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INVESTIGATION OF BASALTS OF THE NORTH-TAFANI AREA OF THE BOLNISI

DISTRICT IN ORDER TO OBTAIN GLASS AND GLASS-CRYSTALLINE MATERIALS

L. Gabunia, I. Kamushadze, E. Shapakidze, T. Petriashvili, M. Makadze

Ivane Javakhishvili Tbilisi State University. Caucasian Alexandre Tvalchrelidze Institute of Mineral
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Resume: Goal. The work is devoted to the study
of basalts of the Bolnisi district (North-Tafani area)
with the aim of using them in the production of
glass and glass-crystals as the main raw material
component.

Method. For mineral-petrographic analysis, a
polarizing microscope “MIM” P-113 was used.

The X-ray phase analysis were carried out using
“IPOH-1.5” diffractometer with A-Cu+C. U=35kv.
[=20mA. Intensity - 2 degrees/min. A\=1.54178 A.

Results. Comprehensive studies were carried
out on two types of basalts of the North-Tafani.
Under laboratory conditions, the chemical and
mineral compositions of raw materials were
determined; the ability to transition to a vitreous
state; technological and physical-chemical proper-
ties of the melt, both separately and jointly in a
ratio of 50/50.

The study of crystallization properties in the
temperature range of 800-1250°C on the surface of
the glasses, the effect of iridescence was revealed -
the formation of a clear transparent film, which is
a prerequisite for obtaining facing tiles with high
decorative properties.

Conclusion. The have

conducted studies

confirmed the possibility of using two types of

basalt as a raw material for the production of facing
black tiles and glass-crystalline materials (cast

stone).

Key words: basalt, glass, glass-crystalline mate-

rial, cast stone, crystallization, facing tiles, per-

turgy.

1. INTRODUCTION

Numerous experiments have established that
local basalts are one of the important raw materials
that are successfully used in glass production [1].
Basalts belong to low-melting rocks, which is due
to the optimal ratio of different types of fusible
oxides in them together, which excludes additional
processing of raw materials in the production of
glass. In such cases, the melting of the rock takes
place without traditional silicate transformations
and purification stages, resulting in a high-quality
glass mass. All this, in turn, helps to simplify the
technological process and, accordingly, reduces
energy and material costs. In such cases, the
melting of the rock takes place without traditional
silicate alterations and purification stages, resulting
in a high-quality glass mass. All this, in turn, helps
to simplify the technological process and, accor-

dingly, reduces energy and material costs.



Based on long-term research, the effectiveness
of basalts in the production of glass-facing tiles,
fibrous and glass-crystalline materials when used
in the form of mono-charge has been established
[2, 3]. Among them, Marneuli basalt deserves
special attention, on the basis of which
technologies for the production of black facing tiles
and fibrous materials were developed and
introduced into production conditions [4-7].

Therefore, the study of basalts from other
deposits was of some interest, especially since
South Georgia is quite rich in basalts that have been
less studied in this direction [3].

Therefore, the study of basalts from other
deposits was of some interest, especially since
South Georgia is quite rich in basalts that have been
less studied in this direction.

The presented investigation involves the study
of basalt located in the North-Tafani area of the
Bolnisi district to determine the possibility of using
it as the main raw material in the production of

vitreous and crystalline materials.

2. MAIN PART

The North-Tafani basalt deposit is located in the
Bolnisi district, on the Tafani plateau. Considering
the mining-geological and technical-economic
conditions, it is recommended for industrial use
[8]. The volume of basalt reserves in category
A+B+C-1 is 2889490 m?3.

There are two types of basalts at the deposit:
Tafani-1 is a dark gray, fine-crystalline massive
rock belonging to the group of olivine basalts
(dolerites); And, Tafani-2 is grayish-reddish, fine-
crystalline, with calcite inclusions, and also

representative of olivine basalts (dolerites). At the

deposit, both types are not separated from each
other and differ in color.

The mineralogical composition of both types of
basalts is practically identical. It consists of
plagioclase 58-61%, olivine 14-18%, clinopyroxene
16-20%, and magnetite minerals 5-5.5%.

By chemical composition (Table. 1) both types
of Tafani basalt differ little from each other in the
content of oxides, belong to the group of basic
rocks, where the content of SiO:2 is within 48.5%.
It mainly contains oxides of Al, Fe, Ca, Mg, Na, K
and a small amount of MnOz, TiO2, and P20.

