated by oil cooling 
with using coiled pipes under static conditions.  

The objective of studying the DP-43/2005 dope at the model pipeline is the test of its efficiency for 
transferring the Kumkol-Akshabulak  oil mix (60:40%) through the industrial Karakain- Kumkol-
Shymkent pipeline. In figure 2 the data on changing the static shift voltage depending on oil mix 
temperature after treating by heat and the DP-43/2005 dopant are presented. Pressure of restart at the 
corresponding temperature is calculated according to the formula:  

 

hg
D

LP CTAT 


 
 4  

 

where: Р –pressure of restart; 

L and D – length and diameter of pipeline section, respectively; 

 - density of oil; 

g – acceleration of gravity; 

h – difference of heights for the certain part.  

 

 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

140

 
 

 

 
 

Fig. 1 Shift voltage (a) and effective viscosity (b) depending on temperature for the 
Kumkol/Akshabulak oil mix (60:40 vol.%) after treating by heat and the DP-43/2005 dopant, 

respectively. 
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For the selected site of the Karakain- Kumkol-Shymkent pipeline, pressure allowing the safe restart is 
6.2·106 Pa. The heights difference is about 169.8 м. The calculations show that the maximum static 
shift voltage should not exceed 4.2 Pa. It means that the safe restart of thermally treated oil mix must 
be carried out at temperature of 6 0С, and restart of oil mix treated by the dopant can be occurred at -
10С.  

The asphalt-tar-paraffin deposits (ATPD) formed in the pump-compressor- pipeline (PCT) and oil 
pipelines decrease in debit of oil wells and enhance the exploitation expenses. The numerous methods 
for the ATPD formation control in PCT and oil pipelines are known. The fuel, mechanical and 
chemical purification methods are widely used for oil production processes and transfer. The various 
special reagents and chemical and petrochemical wastes have been tested. But until now there is no 
certainty which reagent is more economically sound, provides the effective decreasing deposits and is 
optimal for the all oil fields.  

Because of the new chemical reagents - DP-43/2005 and DP-44/2005 have been found to be high 
effective for the highly paraffinaceous and viscous oils, their testing as inhibitor for asphalt-tar-
paraffin deposits attracted an attention. In laboratory scale, the inhibition effect of depressor dope on 
ATPD extraction has been studied by the “cold finger” method (T - 0 оС). The results presented in 
Table show inhibition degree reaches 60-67% after treating the Kumkol:Akshabulak oil mix by the 
DP-43/2005 dopant.  

 

 
 

Fig. 2. The static shift voltage depending on temperature for the Kumkol/Akshabulak oil mix (60:40 
vol.%) after treating by heat and the DP-43/2005 dopant, respectively. 
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Table  - Effect of DP-43/2005 dopant on inhibition of the paraffin deposition process 

 

Duration, days Non-treated oil mix Oil mix treated by  

100 ррm of DP-43/2005 

m, g Amount of 
ATPD from oil, 

% 

Degree of 
inhibition, 

% 

m, g Amount of 
ATPD from oil, 

% 

Degree of 
inhibition, 

% 

1 9.2 4.5 0 3.6 1.8 60.9 

3 9.2 4.5 0 3.0 1.5 67.4 

5 9.2 4.5 0 3.1 1.5 66.3 

10 9.2 4.5 0 3.2 1.6 65.2 

20 9.2 4.5 0 3.1 1.5 66.3 

30 9.2 4.5 0 3.3 1.6 64.1 

 

Thus, the results obtained indicate that the new chemical reagent - DP-43/2005 shows both the high 
depressor activity concerning highly paraffinaceous oil as well as sufficient ability to ATPD 
inhibition. Application of the DP-43/2005 for the oil pipeline will allow transferring highly viscous oil 
in a cold season and significantly increasing reliability of pipeline start after a long transfer stoppage.  
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Abstarct 
The valent and coordination condition of nickel and cobalt ions in contents of catalysts carbon dioxide 
conversion of methane is investigated. At rather low concentration (5 % mas.), as a result of chemical 
processes the phase of surface mixed spinel NiAl2O4 was formed, and at big quantities (10 and 15 %) - 
along  with it surface phase of NiO was also formed. Processing of nickel-containing catalysts by 
methane results in practically complete reduction of Ni2+ nickel ions to Ni (or о

nNi ) and to covering of 
surface with coke precipitations. In СН4 mediums + air; СН4 + СО2 the oxidation-reduction processes 
Ni2+ Ni with shift of balance the right in case of processing the catalyst by mix СН4 + СО2 
proceed to. In this case on a surface of catalysts oxidizing [Ni2+ (Td and Oh) in structure NiAl2O4] and 
reduced  [NiO (or) о

nNi ] forms of nickel coexist. 

Processing cobalt-containing catalysts in the reactive medium practically does not affect a condition 
of ions Со2+ (Тd) and Со2+ (Оh). On a surface of cobalt oxide catalysts within the limits of 
concentration of cobalt 5 and 10 % mas., a phase normal spinel and CoAl2O4 and isolated surface 
ions Со2+

 (Oh) are available 

Key words: carbon dioxide, methane, conversion 
 

Processing of methane as accessible, cheap and raw material having huge resources in useful chemical 
products is a problem of vital importance.  

Research works on the given direction are carried out practically at all leading scientific research 
institutes [1-4]. The certain successes that allow to hope for the successful solution of this very actual 
problem have been achieved.  

In IPCP of NAS of Azerbaijan nickel and cobalt-containing oxide catalysts of carbon dioxide 
conversion of methane, which have shown encouraging results have been developed.  

With the purpose of definition of principle of effect of the developed catalysts, as well as for increase 
of their efficiency it is necessary to comprehensively investigate physical and chemical characteristics 
of catalysts, in particular, a power condition (valency and coordination) of nickel and cobalt ions on a 
surface of heterogeneous catalysts.  

In order to study spectral characteristics of catalysts samples we selected the method of electronic 
spectroscopy diffusive reflections in UV and visible area as the most sensitive to a surface of solid 
bodies. 
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TECHNIQUE OF EXPERIMENT 

Catalysts for researches prepared a method of impregnation of microspherical -Al2O3 for 20 % 
aqueous solutions of nitrate salts of nickel or cobalt with the subsequent drying and impregnation at 
600 С [1]. 

Processing of catalysts initial reactant in various combinations was carried out in a flowing quartz 
reactor (V = 3 cm3). Before experiment initial samples were warmed up in a current of nitrogen to 
temperature 700 C, then via calibrated flowmeters this or that reactant, or mix (1 : 1 mole) was 
delivered. 

Diffuse reflection electronic spectra (DRES) in the field of 50000-10000 sm-1 are recorded on 
spectrophotometer «SPECORD M 40». 

 

OXIDE NICKEL-ALUMINIUM CATALYSTS 
Ni2+(3d8). The basic term of free d8-ion 3F, excited - 3P, 1D, 1G, 1S. In octahedral crystal field the term 
3F is split on 

3A2g (the basic condition, a configuration t62g e2
g), 3T2g and 

3T1g. As for all ions with the 
basic F-condition of free ion (3F in Cr3+ and Ni2+, 4F in V3+ and Co2+) there is only one term of the 
same multiplet 3P (or 4P), therefore, in a crystal field three transitions allowed on spin out in all cases 
are formed: two levels of the split term 3F (or 4F) [3A2g3T2g and 

3A2g3T1g (3F)] and one more level 
formed from 3Р (or 4Р) [3A2g3T1g (3P)]. Weak, forbidden on spin, narrow strips are observed as a 
result of transitions with 

3A2g on 
1Eg and 

1A1g (from 1D), weak wide strips – as a result of transitions to 
the other singlet  levels (fall in UV-area). 

In tetrahedral coordination the basic condition Ni2+ becomes 
3T1 and three transitions allowed on spin 

are allowed: 3T13T2, 3T1 3А2 and  
3T1 (F) 3T1 (Р), but shifted in long-wave area (since Dqtetr = 

4/9Dqoct  and Dq M2+ <Dq M3+). Absence of symmetry center in tetrahedral positions removes 
forbidenness of  transitions on parity that results in increase in intensity of absorption of ions of nickel 
in tetrahedron in comparison with octahedron. 

Diffuse reflection spectra of NiO system (5 have been recorded and analysed; 10 and 15 %  mas.) - γ-
Al2O3 after processing in the reactive medium. 

NiO (5 %  mas.) - γ-Al2O3 

Spectrum of sample with rather low contents of nickel (5 % mas.) is characterized by group of strips 
of absorption (s.a.) in the field of 13500, 15900, 17000, 27400 cm-1 to which it agrees [5, 6] can be 
interpreted as follows: 

- the s.a. at 13500 and 27400 cm-1 are attributed to  octahedrally coordinated ions Ni2+ (accordingly 
transitions 

3A2g 
3T2g and 

3A2g 
3T1g (Р)) [7-10]; 

- the s.a. at 15900 and 27400 cm-1 are characteristic for ions Ni2+, stabilized in fields tetrahedral 
coordination (transitions 

3T1(F) 
3T1(P) and 

3T1(F) 1T(D) respectively) [9, 10]. 

Thus, given oxide  system contains octahedral and tetrahedrally co-ordinated ions Ni2+. It is known, 
that in spinel NiAl2O4 which is mixed, there is a nickel both in Oh-, and at Td-coordination. The formul 
of this spinel is possible to give as 

Ni1/4Al3/4 [Ni3/4Al5/4] O4. 

It is possible to assume, as in our conditions surface of mixed spinel NiAl2O4 is formed. This result 
will be coordinated to the data of other researchers of this system [7-11]. 
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Fig. 1. Spectra diffuse reflection of NiO (5 %  mas.) - γ-Al2O3 system after processing by initial 
reactants: 1 – fresh catalyst; 2 – after processing in СН4; 3 – after processing in mix СН4 + air;            4 
– after processing in mix СН4 + СО2; 5 – after processing in СО2; 6 – after processing by oxygen    of 

air; 7 – after processing in mix СН4 + СО2 + air 

Processing of the catalyst in methane results in essential changes in a spectrum, namely, the items 
from ions Ni2+

 (Td) and Ni2+
 (Oh) completely disappear and the spectrum is characterized by the 

continuous unstructured absorption, covering all area (Fig. 1, c. 2). Probably, in this case processing of 
the catalyst by methane results practically in complete reduction of ions Ni2+ (in NiAl2O4) and 
occurrence in system of reduced particles Ni or о

nNi . It, in turn, is accompanied by covering surface 
coke precipitations on reaction [2, 3]: 

СH4 + M  M – C + 2H2, 

where: the M – nickel ions, with – a symbol of coke precipitations, which nature (amorphous carbon, 
graphite, metal carbide) remains not clear and demands additional researches. 

At processing the catalyst in СН4 medium + air is observed insignificant reduction of intensity of items 
from nickel ions (Fig. 1, c. 3), that can be connected to partial reduction of ions Ni2+. 

As against it processing in mix СН4 + СО2 results in sharp reduction of intensity of items from nickel 
ions with simultaneous change of painting of sample from blue to grey (Fig. 1, c. 4). It is possible to 
assume that this phenomenon is connected to occurrence in system of a significant amount of reduced 
particles Ni. 

Probably, in both cases oxidation-reduction processes Ni2+ Ni with shift of balance to the right in 
case of processing the catalyst by mix СН4 + СО2 proceed. 

Processing of the catalyst in the oxidizing medium (СО2 and air) practically does not influence 
condition of nickel ions (Fig. 1, c. 5 and 6). 

Finding out of influence of process carbon-dioxide conversion of methane on condition of surface 
nickel ions was of interest. The analysis of DRES spectra  after processing the catalyst by a reactive 
mix (СН4 + СО2 + air) has shown air that in this case the condition of nickel ions  practically does not 
vary (Fig. 1, c. 7). It is possible to assume that presence of significant amount of oxidizers at gas mix 
results in stabilization of surface condition of ions Ni2+ in composition of NiAl2O4 and fast burning 
probably formed surface coke precipitations. 

 NiO (10 %  mas.) - γ-Al2O3 
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Increase of concentration of nickel in system (10 and 15 % mas.) results in essential changes in ESDR. 
So, in both cases the s.a. are widely observed in the field of 18000-12000 cm-1 and very weak at 25600 
cm-1 (fig. 1, cv. 2 and 3). The site and kind of s.a. are characteristic for the systems containing phase 
NiO [15]. The strips of absorption  at 15900 and 27400 cm-1 are characteristic for ions Ni2+, stabilized 
in fields tetrahedral coordination (transitions 

3T1(F) 
3T1(P) and 

3T1(F) 1T(D) respectively). On 
this background low-intensity a.b. from nickel spinel  are observed. It follows from above-mentioned 
that at rather high concentration of nickel on surface phases of nickel spinel and NiO are formed. 
Probably, in case of superfluous quantity of nickel, there is a filling octahedral and tetrahedral 
vacancies γ-Al2O3, with formation of  spinel and NiAl2O4, and the rest of nickel aggregates in phase 
NiO. 

Processing of the catalyst by methane and mix СН4 + СО2 results practically in complete reduction of 
nickel ions to Ni (or 

о
nNi ) and to covering of surface coke precipitations. Black painting of sample, 

disappearance specifies it from spectra of items, characteristic for nickel ions and occurrence of the 
unstructured band covering all area (Fig. 2, c. 2 and 3). In case of processing of the catalyst by mix 
СН4 + air essential reduction of intensity of items from nickel ions that specifies on partial (not 
complete as reduction of nickel ions is higher) (Fig. 2, c. 4), i.e. on the surface and oxidized forms of 
nickel coexist. 

Spectra of the catalysts subjected to oxidizing processing in atmosphere СО2 and air significantly 
differ from above-stated. 

So, in both cases well resolved, intensive a.b. from nickel spinel (Fig. 2, c. 5 and 6) are observed. 
These spectra significantly differ also from a spectrum of initial sample. Most likely, as a result of 
oxidizing processing the most part of phase NiO, cooperating with γ-Al2O3, forms phase NiAl2O4 
which becomes prevailing on the surface. 

 
 

Fig. 2. Diffuse reflection spectra of NiO (10 %  mas.) - γ-Al2O3 system after processing by initial 
reactants: 1 – the fresh catalyst; 2 – after processing in СН4; 3 – after processing in mix СН4 + СО2;    

4 – after processing in mix СН4 + air; 5 – after processing in СО2; 6 – after processing by air oxygen;    
7 – after processing in mix СН4 + СО2 + air 

 

The analysis of the spectral data shows that processing of the catalyst by initial reactants of carbon 
dioxide results conversion of methane in the course of three parallel reactions: reduction of nickel, 
formation of phase spinel NiAl2O4 and covering of surface coke precipitations. Occurrence in spectra, 
as against initial sample, of distinct items of average intensity from NiAl2O4 and non-uniform painting 
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of sample (black coked and blue particles of the catalyst) specifies. In this case on the surface of 
oxidized and reduced forms of nickel coexist. 

NiO (15 %  mas.) - γ-Al2O3 

Spectra of initial sample and that of processed in various oxidation-reduction mediums are identical to 
the spectra of NiO (10 %  mas.) - γ-Al2O3 system (spectra are not given). 

Thus, the spectral analysis of influence of separate components and the very reactive medium on a 
condition of surface ions Ni2+ has shown that irrespective of the contents of nickel, processing of 
catalysts by methane results practically in complete reduction of nickel ions  Ni2+ to Ni (or 

о
nNi ) and 

to a covering of surface coke precipitations. As against it, oxidizers (СО2 and air) differently affect the 
condition of nickel in samples with the various contents of nickel: in case when sample with the 
contents of nickel of 5 % mas. oxidizers practically do not affect and at rather high concentration of 
nickel (10 and 15 %  mas.) create favorable conditions for process of formation and enrichment of 
surface by phase NiAl2O4. In СН4 + air, СН4 + СО2 system oxidation-reduction processes with 
participation of nickel ions Ni2+  Ni with shift of balance to the right in case of processing the 
catalyst by mix СН4 + СО2 proceed. In this case on a surface of catalysts oxidized [Ni2+

 (Td) and Ni2+
 

(Oh) in structure NiAl2O4] and reduced [Ni (or о
nNi )] forms of nickel coexist. 

At low concentration of nickel (5 % mas.) reactants carbon dioxide conversion of methane practically 
do not influence a condition of nickel ions, and at the large concentration (10 and 15 % mas.) three 
parallel reactions proceed: reduction of nickel, formation of phase spinel NiAl2O4 and covering of 
surface with coke  precipitations. On the surface of the catalyst oxidized [Ni2+

 (Td) and Ni2+
 (Oh) in 

structure NiAl2O4] and reduced [Ni (or о
nNi )] forms of nickel coexist. 

The reason for distinctions in behaviour of ions Ni2+ at processing in the reactive medium is probably 
connected with presence of phase NiO (phase NiAl2O4 is present in composition of all systems) in 
composition of catalysts with rather high contents of nickel (10 and 15 % mas.). 

 

OXIDE-COBALT-ALUMINUM CATALYSTS 
Co2+(3d7). The electronic configuration 3d7 can be considered as a configuration with three holes in 
the filled d-environment. Therefore, the basic term of free ion with a d7-configuration will be term 4F 
and excited - 4P, 2G, 2H, 2D, 2F. 

The basic condition of d7-ions in Oh-coordination term 
4T1g [5, 6]. In spectra Co2+(Oh) two main areas 

of the absorption, corresponding quartet - quartet transitions have been observed: about 7000-10000 
sm-1 – transition 

4T1g 4T2g (ε = 1-10 sm-1 ּ◌l/mole) and at 17000-20000 sm-1 – transition 
4T1g (4F) 

4T1g (4P), the most intensive (ε = 5-40 sm-1 ּ◌l/mole). There is one more transition allowed on spin, 
4T1g 4А2g, but this transition is two-electronic, therefore, or is not observed or gives very weak strip. 
However, transition 

4T1g (4F) 4T1g (4P) has the greatest intensity, and this strip of absorption is 
located in spectra Co2+ in octahedron and defines color of its compounds. From forbidden on spin 
quartet - duplet transitions it is necessary to note transition 

4T1g (4F) 2T1g which strongly mixes up 
with quartet transition 

4T1g (4P) on which it is imposed and it is expressed as shoulder on the short-
wave side of strip of absorption [11-13]. 

In Table 1 the literary data on condition of nickel and cobalt ions are given in structure of various 
heterogeneous catalysts. 
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Table 1. Position and reference of strips of absorption of Co2+ and Ni2+ ions in fields of 
octahedral and tetrahedral ions of symmetry 

 

System Symmetry of ion 
surrounding 

Maximum of strips 
of absorption (cm-1) Transition 

1 2 3 4 

Ni(H2O)6
2+ Oh 

8475 

13513 

15385 

3A2g 

 3T2g 

 3T1g (F) 

 3T2g (P) 

Ni-MgO Oh 

8651-8598 

(13736-13404) 

14881-14706 

24752-24510 

3A2g
 

 3T2g 

 3T1g (F) 

 3T2g (P) 

Ni-ZnO Td 

4598-4454 

8439-8333 

15456-15385 

16181-16155 

3T1 (F) 

 3T2 

 3A2 

 3T1 (Р) 

Co(H2O)6
2+ Oh 

8000 

16000 

20200 

4T1g (F) 

 4T2g 

 4A2g 

 4T1g (P) 

Co-MgO Oh 

8496-8460 

18692-17452 

19608-19305 

4T1g (F) 

 4T2g 

 4A2g 

 4T1g (P) 

Co-ZnO Td 

4167 

7692-6173 

17699 

3A2g 

 3T2 

 3T1(F) 

 3T1 (P) 

 

Position of the most intensive strip 
4T1g (4F) 4T1g (4P) defines pink or crimson color the majority of 

compounds of cobalt in octahedral coordination. 

For Co2+ in a Td-configuration the basic condition is 
4А2. Three areas of the transitions allowed on spin 

4А24Т2, 4А2
4Т1 and 

4А2 4Т1 (4Р) will consist each of 4-6 distinctly shown narrow strips obliged to 
back - orbital interaction, on which weaker duplet transitions can be imposed in part. 

Distinctive feature of spectra Co2+
 (Td), described by absence of the center of symmetry, is very big 

intensity of strips of absorption. Force of oscillator in this case on some orders is more, than in case of 
octahedral coordination. 

 

CoO (5 % mas.) - γ-Al2O3 
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Spectra of reflection of oxide systems are characterized by a.b. at 14000-20000 sm-1 (maxima at 
15800, 17200 and 18400 sm-1) from ions Co2+

 (Td) in the composition of normal spinel  CoAl2O4 and 
weak bands, characteristic for isolated ions Co2+

 (Oh), at 20900 and 24500 sm-1 (Fig. 3, c. 1). 

