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Abstract

The ecological situation in the North-Arctic region can be improved and the efficiency of interaction in the
system “Individual- Material — Environment™ can be increased if natural raw materials and environmentally
friendly mining wastes are used. If these materials are used, it will be possible to reduce cement consumption
and consequently the quantity of harmful wastes in the production of high quality concrete composites.
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1. INTRODUCTION

The development of North-Arctic region in Russian Federation is one of the priorities in Russia development. To
improve the ecological situation it is important to apply principles of energy and resources saving, wastes
reduction in the production.

The aim of this paper is to examine problems in the production of building materials with the use of mining
wastes and in the replacement of clinker cement-constituent with saponite-containing material preserving
strength characteristics of concrete at the desired level. Main ecological risks in cement production are the
following: energy requirement, solid wastes generation, water consumption, water wastes, etc.

Cement industry is energy intensive as chemical oxidation reaction which is necessary to obtain clinker requires
high temperatures. Energy sources are natural gas, petroleum coke, coal or fuel oil. In the process of burning
greenhouse gases can appear. In cement production solid wastes appear as well. The wastes such as cement and
cement dust are usually considered as unhazardous and major part of them can be reused in the production.
Besides there can appear ash from wastes burning utilization of which requires special permission. Water is used
for raw material preparation, cooling, dust suppression and machine washing. Water can be received from a
water pipe or a local well. When water is taken from a local well, permission is necessary to specify how much
water will be collected. In cement production there appears an insignificant amount of waste water. Waste water
appears in the process of wet grinding and washing. Slurry, which appears as the result of wetting can
accumulate as wastes and require a slurry-treatment plant. Besides wastes from vehicle and production area
washing can contain suspended substances and metal impurities. Such water can have high pH level [1].

2. EXPERIMENTAL

Diamond deposit situated 100 km from Arkhangelsk has been developed for the last 12 years. Its wastes are
slurry which is stored in a tailing dump. The tailing dump’s storage volume is annually increasing as the speed of
sediment settling from the appearing suspension is very low. The sediment is a saponite-containing material
(63% of saponite), which belongs to montmorillonite group of clays. Saponite-containing material has a very
developed internal face (Fig. 1), which is a very important property to use this material when creating and
developing composite materials.

To obtain fine-aggregate concrete of required strength and to reduce cement consumption at the same time it is
necessary to apply plasticizers, superplasticizers and various modifying agents.

To obtain fine superconcrete a special composition was developed based on the following components:
“Relamix” superplasticizer, CEM 1 42.5 cement, quartz fine-grained sand from “Krasnoflotsky-zapad” deposit
and mining waste namely saponite-containing material. All the above-mentioned components were grinded to
the state from 100 to 500 nm, taking into consideration the model of thermodynamic compatibility the
composition for organic-mineral nano-dispersed modifying agent (ONM) was offered where “Relamix”
superplasticizer made up 1%, CEM | 42.5 cement made up 10%, qurtz fine-grained sand from “Krasnoflotsky-
zapad” deposit made up 85% and a mining waste namely saponite-containing material made up 4%.
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Fig. 1. Microphotography of saponite

Using M.Y. Bazhenov method a composition for fine-aggregate concrete with ONM (1; 2.5; 5; 7.5; 10 and
12.5%) and without it was made.

Considering cement and ONM as a whole the concrete composition was calculated in the following order:
1. Energy of mixed cement was determined (R,):
R, = Kg-R1;=0,95-52,6=49,97 1)
Where Ry is cement energy, MPa;
Kr — strength variation coefficient; Kr=1-H, (H - filling agent consumption).
2. water-cement (B/IT) ratio is calculated to obtain desired concrete strength:
B/Ll = A-R,/(R;;+0,8-A-Ry)=0,75-50/(35+0,8-0,75-50)=0,47 )

Where A is empirically determined coefficient; for average quality materials A=0,75; Ry — concrete
strength, MPa.