To determine the possibility of using basalt in
the form of mono-charge in the production of glass,
first of all, its melting and homogenization
temperatures were determined (Table 2). Melting
of both types of basalt, finely divided into fractions
of 3-5 mm, took place in a laboratory electric
furnace, with a carborundum heater, in corundum
crucibles.

The experiment revealed similar properties for
both types of Tafani basalt: the heat treatment of
both are characterized by a relatively low-
temperature homogenization interval of 1420-
1440°C. Exposure for 30 minutes at maximum
temperature results in a homogeneous glassy mass
of black color with good flowability without any
inclusions.

It should be noted that this parameter is 40 °C
lower compared to similar data of Marneuli basalt
introduced into production.

When studying the crystallization properties of
the obtained glasses in the temperature range of
800-1250 °C, the tendency of the glasses to
crystallize was revealed. During heat treatment at

800°C, an iridescence effect was observed on the



surface of the Tafani-2 sample - the formation of a
metallic silver color, which changes its color when
the temperature rises to 900°, turning into a golden
color with a purple hue. During the aging process
at a temperature of 1000-1100°C, the number of
crystalline formations increases, which are formed
in the form of a crystal structure in the Tafani-1
sample.

Within the temperature range of 1100-1200°C,
the ability of crystallization decreases, and the
thickness of the crust decreases, therefore the
vitreous phase prevails, which is completely free of
crystal inclusions at the temperature of 1250-
1260°C.

According to the chemical stability, the samples
are characterized by a high indicator of alkali
resistance, and the loss in the acid area rises to 15%,
as is characteristic of basalts from other locations.

The firing temperature of glass products has
been experimentally determined, which provides
removal of internal stresses in glass products and
gives stability to the structure obtained from the
melt, protecting it from deformation (Fig. 2), so the
interval tg - tf is 30°C wider than the firing
temperature.

The determination of process parameters for
basalt heat treatment reveals a significantly lower
viscosity of the glasses in the high-temperature
interval (1380-1440°C), which in turn affects the
fluidity of the molten mass. The latter determines
the glass melt flowability during production: the

glass melt flowability at high fluidity is greater, and

during casting the glass melt fills the metal mold
completely without pressure and retains a mirror-
like surface.

This phenomenon is especially important in the
mechanized production of basalt glass facing tiles
by the free casting method, since the external
shape, dimensions, and thickness of glass tiles are
determined by the low viscosity of the melt [4].

Laboratory experiments carried out in this
direction gave us positive results. Due to the high
fluidity, we were able to increase the size of the tile
and reduce the thickness to 4-6 mm, which was
almost impossible when using Marneuli basalt [5].
The performance properties of glass tiles are
presented (Table 2).

As the study of crystallization properties of
basalt has shown, during heat treatment in a
certain temperature interval, glass acquires an
equally developed crystalline structure in the
whole volume, which is an important precondition
for obtaining a material crystallizing in volume-
cast stone.

According to the literature data [9-12], natural
alkaline rocks with a SiO:2 content of less than 52%
are recommended for petrurgic purposes, while an
increased number of divalent oxides is desirable.

In addition to the chemical composition, the
parameters of cast stone are determined by the
structure of the material, the type of crystalline
phases formed, and the size of the crystals, as well
as the ratio of the crystallized and residual vitreous

phase.



Table 1
Chemical compositions of raw materials and optimal samples

Oxide content, mas. %
No [Samples Mois- Fe203

LOI | SiO: | TiO2 | Al2O3 CaO | MgO | MnO | Na2O | K20 | P2Os | SO3 | Cr20s
ture,% +FeO

1 |Tafani-1 0,16 | 0,56 | 48,01 | 1,19 | 17,89 | 10,89 | 9,07 | 7,24 | 0,62 | 3,25 | 0,76 | 0,63 | 0,12 -
2 |Tafani-2 0,17 | 0,43 | 48,61 | 1,20 | 16,97 | 10,46 | 9,57 | 7,02 | 0,67 | 3,36 | 0,92 | 0,68 | 0,02 -

Quartz

3 - - 98,5 - 1,1 0,3 - - - 0,06 | 0,04 - - -
sand

4 |Dolomite 43,0 | 0,04 | 1,77 - 1,5 0,69 | 40,0 | 13,5 - 0,1 0,2 - 0,4 -
75T+9Q+

5 |15D+ - - 46,98 | 0,93 | 14,68 | 7,79 | 15,3 | 8,69 0,5 2,28 | 0,54 | 1,14 | 0,12 | 1,08
+1Cr,05*