Processing of catalysts in atmosphere СО2, air, СН4 + air and СН4 + СО2 + air does not affect the 
condition of ions of cobalt (Fig. 3, c. 2-5). 

Influence of processing of catalysts by methane and mix СН4 + СО2 consists in some reduction of 
intensity of items from ions of cobalt that can be connected to partial their reduction to Co (Fig. 3, c.6 
and 7). 

 

 
 

Fig. 3. Diffuse reflection spectra of CoO (5 %  mas.) - γ-Al2O3 system after processing by initial 
reactants: 1 – fresh catalyst; 2 – after processing in СО2; 3 – after processing by oxygen of air;            4 
– after processing in mix СН4 + air; 5 – after processing in mix СН4 + СО2 + air; 6 – after  processing 

in СН4; 7 – after processing in mix СН4 + СО2 

 

CoO (10 %  mas.) - γ-Al2O3 

Spectra of initial sample and that of processed in various oxidation-reduction mediums are identical to 
spectra of CoO (5 % mas.) - γ-Al2O3 system (spectra are not given). 

 

OXIDE  NICKEL – COBALTALUMINA CATALYSTS 
Binary oxide  systems with various ratios of nickel (10 and 15 % mas.) and cobalt (5 and 10 % mas.) 
have black color, and spectra of diffuse reflections are characterized by the continuous unstructured 
absorption covering practically all spectral area (spectra are not given) that does not allow to interpret 
obtained data unequivocally. 

Thus, on the basis of conducted spectral researches of valent and coordination condition of nickel and 
cobalt ions on a surface of γ-Al2O3 it is possible to draw some conclusions: 

1) the surface phase composition of cobalt oxide catalysts significantly depends on concentration of 
an active component: at rather low concentration (5 % mas.), as a result of chemical processes the 
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phase surface of mixed spinel NiAl2O4 is formed, and at big quantities (10 and 15 %) along with it 
surface phase of NiO is also formed; 

2) on a surface of  cobalt oxide  catalysts within the limits of concentration of cobalt 5 and 10 % 
mas., a phase of normal spinel CoAl2O4 and isolated surface ions Со2+

 (Oh); 

3) processing of the catalyst by methane and mix СН4 + СО2 results practically in complete reduction 
of nickel ions to Ni (or 

о
nNi ) and to covering of surface coke precipitations (reduction of intensity of 

items from nickel ions with simultaneous change of painting of sample from blue to grey); 

4) in case of processing the catalyst by mix СH4 + air is observed essential reduction of intensity a.b. 
from ions of nickel that specifies partial restoration of ions of nickel, i.e. on a surface the superficial 
and oxidized forms of nickel coexist;  

5) processing of the catalyst in the oxidizing medium (СО2 and air) practically does not influence 
condition of nickel ions; 

6) it is revealed, that processing of catalysts by air, CO2, and also mixes CH4 + air and CH4 + CO2 + 
air does not influence a condition of ions of cobalt;  

7) processing of catalysts by methane and mix CH4 + CO2 conducts to some reduction of intensity of 
strips of a.b. from ions of cobalt that can be connected with their partial restoration up to Coo. 
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WAYS OF RISING OF EFFICIENCY OF N-PARAFFIN DEHYDROGENATION REACTOR 

 BLOCK FUNCTIONING WITH USE OF TECHNOLOGICAL MODELLING SYSTEM 
Anatoly Kravtsov V., Emily Ivanchina D., Elena Ivashkina N., EgorYuriev М., Irena Shnidorova O. 

Tomsk Polytechnic University, 634050,  Lenin Street, 30, Tomsk, Russia 

 
 

Abstract 
In this article the applied using of technological modelling system of dehydrogenation process of  n-
paraffins has been examined. The products of this process are monoolefines, which are used to obtain 
synthetic detergents. In the basis of this system a formalized mechanism of hydrocarbons 
transformation on the Pt-catalyst surface lies. Using of the developed system allows to prolongate the 
catalyst durability due to optimisation of its usage mode and also to model different variants of plant 
reconstruction. After preliminary research of temperature influence, raw materials consumption and 
volume on the process efficiency, it was ascertained that one of the possible variants is switch into 
two-reactor scheme (it means using the second reserve reactor of paraffins dehydrogenation). Also the 
conditions of continuous functioning of two parallelly working reactors have been considered. 
Conformity of proposed variants of plant reconstruction has been economically proved. This helps to 
raise efficiency of synthetic detergents obtaining. 
Key words: mathematical modelling, dehydrogenation, reactor, catalyst, n-paraffin, n-olefines, 
efficiencyь,model, account 

 

1. INTRODUCTION 
Last years development of the consumer market actively stimulates development of the industry, 
including petrochemical оne. In particular, manufactures of synthetic detergents and their raw-material 
base - linear alkyl benzenes (LAB), linear alkyl benzene sulphanates (LABS) rapidly develop. Thus 
the volume of import of synthetic washing-up liquids remains high enough: More than 60 % of the 
Russian release of synthetic washing-up liquids are supervised by transnational corporations.  

By expert estimations, the American company Procter&Gamble, German Henkel, etc. supervise about 
80 % of the market of detergents [1]. 

The factor of updating of a fixed capital is for Russian manufacturers of household chemical goods in 
4 times less than necessary. The reached level of capital investments mismatches real needs of a 
chemical complex. Especially depresses that fact, that raw branches till now do not perceive chemical 
manufacture as the integral part - the share of ready chemical production in total amounts of sales of 
the Russian oil and gas companies makes only 3 % whereas at foreign partners it comes up to 30 %. 

Narrow segmentation and a stable demand earlier did not allow the domestic companies to be fixed for 
a long time in this sphere, and they gave a up the place in the market to foreign competitors. But the 
situation changes also those foreign technologies which contained growth of the domestic industry, 
now work for its blessing. A striking example of it is the enterprise of Open Company 
«Kirishinefteorgsintez » (Open Company " Kinef ") and a factory the "LAB-LABS" included in its 
structure. The complex  LAB and LABS manufacturing includes a number of technological blocks: 

1) Plant of separation of n-paraffins by adsorption on zeolites; 

2) Plant of of n-monoolefines obtaining by means of n-paraffins dehydrogenation on Pt-catalyst ;  

3) Block of benzene alkylation with obtained monoolefines with the use of HF-catalyst; 
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4) Plant of LAB sulphidation and neutralization.  

Such complex allows to receive about 180 tons of LAB with high ability to biological decomposition 
per day. 

It is necessary to note, that for a petroleum-refining industry of all countries of the world last decade 
of XX century has passed under growing pressure of the ecological factor with accompanying 
toughening requirements of new technics to consumer properties of mineral oil [2] . 

Ability for biological decomposition of synthetic detergents is the base criterion of quality of 
production which level, according to modern Russian ecological norms, should be not less than 88 %. 
The LAB obtained by Open Company " Kinef ", meets these requirements with a greater stock. The 
technology realized at this factory, allows to obtain the LAB with ability for biological decomposition 
up to 95 %. 

Despite high quality, the domestic market of LAB is characterized by high deficiency of this 
production. Potential need of the domestic market in LAB is about 100 thousand tons per year.  

Therefore increase of a production efficiency of alkyl benzenes is an important and actual problem. 

The continuous monitoring of plants work with application of modern mathematical modelling 
methods is necessary for maintenance of optimum conditions of carrying out the processes. 

The methodology of mathematical modelling developed by us for multicomponent catalytic processes 
of hydrocarbonic raw material processing is based on following concepts of the system analysis of 
chemical-technological processes: 

1) Availability and reliability of the experimental data put in a basis of researches (on raw material, 
products and mode conditions of process); 

2) Formalization of the mechanism of hydrocarbons transformation on the catalyst surface, based on 
association of components according to reactionary ability; drawing up of the transformation scheme 
of the incorporated components, finding out how reactionary ability of the hydrocarbons belonging to 
one gomological  group depend on their physical and chemical properties; 

3) An establishment of kinetic laws of processes of catalyst desactivation, based on the account of 
simultaneously proceeding reactions of coke formation, ageing and a poisoning with poisons of an 
active contact surface, and also influence of technological conditions of process and hydrocarbonic 
structure of processed raw material on speed of catalyst desactivation; 

4) Construction of technological modelling system of process for monitoring and forecasting of work 
of plants, computer support and revealing of "narrow" places of manufacturing. 

These concepts are most fully fulfilled on an example of catalytic reforming of gasolines [3-7]. 

At the same time, the developed methodology is applicable for a petrochemical complex of processes 
of LAB manufacturing processes, (fig 1) which capacities make 50 thousand tons of alkyl benzene. 

 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

153

Prefractionating 
plant Dehydrogenation plant Plant of alkylation 

with HF

Sulphidation 
and 

neutralization 
plant

I II

III

VI

IV

V

VII

VIII

IX

X

XI XII

XIV

XIII

R
-1

40
1

C
-3

01

R
-3

01
/A

R
-3

01
/B

V-
30

3

R-301/A, R-301/B – dehydrogenation plants; R-
1401 – hydrogenation plants; V-303 – separator; 
С-301 – vaporisation column

 
 

Fig. 1. Flowchart of lines of LAB, LABS production complex: I) n-paraffins from adsorption plant ; 
II) С10–С13n-paraffins; III) fraction of С14–С17 n-paraffins; IV) fraction of С18 and higher n-paraffins; 

V) hydrogen containing gas; VI) mixture of n-paraffins and monoolefines; VII) recirculating n-
paraffins; VIII) benzene from catalytic reforming plant; IX) heavy alkylate; X) LAB; XI) sulfur from 

an elemental sulfur set; XII) LABS; XIII) alkali; XIV) sodium salt of alkylbenzenesulphuric acid 

 

One of possible ways of plant productivity increase is switching of a reserve reactor dehydrogenation 
reactor in parallel work with operating one. 

 

2. SEARCHING OF HOW DOES CONCENTRATION OF OLEFINES DEPENDS ON 
TEMPERATURE, VOLUME AND EXPENDITURE OF RAW MATERIAL PASSED 
The basic purpose of works at the present stage of researches is development of recommendations on 
technological parameters of carrying out of industrial dehydrogenation process with simultaneous 
work of two dehydrogenation reactors at the various expenditure of processed raw material and 
volumetric speed of raw materials supply (VSRMS). 

Switching to parallel work of dehydrogenation reactors means decrease in raw material loading on one 
reactor from 75 m3 per hour to 37,5 m3 per hour, that will be reflected both on kinetic, and in a 
hydrodynamical operating mode of a reactor. 

We have lead calculations of hydraulic resistance of the dehydrogenation catalyst layer at various 
loadings on raw material, tab. 1. 
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Table 1 - Influence of the raw material supply on hydraulic resistance of the catalyst layer 

 

Parameter Gc=75 m3/h 

l=7/1 

Gc=37,5 m3/h 

l=7/1 

Gc=37,5 m3/h 

l=8/1 

VSRMS, h-1 22 11,3 11,3 

∆Рсл, kPa 18 4,9 5,4 

 

*l - molar ratio "hydrogen/raw material", Gc - raw material supply, ∆Рсл - hydraulic resistance of the 
catalyst layer, VSRMS - volumetric speed of raw materials supply. 

 

Decrease in hydraulic resistance of the catalyst layer will allow to lower diffusion complications 
during the target dehydrogenation reaction passing and to maintain the Pt-catalyst in softer hydraulic 
mode. 

Change of volumetric speed of raw materials supply will affect a degree of grain use of the catalyst 
which can be evaluated through the factor of efficiency (fig. 2): 

 

эфф

kl
D

    (1); 

3 1 1( )
th


  

   (2), 

 

where l – a radius of the catalyst particle, m; k - a constant of speed of chemical reaction, s
-1  (l mol-1 s-

1), Dэфф-effective factor of diffusion, m
2
/s; φ-module of Tile; ŋ factor of efficiency of grain use of the 

catalyst. 

 

 
Figure 2. A degree of the catalyst use in dependence on loading on raw material and time of the 

catalyst operation 
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Change of temperature drop in a reactor depends on kinetics of the process, so, on type of the loaded 
catalyst and structure of raw material. With application of non-stationary mathematical model of 
process and calculation of its thermal balance it became possible to lead an estimation of change of 
temperature drop. 

The mathematical model of industrial dehydrogenation process, developed by the department of 
chemical technology of fuel of Tomsk polytechnical university is sensitive to a chemical compound of 
raw material processed on the plant [9]. The kinetic description put in a basis of technological 
modelling system, is developed taking into account various reactionary ability of paraffin 
hydrocarbons С9-С14 in dehydrogenation reactions. The hydro dynamical component of model allows 
to consider influence of the raw material expenditure passed through a reactor on parameters of 
process. The generalized mathematical description of process represents system of the following 
differential equations of material and thermal balances, eq. (3) - (4). 

 

(1 ) ,i i
j

j

C CG G w
z V

 
  

    (3) 

s.c. z=0: Сi=0, гр.у. V=0: Сi=Cвх 

(1 ) ,
j i

j

р

H r
T TG G
z V с





 

   
 


                        (4) 

s.c. z=0: Т=Т0, гр.у.V=0: Т=Твх, 

 

where Ci- concentration of i-th hydrocarbon, mol/m3; U- linear speed of a stream, m/h;  -pore 

volume of catalyst layer; ir - speed of reaction, mol/m3∙h; i
i j

j

dCr W
dt

  ; wj–speed of j-th 

component in i-th reaction, mol/m3∙h; T  – temperature of the process, К; jH - thermal effect of 

reaction, Joule/mol; pc – thermal capacity of a mixture, Joule/mol∙К;  -density of a mixture, kg/m3; 

0T - start temperature (temperature of an environment), K; T вх- temperature of an input in a reactor, 
K; Cвх –entrance concentration of hydrocarbon, mol/m3. 

Time of stay of reagents in the reactionary zone, depending on the hour expenditure of raw material G, 
volume of the catalyst V, in conditions of a stable loading of plant on raw material is replaced with « 
resulted time » or total volume of the processed raw material, z Gt , m3, t  – time, hour. 

Forecasting of a variant of double-reactor scheme of work of operating plant can be most effectively 
executed with application of the developed by authors kinetic model adequately describing real 
industrial paraffins dehydrogenation process [3]. 

Experimental researches allow to estimate only influence of change of volumetric speed of raw 
materials supply on process parameters. 

At the same time it is necessary to consider a degree of dehydrogenation catalyst deactivation, that, in 
its turn, makes the contribution to change of a technological mode and, accordingly, qualitative and 
quantitative characteristics of a target product. 
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Experiments of such duration cannot be lead, since, the degree of the catalyst deactivation depends 
both on a temperature mode of catalyst operating, and on structure and volume of the raw material 
passed through the reactor. 

So, the estimation of the catalyst activity change lead on mathematical model, has shown, that for 3-6-
day period of plant work (about 7, 2 thousand m3 of raw material passed) the catalyst activity 
concerning target paraffins dehydrogenation reaction will decrease on 0,04-0,11 %. Concerning 
collateral reactions of olefines dehydrogenation - on 0,01-0,02 %, paraffins hydrocracking - on 0,21-
0,58 %, isoparaffins dehydrocyclization - on 0,07-0,21 %; the content of coke on the catalyst thus is 
estimated as 0,022 %, that practically does not influence a course of process.  

On fig. 3-8 the results of calculations on model of concentration of olefines and diolefines in a product 
flow depending on temperature, the expenditure and volume of the raw material passed through a 
reactor are presented. 

 

 

 
 

Figure 3. - Change of concentration оf olefines depending on temperature and expenditure of raw 
material at 5 thousand m3 of raw material passed (about 3 days of plant work) 
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Figure 4. - Change of concentration оf olefines depending on temperature and expenditure of raw 

material at 184 thousand m3 of raw material passed (more than days of plant work) 

 

 

 

 

 
Figure 5 - Change of concentration оf olefines and diolefines depending on temperature and the 

expenditure of raw material at 184 thousand m3 of raw material passed (more than days of plant work) 
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Figure 6- Change of concentration оf olefines and diolefines depending on temperature and the 

expenditure of raw material at 184 thousand m3 of raw material passed (more than days of plant work) 

 

 

 

 
Figure 7- Change of concentration оf olefines and diolefines depending on temperature and the 

expenditure of raw material at 5,4 thousand m3 of raw material passed (about 3 days of plant work) 
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Figure 8- Change of concentration оf olefines and diolefines depending on temperature and the 

expenditure of raw material at 5,4 thousand m3 of raw material passed (about 3 days of plant work) 

 

As it shown in fig. 3-8, with growth of temperature concentration target and by-products in mixture 
increases. At the same time it falls with increase of raw material expenditure and volume of raw 
material passed through dehydrogenation reactor (with strengthening of the catalyst), that does not 
contradict classical conceptions about heterogeneous catalysis. Inclusion of a reactor of diolefines by-
products hydrogenation in the technological scheme allows to increase quantity target olefines, acting 
on a stage of benzene alkylation with monoolefines, tab. 2-3. 

Table 2  

Concentration of target and by-products (without taking into account a stage of hydrogenation) at 
various temperature and raw material expenditure (molar ratio "hydrogen/hydrocarbons» =7/1, volume 

of the raw material passed-184 thousand m3) 

 

 

Products, % mass. 

Temperature, °С 

470  490  

Raw material expenditure, 37,5 m3/h 

Olefines 12,74 16,32 

Diolefines 1,27 2,63 

Aromatic hydrocarbons 0,34 0,4 

Raw material expenditure,75 m3/h 

Olefines 9,19 13,28 

Diolefines 0,56 1,33 

Aromatic hydrocarbons 0,29 0,38 

Raw material expenditure, 95 m3/h 

Olefines 7,96 11,93 

Diolefines 0,4 1,01 
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Aromatic hydrocarbons 0,22 0,31 

Raw material expenditure, 125 m3/h 

Olefines 6,62 10,31 

Diolefines 0,27 0,72 

Aromatic hydrocarbons 0,23 0,33 

 

Table 3 

Concentration of target and by-products (with taking into account a stage of hydrogenation) at various 
temperature and raw material expenditure (molar ratio "hydrogen/hydrocarbons» =7/1, volume of the 

raw  

material passed-184 thousand m3) 

 

 

Products, % mass. 

Temperature, °С 

470  490  

 Raw material expenditure, 37,5 m3/h 

Olefines 13,62 18,1 

Diolefines 0,13 0,52 

Aromatic hydrocarbons 0,29 0,35 

Raw material expenditure,75 m3/h 

Olefines 9,52 14,2 

Diolefines 0,04 0,14 

Aromatic hydrocarbons 0,24 0,33 

Raw material expenditure,95 m3/h 

Olefines 8,17 12,61 

Diolefines 0,03 0,1 

Aromatic hydrocarbons 0,22 0,31 

Raw material expenditure, 125 m3/h 

Olefines 6,73 10,76 

Diolefines. 0,02 0,06 

Aromatic hydrocarbons 0,19 0,28 

 

Simultaneous rise in temperature of process and increase in time of contact of reagents (increase of 
"rigidity" of process), undoubtedly, will lead to growth of by-products concentration and high coke 
accumulation. It will negatively influence quality of obtained production and will reduce durability of 
the catalyst. 

Thus, executed with application of mathematical model researches about how does raw material 
expenditure influence parameters of n-paraffins dehydrogenation process have allowed to reveal 
following laws: 
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a) With increase of raw material expenditure and, hence, volumetric speed of raw materials supply 
(VSRMS) it is necessary to rise temperature for manufacturing of demanded quantity of a target 
product - olefin, but without changing a process "rigidity"; 

b) With rise in temperature and decrease of VSRMS concentration of olefines in a product mixture 
increases; that can be explained by thermodynamics of target dehydrogenation reaction. Calculations 
on model show increase in concentration of olefines, on average on 20 %, with decrease of VSRMS 
up to 10 h-1 and temperature 490 °С; 

c) With rise in temperature and decrease of VSRMS, together with increase of target product increases 
the level of by-products - diolefines and aromatic hydrocarbons also; that is connected with increase in 
time of reagents contact; 

d) Selectivity of process decreases with growth of conversion and increases with increase of raw 
material expenditure.  

These laws correspond to theoretical conceptions and are experimentally proved. 

Thus, for forecast estimations of work efficiency of parallel working reactors it is necessary to 
consider influence of several factors, in particular, operating parameters of the given process is not 
only time of reagents contact, but also temperature of industrial process carrying out. 