3. The volume of entrained air is determined (BB), I:

BB = 81,8-16,6-M,,+0,7-(M,,)*=81,8-16,6-1,6+0,7-(1,7)°=55,603 ()
Where My, is the size fineness modulus.
4. The consumption of mixed cement is calculated (I1.,) according to formula:

v = (1000)/(1/pey+ B/L+n/pr) = (1000)/(1/1,4+0,47+2,26/1,65) = 4
= 450,46 xr/™m°

where p., 1 ppp is the density of mixed cement and density of sand, g/sm?;

n — sand-cement ratio is determined with the help of Fig. 57a and 57b, considering sand size fineness
(M), itis corrected according to graph in Fig. 58.

I = my- I, = 446 xr (5)
N=my-II.,.= 4.46 xr (6)
where my; and my is the proportion of cement and ONM in mixed cement respectively.
6. overall consumption of water is calculated:
B = Il,,-B/I + B;=450.46.0.47-0.71=215 I/m* (7

Water proportion to be increased in an overall water consumption is calculated according to the following
formula:
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Bn=(By-HI'):N =-0,71 8)
where By; — water requirement of micro filling agent (relative value);
HI is normal cement consistency which is accepted as 0.25 per unit quantity;
N is the proportion of filling agent per 1m? of concrete in kg.

7. sand consumption is calculated, kg/m?:

IT = n-11,,=3.70-450.46=1670 kr/m’ 9)
8. average density of fine-aggregate concrete with micro filling agent is calculated, kg/m®:
ps = LI+N+B+I1= 446+4.46+215+1670=2335.46 kr/m’ (10)
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Fig. 2. Sand-cement ratio graphs, where the given flow (P) and workability (V) depend on water-cement ratio
[165].
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Fig. 3. n-value adjustment graph, where n depends on sand size fineness: 1 — M, =2,5; 2 - M,=1,5; 3 - M,=0,75

N

5. Cement (L{) and filling agent (H) consumption is determined (kg/m?) in mixed cement:

As the result the composition of fine-aggregate concrete was made calculated per 1m®: cement — 446 kg; ONM —
4.46 kg; water — 215 |; sand — 1670 kg.

Calculated composition of fine-aggregate concrete with various ONM content made it possible to prepare test
samples to prove the conclusions made about concrete strength properties improvement.

Grade of concrete was determined according to all-union state standard (GOST) [2] after the 70x70x70 mm
samples were tested by destructive load. Such samples can be used to determine strength properties of fine-
aggregate concrete not containing coarse aggregate. The samples were made from concrete mix and tested after
curing for 28 days in normal conditions. A number of samples in a mode was accepted as equal to six.
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Concrete mix was poured and consolidated into molds and each sample was graded. The curing process was
made in normal thermal and moisture conditions. 24-hours strength of concrete was determined using the above
mentioned method according to standards. [2]. Fig. 4 and 5 show the photographs of samples with main and test
composition before and after the tests by destructive load.

Fig. 5 — concrete samples after tests by destructive load: a — without a modifying agent; b — with 1 % ONM.

Super concrete samples were tested according to all-union state standard (GOST) after 28-days strength
development. The obtained results are given in Tablel.

Fig. 6 shows an example test log for samples tested by destructive load. Fig. 7 shows parameters of concrete
samples with main and test composition.

To evaluate initial modulus of elasticity there was marked an area with direct proportion on stress-strain
dependence diagram (fig.6).

57



Journal of International Scientific Publications: Ecology and Safety

Volume 8, ISSN 1314-7234 (Online), Published at: http://www.scientific-publications.net

afiki nabora prochno B%%MNanosa
testIC Press v3.53

dafin  MapameTpel  Cnpaska

MpoussansHo

roct 1D180| FOCT 12801

—| Harpysute

Harpysureaa  |100 kH
co ckopocTel |5 kH/c
1 rlH

W BepHYTECA B "Moxaaros".