*symbols: T — Tafani, Q — quartz sand, D dolomite,

Table 2
Parameters of experimental glasses
Glass-melting o glass ) ) Weight loss in solution
Index of Homogenization L Expansion | glass annealing
No temperature, crystallization ) tg t IN IN
glasses temperature,°C ; ratio temperature! | H.O
\ interval, °C HCL | NaOH
1 [Tafani-1 1090-1140 1420-1440 800-1240 74,6 620 655(725| 15,3 0,2 0,03
2 [Tafani -2 1025-1130 1420-1440 800-1250 79,8 630 668 [ 720 | 15,1 | 0,16 | 0,04
3 [Tafani 1-2 1090-1140 1420-1440 800-1250 - - - | - 153 | 0,16 | 0,03
Table 3

Operational properties of glass tiles

Heat resistance at | Frost resistance, freeze- Weight loss by .
Index of glasses ) Water absorption, %
+500, cycles thaw cycles abrasion, g/cm?
Tafani 1-2 More than 10 More than 50 0,73 0,001

Table 4
Optimal properties of cast stone samples
. Weight loss by abrasion, Weight loss in medium, %
Sample composition
g/cm? INHCL IN NaOH H,O
75T +9Q + 15D + 1Cr, 04 0,09 0,39 1,19 0,1




A necessary condition for obtaining a high-
quality glass-crystal material is the monomi-
nerality of its structure, which is characterized by
a great ability to isomorphically replace the
constituent oxides around the core. Pyroxene is
considered to be a mineral that gives the
crystallized material high physical and mechanical
properties, and a catalyst is used to intensify the
crystallization process.

The studied basalts with the specified SiO2 and
RO (table 1) content and the corresponding
crystallization ability can be used as a promising
raw material for the production of cast stone.
Therefore, further experiments were carried out on
the processing of the composition and acceptance
technology of the cast stone.

In order to increase the crystallization activity
of glasses and homogeneity of structure, the
composition of basalt charge was adjusted to
increase RO, and the addition of Cr20s3 as a catalyst
for crystallization.

When the initial composition of basalt was
changed with the addition of dolomite, the
material's crystallization ability and crystal sizes
increased, but a residual excess of the vitreous
phase was observed, which was caused by a
decrease in the amount of SiO2 in the charge. To
correct this shortcoming, the addition of quartz

sand was used to replenish the optimal amount of

SiO2. As a result of the tests, optimal compositions
were obtained, which are characterized by a
uniformly crystallized medium-grained monolithic
texture, an insignificant amount of residual glassy
phase, and high mechanical properties (Table 4).

Experiments have established a technological
regime for obtaining stone casting in laboratory
conditions, which provides for cooking the charge
in a laboratory electric furnace in corundum
crucibles at a maximum temperature of 1450°C
with an exposure of 1 hour. Then the furnace
temperature is rapidly reduced to 1300-1350°C and
kept at this temperature for 40-60 minutes. the hot
mass is transferred to the crystallization
temperature of 870-900°C with an exposure of 30
minutes. At the last stage, the furnace is turned off
and the sample is cooled naturally.

Cast stone samples obtained under laboratory
conditions are characterized by high wear
resistance, and with high corrosion resistance in
aggressive conditions (Table 4).

The study of the structure of stones by X-ray
phase analysis revealed the monominerality of
their structure. Pyroxene minerals are found here
mainly in the form of augite and diopside. These
minerals determine the mechanical strength and

chemical resistance of the material in relation to

aggressive media (Fig. 1)
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Fig. 1. X-ray phase analysis of optimal composition

of cast stone

3. CONCLUSION

Thus, the conducted studies have confirmed the
possibility of using two types of basalt from the
Tafani area of the Bolnisi district as the main raw
material in the production of facing black tiles and
glass-crystalline materials (cast stone).

To thoroughly solve the problem, a more
detailed study of the deposit is required to
determine the uniformity and stability of the raw
materials. The development of production based on
them will allow us to turn the waste of the stone
processing quarry into an acceptable inexpensive

raw material for vitreous materials.
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THE AM1 METHOD IN DIFFERENT SOLVENTS
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Resume: Goal: The aim of the study is to
investigate Azelaic Acid Dihydrazide as a promi-
sing organic ligand by Quantum Chemical Semi-
Empirical AM1 method. Because Hdrazides are
promising nitrogen-containing ligands, their study
is of great importance for the synthesis of new
coordination compounds, that have predetermined
specific, unique properties and wide practical
applications.The results of the research with this
method allow to determine the dentate of the
molecule, identify the donor atoms in it and their
possibilities to participate in complex formation.