With decrease in loading on raw material (from 75 till 37,5 m3/h) the decrease in rate of rise of input 
temperature in a dehydrogenation reactor on the average on 20 °С is possible in view of equally set 
concentration of a target product (at carrying out forecast calculations on model 9,61 % mass.), fig. 9. 

 

 
Figure 9.  -Change of an input temperature in a dehydrogenation reactor at the various raw material 

expenditure 

 

Possible variant of decrease in rate of coke accumulation on the catalyst, and also growth of by-
products concentration is the increase of molar ratio "hydrogen/raw material". Results of modelling 
researches are presented in tab. 4-5. 
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Table 4 

Concentration of target and by-products (with taking into account a stage of hydrogenation) at various 
temperature and raw material expenditure (molar ratio "hydrogen/hydrocarbons» =8/1, volume of the 

raw material passed-184 thousand m3) 

 

Products, % мас. 

Temperature, °С 

470  490  

Raw material expenditure, 37,5 m3/h 

Olefines 13,37 16,31 

Diolefines 1,14 2,44 

Aromatic hydrocarbons 0,34 0,41 

Raw material expenditure, 75 m3/h 

Olefines 8,62 12,76 

Diolefines 0,48 1,18 

Aromatic hydrocarbons 0,28 0,38 

Raw material expenditure, 95 m3/h 

Olefines 7,39 11,33 

Diolefines 0,34 0,89 

Aromatic hydrocarbons 0,25 0,35 

Raw material expenditure, 125 m3/h 

Olefines 6,09 9,68 

Diolefines 0,22 0,62 

Aromatic hydrocarbons 0,22 0,31 

 

Calculations on model show, that the thermodynamics of target reaction will not allow to raise 
essentially an output of a target product in a unit of time with decrease in loading on raw material. 
Undoubtedly, more economically justified and effective is the variant of simultaneous increase of raw 
material expenditure. 

For achievement of the maximal economic benefit maintenance of raw material expenditure at level of 
50 m3/h (100 m3/hour for both reactors) is expediently. 

Thus, realization of following recommendations is necessary: 

1) temperature of an input in a reactor 460-487 ˚С; 

2) molar ratio «Н2/hydrocarbons» 8/1. 

Finally, the choice of any of variants of work is caused by indemnification of the costs connected with 
maintenance of the chosen technological mode, increase in an output of the LAB in a unit of time, tab. 
6. 
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Table 6 

Variants of a technological mode at operation of the plant including two dehydrogenation reactors 

Raw material expenditure, 
m3/h 

 

Input 
temperature, °С 

Duration of  the 
catalyst run, 

days 

Average 
manufacturing 
of LAB, t/day.  

By-products 
(diolefines) by the end 

of run, % mass. 

Molar ratio 7/1 

75 (for 1 reactor) 470 263 190 0,84 on 263-th day 

50 (100 for 2 reactors) 462 479 256 1 on 479-th day and 
0,85 on 263-th day 

37,5 (75 for 2 reactors) 456 611 201 1,21 on 611-th day and 
1,02 on 263-th day 

Molar ratio 8/1 

75 (for 1 reactor) 470 319 178 0,74 on 319-th day and 
0,69 on 263-th day 

50 (100 for 2 reactors) 462 604 245 0,92 on 604-th day 0,71 
on 263-th day 

37,5 (75 for 2 reactors) 456 833 187 1,03 on 833-th day on 
0,74 on 263-th day 

 

It is necessary to note, that the quantity of the LAB is estimated without taking into account loss of a 
target product as a result of ablation with polyalkylbenzenes (PAB). On average 8-10 % the LAB are 
carried away with PUB (by results of laboratory analyses). 

Thus, economic benefit of realization of switching to parallel work of dehydrogenation reactors can be 
connected: 

1) With increase in duration of plant work at one loading of the Pt-catalyst from 263 till 833 days (the 
greatest possible increase); 

2) With increase in target product output in unit of time up to 201 th day of LAB. Simultaneous 
achievement of both parameters is obviously possible with increase in loading of raw material on 2 
reactors till 100 m3/hour and increase of molar ratio «Н2/hydrocarbons» up to 8/1 (increase in run till 
604 day and daily average manufacturing of LAB up to 245 tones. 

At the same time, the increase in loading on a hydrogenation reactor and, accordingly, on a reactor of 
hydrogenation, can cause decrease of conversion at diolefines hydrogenation. The rules of the 
enterprise provides a working temperature interval for this reactor 180-220 ◦С. Calculations on model 
have shown, that the increase in loading on raw material on a reactor from 75 till 100 m3/h 
(approximately from 56000 up to 75000 kg/hours) will not essentially affect conversion of diolefines 
at an intermediate stage of LAB manufacturing; target concentration of diolefines will not exceed 0,12 
% mass during all run. 

 

3. ORGANISATION OF CONTINUOUS PLANT WORK 
One more effective variant of plant operation can become the organization of continuous work of 
reactors as at increase in loading till 100 m3/hour (50 m3/hour on one reactor), and at its preservation 
at a level of 75 m3/hour (37, 5 m3/hour on one reactor). 
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At carrying out forecast calculations the following prospective scheme of plant start-up has been 
chosen:  

1) simultaneous start-up of dehydrogenation reactors at loading 50 m3/hour on one reactor (319 days);  

2) a stop of one of reactors, for example, R-301/A, at achievement of input temperature in a reactor 
487 °С; thus the second reactor R-301/В continues working at smooth rise of input temperature from 
487 up to 491 °С and increase in loading of raw material at this reactor from 50 till 75 m3/h (a 
maximum of 30 day, a minimum of 2 weeks), depending on when will R-301/A be overloaded with 
fresh catalyst ); 

3) Switching off a reactor R-301/В; simultaneous inclusion in work of reactor R-301/A at loading of 
raw material 75 m3/hour with the fresh loaded catalyst with starting temperature of an input 470 °С 
(15 days); 

4) inclusion of reactor R-301/В in work, increase in loading on raw material till 100 m3/h (50 m3/h on 
one reactor) (about 1 year), etc. 

Results of calculation of a similar technological mode on model are shown on figures.12-13 (at 
loading of 50 m3/hour on one reactor).  

Let's accept following designations of sites on a curve: 1, 3 - parallel inclusion of reactors, fig.10; 2 - 
monoreactor operating mode, fig. 11. 

 

 

 

 

R-301/A R-301/B

100 m 3/h

50 m 3/h 50 m3/h

R-1401

 
Figure 10. - parallel inclusion of dehydrogenation reactors 
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R-301/A R-301/B

75 m3/h

75 m3/h

R-1401

 
 

Figure 11- monoreactor operating mode 

 

 
Figure 12. - Temperature of an input of raw material at the organization of continuous work of 

hydrogenation reactors 
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Figure 13. - Raw material expenditure at the organization of continuous work of hydrogenation 

reactors 

If it is not possible to increase loading on raw material on both reactors till 100 m3/h, operating modes 
of plant and the basic parameters of efficiency at work on former loading (75 m3/hour) will look as 
follows, fig. 14 (at loading 37,5 m3/hour on one reactor). 

 
Figure 14. - Temperature of an input of raw material at the organization of continuous work of  

dehydrogenation reactors 
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Figure 15. - Raw material expenditure at the organization of continuous work of dehydrogenation 

reactors 

 
Figure 16. -Diolefines at the organization of continuous work of dehydrogenation reactors 

 

Thus, simultaneous inclusion of two dehydrogenation reactors into work can be economically justified 
as from the point of view of increase in target product LAB manufacturing in a unit of time, especially 
with increase in "rigidity" of process, and with the organization of continuous plant work.  

 

CONCLUSIONS 

 
The researches carried out on mathematical model, have shown, that increase of economic efficiency 
linear alkyl benzenes obtaining plant work at its switching to parallel work of dehydrogenation 
reactors can be reached in some cases:  
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At simultaneous increase in loading of raw material up to 100 m3/h and hydrogencontaining gas 
expenditure the maximal effect connected both with increase of duration of catalyst run, and with 
increase in daily average LAB manufacturing will be reached; 

 The organization of continuous work of reactors. 
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Abstract 
The group composition of asphaltene-resin-paraffin deposits (ARPD) in the Irelyakh field and their 
solubility in the composite solvents on the hexane base with the additives consisting of nonionic 
surface-active substances (NSAS) and concentrates of aromatic hydrocarbons is determined. The 
results of the investigations show that the additives Neonol AF-9-10 and liquid products of pyrolysis 
(LPP) are most efficient. The use of these additives allows to increase the efficiency of ARPD 
breaking and dissolving by 1,3 – 1,6 times as compared with a base solvent. It is shown that the 
increase in the concentration of individual additives from 0,5 to 3% causes a decrease in the efficiency 
of detergent compounds. 

Key words: asphaltene-resin-paraffin deposits, oil well tubing, bottom hole zone, hydrocarbon 
solvent. 

 

1.INTRODUCTION 
At present on the territory of Yakutia oil reservoirs of Talakansky, Sredne-Botuobinsky and 
Irelyakhsky fields of the Nepsko-Botuobinsky anteclise are in the experimental-industrial 
development. These gas and oil fields are situated in the zone of continuous distribution of permafrost 
rocks. That is why the regionally traced low reservoir temperatures (10 – 15 o C) and abnormally low 
reservoir pressures are characteristic of the producing horizons. Oils of the Nepsko-Botuobinsky 
anteclise are low-sulfur and have, mainly, methane composition (41-73%), the increased content of 
asphaltenes (to 11%) and resins (to 43%) [1]. During the operation of oil-producing wells at a 
temperature and pressure drop, followed by oil degassing, a sharp decrease in solubility of paraffin, 
asphaltenes and resin matters occurs. This phenomenon in combination with the rough surface of the 
walls of oil well tubing (OWT) brings about the intensive deposition of ARPD on the surface of the 
producing equipment and in the bottom hole zone (BHZ). As a result, a decrease in the liquid inflow to 
the bottom zone and an increase in hydraulic resistance of wells take place.  

Negative consequences of ARPD formation set conditions for developing a great number of methods 
for combating this phenomenon: mechanical, thermal, physical, chemical and microbiological [2, 3]. 
However the use of the above methods depends on the conditions of a particular field. For example, 
application of the biotechnological methods is restricted by high reservoir pressures, gas factors, high 
hydrogen sulphide content in oil and temperature being higher than 40….50 o C. The magnetic 
treatment has its own requirements for the treated medium such as water hardness and mineralization 
of the produced water, gas factor (up to 200 m3/m3), etc. The electrical methods have a rather complex 
ground equipment used for the electric power supply in the underground heating installations. In this 
connection the intensive studies on breaking and removal of ARPD are carried out both in Russia and 
abroad [4]. As is known, hydrocarbon solvents are most efficient at removing ARPD [4, 5, 6, 7]. The 
main purpose of BHZ treatment with the use of solvents is breaking of water-oil emulsions in the 
bottom hole zone and ARPD removal. It is known that most of hydrocarbon solvents (casing-head 
gasoline, aromatic hydrocarbons, oil distillates, etc.) readily break water-oil emulsions as well as 
dissolve ARPD, formed in the oil well tubing, and do not evolve them after cooling of the solution. 
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At present the main procedure for ARPD control in the Irelyakh field is the periodic treatment of the 
reservoir by the cold condensate. But as the practical experience shows this method turned out to be 
ineffective for combating the organic depositions. Therefore, the most appropriate procedure for 
controlling the ARPD formation in the conditions of abnormally low reservoir pressures and 
temperatures can be the application of composite solvents. 

The purpose of the investigation is: on the basis of the investigation of the group composition of 
ARPD in the Irelyakh field to develop a composite solvent for cleaning the oil well tubing from 
paraffin deposits.  

 

2. SUBJECTS AND METHODS OF INVESTIGATION 
The subject of the investigation is ARPD of the oil of the Irelyakh field taken from the surface of the 
oil well tubing.  

2.1. Determination of the ARPD group composition 

The content of the main group components (hydrocarbon (HC) + hard paraffin, resins, asphaltenes and 
inorganic part) has been determined in the ARPD under study. Division of ARPD into group 
components is relevant and shows differences in solubility of these components in solvents used 
during the analysis of the residual oil products – the closest analogues of ARPD [8]. Therefore, 
investigations have been carried out with the use of the adsorption methods of analysis of the residual 
oil products by Marcusson [9]. The results are presented in Table 1.  

2.2. Evaluation of the efficiency of hydrocarbon solutions at ARPD removing 

Evaluation of the efficiency of the action of solvents with additives has been performed in static 
conditions by the methods of the RPO “Neftepromkhim” [10]. The ARPD sample is heated to the 
softening temperature, thoroughly mixed and shaped in the form of a cylinder 12 x 20 mm. Then it is 
cooled and placed into the previously weighed basket from the brass (steel) gauze with the size of a 
cell 1,5 x 1,5 mm. The dimensions of the basket are 70 x 15 x 15 mm. The basket with ARPD is 
weighed and placed in a glass hermetic cell where 100 mm of the solvent under study is poured. The 
experiment temperature is 10 o C. In 4 hours the basket with the residual non-destructed part of ARPD 
is taken out and dried to a constant weight. The destructed but undissolved part of ARPD, fallen from 
the basket in the cell, is filtrated, dried to a constant weight and weighed.           

According to the above procedure the evaluation of the efficiency of the solvent is performed 
according to three indices:  

 The ability of a solvent to break ARPD into smaller fragments. This is the dispersing ability of 
a solvent, which is evaluated by the percentage amount of ARPD remained on a filter. This 
index must be optimum as at a very high dispersing ability of a solvent there is the probability 
of forming the fragments of ARPD, which can plug the bottom hole zone. 

 The ability of a solvent to form a real solution with the ARPD components. This is the 
dissolving capacity of a solvent, which is evaluated by the percentage amount of ARPD 
passing into the solution. The value of this index must be as large as possible.  

 The ability of a solvent to dissolve and break components of ARPD simultaneously. This is 
the so-called detergent power of a solvent, which is evaluated by the difference between the 
ARPD taken for the analysis and the residual of ARPD in the basket in % mass. This index 
can be considered to be the universal one. The higher is its value, the higher is the efficiency 
of a solvent on the whole. 



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

171

 

3. RESULTS AND DISCUSSION 
Table 1 shows the group composition of ARPD in the Irelyakh field. 

 

Table 1 - The group composition of asphaltene-resin-paraffin deposits 

The place of 
sampling 

Mass composition, % 

Asphaltenes Silica resins HC+hard paraffin Mechanical admixtures 

The Irelyakh field 7,6 15,1 72,9 4,4 

 

One can see from Table 1 that ARPD is characterized by a high content of the paraffin HC. Paraffin 
type of deposits and, as a result, their low polarity indicate that the base of the composite for breaking 
the ARPD structure must consist of a low-boiling aliphatic HC, hexane being selected as such a 
hydrocarbon.  

Evaluation of the efficiency of solvents has been carried out according to such complex of 
characteristics as dispersing, dissolving and detergent abilities of the base solvents (hexane) and 
hydrocarbon solutions consisting of hexane and the additive (mixture of additives of different 
functional purpose). Concentrates of aromatic HC – polyalkylbenzene resin (PABR) [11], liquid 
products of pyrolysis (LPP) [12], ethylbenzene cut (EBC) [13] and butylbenzene cut (BBC) [14] have 
been investigated as the additive for increasing the dissolving and solvation function of the base 
solvent. The NSAS, produced by the home industry and representing the oxyethylated alkylphenol – 
Neonol AF-9-10, has been studied as the additive having the detergent-dispersing properties.  

First of all the efficiency of using the individual additives at their mass content in the base solvent 
being from 0,5 to 3% has been investigated. As the esults obtained show, the LPP additives and 
Neonol AF-9-10 are the most efficient (Table 2).  

 

Table 2 - Experimental data on ARPD solubility in the Irelyakh field 
Additive Dispersing ability,  

% mass. 

ARPD residual in 
the basket,  

% mass. 

Dissolving 
ability, 

% mass. 

Detergent 
ability,  

% mass. 
Components  Concentration in a 

solvent, % mass 

Base solvent: Hexane 

Hexane 14,68 3,41 81,91 96,59 

PABR 

0,5 15,68 4,01 80,31 95,99 

1 18,82 7,13 74,05 92,87 

3 12,89 21,54 65,57 78,46 

EBC 

0,5 13,92 4,85 81,23 95,15 

1 11,35 6,25 82,40 93,75 

3 11,52 11,19 77,29 88,81 

BBC 

0,5 14,16 6,13 79,71 93,87 

1 14,39 8,63 76,98 91,37 

3 11,60 24,21 64,19 75,79 
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LPP 

0,5 13,14 1,93 84,93 98,07 

1 11,89 8,00 80,11 92,00 

3 7,20 17,15 75,65 82,85 

Neonol 

0,5 20,03 2,59 77,38 97,41 

1 30,83 9,29 59,88 90,71 

3 55,38 14,87 29,75 85,13 

 

The use of these additives allows to increase the efficiency of ARPD breaking and dissolving by 1,3 – 
1,6 times as compared with the base solvent. The additive Neonol AF-9-10 has a higher dispersing 
ability in comparison with PABR, EBC, BBC and LPP. It is found out that the increase in the 
concentration of individual additives from 0,5 to 3% causes the increase in the efficiency of detergent 
compounds. In all probability, at the concentration of additives higher than 1,0% mass their absorption 
on the surface of ARPD occurs. The multimolecular layer formed in the conditions of the static regime 
prevents from further penetration of solvent molecules to ARPD, which is indicated by the general 
tendency for the decrease in the detergent ability of solvents regardless of the character of the 
additives being used.         

Determination of the efficiency of the action of additive composites is of a great interest. In this 
connection the composite additives Neonol + PABR, Neonol + LPP, Neonol + EBC and Neonol + 
BBC with the total concentration in a base solvent being 0,5% have been studied (Table 3).  

 

Table 3 – Experimental data on solubility of ARPD in the Irelyakh field 
Additive Dispersing ability,  

% mass. 

ARPD residual 
in the basket,  

% mass. 

Dissolving 
ability, 

% mass. 

Detergent 
ability,  

% mass. 
Components Proportion 

of 

Components 

Base solvent: Hexane 

Hexane 14,68 3,41 81,91 96,59 

Neonol:LPP 

100:0 20,03 2,59 77,38 97,41 

90:10 14,28 14,31 71,41 85,69 

80:20 20,05 17,55 62,40 82,45 

70:30 14,11 15,71 70,18 84,29 

60:40 17,27 14,49 68,24 85,51 

50:50 21,07 13,71 65,22 86,29 

40:60 10,31 12,30 79,38 89,69 

30:70 6,48 18,32 75,20 81,68 

20:80 9,82 22,29 67,89 77,71 

10:90 10,47 11,35 78,18 88,65 

0:100 13,14 1,93 84,93 98,07 

Neonol:EBC 100:0 20,03 2,59 77,38 97,41 
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90:10 40,62 10,99 48,39 89,01 

80:20 29,37 18,64 51,99 81,36 

70:30 29,59 14,19 56,22 85,81 

60:40 20,91 20,62 58,47 79,38 

50:50 24,71 14,00 61,29 86,00 

40:60 14,97 9,39 75,64 90,61 

30:70 14,37 16,04 69,59 83,96 

20:80 8,69 17,47 73,84 82,53 

10:90 14,07 13,08 72,85 86,92 

0:100 13,92 4,85 81,23 95,15 

Neonol:BBC   

100:0 20,03 2,59 77,38 97,41 

90:10 12,95 7,19 79,86 92,81 

80:20 13,38 11,75 74,87 88,25 

70:30 11,95 14,68 73,37 85,32 

60:40 10,76 15,12 74,12 84,88 

50:50 11,74 20,78 67,48 79,22 

40:60 9,41 13,72 76,87 86,28 

30:70 9,15 13,47 77,38 86,53 

20:80 9,72 15,29 74,99 84,71 

10:90 7,30 16,86 75,84 83,14 

0:100 14,16 6,13 79,71 93,87 

Neonol:PABR 

 

100:0 20,03 2,59 77,38 97,41 

90:10 20,47 14,99 64,54 85,01 

80:20 17,80 11,77 70,43 88,23 

70:30 13,65 15,79 70,56 84,21 

60:40 16,78 12,84 70,38 87,16 

50:50 16,68 21,53 61,79 78,47 

40:60 16,07 24,62 59,31 75,38 

30:70 11,54 18,00 70,46 82,00 

20:80 17,89 21,32 60,79 78,68 

10:90 10,07 12,11 77,82 87,89 

0:100 15,68 4,01 80,31 95,99 

 

The experimental data show that the positive synergetic effect is not observed for the composites 
under study. The detergent ability of composite additives decreases as compared with the individually 
used additives.  
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Therefore the hydrocarbon solvent with LPP at total concentration of 0,5% mass in a base solvent can 
be considered to be the most efficient for removing ARPD in the Irelyakh field. In comparison with 
the pure hexane this solvent has high detergent and dissolving ability. Evidently, the increase in the 
detergent ability occurs due to the fact that the LPP additive improves the solubility of resins, which 
cement separate crystals of paraffin, particles of asphaltenes and mechanical admixtures. 