— LUukn |

Harpysare ot - kH
Ao - kH
CO CKOPOCTER - kH/c
B TEHEHHE - WHKAOE

W BEpHYTECA B "HorogHoe",

I Mnowanka - CBK

= Pyynoe ynpaenenqe Oc-F

EBIEPHKATE

-lElx

=100 %]

— PesyasTarm

OUHCTHTE

Fia| o [en

0w
&
=1

w
5]
=1

w
&
=1

=)
&
=1

260

240

"
5]
=1

T 200

T 180
z

oy
o
2

T 1403

ABAPUA .[

A

1250 kH
AeToCron
100 mm

s
=

S

0 o1 02 03 04 05 0 07 08 08 1 11 12 13

Jedopraauma, e

#=1.074 Y=3128 |

L5l |
Corpatm:

Auto XY
é MNeyars |

i}

10000
M aprupoEKa ICW 141

Mnowank, . ke.

— MHauk auus
[Henemarie sasepusra |
[ Perunsmop — Mpeasa

X

Cepoc [l pHHATE:

[ Darws “HA OHE"

R Tek = IT Hétird. kE:

F. o+ HIEEE ...
WY 6.587 B o000 O
T 0.000 ™ oo0 PN

PyuHoe ynpasneqHe
EEKTOPOM CKOPOCTH

2]

W kH/c

[=] o
]

10z IT 0.1x

* Hacoc

& I'chnl ST testIC Press ¥3.53 |} BEWHAKos

| Iﬂ_|] arafilki nabara prochnosti, .. |

| El‘ W0 @ 195

Fig. 6. Destructive load test log: diagram of strength for concrete with main composition, 28-days strength.
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Fig. 7. Functional dependence of average concrete strength on concrete samples age

Table 1. The results of fine concrete samples tests

- - 3 -,
x Material consumption per 1 m” of composition @ o :g’ o =y "
g . s | 25| B S8| €2 4
=R g | . S.| 5| 2§ Bz | £8| %
S| g, S2,| E| 8| | 285| 8% | 88 | Pg 5
Z| 8E S=8| = 3 - SR B2 | g2 gL | 2% 2
8| S5 | 288| 5| =| =| ® oS | 238 8 2| ¢
o | Px S 58| =B Z @) g = g2 58 =5 z = e
e < T o = (@) n O 5o S o g & S = S
S| s X @ Fe | < s | T O
1 446 1770 210 - - - 6.7 2330 46.3 31.2 35
2 446 1770 215 1 - 6.8 2336 65.7 40.3 50
3 446 1770 215 2.5 - - 6.8 2345 71.4 55.7 55
4 446 1770 215 5 - - 6.7 2353 73.7 63.8 55
5 446 1770 221 | 75 - - 6.8 2360 82.2 65.7 60
6 446 1770 229 10 - - 6.8 2380 74.2 58.4 55
7 446 1770 242 | 125 - - 6.7 2400 73.1 57.5 55
8 446 1770 215 - 5 - 6.8 2340 53.3 37.8 40
9 446 1770 215 - - 5 6.8 2343 51.9 37.5 40

ONM - organic-mineral nanodispersed modifying agent
SCM - saponite-containing material
S+SCM - a modifying agent with an optimum ratio of fine sand (96%) and saponite-containing material (4%)

Strength properties of high quality fine concrete can be increased from 46.3 MPa to 82.2 MPa if 7.5% ONM is
added.
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Thus it has been proved that high quality fine concrete can be obtained if composite mixed cement, ONM from
raw materials of the Arkhangelsk region as well as mining wastes, close-packed arrangement of modifying agent
and “Relamix” superplasticizer are used.

Samples were examined on Sigma VP SEM. As the result good quality photographs were received and accurate
analytical results for fine concrete with close-packed arrangement (Rcx=82.2 MPa) and for concrete without
ONM (Rcx=46.3 MPa) were obtained (fig. 8,9), which proved that particles in concrete structure are practically
consolidated and regularly distributed.

In the hydration of cement and ONM there is observed regular distribution of hydration products in a composite
(fig. 8 and 9).

3. CONCLUSIONS

The examination of microstructure showed that optimization of structure formation process is possible if ONM
based on saponite-containing waste from diamond treatment plant is used. Its combined action includes:
1.plasticizing on the concrete mix preparation stage; 2.fluidal composition control; 3.binding of CaO which is
emitted in alite hydration process producing hydrated calcium silicate of second generation on the stage of new
growth synthesis.
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Fig. 9. Microphotography of fine concrete with ONM
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