Calculations are performed both for gas and for

various solvents (Water, Ethanol, Methanol,
Dimethylsulfoxide, Hexane, Acetone, Chloro-
form).

Method: quantum-chemical
AM1 method.

Result:

semi-empirical

The obtained results allow us to
conclude that the dihydrazide of azelaic acid can be
presented as both a bidentate and a tetradentate
ligand. From this point of view, this molecule is
interesting for obtaining both homolithonic and
heterolithonic complex compounds.

Conclusion. As the calculation results show,

theoretically, the best environment for conducting

12

the synthesis is dimethylsulfoxide as well as
ethanol. This allows for the correct selection of the
solvent in which the synthesis will be carried out
for the next stage of the work, however, in addition
to the theoretical data, the yield of the reaction
should also be taken into account, and it is also
possible that synthesis will be carried out using

mixed solvents.

Key words: quantum-chemical; dentateness;
Solvent organic ligand; complex formation; donor

atom; complex forming; coordination compound.

1. INTRODUCTION

Our research considered the determination of
the structure, structure and electronic characte-
ristics of the polyfunctional ligand using a semi-
empirical method, in particular the AM1 method.

The object of research is azelaic acid dihydrazide.

2. MAIN PART
The potential energy distribution is calculated
according to the density functional theory;
Effective charges on atoms, electron distribution
on atomic orbitals, electron density distribution,

etc. are calculated. The advantage of performing



calculations in different solvents is that the
synthesis of a complex compound can be planned
in advance for this or that solvent. As a result of the
calculations, those donor atoms (oxygen of the
carbonyl group, nitrogen atoms of the hydrazide
group) that can make a coordination bond with the
metal-complex generator have been identified. The
study of azelaic acid dihydrazide molecule is
particularly interesting because it contains two
hydrazide residues, which, compared to monobasic
its coordination

acid hydrazides, increases

capabilities [1-3].

Numbering of atoms in azelaic

acid dihydrazide molecule

Structural, energetic and electronic characte-
ristics of azelaic acid dihydrazide molecule were
calculated both for the gaseous state and in diffe-
rent solvents, which, in turn, are characterized by
different dielectric permeability. Water, ethanol,
methanol, dimethylsulfoxide, acetone, chloroform
and hexane are selected as solvents. The heat of
formation (kJ/mole) is negative in both gases and
all solvents. Its lowest value is found in hexane
[3,5].

As for dipole moments, we have almost the
same data in water, dimethylsulfoxide, ethanol and
methanol. This circumstance is explained by the

generation of an additional induced moment.

13

The calculation results show that interatomic
distances, as well as valence angles, are slightly
different, and the latter, in turn, indicate the
influence of solvents on the parameters of azelaic
acid dihydrazide molecule [1,2,4-6].

According to the data, the angles C(8)-C(9)-
O(13); C(2)-C(1)-O(10); C(1)-N(11)-N(12); C(2)-
C(1)-O(10) is mostly within 120-122°, which
indicates the sp2 hybridized state of C(8) and C(9)
atoms. The values of these angles are almost the
same in all solvents, with a slight difference.

Bond lengths are also calculated for the azelaic
acid dihydrazide molecule. As the bond length
analysis shows, C — C and C — N interatomic
distances in all solvents are within 1.398-1.400 and
1.382-1.192 A. The length of the C — O bond is the
same in both cases and varies slightly in the range
of 1.250-1.252 A for all solvents (Tab.1).

Electron occupancy of atomic orbitals and
distribution of electron density on atoms show that
on such atoms as e.g. The oxygen atoms of both
carbonyl groups, O(7) and O(3), for any solvent
considered, have high electronic density every-
where, ranging from about 6500 to 6.515.
However, it should be noted that it reaches the
highest value in water, followed by dimethyl-
sulfoxide and ethanol.According to the calculation
data (Tab 2.), the electron pair for the mentioned
atoms is located on sp hybrid orbitals and has a
pronounced s-nature. Therefore, it is possible that
the oxygen atoms of the carbonyl group, O(10) and
O(13), act as donor atoms and connect to the metal-

complex producer through a coordination bond.
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Tab.2.

charges on atoms (q), electron density and electron distribution on atomic orbitals (s,p) calculated by

semiempirical quantum-chemical AM1 method

Electron Allocation of electrons to orbitals
Solvent Atom Charge on density n
an Atom nS nPx nPy nP:
per atom