 

4. CONCLUSION 
1. It is established that asphaltene-resin-paraffin deposits in the Irelyakh field are characterized 

by a high content of paraffin hydrocarbons. 

2. It is shown that during breaking and dissolving the ARPD of the paraffin base the best effect 
is obtained at using the additive consisting of liquid products of pyrolysis with the total 
concentration in a base solvent being 0,5% mass.  

3. With the increase in the total concentration of individual additives in a base solvent the 
efficiency of detergent compounds decreases.  

 

The study is performed at the assistance of the Grant of the President of the Russian Federation – MK 
– 4561.2007.5.  
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Abstract 
Method to model the T-x-y and T-x-y-z diagrams by means of kinematicaly produced surfaces and 
hypersurfaces has been considered. The models of Т-х-у diagram with an eutectical solubility gap, its 
topological modifications, horizontal and vertical sections are considered. The principles of  T-x-y-z 
diagrams simulation are presented using T-x-y-z diagram with the two eutectical solubility gaps.  

 

The elaboration of phase diagrams computer simulation methods and the attendant software makes it 
possible to obtain the visual models of different topology T-x-y and T-x-y-z diagrams and to carry out 
their thorough investigation by the horizontal and vertical sections building, the conjugate 
compositions and the crystallization paths calculations, the analysis of three-phase transformation type 
changing, etc. In parallel with the thermodynamic simulation methods development [1-3] the problem 
of spatial diagrams computer work models elaboration is actual also.  Work models of phase diagrams 
give the possibility to work with physics-chemical systems on all stages of their studies. In the case of 
deficiency in necessary experimental or calculation information the different mathematical models can 
be used. 

At the choice of mathematical method to describe the phase regions boundaries in diagrams of any 
complexity and topological types, the models using minimum of initial experimental data are 
preferred. A kinematical method of phase diagrams surfaces and hypersurfaces description is the most 
potential [4-5]. In the case of T-x-y diagram, any surface is presented as the pseudo-ruled one, that is, 
a space curve, given by the interpolation polynomial, moves along the analogously given directing 
curves. For Т-х-у-z diagrams, the hyper-surfaces are formed by the originating curves moving along 
the directing surfaces. Such method permits to simulate the phase regions boundaries of any 
complexity, including the surfaces and hyper-surfaces with extreme points, solubility gaps, folds and 
closed surfaces using the minimum of initial experimental information. The surfaces and hyper-
surfaces having large quantity of points on the contour are formed from the separate fragments or 
using the additional directing curves building.  

 

1. VARIANTS OF T-X-Y DIAGRAMS RULED AND UNRULED SURFACES 
DESCRIPTIONS 
The ruled surfaces with rectilinear directing lines including four points on contour (fig. 1a) are formed 
by the originating line moving between the position ac and bd along the two rectilinear directing lines 
ab and cd. In the general case it is the hyperbolical paraboloid (skew plane), in the particular case it is 
the plane. The assignment of the additional points on the directing lines permits to obtain the ruled 
surfaces with curvilinear directing lines (fig. 1b). The quantity and arraignment of additional points 
define the view and curvature of directing lines. It is suggested that originating segment is degenerated 
in a points at the construction of surfaces with three points on contour.  
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In a general way at the surfaces simulation the originating curve is given by the interpolation 
polynomial of second or higher power and one or several additional directing lines are given within 
surfaces. For example at smooth surface simulation (fig. 1c) the originating line is moving from 
position ac to bd along the three directing curves  a(a,b)b, e(e,f)f и c(c,d)d, each of them passes 
through three points. 

A saddle surface of the form as fig. 1d is obtained by the originating line shifting from positions a1c1 
to point a6 along the three directing curves given by five points. In a similar way the cupola-shaped 
surfaces can be formed by the originating line of second degree gliding along the three directing lines. 
In this case the limited directing lines a1a3 and c1c3 pass through three points and the intermediate 
directing curve is formed by five points (fig. 1e). The complexity surfaces including solubility gaps 
and large quantity of points on the contour are constructed from separate fragments. So the surface 
with smoothness gap ee1 (fig. 1f) have five singular points on contour and so it is formed by three 
fragments. 

 

a)    b)     c)  

 
 d)     e)    f) 

 

 
 

Fig. 1. Kinematical models of ruled surfaces with rectilinear (a) and curvilinear (b) directing lines, 
surfaces with curvilinear perimeter (c), saddle (d), cupola-shaped (e) and fragmented (f) surfaces  

 

Let’s consider suggested method using T-x-y and T-x-y-z diagrams as examples. 
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2. T-X-Y DIAGRAM WITH ONE EUTECTIC SOLUBILITY GAP MODEL 
Given T-x-y diagram include three unruled surfaces (liquid with fold (Q), solidus (S) and solvus (V)) 
and three ruled surfaces (Qr

A, Qr
B and Sr). At that the point on eutectic line end conforms to both 

maximum and minimum on the monovariant lines. We consider in some detail the first case (fig. 2а) 
[6 (P. 82), 7 (P. 165), 8 (Р. 239)]. The unruled surfaces are formed by the moving of originating curves 
of second power along the three directing lines passing through three points. The exception is the 
solvus cupola-shaped surface, its directing lines pass through three, four and five points. 

The points corresponding the melt temperature of initial components A, B and C on the prism edges, 
the end points of eutectic curve e and e1, the solvus points on the prism side a, b, a1, b1 and within 
prism с, с1 are given as an initial data. The additional points are used for the surface curvature 
determination (on the contour of surfaces and within the one) and the provision of smoothness on one 
surface fragments boundaries (table 1). 

Table 1 

а) Compositions and temperatures of initial points on surfaces contour 

Symbol z1 z2 z3 T Symbol z1 z2 z3 T 

A 1 0 0 720 a1 0.84  0.16  0 0  

B 0 1 0 550 b 0.18  0.82  0 420  

C 0 0 1 1000 b1 0.12  0.88  0 0  

e 0.49  0.51  0 420  c 0.5 originating parameter 

e1 0,5 originating parameter c1 0.26  0.17  0.59 0  

a 0.78  0.22  0 420  

b) Coordinates of additional points determining the surfaces curvature  

Symbol z1 z2 z3 T Symbol z1 z2 z3 T 

(1) 0.8 0 0.2 780 (8) 0  0.48  0.52 780 

(2) 0.9 0.31 0 580 C-c 0,18  0,14  0.68 870 

(3) 0.27 0.73 0 510  (5)-c 0,75 originating parameter 

(4) 0 0.58 0.42 780  (8)-c 0,25 originating parameter 

e-e1 0.44 0.43 0.13 620  (6)-[(5)-c] 0,72  0,1  0.18 670  

C-e1 0.19  0.18  0.63 890  (7)-[(8)-c] 0,12  0,63  0.25 640 

(1)-e1 0,75 originating parameter (9) 0.82  0.18  0 230 

(4)-e1 0,25 originating parameter (10) 0.15  0.85  0 230 

(2)-[(1)-e1] 0,65  0,27  0.08 690  (11) 0.44  0.11  0.45 280 

(3)-[(4)-e1] 0,23  0,63  0.14 650  (12) 0.18  0.37  0.45 280 

(5) 0,71  0  0.29 780 a-c 0,56  0,19  0.25 640 

(6) 0.71  0  0.29 780 b-c 0,21  0,53  0.26 630 

(7) 0,1  0,9  0 470  

 
The liquids surface has smoothness gap and therefore it is constructed from three parts (fig. 2b). The 
moving of originating line from Ae to (1)е1 along the directing curves ee1, (2)(1)-e1 and the part А(1) 
of directing curve А(1)С forms the fragment Аее1(1). In fragment Вее1(4) the directing lines arranges 
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the limited positions Ве and (4)е1 and moves along the directresses ее1, (3)(4)-е1) and the part В(4) of 
directing curve В(4)C. The generating fragment С(1)(4) is shifted from (1)е1(4) to C along the 
directing lines (1)С, (4)С and е1(С,е1)С. As the directing lines of these liquids fragments are the parts 
of common lines for all surfaces then the surface smoothness is assured besides the fold ее1.  
The solidus surface has six singular points on contour and consists of three parts (fig. 2c). The 
fragment С(5)(8) is formed by the directing lines moving from the position (5)(8) to points C along the 
lines (5)С and (8)С of directing lines А(5)С and В(8)С, and the directing line cC. The originating line 
of Аас(5) surface fragment arranges the limited positions Аа and (5)с and shifts along the part ac and 
А(5) of directing lines АС and acb, and the directing curve (6)(5)-c. The fragment Bbc(8) is 
constructed by the gliding of originating line from Bb to (8)с along the line bc and B(8) of directing 
lines abc and  B(8)С, and the directing line (7)(8)-c. The solvus surface (fig. 1d) is formed by the 
moving of originating line from aa1 to bb1 along the directing lines acb, (9)(11)(12)(10) and a1c1b1 
given from five, four and three points correspondingly.  
 

a)      b) 

   
c)      d)   e) 

 
Fig. 2. Т-х-у diagram with one eutectic solubility gap (a), the surfaces models of liquids (b),  

solidus (c), solvus (d) and ruled surfaces (e) 
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At the ruled surfaces simulation Qr
A, Qr

B and Sr the originating segment shifts along the two directing 
lines. The ruled surface Qr

A is simulated by the segment ae moving along the line ac and ec, the ruled 
surface Qr

В is formed by the gliding of segment eb along the directing curves ec and bc, the moving 
the segment ab along the curves ac and bc gives the ruled surface Sr. 

As a result the model of T-x-y diagram with one eutectic solubility gap is produced. For given model 
the different horizontal (fig. 3a-c) and vertical (fig. 3d-f) sections can be obtained. 

 

a)    b)    c)  

 
 d)    e)    f) 

 
Fig. 3. Horizontal sections at Tsech>Te1 (a), Tsech=Te1 (b), Tsech<Te1 (c); vertical sections S1(0; 0.9; 0.1) 

S2(0.9; 0; 0.1) (d), S1(0; 0.6; 0.4) S2(0.7; 0; 0.3) (e), S1(0; 0.5; 0.5) S2(0.5; 0; 0.5) (f), 

 

The different modification of given topological type can be obtained on the basis of formed phase 
diagram model. For example, the variant of T-x-y diagram model with minimum on the monovariant 
lines at that the eutectic curve intersects the intersection line of solidus and solvus acb in projection 
was simulated (fig. 4a) [6 (P. 132), 7 (P. 149), 9 (P. 107)]. For given case the problem of changing of 
three-phase transformation type is fully considered [10], and the surfaces corresponding the changing 
of three-phase transformation type is constructed (fig. 4b) and the mass balance diagrams are 
calculated (fig. 4c). 
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a)    b)    c)  

 
Fig. 4. T-x-y diagram model with the minimum points on monovariant lines (a), the surface of sign 

mass increasing changing (b) and mass balance for point Р (0.28; 0.31; 0.41) (с) 

 

In a similar way the T-x-y diagrams models with one peritectic solubility gap and the points of 
minimum or maximum on the monovariant line can be simulated and studied [6 (P. 105), 7 (P. 168), 
10 (P. 266)]. 

 

3. Т-Х-У-Z DIAGRAMS MODELS WITH EUTECTIC SOLUBILITY GAPS  
T-x-y-z diagram with one eutectic solubility gap has two T-x-y diagrams of similar topological types 
and two T-x-y diagrams with the continuous range of solid solution on their boundaries. This diagrams 
consist of three unruled hypersurfaces (liquids with fold, solidus and solvus) and three ruled 
hypersurfaces on the borders of three-phase region (fig. 5a) [12]. Т-х-у-z diagram with two eutectic 
solubility gaps is bounded by two T-x-y diagrams with one eutectic solubility gap, one T-x-y diagram 
with two binary eutectic points and one T-x-y diagrams with the continuous range of solid solution 
(fig. 5b). Given diagram also includes three unruled hypersurfaces and three ruled ones. Both 
diagrams have a complex structure of liquids and solidus with large quantity of points on contour. 
Therefore for both cases the liquids hypersurfaces are simulated from three fragments and solidus 
hypersurfaces are constructed from two parts. Т-х-у-z diagrams with three-six solubility gaps don’t 
require the additional fragmentation for their simulation and each hypersurface is described by one 
equation. 

a)    b)    c)  

 
Fig. 5. Т-х-у-z diagram model with one (а), two (b) and three (с) eutectic solubility gaps 
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Let’s consider T-x-y-z diagram with two eutectic solubility gaps as an example. The directing surfaces 
are formed by the motion of originating line of second degree along the three directing curves, each of 
them passes through two or three points. The liquids hypersurface is constructed from three fragments. 
The hypersurface fragment joining to BC edge (fig. 6a) and bounding of surface е1е2е3е4 is given by 
the moving of originating line along the three directing surfaces е1е2е3е4, a1a2a3a4 and BC(A,C)(A,B). 
The part of liquids hypersurface joining to vertex D (fig. 6b) is simulated as the gliding of originating 
line along the directing surfaces е1е2е3е4, b1b2b3b4 and the line D(A,D). In a like manner, the 
hypersurface fragment joining to vertex A is constructed (fig. 6c). 

The solidus hypersurface is formed from two parts. The fragment joining to side ABC (fig. 6d) is 
given by the shifting of originating line along the part of intersection surfaces of solidus and solvus 
с1с2с3с4 and the surfaces coinciding with tetrahedral side ABC in the projection. The fragment joining 
to vertex D (fig. 6e) is formed by the gliding of originating line along the other part of intersection 
surface of solidus and solvus с3с4с5с6 and line D(D,B).  

a)    b)    c)  

 
 d)    e)    f) 

 
Fig. 6. The hypersurfaces of liquids (a-c), solidus (d-e) an solvus (f) fragments models) 

a)    b)    c)  
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 d)    e)    f) 

 
Fig. 7. The horizontal section Te1>Tsech>Te2 (а) and its two-dimensional sections (b-c), the vertical 
sections S1(0,1; 0; 0; 0,9) S2(0,1; 0,9; 0; 0) S3(0,1; 0; 0,9; 0) (d) and its two-dimensional sections 

S3(0,1; 0,1; 0,8; 0) S4(0,1; 0,1; 0; 0,8) (e), S5(0,1; 0; 0,5; 0,4) S6(0,1; 0,9; 0; 0,1) (f)  

 

The solvus is described by one equation and presented as one hypersurface obtaining by the moving of 
originating line along the intersection surface of solidus and solvus c1c2c3c4c5c6, intersection surface of 
solvus and prism base d1d2d3d4d5d6 and intermediate surface f1f2f3f4f5f6 (fig. 6f). 

For the obtained Т-х-у-z diagram model the arbitrary three- and two-dimensional horizontal and 
vertical sections can be building (fig. 7).  

Using the mathematical methods of phase diagrams elements descriptions at the computer software 
allow to simulate all geometrical structure of diagram on a basis of minimum initial information. At 
that the effectiveness of corresponding physics-chemical systems study is increased: the visualization 
of diagram geometrical model and its sections has been possible, the founding of information about 
the results of initial components interaction for the work content reduction of new materials creation 
has become available. Such software makes possible to solve the problem of heterogenous materials 
computer simulation. 
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Abstract 
In this work the fundamentals of catalytic reforming process running and possible variants of 
reconstruction of units with fixed-bed reactors into units with moving bed reactors and continuous 
catalyst regeneration for increasing the effectiveness of catalytic reforming process are viewed. 

The variant of formalized mechanism of hydrocarbons conversion on Pt-catalysts in catalytic 
reforming process and the kinetic model of the process are offered. The kinetic parameters are 
defined. The mathematical model for catalytic reforming process in moving-bed reactors with 
continuous catalyst regeneration is constituted. In the model non-steady character of process running, 
catalyst deactivation due to aging and coking and also the catalyst circulation extent are taken into 
consideration.  
Computer modeling system is elaborated on the basis of non-steady kinetic model. This system allows 
to forecast the catalyst resource depending on exploitation conditions, to analyse and to predict the 
technological values of operating manufacture and also to specify and to forecast the material balance 
of the processes depending on the unit charge planned. Using computer modeling system it is possible 
to optimize economically the units exploitation regime regarding and estimating different variants of 
productivity increasing. 
Key words: mathematical modeling, catalytic reforming process in moving-bed reactors, computer 
modeling system 
 

At present time we can observe the considerable lag of Russian oil-processing industry from highly 
developed countries in oil-processing depth and in saturation of oil-processing plants with secondary 
processes. Experts estimate that Russian oil-processing is twice lower than averaged European level 
and three times lower than USA level of oil-processing. Among the problems of Russian oil-
processing industry is worn equipment demanding reconstruction, low depth of oil-processing and 
quality of oil products produced, not effective location of plants and long distance between plants and 
markets. The rising of oil products quality up to European standards level is possible due to rational oil 
use, deepening of oil processing owing to destructive processes providing maximum profit. 

The selection of the most economically effective variant of reconstruction or construction of oil-
processing or petrochemical plant is a complicated problem. To produce the product of prescribed 
quality is possible using processes different in complexity, cost, ecological and others characteristics. 
Computer modeling methods are frequently used for finding the optimal solving of given problem 
because it is not possible to find the decision using only the empirical experience of the specialists of 
the field. 

The basis of any computer modeling system is mathematical model of the process got from correlated, 
statistical, physicochemical or other regularities. Models based on fundamental laws are more reliable. 
It is especially evident when modeling complex chemical processes where the accuracy of conducted 
calculations depends on right used mechanism and kinetic of hydrocarbon conversion on the surface of 
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catalysts. The use of such computer systems in real plants allows to prolong the service life of the 
catalyst due to optimization of its exploitation regimes. Particularly it becomes apparent for 
petrochemical processes being plural-component and having a large number of stages. 

The catalytic reforming process is one of such processes. The rising of effectiveness of production of 
high-octane petrol components is an important and urgent problem which can be solved using 
mathematical modeling method. 

Our catalytic reforming model is formed using a formalized mechanism. The mechanism is based on 
hydrocarbon division into groups according to the carbon atoms number in a molecule: alkanes, 
isoalkanes, cycloalcanes, aromatic hydrocarbons. Fuels octane number is a technological and 
economic criterion of motor gasoline production. The results of thermodynamic evaluation and 
chemical information about hydrocarbons conversion on Pt-catalysts allow to use the following 
transformation scheme for mathematical model creation (fig. 1): 
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Figure 1. Formalized scheme of mechanism of hydrocarbon conversion on Pt-catalysts 

 

Investigations done on the basis of experimental data from L-35-11/1000 unit showed that alkyl 
benzene hydrodealkylation reactions rates increased with rising the reforming process temperature. On 
the other hand the pressure decreasing for catalytic reforming process in moving-bed reactors with 
constant catalyst regeneration reduces dealkylation reactions rates. So it is advisable to insert alkyl 
benzene dealkylation reactions in hydrocarbon transformation scheme for catalytic reforming process 
in moving-bed reactors in order to control the yield of high-molecular aromatic hydrocarbons. 

Some assumptions were done for the creation of mathematical modeling of moving-bed reactor with 
continuous regeneration of catalyst: 

 Consider the plug-flow reactor; 

 Consider the temperature regime to be adiabatic; 
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 Consider the formalized scheme of mechanism of hydrocarbon conversion; 

 Combine the hydrocarbons into groups. 

In catalytic reforming process in reactors with stationary layer of catalyst the change of catalyst 
activity with time is compensated by increasing the temperature at the entrance of the reactors. The 
cycle of catalyst is limited by the maximum process temperature. When doing the catalytic reforming 
process the optimal activity which corresponds to the maximum product yield with fixed octane 
number of catalysate is supported by circulating factor of the catalyst. 

In catalytic reforming reactors with stationary layer of catalyst activity and selectivity change through 
the radius of catalyst layer (if radial input of raw material) and with time, but in moving-bed reactors 
they change through the radius and height of catalyst layer and with time (fig. 2). 

        

        
 

 

 

 

Figure 2. Scheme of flows through catalytic reforming reactor 

 

For describing the process in moving-bed reactor it is necessary to consider the two-phase flow. The 
passive phase is the gas flow, the active phase is the gas in the pores of the solid catalyst particles. The 
hydrodynamic regime of both phases is close to plug flow regime. The transfer of substance by 
moving solid particles of catalyst is of no importance if particles have low specific surface area 
sorbing reagent bad. 

Taking into account all foregoing we can write the mathematical model of moving-bed catalytic 
reforming reactor. It is represented by the equations system of material balance for components 
according to the chosen formalized mechanism and is supplemented with heat balance equation. 

The concentration change of i-hydrocarbon in the plug-flow reactor with time will be written by the 
following equation: 

 

 
 

at z=0 Ci=0; at l=0 Ci=C0 (at the reactor entrance); at r=0 Ci=C0 ; 

where z – volume of raw material processed, m3, u – flow rate, m/s; l – catalyst layer length in the 
reactor, m; θ - catalyst flow rate, m/s; W – integral reactions rates mol/(m3*h). 

 i i iC C CG u W
z r l


  
      
  

r 

dr 

Raw material 

r 

Product 

Catalyst 
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The heat balance equation of the moving-bed reactor will be the following: 

 

m m c
p p p j j

T T TÑ G u C C Q W
z r l

                  
     

 

at z=0 T=0; at r=0 Т=Тen; at l=0 T=Ten 

where Ср
m, Ср

c – heat capacity of mixture and catalyst, J/(kg*K); Qj – j-reaction heat, J/mol; Т – 
temperature, K; Wj – j-reaction rate, mol/(m3*h). 

This mathematical model was supplemented by equations considering sintering and aging of catalyst 
during exploitation, catalyst coking and poisoning by sulfur. 

On the basis of mathematical description of catalytic reforming process the computer modeling system 
«ACTIV+C» was created. This program is elaborated in Delphi 7 environment and is destined for use 
in operating systems of Windows family. 

This program can be used for analyzing and forecasting of technological values of operating 
manufacture, also for specifying and predicting molar balances of processes depending on unit charge 
planned. It is possible to optimize economically the reactors exploitation regimes using modeling 
systems. This is realized by examination and estimation of different variants of catalytic reforming 
process, of theirs capacity increase.  

The program is destined to calculate the current values of reforming with stationary layer of catalyst, 
reforming in a moving-bed reactor, combined variant dualforming. It can be used at petroleum 
refineries to control the process of high-antiknock fuel production.  

The program allows to calculate the main quality values of catalysate when the technological 
conditions of exploitation of high-antiknock fuel generation unit are constant, to forecast technological 
parameters and duration of exploitation period depending on raw material quality and requirements to 
produced catalysate. 

Using «AKTIV+С» program the variant of the reconstruction of operating catalytic reforming unit 
LCh-35-11/1000 Kirishinefteorgsintez Ltd into dualforming process of French Petroleum institute was 
examined. Also the estimation of temperature and pressure influence on yield and octane number of 
catalysate for Omsk oil-processing plant (unit of catalytic reforming in moving-bed reactor) was done 
for finding the optimal conditions of process running. 

The specific reaction rates of catalytic reforming in moving-bed reactor process reactions were defined 
(table 1). The inverse kinetic problem was solved by finding the minimum of Tihonov functional 
looking over values of specific reaction rates using decomposition technique. 
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Table 1 – The decision of inverse kinetic problem (calculation of kinetic coefficients in model 
equations). 

 

Chemical reactions 
Relative specific reaction rates 

dualforming (Pt-Re catalyst) 
Catalytic reforming in moving-bed 

reactors (Pt-Sn catalyst) 

n-P hydrocracking 0,645 0,323 

n-P→iso-P 3,222 1 

n-P→N6 1,5 1,5 

iso-P hydrocracking 0,541 0,135 

iso-P→ N6 1,303 0,697 

n-P→N5 1,256 0,744 

iso-P→N5 1,741 1 

* the unit here is the specific reaction rates of catalytic reforming process with stationary layer of 
catalyst 

 

It is evident that for dualforming process due to milder regime in first three reactors the reaction rates 
of alkanes and cycloalcanes isomerization, alkanes cyclization will increase greatly, the reaction rates 
of alkanes hydrocracking will decrease. Due to harder regime in the last reactor with continuous 
catalyst regeneration we obtain high octane number and conversion rate of reformate. 

For catalytic reforming in moving-bed reactors the reaction rates of secondary hydrocracking reactions 
will greatly decrease, the reaction rates of desired alkanes dehydrocyclization reactions will increase 
but at the same time the reaction rates of side hydrogenolyse reactions will increase in comparison 
with the catalytic reforming process with stationary layer of catalyst. 

The comparative analysis of petrol quality got from traditional unit and from dualforming unit was 
done using computer modeling system «ACTIV+C». The results of examination of LCh-35-11/1000 
unit work of Kirishinefteorgsintez Ltd before and after reconstruction are shown on figures 3-10. 

 
Figure 3. The dependence of catalysate octane number on the volume of raw material processed 
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According to the results from figure 3 after the reconstruction the reformate octane number will 
increase up to 2 points. 

 
 

Figure 4. The dependence of reformate yield on the volume of raw material processed 

 

As the result of working pressure drop the reformate yield with high octane number will increase up to 
2.5%. 

These results prove the high effectiveness of dualforming process in comparison with the traditional 
scheme of catalytic reforming. 

The most popular criterion for estimation the catalyst stability is the temperature change providing the 
catalyst deactivation compensation (fig. 5). 

 

 
 

Figure 5. The dependence of temperature value at the reactor entrance on the volume of raw material 
processed 
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Before the reconstruction during the decrease of reforming catalyst activity the process temperature 
required the increase in order to keep the octane number and yield of the reformate at the same level, 
but at the same time the amount of coke on the catalyst was rising. 

After the reconstruction it will be possible to keep the temperature at the reactor entrance constant at 
the level of 489 °С (due to harder regime in the last reactor). This allows to prolong the cycle and 
correspondingly to decrease the costs of product manufacture. 

Thanks to harder temperature regime in the last reactor in dualforming process (in the moving-bed 
reactor) we can keep the temperature in the first three reactors about 465-490 °С. 

In figures 6-8 the influence of the temperature set at the entrance of reactors with stationary layer of 
catalyst on reformate octane number, reformate yield and coke formation is shown. 

 
Figure 6. The dependence of catalyst octane number on the volume of raw material processed for 

different temperature regimes 

It is evident that when increasing temperature in the reactors with stationary layer of catalyst of 
dualforming process we obtain the reformate with higher detonation characteristic. 

 
Figure 7. The dependence of reformate yield on the volume of raw material processed for different 

temperature regimes 
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At the same time the reformate yield increases with the process temperature decrease. 

 
Figure 8. The dependence of catalyst deactivation (coke formation) on the volume of raw material 

processed for different temperature regimes 

With the temperature decrease in the reactors with stationary layer of catalyst of dualforming process 
the amount of coke on the catalyst is falling. This provides the support of catalyst activity and the 
increase of catalyst service life. 

So the temperature decrease in reactors with stationary layer of catalyst of dualforming process 
influences well on the process on the whole. The reformate yield increase takes place, the general 
amount of coke on the catalyst decreases, but some fall of catalysate octane number occurs (in the 
temperature interval investigated this fall was about 1 point). 

For finding the optimal regimes of catalytic reforming in moving-bed reactors process running in 
Omsk oil-processing plant the calculations of temperature and pressure influence on reformate yield 
and octane number were done with computer modeling system Activ+C. The results are shown in fig. 
9, 10. 

 
Figure 9. The dependence of catalysate octane number on temperature in catalytic reforming process 

in moving-bed reactors when different pressures 
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Figure 10. The dependence of reformate yield on temperature of catalytic reforming process in 
moving-bed reactors 

 

The reformate octane number increase takes place when increasing temperature and decreasing 
pressure, but at the same time the product yield falls. The yield decrease we can explain by the 
increase of the side reactions rate in harder process conditions. The optimal conditions we should 
select estimating the increase in octane number and the product yield decrease when hardening the 
process conditions (temperature rising and pressure falling). 

 

CONCLUSION  
In this work nonsteady mathematical model of catalytic reforming process in moving-bed reactors was 
formed considering changing in catalytic activity depending on raw material chemical composition 
and process running conditions, also considering catalyst deactivation because of coking. 

On the basis of the mathematical model computer modeling system for catalytic reforming in moving-
bed reactors process was created. This system allows to solve successfully the problem of product 
quality and quantity rising in operating manufacture conditions and also to improve technical and 
economical values of industrial process. The peculiarities of raw material processed and also the 
technological peculiarities were considered. 

Different variants of reconstruction of catalytic reforming unit LCh-35-11/1000 of 
Kirishinefteorgsintez Ltd were examined. The reconstruction of the unit into dualforming process was 
considered to be optimal taking into account the volume of work during reconstruction, the cost of 
reconstruction and also the effectiveness. 

The reconstruction of the unit LCh-35-11/1000 of Kirishinefteorgsintez Ltd into dualforming process 
will allow to increase the reformate yield up to 2,5%, to increase the octane number up to 2 points and 
also to increase the amount of hydrogen containing gas for deep oil-processing. 

It is also possible to vary the temperature of the reactors entrance and system pressure for increasing 
the reformate yield, obtaining product with higher octane number and also for lowering the catalyst 
deactivation due to decreasing coking on catalyst active centres. 

So the reconstruction into dualforming process unit allows to increase the depth of oil-processing. At 
the same the reconstruction doesn’t cost a lot because in dualforming process we use all the present 
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equipment. Also this process flowsheet allows to decrease the system pressure which leads to 
reformate and hydrogen yield rising. 

Also the investigations of temperature and pressure influence on the running of catalytic reforming 
process in moving-bed reactors of Omsk oil-processing plant were held. On the basis of this research 
we can recommend the following technological conditions of process running: the pressure about 7 
atm and the temperature about 530-540 оС. 
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A NEW CLASS OF MATERIALS – AMORPHOUS METALS.  

PROPERTIES AND APPLICATIONS 
Lubomir D. Vuchkov 

Institute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences, Acad. G. Bonchev 
St., Block. 10, Sofia 1113, Bulgaria E-mail: lvuchkov@bas.bg  

 
 

Abstract 
This work presents the results of a cycle of scientific investigations and testing of physicomechanical, 
physicochemical and electromagnetic shielding properties of both elecrtochemically and 
metallurgically produced thin amorphous and crystalline films of Fe, Co, Ni and their alloys and Cr. 

Key words: microhardness, tensile strength, corrosion resistance, shielding 

 

1. INTRODUCTION 
The amorphous thin films have excellent physicomechanical properties, such as microhardness, tensile 
strength, wear resistance, adhesion, etc. They are a suitable material for the repairing of precious 
critical threadbare parts of internal-combustion engines, transmissions, brakes, etc. of automotive and 
crawling vehicles. The amorphous thin films have also excellent physicochemical properties – both 
chemical activity and chemical resistivity. They are a suitable material both for catalytic systems used 
for decontamination of out-going gases of internal-combustion engines and for corrosion protection 
systems used in naphtha- and gas- pipelines, in high humidity atmospheres and in water- and aerosol- 
salt environments. Previous investigations in author’s laboratory showed [1] some famous 
electromagnetic properties - 4¶Ms, Br, Hc, µ, etc. - of elecrtodeposited amorphous thin films. Such 
properties may be obtained by thermomagnetic annealing of the metallurgical samples. The 
electrochemical production method of magnetic-soft materials is easier, accessible, inexpensive and 
highly efficient than any metallurgical one and it is unique and only possible for the articles they are 
made of plastics of ABS–copolymers. The development of the new class of materials - 
electrodeposited amorphous thin films allows an effective protection of computing and telecomm 
devices, apparatuses and components against both electromagnetic interferences (EMI) [5, 13] and 
high power electromagnetic pulses (HPEMP) [8]. 

 

2. EXPERIMENTAL STUDY 
The microhardness Hv measurements are carried out using metallographic microscope NEOPHOT-2 
with standard calibrated micro-indenter device. The tensile strength measurements of the stripped 
from substrate electrodeposited thin films are carried out using permanent velocity 1.5 mm/min 
deformation machine allowed an automatic recording of the diagrams. The corrosion resistant and 
corrosion prevention ability are studied both electrochemically and full- and half-dipping methods. 
The polarization curves are plotted automatically and the immersion tests results are evaluated visually 
using conventional templets, in accordance with ISO Standards. The corrosion process parameters are 
calculated from all experimental data. The electromagnetic attenuation as a measure unit for the EMI 
shielding ability of the electrodeposited thin films and of the rapid quenched strips is measured using 
ROHDE&SCHWARZ technique allowed an automatic recording of the diagrams and automatic 
scanning of the frequency band (10 kHz - 1000 MHz) in accordance with US military standard MIL-
STD-461E/1999 [2] . The results are compared to the US FCC rules. 
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3. RESULTS AND DISCUSSION 
The experimental results of the physicomechanical measurements are presented in Figures 1 and 2. 

 
 

Figure 1. Microhardness Hv, kg/mm2 of Cr electrodeposited films vs. their structure and 
treatment 

 

 
 

Figure 2 Tensile strength, kg/mm2 of the amorphous electrodeposited films of Ni, Fe and 
their binary alloys vs. their phase composition 
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The values of the microhardness for the fine grain crystalline and amorphous Cr electrodeposited films 
are comparable. Up to 900oC thermal treating the structure is amorphous and the microhardness arises 
due to the homogenizing of the amorphous structure bellow the glassing temperature as the X-ray 
analyses showed. 

The tensile strength of the amorphous Ni-Fe alloys depends on their phase composition and it is higher 
for higher Fe-containing alloys due to the additional amorphizing effect of Fe. 

The experimental results of the corrosion investigations are presented in Figures 3 - 6. The corrosion 
resistance of the Ni and Fe films depends on the phosphorus contents, respectively on their degree of 
amorphization. 

 

 

 
 

Figure 3. Corrosion current density, A/cm2 of the electrodeposited films of Ni vs. their 
phosphorus content 

The highest corrosion resistance has the full amorphizing structures (Ni-14% P, Fe-10% P) and the 
high-annealed Cr films (due to the blocking effect of the uniformly distributed C content within the 
homogenized structure.) 

The corrosion resistance of the amorphous Ni-Fe alloys depends on their phase composition and it is 
highest for 69Ni23Fe alloy. This irregularity can explain on the base of the synergetic effect both of Ni 
and of Fe on the main amorphizing agent – phosphorus. 

The attenuation results obtained for rapid quenched; fully amorphized strips are in good accordance 
with the FCC regulation rules for electromagnetic emissions (Figure 7). The strips in wide 2-20 mm 
were used for cable shielding, but they did not meet the other functional requirements, such as 
physicomechanical characteristics. Some amorphous strips were implanted into fabrics, other samples 
were used as milled particles and powders for extruded composite plates, spread paint “wall-papers”, 
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etc. Nowadays the rapid-quenched amorphous strips have a short range of application only for some 
soft magnetic sensors and convertors. 

 
 

Figure 4. Corrosion rate, g/m2.h of the electrodeposited films of Fe vs. their structure 
(respectively vs. their phosphorus content) 

 

 
 

Figure 5. Corrosion Rate, mg/cm2.min of the Cr electrodeposited films vs. their structure 
and treatment 
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Figure 6. Critical passivation Current Deviation mA, of the amorphous films of Ni, Fe and 
their binary alloys vs. their phase composition 

 

 

 
 

Figure 7. Attenuation for rapid quenched strips: 1 - 46Fe32Ni15B7Si, 2 - 
48Fe20Ni10Co14B8Si; 3 - 4.5Fe2Mo68.5Co10B15Si 
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The main conclusion of the study of the rapid-quenched amorphous strips was the knowledge that both 
metallurgical and electrochemical methods for producing of the amorphous metals have the identical 
nature based on the same thermodynamic and kinetic principles [14]. The 2- and 3-component alloys 
can be amorphized easier than mono-component “pure” ones. Concerning the shielding ability 
properties of the alloys against EMI, the very important fact is that cobalt as one of the alloying 
components has the main role. 

As reported earlier [1, 3-5], our experiments for application of the electrochemically deposited 
amorphous metal alloys were carried out using a wide range of samples, both laboratory models (self-
made closed cases and boxes from different materials with suitable dimensions) and commercial 
products (PCs with various processor frequencies, HF, VHF, SHF and UHF transmitters, etc.) 

The obtained results indicated that the shielding efficiency against the magnetic component of the field 
is 35-40 and 27-30 dB for field intensities of 0.2 and 2 Oe, respectively. Under the same conditions, 
the shielding efficiency against the electric component of the field is 50-80 dB in the frequency range 
from 10 kHz to 18 GHz. 

As it was earlier shown in author’s laboratory [6], the amorphous electrodeposition processes of Fe, 
Ni, Co and their alloys require so strict experimental conditions – electrolyte composition, current 
density, temperature, etc. The results of our laboratory investigations of the experimental conditions of 
the electrodeposition were developed and incorporated as a new highly efficient technology for 
protective multilayer EMI shielding systems. The technology is adopted in the series production of 
“Telephone and Telegraph Technique” PLC, Sofia, Bulgaria, manufacturer of the improved telephone 
set Type ТТТ-100 for military and security application [7]. Figure 8 reports the attenuation results 
obtained for telephone set Type ТТТ-100. 

 

 

 
 

Figure 8. FCC rules for the maximum allowable electromagnetic emissions 
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The experimental results of the attenuation measurements are compared to the FCC regulation limits. 
It can be concluded that the electromagnetic protection of the telephone set ТТТ-100 provides 
attenuation over the maximum allowable emissions for all classes of equipment and applications, such 
as Surface Ships, Submarines, Aircraft - Army, Including Flight Line, Aircraft - Navy, Aircraft - Air 
Force, Space Systems, Including Launch, Vehicles, Ground - Army, Ground - Navy, Ground - Air 
Force, cited in the US DoD classification. 

 

 

 
 

Figure 9. Photo of the phone set model ТТТ-100 

The telephone set (Fig. 9) was presented at the Int. Conf. Defense Research and Technologies 
"Modernising the Forces - Cornerstone of the Bulgarian Way to NATO", Telecomm Exhibition Hall, 
Plovdiv, Bulgaria, May-June 2002. Its performance and quality were estimated very highly by Israeli 
and Romanian experts who, as a rule, are known to have severe requirements to the protection from 
non-authorized access to the data bases and voice transmissions, as well as to the protection against 
unintentional and/or directed hazardous electromagnetic pulses. 

The combination of such properties as amorphous structure, phase composition and multilayer metal 
coating results in shielding effect, achieved by the laws of multiple inner diffusion scattering and 
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reflectance of the electromagnetic flow. Hence, the absorption of the electromagnetic flow, depending 
on the thickness of the protective system, is not a limiting factor for the shielding efficiency. In other 
words, the attenuation flow gradient under certain electromagnetic field conditions (intensity and 
duration) does not depend critically on layer thickness, but on the structure, number and composition 
of the layers [5, 14]. The synergetic effect of the absorption, multiple inner diffusion scattering and 
reflectance laws will be demonstrated later through the simultaneous application of the thickness, 
structure, number and composition principles of a shielding system for high power electromagnetic 
pulses (HPEMP) protection [15]. 

 

4. CONCLUSIONS 
The results presented in this study allow the following conclusions to be drawn:  

 The main physicomechanical (microhardness, tensile strength), and physicochemical (corrosion 
activity, corrosion prevention ability) properties of the electrodeposited metal and metal alloys thin 
films depend on their structure (crystalline, amorphous) and phase composition. 

 The second and third metal alloying component enhances the amorphizing effect of the main 
reducing agent (P, C, B, etc.). 

 The thermal treatment (bellow the glassing temperature) of the as-plated amorphous thin film (if 
it is possible) homogenizes the structure, leads to a secondary distribution of the content of the 
amorphizing components within the homogenized structure and has an blocking effect on the active 
centers from “surface-active” compounds. 

 The electrodeposited amorphous thin metal films are an excellent material for the repairing of 
precious critical threadbare parts of automotive and crawling vehicles industry due to their 
mechanical properties, as well as they are suitable for corrosion prevention purposes [9, 10] for 
more classes of devices and equipment in corrosion-aggressive environments. 

 The electrodeposited amorphous thin metal films have famous electromagnetic properties which 
may be obtained so difficulty by other processes such as vacuum sputtering, thermomagnetic 
annealing, laser glassing, rapid quenching, etc. [11, 12]. 

 The electrodeposited amorphous thin metal films are an excellent material for protection of 
computing and telecomm devices, apparatuses and components against electromagnetic 
interference. Thе electrodeposition processes offer a simple for industrial implementation, 
inexpensive, highly efficient and reliable technology. It is highly competitive to other expensive, 
difficult, sophisticated, complicated technologies. 