C(1) 0.283 3.717 2 ]1.236 0.901 0.768 0.812

C©9) 0.283 3.717 2 ]1.236 0.809 0.916 0.756

0(10) -0.372 6.372 2 | 1917 1.673 1.439 1.343

N(11) -0.352 5.352 2 | 1.470 1.026 1.624 1.231

N(12) -0.173 5.173 2 |1.634 0.912 1.200 1.427

0(13) -0.371 6.371 2 | 1917 1.622 1.379 1.453

) N(14) -0.357 5.357 2 | 1.469 1.079 1.084 1.726

A N(15) -0.172 5.172 2 | 1.634 1.399 1.012 1.128

H(30) 0.251 0.749 1 ]0.749

H(31) 0.140 0.860 1 ]0.860

H(32) 0.143 0.857 1 |0.857

H(33) 0.251 0.749 1 ]0.749

H(34) 0.141 0.859 1 ]0.859

H(35) 0.141 0.859 1 ]0.859

C(1) 0.340 3.660 2 ]1.237 0.907 0.743 0.772

C(9) 0.340 3.660 2 ]1.239 0.792 0.893 0.735

0(10) -0.562 6.562 2 |1.915 1.721 1.485 1.440

N(11) -0.314 5.314 2 | 1.467 1.027 1.485 1.335

N(12) -0.250 5.250 2 ]1.629 0.917 1.301 1.404

0(13) -0.547 6.547 2 | 1915 1.679 1.499 1.454

N(14) -0.320 5.320 2 | 1.479 1.230 1.121 1.490
H>O, Water

N(15) -0.255 5.255 2 ]1.628 1.280 0.998 1.349

H(30) 0.294 0.706 1 |0.706

H(31) 0.182 0.818 1 ]0.818

H(32) 0.181 0.819 1 ]0.819

H(33) 0.294 0.706 1 |0.706

H(34) 0.176 0.824 1 ]0.824

H(35) 0.183 0.817 1 |0.817
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C(1) 0.340 3.660 2 | 1.237 0.907 0.744 0.771

C(9) 0.338 3.662 2 | 1.240 0.797 0.903 0.722

0O(10) -0.559 6.559 2 |1915 1.721 1.481 1.442

N(11) -0.315 5.315 2 | 1467 1.027 1.477 1.343

N(12) -0.249 5.249 2 | 1.629 0.917 1.303 1.400

0(13) -0.542 6.542 2 |1915 1.677 1.455 1.496

N(14) -0.319 5.319 2 | 1.483 1.218 1.104 1.514
C2HeSO, DMSO

N(15) -0.255 5.255 2 | 1.629 1.269 1.011 1.345

H(30) 0.293 0.707 1 |0.707

H(31) 0.181 0.818 1 ]0.818

H(32) 0.180 0.819 1 | 0819

H(33) 0.292 0.708 1 | 0.708

H(34) 0.175 0.825 1 0825

H(35) 0.183 0.817 1 |0.817

C(1) 0.339 3.661 2 | 1.238 0.908 0.739 0.777

C(9) 0.338 3.662 2 | 1.239 0.812 0.915 0.695

0(10) -0.553 6.553 2 | 1915 1.717 1.487 1.434

N(11) -0.315 5.315 2 | 1.469 1.027 1.497 1.322

N(12) -0.249 5.249 2 | 1.629 0.918 1.285 1.418

0(13) -0.538 6.538 2 |1915 1.682 1.349 1.592

N(14) -0.323 5.323 2 | 1481 1.106 1.084 1.652
CH3OH, Methanol

N(15) -0.253 5.253 2 | 1.628 1.351 1.071 1.203

H(30) 0.292 0.708 1 | 0.708

H(31) 0.181 0.819 1 |0.819

H(32) 0.179 0.821 1 ]0.821

H(33) 0.291 0.709 1 | 0.709

H(34) 0.175 0.825 1 ]0.825

H(35) 0.182 0.818 1 ]0.818

C(1) 0.337 3.663 2 | 1.237 0.907 0.747 0.772

C(9) 0.339 3.661 2 | 1.238 0.797 0.901 0.725

0(10) -0.549 6.549 2 | 1915 1.719 1.489 1.426
C2Hs0H, Ethanol N(11) -0.317 5.317 2 | 1.468 1.026 1.498 1.325

N(12) -0.247 5.247 2 | 1.629 0.917 1.272 1.429

H(20) 0.088 0.912 1 0912

H(21) 0.087 0.913 1 00913

H(22) 0.085 0.915 1 00915
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H(23) 0.084 0.916 1 00916