 The electrochemical technology is unique and only possible for EMI protection of computers, 
phone sets, etc. which cases and boxes are made of plastic ABS-copolymer materials. 
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Abstract 
The aim of the present work is to make a survey of a new principle and the possibilities for scientific 
investigations, testing and industrial incorporation of a new shielding material and technology for 
protection of the IC systems against high energy electromagnetic pulses and ion irradiation. 

The main result of the implementation of the new principle, material and technology is to increase the 
safety of the critical military and civilian infrastructures, land-based and space techniques, 
apparatuses, devices and their components against high energy electromagnetic pulses and ion 
irradiation, including electromagnetic weapon arsenal of the international terrorist groups. 

Key words: electromagnetic pulses, ion irradiation, IC electronic equipment degradation, shielding 
protection 

 

1. INTRODUCTION 
It is known that the high-powerful electromagnetic fields cause damages and degradation of electronic 
equipment performance. They may change the processing control and corrupt the stored data. High-
energy electromagnetic pulses with a wide frequency range, different duration and intensity can 
overload circuit boards, transistors and other electronic devices, as well as erase electronic memory, 
upset software or permanently disable all electronic components.  

It is very important to be not unevaluated the fact, that during the last years many international 
terrorist groups can actively plan coordinated attacks against both military and civilian infrastructures, 
using sophisticated high power electromagnetic pulse (HPEMP) techniques. 

Some electromagnetic weapons consist of HPEMP generators allowed a propagation of 
electromagnetic fields with strength of 50 KV/m and a rise time of the order of 10-200 ns and 
influence even from a distance of 10 m. 

Other techniques consist of heavy ion irradiated devices (above 1 kW, 2 GHz, 106 ions/cm2, 10 
MeV/nucl), which are harmful in respect of living organisms and electronics. 

That is why HPEMP shielding plays a major role for the functionality of the military and civilian 
infrastructures, land-based and space electronics and for human health. 

The development of the new class of materials and technology allows an effective protection of IC 
systems against both HPEMP and electromagnetic interferences (EMI) [23-32]. 

 

2. DESCRIPTION OF THE NEW PRINCIPLE 
2.1 Summary 

The protective properties of the new shielding materials are based on two main principles:  

1. Microstructure evolution of the deposited nano-sized protective layers; 
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2. Electromagnetic interaction between HPEMP and deposited nano-sized protective layers 

Microstructure evolution of the deposited nano-sized protective layers is based on the recrystallization 
processes, induced upon influence of the energetic parameters of the HPEMP. It leads to a 
redistribution of the high power energy laterally along the nano-sized protective layers. 

Electromagnetic interaction between HPEMP and deposited nano-sized protective layers is based on 
the laws of multiple inner absorption, diffusion scattering and reflectance of the electromagnetic flow. 
It leads to a consuming and annihilation of the high power energy flows. 

The shields consist of multiple deposited nano-sized layers or (and) attached nano-sized composite 
panels. 

Nano-sized structures can be formed through electroless – or/and electrochemical deposition, or/and 
by metallization processes of the nano-sized particles, alternatively. 

Nano-materials such as nano-particles can be produced using different nano-technological methods. 
For example, the carbonization of the polymer materials leads to carbon nano-particles, which are 
anisodiametrical and polydispersive. The second step of the procedure is the electroless (autocatalytic) 
copper deposition and the third step of the procedure is the copper (or other metal) electrodeposition. 
The result of such procedure is a structure of metal nano-crystals on nano-particles with nano-sized 
dimensions (about 20-100 nm). Another example is producing of nano-wires, synthesised by 
electrochemical deposition through ion track porous membranes as templates. Nano-porous materials 
such as membranes have been often used in nanotechnology for preparing nano-sized wires and tubes. 
This technique is attractive but less accessible than other methods and has a confined space of 
industrial application. The nano-wires, as well as nano-whiskers, have strongly anisodiametrical 
dimensions; some times their faces have a high degree of parallelism. 

The metallized nano-particles can be applied as extruded composite plates, spread paint “wall-papers”, 
etc. 

The electrochemical deposition is an easily accessible, inexpensive, highly efficient and reliable 
method for producing of metal nano-crystalline layers onto both the outer surfaces of the containers 
and cases, and on the surfaces of the inner modules. The electrochemical technology can be applied 
independently of the materials of the containers, cases, and outer surfaces of the inner modules - 
plastics, aluminium alloys or ferrous metals. 

Depending on the nature and functional destination of the IC systems, as well as on their exploitation 
or storage conditions, the protective shields can be deposited or attached in one way or another: 

The nano-structures have unique and important properties, due to their small size. Related to the 
shielding usage, the most important property is high-developed total surfaces per a unit of volume. 
The fine grain microstructure evolution, such as microrecrystallization without stresses applied, can be 
observe if the nano-sized structure are subjected to the influence of the high-powerful electromagnetic 
fields or ion irradiation. Thus the propagation of harmful flows to the precious IC systems is stopped 
due to the redistributed energy along the planar direction of the shield. 

2.2 Basic principles of recrystallization 

2.2.1 Recrystallization – a critical process f=f(T,t,) 
Recrystallization is a critical process, which takes place above threshold values of the temperature T, 
duration t and strain deformation (tensile or compressive stresses ). 

If the stress is constant, the isodeformational cross-section of the recrystallization diagram is a non-
simple steric dependence of the recrystallized volume on the thermal regime parameters V = f(T,t)= 

const. If the both stress and temperature are constants (isodeformational isothermal recrystallization), the 
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recrystallization volume depends on the duration of the thermal treating. As higher is the stress, as 
lower is the initial threshold temperature value of the recrystallization process T0

rec =f(1/). 

Of course, this is only a first level of approximations of a complicated task. 

2.2.2 Recrystallization kinetics 

2.2.2.1 Driving force 

It is well known [1-7] that the specific free surface energy of the grains and the specific free grain 
boundary energy play an important role in connection with the form and habit of the crystallites of the 
polycrystalline structures. The minimizing of the excess of the specific free volume, face and 
boundary energies is the driving force of the all recrystallization processes (primary, secondary and 
commutative).  

The divergence of the specific free energy on the boundary of two grains  depends on the specific 
free grain boundary energy value , on the sizes of the two grains d1, d2 and on their divergence d:  

 = 3(d/d1.d2) 

As smaller are the grains and as greater is their divergence, as greater is the specific free energy 
divergence, i.e. the recrystallization process’s driving force is greater.  

The recrystallization process stops when: 

- the grain boundaries disappear, i.e. the polycrystalline structure becomes a monocrystal. Such solid-
state transformation is thermodynamically postulated but it is not kinetically probable. 

- all the grains become equidimensional - equal-sized and identical-shaped as a right hexahedron 
(planarity imagining - hexagon), which grain boundaries are of the same length and angle between 
them is exactly 1200. This is the unique equilibrium form of the grains and equilibrium equation 
system is 

 = 0,  = 1200 

When the grain has less or more than 6 faces, the equilibrium equation  = 1200 is possible only if the 
grain boundaries are curved. Both concave and convex boundaries are not equilibrated due to the 
excess of specific free energy compared to the equilibrium right boundaries. The trend of the 
minimizing of the excess of the specific free energy leads to the straightening of the curved boundaries 
and to minimizing of the total prolongation of the grain boundaries. This process is known as 
“mobility and migration of boundaries” and has a result that the great grains become greater and small 
grains disappear. The process stops when the all grain boundaries become right and angle between 
them - exactly 1200. Thus the equilibrium habit of a polycrystalline structure is an infinite set of small 
hexahedrons (hexagons) with minimal total prolongation of the equilibrated grain boundaries, i.e. with 
minimal free grain boundary energy [4-7]. 

2.2.2.2 Behaviours of the impurities 

Additional components, such as beneficial alloying metals or harmful impurities have a contrary 
behaviour on the kinetics of the recrystallization processes.  

On the one hand the additives decrease the melting point Tm of the system as the phase diagrams 
show. The threshold value of the initial recrystallization temperature depends on the melting point T0

rec 
=f(k.Tm) (k= 0.3 - 0.7). Thus the additives promote the recrystallization process’s rate. 

On the other hand the segregation of the surface-active small phases along the grain boundary leads to 
a consuming of the free grain boundary energy and to an inhibition of the recrystallization process’s 
rate due to decreasing of the driving force. This process is known as “dragging of the impurities”. 

2.3 The nano-structure evolution – a logical consequence of the basic principles of recrystallization 
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2.3.1 Thin electrodeposited nano-sized layers 

The electrochemical nucleation and growth processes can apply to the thin layers formation. The 
single or multiple layers of mono- or poly-components with nano-sized structure are suitable objects 
for easily accessible recrystallization under the influence of the HPEMP. 

The nano-structured electrodeposits are polydispersive, they have small, anizodiametrical grains with 
curved non-equilibrated boundaries (Figure 1). 

 

 

Figure 1. The nano-structured electrodeposited thin film 

 

As-plated thin electrodeposited layers have internal tensile or compressive stresses [6].  

Beneficial alloying metals have additional promoting effect on the extra fine nano-structure formation 
due to the synergetic impact, as well as on the decreasing of the melting point. 

Contrary to the large-structured samples, which require great strain- and temperature values in order to 
begin the recrystallization process, the nano-structured electrodeposits can recrystallize under the 
influence of the energy factors of the electromagnetic pulses (Figure 2).  

 

 
Figure 2. Recrystallization of the nano-structured electrodeposit under a energy influence of the 

electromagnetic pulses ( - electrodeposit, - substrate,  -HPEMP) 
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Figure 3. Structural evolution of the electrodeposited thin film 

Thus, the high-energy flows are used up and redirected towards the implementation of the required 
conditions for the recrystallization process, which leads to the structural evolution of the outer 
electrodeposited nano-layers (Figures 3 - 5). 

 

 

      

 

Figure 4a. Equilibrated and non- equilibrated grains  Figure 4b. Infinite set of hexahedrons (hexagons) 
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Figure 5 Equilibrium equation system 

Depending on the energy parameters of the electromagnetic pulses, the structural evolution of the 
nano-sized electrodeposited layers has different duration, it leads to a full or partial restructuring of the 
initial layers, but in all cases it fully consumes the energy of the electromagnetic pulses. The main 
conclusion is that the electrodeposited nano-structures and recrystallization processes offer the 
necessary and sufficient conditions for a successful protection against HPEMP. 

2.3.2 Nano-wires and nano-whiskers – useful and harmful properties regard to IC systems 

The nano-structure evolution of the nano-wires and nano-whiskers, if they are especially fabricated, 
using different methods and technologies (synthesised by electrochemical deposition through ion track 
porous membranes as templates, capillary growth, vacuum evaporation, chemical reduction, etc.) 
follows the above described basic principles and has similar results. Additional advantages of the 
nano-wires and nano-whiskers, as well as of the metallized carbon nano-particles from polymers, are 
possible applications as extruded composite plates, spread paint “wall-papers”, etc. Such advantages 
can be evaluated, taking into account the greater difficulties, needed their fabrication. 

Regardless of the above discussed ways of recrystallization, it can be possible another way of 
abnormal nucleation and growth processes - spontaneous nano-whisker formation. This is a good way 
for useful nano-whisker production. Unfortunately, in most cases the spontaneous whisker formation 
is a harmful process, especially for electronic assemblies, containing tin alloys without lead as solders 
and metal resists plated on PCBs. There are so much publications about tin (and other metal) whisker 
induced military and space failures [8-13]. It is considered that the energy minimizing is the same 
driving force directed towards the easiest way, but the mechanism of the spontaneous whisker 
formation is not recently clarified. 

Some other applications of the nano-sized materials, such as nano-wires, nano-whiskers, milled 
electrodeposited or rapidly quenched nano-layers, carbonized polymer particles (with and without 
metallization) can be shortly remarked with the purpose of thoroughness: 

Due to the high developed total surface per a unit of volume, the nano-sized materials with deposited 
bright metal films can be used in military technique for prevention of the unauthorized day- and night 
observation in visible, near-IR and far-UV frequency ranges (military reflective smoke-screen 
camouflage). From the counterview point, if the deposited metal or oxide films are black, the nano-
sized materials can be used in “stealth” technology as absorbing layers, as well as for solar-cell 
purposes.  

The chemical active nano-sized materials with deposited metal, oxide or other suitable compounds can 
be used in different catalytic systems - for decontamination of out-going gases of internal-combustion 
engines of the automotive and crawling vehicles, for individual filter of gas-mask helmets or filter-
ventilating devices for bomb shelters, etc. 
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3. DISCUSSION: SOFT-MAGNETIC PROPERTIES OF ELECTRODEPOSITED LAYERS –
CURRENT ACHIEVEMENTS AND FURTHER DEVELOPMENTS 
The electrochemical deposition of nano-structured layers is a complicated phenomenon which origin 
must be searched along the more general theory of the new phase formation. The most fundamental 
theories of the nucleation and growth of the new phase are given by the scientists of the Bulgarian 
scientific school, physicochemists and electrochemists, such as Ivan Stranski, Rostislav Kaischev, 
Nikola Pangarov, Eugenie Budevski, Stojan Budurov and others. The nucleation and nuclei’ growth 
processes (i.e “electrocrystallization”) are the first steps of the electrochemical deposition of the thin 
films as well as of the nano-sized tubes and wires. When the electrode transmission is the limiting 
stage of the total multistepped reaction, the nucleation and growth processes depend on the 
overvoltage applied. A higher overvoltage value leads to a nucleation process, than a less overvoltage 
value leads to the growth process of one or more nuclei. When the overvoltage is selected that more 
than one nucleus to be formed, the growing parameters can be selected to be formed more than one 
crystal. In this case the crystal growth leads to nuclei coalescences, islands and, finally - 
polycrystalline structure. The dimensions, habit and orientation of nano-sized grain depend on the 
electrochemical reaction’s conditions. For example, the linear crystal growth rate, which determines 
the grain dimensions, depends in first approximation on the steady-state nucleation rate [7]. That is 
why is very important the detailed studying of the mechanism of the nucleation and growth processes, 
because they determine the structure and properties of the electrodeposited layers. 

As it is shown [31], both metallurgical and electrochemical methods for producing of the metals have 
the identical nature based on the same thermodynamic and kinetic principles. 

The main result of the study of the amorphous metals and alloys is the development of level lower 
structurized new materials - the knowledge about production processes, properties and application of 
nano-sized thin films. 

Recently the single metal electrocrystallization and electrodeposition processes are well explained and 
practical used. The co-electrocrystallization and co-electrodeposition of the multicomponent alloys are 
objects of intensive worldwide investigations [14-20]. 

The 2- and 3-component alloys can be amorphized and nano-sized easier than mono-component 
“pure” ones. 

As it is shown in author’s laboratory [21-32], the electrodeposits of Fe, Ni, Co and their alloys - have 
famous soft-magnetic properties - 4¶Ms, Br, Hc, µ, etc. Such properties may be obtained by 
thermomagnetic annealing of the metallurgical samples. The electrochemical production method of 
soft-magnetic materials is easier, accessible, inexpensive and highly efficient than any metallurgical 
one and it is unique and only possible for the articles they are made of plastics of ABS–copolymers. 

The amorphous electrodeposited thin films have also excellent physicomechanical – microhardness, 
tensile strength, wearresistance, adhesion, etc. – properties. They are a suitable material for the 
repairing of precious critical threadbare parts of internal-combustion engines, transmissions, brakes, 
etc. of automotive and crawling vehicles. The amorphous thin films have also excellent 
physicochemical properties – both chemical activity and chemical resistivity. They are a suitable 
material both for catalytic systems used for decontamination of out-going gases of internal-combustion 
engines and for corrosion protection systems used in naphtha- and gas- pipelines, in high humidity 
atmospheres and in water- and aerosol- salt environments [24-27, 30, 32]. 

By investigation of morphological structure, growth kinetics, composition, and microstructure 
evolution of amorphous soft-magnetic layers on the Cu and plastics substrates were obtained results in 
accordance with US military standard MIL-STD-461E/1999 about electromagnetic shielding 
properties above requirements of US FCC [21, 22, 28 ,30, 32].  
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The modified telephone set Type ТТТ-100, produced by “Telephone and Telegraph Technique” PLC, 
Sofia and protected against EMI with multilayer multicomponent system of electroplated amorphous 
metal alloy coatings, was presented on Int. Conf. Defence Research and Technologies "Modernising 
the Forces - Cornerstone of the Bulgarian Way to NATO", Telecomm Exhibition Hall, Plovdiv, 
Bulgaria, May-June 2002 [23]. 

Before our investigations the efforts of other scientists, institutes and firms (The Applied Physics 
Laboratory of John Hopkins University, The US AF Construction Engineering Research Laboratory-
CERL, ALLIED SIGNAL Co, SHIPLEY Co, etc.) was directed to develop of the technologies, based 
on highly electroconductive materials for shielding only of the electrical component of the 
electromagnetic fields. Our results showed a successful protection against both electric and magnetic 
components of the electromagnetic fields. The combination of such properties as amorphous structure, 
phase composition of soft magnetic metal alloys and multilayer coatings leads to shielding effects 
achieved by the laws of multiple inner diffusion scattering and reflectance of the electromagnetic flow. 

For the purposes of the EMI protection against low-energy electromagnetic fields, used e.g. for 
unauthorized access to the databases, the thickness of the protective system is not a limiting factor for 
the shielding efficiency.  

The protection system against high-energy fields of electromagnetic weapons depends not only on the 
attenuation flow gradient, but depends on the layer thickness, where the effects of multiple inner 
diffusion scattering and reflectance of the electromagnetic flow are superposed to the microstructure 
evolution. 

As it was mentioned, the influence of the alloying components (Ag, Bi, W, Mo, Zn, etc.) and the 
alloying additives (P, B, Si, C, etc.) is as amorphizeing agents. 

Hence, the nano-structure, new soft magnetic metal alloy compositions, number and thickness of the 
deposited layers are a new challenge beyond the earlier achieved results – important concerning EMI , 
but insufficient regard to successful protection of the IC systems against HPEMP. 

The new aims include new alloying compositions, new electrochemical conditions and new more 
precise technique for investigation, testing and observation, such as electron backscatter diffraction 
(EBSD), high voltage (HV), atomic forced (AF), focused ion beam (FIB), high resolution transmission 
(HRT), orientation imaging (OI) microscopy, computer modelling and simulation experiments, etc.  

The development of the new class of materials – nano-sized electrodeposits, which have a higher level 
of dispersion than amorphous electrodeposits, can be based on the achieved results and on the further 
progress of the theory and experiments. 

 

4. CONCLUSIONS 
It can be drawn the following conclusions:  

 The safety of the IC systems, used in critical military and civilian infrastructures, land-based and 
space techniques, apparatuses, devices and components, can increase by their protection against high-
powerful electromagnetic pulses and ion irradiation, including electromagnetic weapon arsenal of the 
international terrorist groups. 

 An effective protection against high-powerful electromagnetic pulses and ion irradiation can be 
implemented by protective systems comprising multilayer, multicomponent coatings. 

 The protective coatings consist of nano-sized layers and have soft magnetic metal alloy 
compositions. 

 The protective nano-sized soft-magnetic coatings can produce by different methods and 
technologies. 
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 The electroless chemical and/or electrochemical methods offer technologies, which are simple for 
industrial implementation, inexpensive, highly efficient and reliable. They are highly competitive to 
other technologies based on expensive methods, equipment and apparatuses such as laser glassing of 
the metal surfaces, thermomagnetic annealing, vacuum sputtering, etc. These technologies are unique 
and only possible for articles they are made of plastics of ABS–copolymers such as cases and boxes 
and they can be easy applied to the containers and outer surfaces of the inner modules, they are made 
of aluminium alloys and ferrous metals. 

 The protective properties of the nano-sized soft-magnetic shields are based on the synergetic effect 
of the microstructure evolution, induced from the electromagnetic flows and their multiple inner 
diffusion scattering and reflectance. This synergetic effect leads to a fully annihilation of the falling 
electromagnetic flows, which powerful energy is redistributed along the planar direction of the shield. 

 The achieved results outline a perspective future development and multiplication of the above 
mentioned our technologies. 

 The aims of the future developments include new compositions based on V, W and other alloying 
metal components, as well as using P, B, C, Si and other additives. 

 New results can be achieved through improvement and perfection of the scientific investigations, 
e.g. by use of new processes for electrocrystallization and electrodeposition of metal alloys, new 
modern equipment for observation, examination and testing. 

 There is a great human potential of both scientists and industrial skilled workers in Bulgaria. These 
people need moral and financial support. 
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Abstract 
Several standard methods are used for determining some mechanical properties of two groups of fine-
grained concretes (ordinary – OPC and composite CPC) as a function of the pore volume (Vp). The 
latter varies within a broad range of the investigated water/cement ratios. It has been shown that both 
compressive strength logarithm (CC) and microhardness logarithm (MHV) are interrelated with the 
changes of pore volume and depend strongly on its size. The higher values of CC and MHV for CPC 
are due to the combined participation of the active additive and the acidic granulated slag. Their 
contribution to the enhanced hydration and dense cement structure formation is analyzed and the 
character of the СС=f(MHV dependence is determined. Microhardness measurements can be used for 
express indirect assessment of basic mechanical parameters of different composite construction 
elements. 
Key words: active additive, acidic granulated slag, composite Portland cement concrete, pore 
volume, compressive strength, microhardness. 

 
1. INTRODUCTION 
Lately the modern microhardness methods are applied in building practice. They play a special role in 
the investigation and control of the composite cement materials and concretes [1-7]. Their advantages 
are related not only with the simple measurements, but also with the fact that microhardness properties 
give more complete information for their mechanical properties and structure. This important position 
of microhardness among the shown basic characteristics ensues from the very physical essence of the 
concept of microhardness – it appears to be an intrinsic characteristic depending on the essential 
mechanical properties of the silicate compositions. In this context the standard methods for 
microhardness measurement may be used for complex characterization of the "mechanical properties – 
microhardness – structure” relationship. 

Microhardness tests are popular and have very good prospects. They have a number of advantages 
compared to other mechanical tests: 

- The methods are express and easy to perform. No expensive devices or specially trained personnel 
are required. Restricted amounts of the initial materials are necessary for the preparation of small 
volume cement samples; 

- The tests allow to determine the mechanical properties of composite construction materials and 
elements, as well as to take under consideration the contribution of their individual components 
(cement stone, aggregates and interfacial transition zone). 

- The possibility has been provided for drawing conclusions about the character of the proceeding 
physico-chemical interactions, as well as about the magnitude of the adhesive strength, which has its 
reflection on the strength of silicate materials [8, 9]. 
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2. MATERIALS AND METHODS 
2.1. Initial materials 

The plan of the experimental part comprises the study of two groups of fine-grained concretes with 
composition 1:3 ratio – ordinary Portland cement concrete (OPC) and composite Portland cement 
concrete (CPC). The first sample contains natural aggregates as an initial component, in contrast to the 
CPC series, in which this component has been replaced by modified artificial aggregates (granulated 
slag). Its silicate matrix consists of: Portland cement amount reduced with 15 wt % from a new active 
additive (AA) and acidic slag. The composite possesses low exothermy, good adhesive strength and 
deformation properties, as well as high strength parameters, including at the early stage of hardening, 
without application of thermal or autoclave processing, [9-11], in contrast to some known 
compositions [12, 13]. The analysis is made with different water/cement ratio values (W/C=0.40, 
W/C=0.45 and W/C=0.50). 

Portland cement CEM I 42.5 R produced in “Devnya” SA is used as a binding substance. Its mineral 
composition is: C3S=56.0 %, C2S=18.5 %, C3A= 7.0 % and C4AF=13.0 %. The grinding fineness is 
0.5 % and the normal consistency – 23.5 %. The beginning and end of setting time are respectively 1 h 
55 min and 9 h 35 min. The specific gravity is 2910 kg.m-3 and the bulk gravity – 1160 kg.m-3. The 
Blaine specific surface is 4200 cm2.g-1. 

The ground acidic granulated slag has graphite-black color and porous structure. The chemical 
composition is: CaO = 23.0 %, SiO2 = 24.0 %, Al2O3 = 5.0 %, MgO = 1.5 %, Fe2O3 = 36.0 %, CuO = 
0.5 %, ZnO = 2.0 %, MnO = 0.9 %, Na2O = 1.0 %, K2O = 1.0 % with M0=0.84. The basic mineral 
phases have been recorded in it [14]. The presence of melilite {solid solution of gehlenite (C2AS) and 
okermanite (C2MS2)}, monticellite (СМS), CаО, wuestite (FeO) and FeO.Fe2O3 has been proved. Slag 
glass represents the basic mass. The specific gravity of the granulated slag is 3730 kg.m -3 and the 
dispersity determined by the Blaine specific surface is 3800 cm2.g-1. The slag was produced according 
to the wet method of granulation. Its basic physico-mechanical parameters are measured using the 
standard test methods, its chemical activity – by measuring the swelling when treated in alkaline 
solutions and the released heat of hydration – by differential calorimetry method [15, 16].  

The new active additive (AA) is a waste product from the building industry with high CaO content 
(CaO = 76.8 %). It represents unexpensive secondary silicate product with sufficient availability. The 
bulk gravity is 1062 kg.m-3 and the specific gravity – 2340 kg.m-3. The Blaine specific surface is 3100 
cm2.g-1. The utilization of different quantitative combinations of AA allow to create various composite 
mortars and concretes with good strength properties. It reduces the amount of the binding substance 
and decreases the W/C ratio, [17]. 

2.2 Technology of concrete mixture preparation 
The composite Portland cement mixture was prepared according to a two-stage technology. The accent 
was laid on a preliminary technological method for obtaining high-strength construction concrete, 
consisting in grain-size composition regulation and optimization of the slag filler content, as well as in 
its mechano-chemical activation together with the active additive with subsequent sojourn for a certain 
time period. The slag grains are additionally crushed due to the high velocity in the course of the 
rotational mixing of the composition. New surfaces are formed for chemical interactions with the 
dispersed additive particles. As a result of the occurring hydrolysis processes the solubility of the slag 
particles in the surface layers is enhanced, their sizes diminish and gel phase is formed [14, 17]. In this 
way the preliminary activation contributes to the intensification of the binding substance hydration 
processes. The basic technological stage includes mixing of the components and their homogenization 
with the Portland cement in a laboratory mixer. 
2.3. Methods 

2.3.1. Mechanical testing 
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The compressive strength was determined using prismatic test specimens with dimensions 4x4x16 cm. 
After removing the moulds at the 24th hour the samples were placed in standard conditions – under 
water whit temperature T = 20  30 С till the corresponding age of testing – 28 days. The results were 
obtained as the mean arithmetic value from the single data of three prisms. 

2.3.2. X-Ray diffraction method 
The X-ray examination was used for determining the basic phases of the silicate material 
compositions. The X-ray data were registered by a DRON 2.0 computer-controlled powder 
diffractometer with filtered CoK radiation. The angle interval of registration varied between 5 0 and 
50 0. The samples subjected to X- ray studies were tested after drying, grinding, sifting and pressing 
in a holder at room temperature. 

2.3.3. Mercury porosimetry method 

The changes of porosity were determined by the mercury porosimetry method using a Carlo Erba 
mercury porosimeter with a pore range from 5 nm to 750 nm. 
2.3.4. Microhardness method 

The microhardness was determined by means of a standard device for microhardness measurement 
according to Vickers 160 mhp – accessories to the NU-2 microscope. The penetrating body is a 
regular rectangular diamond pyramid. The maximal loading for this device of 160 g was applied. 

Test samples with dimensions 20/20/10 mm were prepared from the above described concretes. They 
were grinded (polished), so that the necessary for microhardness determination smoothness could be 
achieved. Ten measurements were made for each sample in different sections. The obtained results 
were averaged. They include the contribution of all components participating in the composite cement 
system. 

The standard microhardness according to Vickers (МНV) is calculated by the formula: 

      2d
kPMHV  ,     where 

Р – The applied maximal loading (160 g); 

d – the diagonal of the impression measured after the pyramid removal; 

k – a constant depending on the indentor geometry for the Vickers’ pyramid. 

Defined in this way, standard microhardness represents a measure for the local plastic resistance of the 
material against penetration. It is correlated with the plastic component of deformation. 

 

3. RESULTS AND DISCUSSION 
The dependence of the compressive strength logarithm (CC) on porosity (pore volume Vp) is shown 
graphically in Fig. 1. The plot shows linear relationships for both formulations. Higher compressive 
strength values are recorded for the composite CPC concrete – on the average from 68 % to 78 % 
compared to the CPC reference sample. At the same time the CPC sample gives a narrower interval of 
Vp alteration (from 0.072 cm3.g-1 to 0.126 cm3.g-1) in comparison with the respective broader range of 
Vp for ОРС (from 0.088 cm3.g-1 to 0.149 cm3.g-1). When extrapolated the two lines intercept in the 
point of 0 pore volume, i.e. these strengths may be equal for an ideal solid body [4]. 
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Fig 1 Logarithms of compressive strength versus pore volume for OPC and CPC containing AA=15 
wt. % 

 
The high compressive strength values for СРС are due to the simultaneous use of two secondary waste 
products – active additive and acidic granulated slag. As a result of the mechano-chemical activation 
in the presence of an alkaline activator additive the solubility of slag glass is increased. The calcium 
ions of the additive interact with the Al and Si ions situated on the surface of the slag grains, envelopes 
of gel products with high specific surface and binding capacity being formed on top of them. They 
deform the slag lattice and increase its activity. The slag grains start swelling. After the subsequent 
addition of Portland cement accelerated hydration takes place with portlandite (CH) formation in 
liquid phase. It crystallizes rapidly in the form of coarse hexagonal plates. Its positive role consists in 
the fact that it affects significantly pH of the medium and the stability of the crystal hydrate 
compounds. In this way the gel phase is rapidly transformed in calcium hydrosilicates and continuous 
access of water is ensured to the slag. A new phase is recorded – calcium hydroalumoferrites C3(A, 
F)H6, as well as a higher amount of calcium hydrosilicates of the C-S-H type, Fig. 2 in contrast to the 
reference OPC series, Fig. 3. The same hydrate phases are formed under constricted conditions in the 
contact zone of the slag with the Portland cement stone, [18]. At the same time the lower water/cement 
ration restricts their growth. The calcium hydrosilicate and calcium hydroalumoferrite phases with 
smaller size, recorded according to this mechanism, have a significant share in the formation of strong 
and compact bonds in the Portland cement structure, as well as in the high strength development of the 
composite CPC concrete, [19]. 
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Fig. 2 X-ray pattern of hydrated Portland cement stone of composite concrete CPC, W/C=0.40 

 

 
 

Fig. 3 X-ray pattern of hydrated Portland cement stone concrete OPC, W/C=0.40 

 

The analysis of the experimental data for the log microhardness according to Vickers as a function of 
pore volume in the measured range of its alteration, exhibits analogous linear functional dependence 
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as in the case of the compressive study, Fig. 4. Together with the already pointed out advantages of the 
application of both waste products, slag porosity also exerts impact on the MHV magnitude. Porosity 
increases the surface entering into chemical interactions with AA and Portland cement. The 
microhardness of СРС is on the average 34 % higher from the respective characteristic of the 
reference OPC. In addition the slopes of the MHV=f (Vp) relationship are almost equal for both 
concrete compositions. In the case of extrapolation the lines do not intersect. The reasons for this are 
complex. The values of microhardness are closely related with the plastic component of deformation. 
At the same time other factors are also involved – the elastic component of deformation, pore 
geometry and sizes, presence of micro-defects in cement stone, etc. 

 

 
 

Fig 4 Logarithms of microhardness according to Vickers versus pore volume for OPC and CPC 
containing AA=15 wt. % 

 

The microhardness according to Vickers versus compressive strength for OPC and high-performance 
composite concrete containing 15 wt. % of active additive is shown in Fig. 5. The experimental results 
show that СРС has the highest values of microhardness and compressive strength, but OPC – the 
lowest, [3]. It is also seen that with strength growth MHV is also increased proportionally for both 
concretes. 
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Fig 5 Compressive strength versus microhardness according to Vickers for OPC and CPC containing 
AA=15 wt. % 

 

4. CONCLUDING REMARKS 
Some mechanical properties (CC, MHV) have been investigated as a function of pore volume, varying 
within a wide range, for two different compositions of fine-grained concretes. It is shown for each of 
them that log compressive strength and log of microhardness are proportional to the measured pore 
volume and depend strongly on its magnitude. The higher values of compressive strength and 
microhardness of the composite concrete composition are connected with the occurring enhanced 
hydrolysis and hydration processes and with the formation of denser fine-grained Portland cement 
structure, containing smaller pore volume. The relationship between compressive strength and 
standard microhardness according to Vickers is graphically presented for both concretes. The analysis 
of the results shows that the microhardness methods may be rapidly and easily applied for obtaining 
express indirect assessment of basic mechanical characteristics of different composite construction 
materials and elements. 
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Abstract 
Supramolecular chemistry is expected to keep a high developing advanced of molecular devices based 
on multifunctional materials. Porphyrins and their analogues should play a significant role as a 
consequence of their catalytic, electrocatalytic, photochemical and photoelectrochemical properties. 
Such molecular materials contain a high porosity with large cavities and galleries that can be 
functionalized yielding to a desired chirality and structure. The functionalization implies inserting into 
macrocyclic cavity, followed by auto-assembling as columnar aggregates.  The obtained cavities are 
used as host for different molecular guests. H and J-aggregates of some porphyrins are based on the 
intermolecular interactions of 3-5 Kcal/mol per porphyrin face. The columnar structure formed by 
porphyrins has a length of 5 to 27 porphyrin unities. In this paper we focused on our own strategy 
based on coordination chemistry for the design and build-up of supermolecules and supramolecular 
structures constituted by a porphyrin (TSPP) and a new and revolutionary method for stabilizing 
porphyrins (as organic part), by their incapsulation into supports with controlled porosity as 
macronets (as anorganic parts), obtaining some hybrids materials. Included are also their properties 
and potential applications. 
Key words: porphyrins, macronets, photochemotherapy 

 

1. INTRODUCTION 
Nanotechnology and nanomaterials fuel advanced conceptual approaches in many areas of medical 
science and engineering. Scientists world-wide are continuing to discover unique properties of 
everyday materials at the sub micrometer scale [1,2]. This size domain is better known as nano- (a 
billionth) meter domain. 

Now, biomedical nanotechnology, in which bioengineers construct nanoparticles combining polymeric 
and biological materials, is moving to the forefront of this rapidly advancing field of science. The 
integration of nanotechnology with biology and medicine will result in major medical advances 
leading to the development of multifunctional systems and smart drugs that will target only the 
diseased site in the body.  

Nanoparticles are defined as colloidal particles with a size below 1 mm. Because of the potential 
applications in such diverse fields as optics, electronics, and catalysis, nanoparticle research has 
necessarily been  interdisciplinary research. In the life sciences, nanomaterials are widely used in 
separation technologies,  histological studies, clinical diagnostic assays, and drug delivery systems 
(DDSs). In the DDS applications, nanoparticles have several merits, such as ease of purification and 
sterilization, drug targeting possibilities, and a sustained release action. In recent years, an increasing 
number of researchers have considered the possibility of using nanoparticles in photodynamic therapy 
(PDT). PDT is based on the concept that photosensitizer (PS) molecules can be preferentially localized 
in tumor tissues upon systemic administration. Reactive oxygen species, such as singlet oxygen (1O2), 
or free radicals are the main cytotoxic substances, which can irreversibly damage the treated tissues. It 
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is generally accepted that singlet oxygen is the primary cytotoxic agent responsible for photobiological 
activity [3,4] 

These novel properties of common materials observable only at the nano-scale dimensions have 
already found their first commercial applications. For example, nanomaterials are  present in some 
sunscreens, toothpastes, sanitary ware coatings and even food products.  

A new and revolutionary method for stabilizing porphyrins (as organic part), by their incapsulation 
into supports with controlled porosity as macronets (as anorganic parts), obtaining some hybrids 
materials, are presented.  

Included are also their properties and potential applications into photochemotherapy (PCT). 

To avoid the above limitations of TSPP, we have developed mesoporous nanoparticles that 
encapsulate the porphyrin (TSPP) in biocompatible nanoshells that act as a carrier, delivery, and 
targeting system.  

They were nearly 300 nm in diameter with narrow size distribution, spherical shape, porous surfaces. 
The nanoparticle-encapsulated macronet (MN) remained stable in aqueous media.  We tested the in 
vitro intracellular uptake of TSPP on EL-4 cancer cells, studying the effect of concentration and 
kinetics of uptake for nanoparticles and free TSPP.  

Our results demonstrate that MN nanoparticles provide ideal vehicles for tumor delivery of TSPP. The 
nanoparticles stabilize TSPP in aqueous media, enhance intracellular uptake of TSPP by tumor cells, 
increase the accumulation and retention of TSPP in various organs, and show promise of 
photodynamic anticancer activity.  
 

2. MATERIALS AND METHODS 
2.1. Chemicals 

Classified into three categories (after their dimensions) in this paper has been used only macronets 
from Group II, with area surface as 900-1200 m2/g and a pore volume of inside of a range 0,6-0,8 
ml/g; (MN 150, MN250). The well defined structures of MN prevent the aggregation of the 
phthalocyanine molecules because of their location in the intracrystalline voids and galleries of the 
supports. The polymeric sorbents as Macronet MN 150 have a unique structure which induces for 
them special advantages: big internal surfaces 1000-1500 m2/g, a transport region that allows rapid 
access of the adsobant molecules, functionalization.  

5,10,15,20-tetra-p-sulphonato-phenyl-porphyrin (TSPP), Figure 1, has been prepared and purrified in 
the lab after a literature receipt [5]. 
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Figure 1. Chemical structure of meso-5 ,10, 15, 20-sulfonatophenyl porphine (H2TPPS4

4-) 

 

2.2. Measurements 

Ultraviolet-visible (UV-Vis) absorption spectra were recorded on a SPECORD M400 spectrometer.  

Using a 30-mW diode laser operating at 632,8 nm, we established the photodynamic properties of the 
new systems. 

For TSPP encapsulation into macronets pores, the flexible ligand method has been used. The method 
use the direct contact between  TSPP solution 10-4 M and 1 gram of macronet for 24 hours in argon 
atmosphere. The caracteristics of the macronets are shown in Table 1.  

 

Macronet Medium diameter of pore (A) 

MN 150 392 

MN 250 372 

Table 1. The characteristics of macronetics suport with controled porozity  

 

3. RESULTS AND DISCUSSION 
Porphyrins are the most exciting sensitizers for PCT, due to its strongest absorption band is around 
800 nm and its most intense emission is around 820 nm (in vivo), which enhances signal selectivity. 

Aggregation of the photosensitizers used in the so called photodynamic (photochemical) therapy of 
tumors (PDT) has empirically been found to play a decisive role for their photodynamic activity [6]. 
The principle of the photodynamic therapy is a very promising modality for the non-invasive treatment 
of tumors and other diseases.  

PDT is based on a selective retention of a light-sensitive substance, photosensitizer, in tumor cells and 
its subsequent activation with light at appropriate wavelength. The photodynamic effect arises due to 
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the energy- and/or charge transfer from the PS to an acceptor molecule and the formation of cytotoxic 
species such as highly reactive singlet oxygen or free radicals. In the past decades, a great number of 
PS for PDT have been developed but only a few of them show a more or less satisfactory tumor 
selectivity and phototoxicity.  

Sensitizer molecules, which possess a hydrophobic region in their structure, tend to isolate it from the 
contact with water molecules and self-associate in order to minimize the free energy of the system.  

 

Formation of J-aggregates of TSPP 
Meso-5 ,10, 15, 20-sulfonatophenyl porphine (H2TPPS4

4-) is a water-soluble tetrapyrrolic dye (Fig.2) 
It has been shown that H2TPPS4

4- can self-associate to form H- and J- aggregates depending on the dye 
concentration, pH and ionic  strength [7]. In an acidic medium (pH < 5), the nitrogen atoms of 
H2TPPS4

4- can be protonated resulting in a diprotonated form H4TPPS4 2-. The diprotonated 
tetraphenyl porphyrin shows, in contrast to its neutral form, a near to coplanar conformation of the 
phenyl rings to the tetrapyrrolic ring. This allows the approach of the sulfonato groups to the central 
part of the tetrapyrrolic ring thereby forming J-aggregates [8]. The formation of J-aggregates is 
indicated by the appearance of a sharp intense absorption band that is shifted to the red with respect to 
the monomeric Soret band [9]. Fig. 2 shows the ground state absorption spectra of TPPS4 in aqueous 
solution buffered at pH 7.5, 3.4 and 1.2. The absorption spectrum of H2TPPS4

4- at pH 7.5 is 
characteristic for the free-base porphyrins. It exhibits four Q bands located at 515, 553, 580 and 633 
nm and an intense near-UV band (Soret band) with a maximum at around 414 nm. 