H(24) 0.086 0.914 1 |0914

H(25) 0.086 0914 1 00914

H(26) 0.094 0.906 1 | 0.906

H(27) 0.091 0.909 1 | 0.909

H(28) 0.128 0.872 1 ]0.872

H(29) 0.140 0.860 1 | 0.860

0(13) -0.539 6.539 2 |1915 1.666 1.466 1.492

N(14) -0.325 5.325 2 | 1473 1.165 1.115 1.572

N(15) -0.249 5.249 2 | 1.629 1.341 1.009 1.270

H(30) 0.291 0.709 1 | 0.709

H(31) 0.178 0.822 1 ]0.822

H(32) 0.180 0.820 1 ]0.820

H(33) 0.293 0.707 1 |0.707

H(34) 0.175 0.824 1 |0.824

H(35) 0.180 0.820 1 ]0.820

C(1) 0.337 3.667 2 | 1.238 0.908 0.731 0.787

C(9) 0.337 3.663 2 | 1.239 0.818 0.900 0.706

0(10) -0.544 6.544 2 | 1915 1.714 1.490 1.424

N(11) -0.316 5.316 2 | 1473 1.027 1.524 1.293

N(12) -0.248 5.248 2 | 1.629 0.919 1.259 1.441

0(13) -0.530 6.530 2 | 1914 1.706 1.325 1.585
(CHs3)2CO,Acetone | N(14) -0.327 5.327 2 | 1.480 1.041 1.133 1.673

N(15) -0.250 5.250 2 | 1.629 1.394 1.108 1.119

H(30) 0.289 0.711 1 ]0.711

H(31) 0.181 0.819 1 ]0.819

H(32) 0.177 0.823 1 ]0.823

H(33) 0.289 0.711 1 ]0.711

H(34) 0.173 0.827 1 |0.827

H(35) 0.181 0.819 1 | 0.819

C(1) 0.323 3.677 2 | 1.237 0.906 0.742 0.792

C(9) 0.325 3.675 2 | 1.236 0.809 0.918 0.711

0(10) -0.493 6.493 2 | 1916 1.702 1.493 1.383
CHCl3, Cloroform

N(11) -0.331 5.331 2 | 1.469 1.027 1.578 1.258

N(12) -0.229 5.229 2 | 1.630 0.917 1.230 1.454

0(13) -0.483 6.483 2 | 1915 1.641 1.382 1.545
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N(14) -0.343 5.343 2 | 1470 1.049 1.074 1.749
N(15) -0.229 5.229 2 | 1.629 1.438 1.36 1.126
H(30) 0.279 0.721 1 ]0.721
H(31) 0.168 0.832 1 ]0.832
H(32) 0.171 0.829 1 ]0.829
H(33) 0.280 0.720 1 10720
H(34) 0.169 0.831 1 ]0.831
H(35) 0.167 0.833 1 ]0.833
C(1) 0.303 3.697 2 | 1236 0.903 0.752 0.806
C(9) 0.304 3.696 2 | 1.236 0.806 0.907 0.747
0(10) -0.428 6.428 2 | 1916 1.686 1.471 1.355
N(11) -0.344 5.344 2 | 1.469 1.026 1.624 1.224
N(12) -0.202 5.202 2 | 1.632 0.915 1.196 1.460
0(13) -0.423 6.423 2 | 1916 1.645 1.402 1.461
N(14) -0.352 5.352 2 | 1.469 1.081 1.116 1.687
8 CsHi2,Hexane
N(15) -0.201 5.201 2 | 1.632 1.401 1.020 1.149
H(30) 0.264 0.736 1 ]0.736
H(31) 0.154 0.846 1 ]0.846
H(32) 0.158 0.842 1 ]0.842
H(33) 0.265 0.735 1 10735
H(34) 0.155 0.845 1 ]0.845
H(35) 0.155 0.845 1 ]0.845

When comparing the electron density and
atomic orbitals, the difference between these
parameters for these atoms is not significantly
different, however, comparing the nitrogen atom
of the NH: group with the electron band of N(11)
and N(12), N(14) and N(15) of the nitrogen atoms
of the hydrazide group. with the atom shows that
the electronic excitability of the latter is slightly
less in all solvents. Nevertheless, it is likely that the
formation of a coordination bond with the metal-
complexing agent is more possible with the
nitrogen atom of NH», because, if we take into

account the ability of oxygen atoms to coordinate,
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in such a case it is possible to form five-membered
metallocycles, where azelaic acid dihydrazide is
coordinated in a keto or enol form [7-13].