The absorption spectrum changes in acidic environment (pH=3.4) exhibiting a red-shifted and slightly 
broadened Soret band at 433 nm, a narrow intense band at 490 nm, and two broad weaker bands at 642 
and 707 nm. The spectral bands at 433 and 642 nm can be attributed to the diprotonated ionic species 
H4TPPS4

2-, whereas the band at 490 nm (B-band) and at 707 nm (Q-band) are characteristic for J-
aggregates [10]. A further decrease of the solution pH to  1.2 results in an increase in the intensity of 
the absorption bands at 490 and 706 nm, and in the disappearance of the absorption bands related to 
the neutral and diprotonated species of TPPS4.  

 

Figure 2. The ground state absorption spectra of TPPS4 in aqueous solution buffered at pH 7.5, 3.4 and 
1.2. 

These changes in the absorption spectra have been assigned to the formation of the Jaggregates, 
derived from the dianionic H4TPPS4

2-, as indicated by the diminution of the absorption at 433 nm [1]. 
A decrease in concentration of H4TPPS4 2- at low pH (~1-2) results in a decrease of the amount of J-
aggregates, Figure 3. 
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Fig.3. The TSPP aggregates structure H (up) and J(down) 

  

Assuming that the distance between molecules is ~5 Å, the aggregate length can be calculated to be 
~10-6 cm, showing that the exciton diffusion length is shorter than the aggregate length. This result 
suggests that the number of molecules per  aggregate determined represents the diffusion-limited size 
of the aggregate. The number of coherently conjugated molecules obtained in this work is in fairly 
good agreement with previous findings on the aggregation number of TPPS4 obtained from UV/VIS 
absorption spectroscopy (N=11) [11], fluorescence anisotropy lifetime measurements (N=22) [12] and 
dynamic light scattering experiments (N=6-32) [13]. However, it has been proposed that J-aggregates 
of TPPS4 tend to form large fractal-like structures or macroaggregates in organic solvents.  

The encapsulation rate of TSPP into the macronets are calculated from the absorption spectra and is 
0,002 Ms-1 in MN150 and 1,31 Ms-1 in MN250. 

In MN150 (cationic character), the cavitar space is 392Å, is favourable to TSPP association as H-
aggregates, while MN250 (anionic character), with cavitar space of 372 Å, is favourable to J-
aggregates formation, but insufficient to encapsulation, and only to over-crowding of MN. The MN 
cavities are used as host for different molecular guests. H and J-aggregates of some porphyrins are 
based on the intermolecular interactions of 3-5 Kcal/mol per porphyrin face. Such aggregates have the 
size of 5-6 nm in solution. The columnar structure formed by porphyrins has a length of 5 to 27 
porphyrin unities [14]. 

TSPP/MN150 do not influence the cellular viability in the area 0-250 mg/ml.  

 

 

Concentration 
(mg /ml) 5 15 25 50 100 

TSPP/MN150 0,56 0,89 0,25 0,29 0,47 

 

Tabel 2 The proliferative capacity of TSPP/MN150 on EL-4 cell line 
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Figure 4- Corelation between viability and proliferation for EL4 cells line, in the presence of 
TSPP/MN150. 

 

The photodynamic activity of TSPP/MN150 on EL-4 cells, has been evaluated and shown in figure 5 

 

 

Figura 5 – Time evolution of cellular viability of EL-4 after laser activation of TSPP/MN150 

  

 Could be observed that after irradiation, TSPP/MN150 intracellular loaded and activated 
presents an homogeneous effect on the cells viability. 
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4. CONCLUSIONS 
The porphyrins encapsulated in macronets as MN150, has a intracavitar space of 392 Å, favourable to 
TSPP association as H aggregates and MN250, with an intracavitar space of 372 Å, is favourable for 
J-aggregates insufficinet to incapsulation, but is favorable to over-crowding of MN. 

After irradiation, TSPP/MN150 intracellular loaded and activated presents an homogeneous effect on 
the cells viability. 
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Abstract 
Antique glasses can be generally found as one of the architectural components in several heritage 
places from Europe and not only. Glassmaking has been as industrial activity for more than four 
thousand years. The medieval stained glass constitute a part of our cultural heritage that has been 
exposed to environmental damage over centuries. The main purpose of this paper is to provide new 
insights into the composition and deterioration sources of stained glass. To analyse the ancient glass, 
have been used small pieces of broken glass without any possibility to be included in other pieces. 
Different coloured glass (brown, green, uncoloured) were quantitatively analysed by EDXRF. 
Assuming that each kind of glass can be characterized by a specific composition of major, minor and 
trace elements, the selection of appropriate analytical methods is essential. In this work, ICP-AES was 
used complementary to EDXRF which gives an overall view of the samples’ composition. By applying 
ICP-AES, it was possible to determine a number of elements which are present bellow the detection 
limit of EDXRF and to evaluate the homogeneity of investigated material. It was possible to determine  
new elements which could not be determined by others techniques. 
Key words: ancient glass, EDXRF, ICP-AES 

 

1.Introduction 
There have been significant and impressive new advances in instrumentation over the past decade that 
allow for more sophisticated analyses of artefacts than ever before. The best choice of instrumentation 
is only part of the equation. It is necessary to decide what information is needed, then choose the right 
method, and then correctly interpret the information. In many cases more than one method is used on 
an ingot or coin to arrive at a correct interpretation. Throwing an ingot or coin into an analytical 
instrument and expecting a print-out to confirm authenticityis not likely to be successful. The “black 
box” approach doesn’t work. 

Data interpretation is every bit as important as the performance of the tasks themselves. Technical 
instruments demand a thorough understanding of their procedures in order to deliver quality data. In 
this regard, a researcher should consider using analysts that are trained in the fields under 
consideration, particularly persons who perform these tasks daily.  

Glassmaking is an industrial activity for more than four thousand years. Glass is made up of few 
components: network formers, network modifiers and coloring elements. The main network former of 
medieval of medieval stained glass is silica, whose concentration determines the physical and 
chemical behaviour and the glass stability. The network modifiers, flux being one of them, can 
decrease the temperature at which the mixture melts (silica) and is made up of alkaline elements. After 
some reports, in medieval times, a flux was introduced into the mixture as vegetal ash. Also, as 
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network modifiers, too, the stabilizers (lime, magnezia) make the glass strong and more water 
resistant. Phosphorus is a common component of medieval glass and can act as a network former. 
Also, some metals (Cu, Co, Mn, Fe) were used for glass colouring. 

The process for glass production in northwestern Europe in the period 800–1700 AD was based on 
melting a siliceous constituent (e.g., quartz sand, crushed quartz pebbles) with a fluxing agent (e.g., 
potassium- or sodium- rich vegetable ashes) while sometimes an additional calcium-rich material 
(such as limestone, seashells [1] or marble) was used. In a number of cases, also a lead source and 
small amounts of colorant, opacifier or decolorant materials were added to the melt. Fig. 1 provides an 
overview of the most important periods in the history of glassmaking in northwestern Europe. In the 
Antique to the post-Roman period, glass was made with Natron as fluxing agent, a mixture of 
NaHCO3, Na2CO3 and other Na-salts, found in Wadi Natrun (Egypt). This resulted in a durable Na-
rich glass which could be worked into a variety of shapes. In view of its relatively low Fe content, it 
could easily be rendered colorless by addition of oxidizing products such as MnO2 or Sb2O5 [2,3]. 
After the breakdown of the Roman Empire and roughly until 1000 AD, knowledge on glass making 
was no longer available in northwestern Europe while also some of the raw materials were no longer 
available. During the wood and plant ash period (800–1800 AD), the dominant fusing agent for 
glassmaking in northwestern Europe was ashes from wood and terrestrial plants. With this agent, a 
calco-potassic glass (having SiO2, K2O and CaO as major constituents) was made. According to 
Wedepohl [4], in Germany, within the wood and plant ash period, a subperiod between 1000 and 1400 
AD can be distinguished where glass was made from sand and wood ash and a second period between 
1400 and 1800 where glass was made with sand, wood ash and lime. The first glass type is known as 
potassic glass, the second as calcic glass. Both glass types have a typical greenish-yellow color and are 
collectively known as forest glass or Waldglas. Wood ash is calcium- and magnesium-rich, but 
potassium-poor. In the northern half of France, wood ash was also used for the production of potassic 
and calcic glass, but additionally fern ash was used for the production of potassic glass. Ferns contain 
significant quantities of potassium and much less calcium and magnesium. The production of sodic 
glass (having Na2O, SiO2 and CaO as major constituents, similar to modern soda-lime glass) in 
northwestern Europe started with the arrival of Italian glassmakers during the 16th century in the 
urban centres. They produced glass in the Venetian style with locally available raw materials [5]. This 
glass has a slightly different composition than the genuine Venetian glass, which was available in two 
varieties: (1) Vitrum Blanchum that was in use from the 14th century onward, and (2) Cristallo that 
was produced since around 1450 [6]. The most prominent feature of both these types is that they are 
colorless, transparent glass with a specific composition [6]; however, the more common Vitrum  
Blanchum was made with less pure raw materials that the top quality Cristallo. 

The main purpose of this paper is to evaluate the composition and degradation cause (sources) of 
stained glass. 

The analysed samples have been provided by Regional History Museum from Brasov and belong to 
XVII- XVIII centuries. They were broken small pieces not useful and without any possibility to be 
included into other large pieces. For analysis has been used energy dispersed X-ray fluorescence 
(EDXRF). 

 

2.Experimental part 
2.1. Aparatus and methods 

X-ray fluorescence analysis was performed with an energy dispersive instrument, type Minipal, with a 
Si(Li)-detector of 150 eV resolution at 5.89 keV (Mn-Ka-line). An Rh-tube with an acceleration 
voltage of 30 kV was used for excitation. Due to varying surface structures and inhomogeneities in the 
surface composition of the samples analysis was performed on both sides of the objects and a mean 
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value was calculated. The area of X-ray irradiation had a circular shape with a diameter of 
approximately 10mm.  

An energy dispersive X-ray fluorescence (EDXRF) spectrometer EDXRF PW4025 – MiniPal – 
Panalytical, has been used for all the measurements [7-12]. 

Inductively Couple Plasma Atomic Emission Mass Spectometry (ICP-AES) was used for major 
elements and some trace elements. Detection limit for major elements is 0.01%. The analytical 
precision calculated from replicate analysis of one sample is better than ±1%. A Varian Liberty 110 
Series spectrometer was used for the ICP-AES analysis. Multielement, matrix matched standards were 
used for the quantitative determinations. 

Microwave assisted digestions were performed in a Berghof microwave oven with the use of high-
pressure closed Teflon PFA vessels and online pressure and temperature control. In particular, 0,1g of 
each sample was placed in the Teflon PFA digestion vessels and a mixture of 5 ml HF 40 % and 5 ml 
HNO3 69.5 % was added.  

 

2.2. Archaeological materials 

For analysis wemust take into account some rstrictions: 

 Reduced number of availability samples; 

 High alkali content; 

 Significant presence of certain volatile elements (chlorine from the vegetal ash used as raw 
material); 

 The presence of some elements (metals) used as colouring agents can be useful not only for 
the color determination, but also as potential weathering agents. 

 

 

 
 

 
 
 
  

 
 
 
3.Results and discussion 
 

 After potassium or sodium concentration, the glass can be devided into few categories: 
 Glass produced between 12th and 15th century which is a potassic in composition (SiO2, CaO 

and K2O); 
 Sodium composition (SiO2, CaO and Na2O); 
 Carbonated glass (SiO2, CaO and sodium carbonate (Na2CO3)). 

 
A chemical composition of glass is an important source of information about the provenance of a 
single object and it can also support knowlwdge about technological history of glassmaking obtained 
from historical documents from archives and libraries. 
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Elemental analysis plays an important role in the scientific classification of archae- ological samples. 
In this field, nondestructive analysis is preferable because samples are invaluable and not allowed to 
be damaged. The term "nondestructive" commonly used in chemical analysis is, however, often not 
acceptable in archaeology since the sample should be generally powdered due to the limitation of the 
sample size to be analyzed. Although there are some special analytical methods such as X-ray 
fluorescence analysis and particle induced X-ray emission analysis that can be applied for elemental 
analysis of large samples, they fundamentally give information only about the surface of the sample. 

A chemical composition of glass is an important source of information about the provenance of a 
single object and it can also support knowledge about technological history of glassmaking obtained 
from the technical literature and other historical documents available in archives and libraries [1–6; 
13-15]. The elemental analysis of glass is also investigated in order to distinguish originals from 
forgeries and to support conservation with respect to understanding corrosion phenomena and 
degradation of archaeological glass [15–19]. Although the knowledge about the elemental composition 
of glass does not provide sufficient information for a full characterisation of an examined glass object 
it is often used for this purpose. Also, the chemical composition is reputed to be relatively easy for 
examination and interpretation. Depending on the concentration and accompanying minor or trace 
constituents, certain group of elements (e.g. Si, Ca, Na, K, Pb, Mn, As, B and Sb) usually reflects main 
composition of raw materials used for the glass production together with the information about the 
methods of the preparation and sources of raw materials. Various elements and their concentration 
levels are often recognised to be specific for particular periods, areas, and technological traditions. 
Therefore, when these elements are found in the object, it can be stated that the glass examined fits 
into the already known glass group. In some cases, we have to create new subgroups or describe glass 
as a single object that does not fit to any of the already well known groups. Usually a combination of 
several analytical techniques is needed for collecting complete information about major, minor and 
trace elements of the sample [1, 20, and 21]. The preferences are made to these analytical techniques, 
which allow fast analysis on a routine basis, because revealing relations between chemical 
composition of historical glass and its provenance demands collecting large databases of compositions 
of well described samples. Due to historical and very often also high material value of investigated 
objects preferences to non-destructive methods are given [21].  

Among various analytical techniques ICP-AES seems to be a good choice for glass analysis: the 
method offers very low detection limits for the most of elements, together with isotopic information 
and possibility to inspect a distribution of analysed elements over the investigated area [22-25]. 
Several non-destructive methods like: synchrotron radiation X-ray fluorescence (SRXRF), neutron 
activation analysis (NAA) or particle induced X-ray emission (PIXE) allows achievement of similar 
detection limits for many elements, but ICP-AES is much more accessible than the others. 

Therefore homogeneity of analyzed samples can be evaluated on the basis of the obtained results. This 
method has already been applied for glass analysis. Micro-destructiveness is a big advantage of this 
method for historical objects analysis and allows limiting sample consumption to the absolute 
minimum [14].  

Assuming that each kind of glass can be characterized by a specific composition of major, minor and 
trace elements, the selection of appropriate analytical methods is essential. In this work, ICP-AES was 
used complementary to EDXRF which gives an overall view of the samples’ composition.  

All results were recalculated into the concentration (wt.%) of respective oxides (Na2O, CaO, SiO2, 
K2O, Al2O3, MnO, MgO, As2O3, Fe2O3, BaO, PbO) and the results are presented in Table 1. 
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Sample color Brown Green White 

Na2O 3 5.2 5.4 

MgO 0.8 1.6 1.6 

Al2O3 3.8 6 3.5 

SiO2 69.4 72.3 59.1 

P2O5 9.12 0.56 0.93 

SO3 1 0.71 0.2 

Cl 1.73 1.95 2.7 

K2O 2.15 0.47 10.5 

CaO 7.37 10.4 12.8 

MnO 1 0.028 0.563 

Fe2O3 0.708 0.579 0.816 

CuO - - 0.035 

PbO - - 1.8 

TiO2 0.12 0.11 0.12 

ZnO 0.03 - - 
Table 1. Chemical composition of medieval glass by EDXRF 

  

In Europe, numerous investigations of the 17th and 18th century glasshouses and glass waste have 
been achieved [13, 14]. 

The study on the chemistry of late 16th century and early 17th century green container glass, similar to 
the materials in this study, documents the wide use of high-calcium glasses (CaO 17.9-28.5%) during 
this period [15]. 

Analysis of the major and minor oxides indicated a high concentration of calcium as a result of 
manufacturing preferences that used wood ash as a component in the glass recipe. Due to the potash 
(which could contains small amounts of Fe2O3, the glass could exhibit a pale green colour, or yellow-
green colour, such glass being known as Waldglass (forest glass) [16].  

In addition to lead compounds and wood ash (potasium carbonate) (potash), two common ingredients 
like potassium tartrate (HOOC-CHOH-CHOH-COO-K+), Salpetre (KNO3), sea salt (NaCl) and borax 
(Na2B4O7.10H2O) were used. 

The presence of phosphorus oxide indicated the use of wood ash (including from bone ash). This 
composition is typical for the glass production in Western Europe from the tenth to sevententh century 
[17]. The presence of German glass makers from the centre of Europe in the Transylvanian 
manufacturies could explains the types of models and techniques from the Transylvanian 
manufacturies. 

The exact amount of alkali would be difficult to determine precisely during glass manufacture, since 
the concentration of alkali within the ash varies between, and even within, tree species [18]. 

Consequently, the final chemistry of a glass will vary in oxide proportions and will effect its 
interaction with water. 
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Sample color Brown Green White 
Ag 14.4 4.6 4.85 
Ti 2032.77 665.21 462.78 
Pd 211.15 363.76 211.15 
Zr 10636.96 4314.55 2189.27 
Tl 231.19 3.09 60.27 
Al 125819.13 23423.52 12776.03 
Sr 2114.02 434.6 402.00 
Ca 28938.4 30448.44 54332.28 
Ba 10117.96 6321.9 6084.12 
Si 2195281.78 591180.23 745005.26 

Mn 2638.27 78.4 3617.25 
Fe 8716.91 2385.49 3232.39 
Cr 33.08 367.6  
Mg 2782.44 6119.51 8889.59 
Na 114809.96 41979.12 31819.14 
Sn 31.26 16.51 343.95 
Zn 312.58 34.21 181.18 
Cu 92.31 23.65 58.03 
Li 233.29 21.3 10.07 
Re 263.17 1187.69 287.07 
K 3361.73 5307.31 3563.62 
P 9686.76  6343.85 

Table 2. Chemical composition of medieval glass by ICP-AES (in mg/kg) 
   

The Na-rich glasses typically show greater silica content (around 60% ranging from approximatively 
55-65%)  [19]. Cu, homogeneously added to white glass can produce a pale green color. The glass 
body contains several elements such as Pb, Si, Al, Na, Fe for yellow, Cu for dark green and Co for 
dark blue colors.  

The most interesting aspect of the glass poduction is the CaO/MgO ratio, and the concentration of 
calcar, dolomite and magnezia, especially.  

It is noticed that for transparent glass the concentration of K2O is similar with CaO, his being a first 
proof for the venetian receipt of glass bleaching, by glass treating with MnO, being known as 
Manganesi [20], this being one of the most superior glass type. After that period, the new type Kreyde-
Kristallglas (chalk crystal) glass is almost everywhere in the glass manufacturing. Also, are used: 
salpetre (KNO3), braunstein (manganese minereum), and salt (sodium sulphate) in order to clarify and 
bleach the glass melting. 

The leaching experiments are extremely interesting. The K2O-CaO-SiO2 glasses are preferentially 
leached aut over calcium. As calcium increased above 10%, uniform leaching of the oxide components 
was observed. When the glass is exposed to the atmosphere over long time period (1-6 years) revealed 
that potasium is preferentially leached aut over calcium by as much as 10%. This is attributed to the 
higher bond strngth of the bivalent calcium ion to the non-bridging oxygen sites in the glass. It is 
evident that under different conditions, sodium and potassium are more mobile than calcium and are 
depleted preferentially to calcium [21].  

The ratio of major oxides concentrations: Na2O/SiO2 and CaO/SiO2 characterizing matrix composition 
of the glasses have been calculated and compared with average values of Na2O/SiO2 and CaO/SiO2 in 
the investigated samples. The information about respective oxides concentrations in the historical 
glass samples was obtained by means of SEM and EDS.  



International Scientific Publications: Materials, Methods and Technologies, Vol. 2 
ISSN 1313-2539 

 
 

 
 

 

236

4. Conclusions 
To analyse the ancient glass, we have used small pieces of broken glass without any possibility to be 
included in other pieces. Different coloured glass (brown, green, uncoloured) were quantitatively 
analysed by EDXRF.  

Assuming that each kind of glass can be characterized by a specific composition of major, minor and 
trace elements, the selection of appropriate analytical methods is essential. In this work, ICP-AES was 
used complementary to EDXRF which gives an overall view of the samples’ composition. By 
applying ICP-AES, it was possible to determine a number of elements which are present bellow the 
detection limit of EDXRF and to evaluate the homogenity of investigated material.  

It was possible to determine new elements which could not be determined by others techniques. 
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