We can judge the possibility of the existence of
enolic form both by literary data and by the results
of calculations - according to the lack of electrons
and high positive charge on H(30) and H(33)

hydrogen atoms.

3. CONCLUSION
If we summarize the results of the calculations, we
can conclude that the dihydrazide of azelaic acid

can be presented as both bidentate and tetradentate



ligand. From this point of view, this molecule is
interesting for obtaining both homolithonic and
heterolithonic and mixed ligand complex

compounds [14-16].
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Resume: Goal. High refractory composite on the
basis of silicon carbide base with complex binder is
received with burning of SiC-Si and clay mixture
in nitrogen medium at temperature 1420°C. The
composition of silicon carbide binder is stated the
main component of which is silicon oxynitride —
Si20NGa.

Method. Microstructure and phase composition
of the received composites are studied with X-ray
structural, raster electron-microscopic and optical
analysis.
the

material (SiC-1) and with addition of 30% alumi-

Results. From mentioned composite
num oxide nano-powder (SiC-2) the samples are
hot pressure moulded in vacuum at 1600°C, with
pressure 16 MPa and with 5-7 minutes delay at the
last temperature.

Some physical-mechanical properties of
samples received with initial and hot pressure are
investigated. The mechanical factors of the samples
obtained with hot pressure are: ultimate
compression strength - 1465 MPa, HRA — 92, for
samples obtained with addition of Al:Os are 1598
MPa, HRA — 93, respectively.

Conclusions. The high exploitation indices of
the obtained composites determine the use of

silicon carbide products in structural materials.
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Key words: silicon carbide; microstructure; X-

ray structural analysis; hot pressure.

1. INTRODUCTION

Silicon carbide and materials on its basis are
distinguished with high mechanical indices at high
temperature, resistance to aggressive media, wear
resistance, etc. Therefore, researches are in
progress, as the possibilities of material science in
silicon carbide sphere are not yet exhausted [1-4].

For realization of potential possibilities of this
compound the creation of high density materials
and items technology is necessary, which ensures
their use in constructive purposes. The particular
problems arise at realization of sintering process
which is hampered because of strong covalent
bonds and low mobility of atoms in silicon carbide
crystalline lattice.

In sintering process material transportation is
particularly activated when using such method of
solidification when material is simultaneously
affected with high temperature and pressure, i.e.
when using hot pressure method. Simultaneous
influence of temperature and pressure accelerates
the process of material transportation in liquid and
solid phases contact zone [5-6].

The regulation of liquid phase amount, of the

temperature of its origination in case of silicon



carbide sintering is achieved with introduction of
special additives, of oxide additives, as a rule.
These sintering activating additives participate
in phase shaping and microstructure formation. In
such a way they help and have important effect on

service properties of the sintered material.

2. MAIN PART

Using silicon carbide matrix the composite is
received with reactive sintering method when
burning silicon carbide, silicon and refractory clay
mixture in (technical) nitrogen medium unpurified
from oxygen [7-10] at 1420°C temperature.

We studied phase composition, microstruc-
ture and some physical-technical properties of the
mentioned composite and samples received with
hot pressure method of the same composite. The
results are presented in this work.

From the mixture of silicon carbide, silicon
and Chasov-Yar ore refractory clay, the material
composition of which is presented in Table 1, we
prepared sample-cylinders with sizes d-15 mm, h-
15mm, moulded them under 200 MPa pressure
with semi-dry method. After drying, the samples
were burned in furnace at temperature 1420°C in
nitrogen medium with 2 hours delay at the last
temperature. The rate of temperature rise was
250°C/h. The properties of the received samples
were studied and the physical-mechanical indices
are given in Table 1.

The received samples were broken, grounded
and two powders were prepared for receiving
samples with hot pressure method (Table 2). As is
seen from the Table, SIC-1 is powder sample
received with reactive sintering method, SIC-2 is

material received with addition to the previous
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sample of 30% ALlLOs nano-powder. As was
mentioned above, the receiving of solid material on
the basis of silicon carbide powder requires the
selection and introduction of such additives which
support sintering process as a result of liquid phase
creation.

In our composition in order to receive samples
with hot pressure method and for improvement of
material sintering process, magnesium oxide and
rare earth element - yttrium oxide Y203 - were used
as additives. High melting temperature of these
oxides ensures formation of high temperature
eutectic melt in mixture, which will promote the
process of material sintering. This has an essential
importance for receiving items of high thermal
resistance and strength.

MgO and Y203 were added to powder above
100% in amounts 1 and 1.5%, respectively.

Hot pressure temperature was 1600°C.
Pressurization pressure was 16 MPa. Delay of 5-7
minutes at the last temperature. Heating was
performed in vacuum. For investigation of samples
received with reactive sintering and hot pressure
method the comparative tests had been carried out
for all compositions, for determination of the
following property indices: compressive strength,
open porosity, thermal resistance, density and
hardness.

If we compare property values which are
chosen as indices and are given in Tables 1 and 2,
we can notice moulding method effect on physical-
mechanical indices.

Compressive strength and open porosity (Tabl.

2) of samples received with hot pressure changed

abruptly for SIC-1 samples compared to the



respective indices of SK samples received with
reactive sintering method. Introduction of Al2O3
nano-powder into SiC-1 composition also improves
all indices.

Ultimate compression strength for SiC-1 is
equal to 1465 MPa while for SK samples received
with reactive sintering the same index is 120 MPa.
Open porosity in the first case is 2.9%, in the
second one — 16.8 %. The introduction of AI203

nano-powder into SiC-1 composition improves all

indices. Ultimate compression strength is 1599.8
MPa, open porosity - 1.2%, hardness - 93 HRA,
thermal resistance is > 50 thermal exchange [11-
14].

Compared to SiC values phase composition of
samples before and after pressurization was
determined with X-ray structural analysis with of
diffractometer DPOH-3. Structural research was

done by means of microscope.

Table 1
Material composition of charge and properties of the received samples
Components, mass.% Physical-mechanical indices
Pressure Ultimate Thermal
Ind Open . . - .
ndex of Density, | compression stability, | Refractoriness,
SiC Si Clay porosity,
moulding, g/cm3 strength, Heat °C
w%
MPa MPa exchange
SK 75 | 135 [ 115 |20 16.8 2.88 120 25 1770
Table 2

Properties of samples received with hot pressure

Index Components, mass% Physical-mechanical properties
Delay at
Burning | Mouldin last g 5
) = 51
tempe- g tempera i 2 § é " g §D
8=t b o < Z: =t
2 | O = | rature, ressure, - 2 g & b Z2 2
v |82 ¢ P s | E = 8| 5 |87
< | =] > T°C MPa ture a, o B = 7 = 9
o g g T =i £ S
min. 2. £ B = A s o
@) g 7 <
= =
SiC-1 | 100 | - 1 1.5 | 1600 16 5-7 29 1465.0 | 92 3.08 |40
SiC-2 |70 |30 |1 |15 | 1600 16 5-7 1.2 1599.8 | 93 3.19 |50
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According to microscopic analysis the basic
part of SIC-1 consists of distinctly differing coarse
and medium size silicon carbide grains. The
interval between grains is filled with binder (Fig.1
a, b) which represents glassy phase received as a
result of clay burning, which contains quite great
amount of silicon oxynitride (Si2ONz2). It represents
the main component of binder. Small amount of
mullite crystals are noticed, which are also formed
at clay heating at high temperature. This figure is
more clear at microscopy magnification,
particularly: at X200 and 500 magnification (Fig.1
c,d). The Figures show that silicon carbide grains
are isolated from each other and intervals between
them are filled with well sintered binder.

Compared to SiC-1, structure of SiC-2 is

different (Fig.2). The main component here is again

LA

r r
B

silicon carbide, but it is not coarse grain. Grains are
medium and fine crystalline. In this sample there
are well crystallized corundum grains, which are
quite fine crystalline. It differs from SiC-1 in that
in this sample there is a great amount of mullite
crystals, which are generated as a result of internal
molecular transformations of clay and with
interaction of AlOs added, to charge with clay
component SiOz.

The distinct difference between these two
samples is also that SiC-1 structure (Fig.l) is
inhomogeneous while SiC-2 (Fig.2) is homoge-
neous, the binding mass of which contains
compactly packed crystals. None of the samples
contains pores. The X-ray structural analysis of

these samples coincides with microscopic research

data.
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Fig.1. SiC-1 refractory microstructure at different expansion:
a) x50 b) x100; ¢) x200; d) x500.
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d)

Fig.2. SiC-2 refractory microstructure at different expansions:
a) x50; b) x100; c) x200; d) x500.

In X-ray of the initial sample (Fig.3) the
following phases are fixed: silicon carbide — SiC -
dna 2.627; 2,52; 2,39; 2,36; 2.176; 2.0004; silicon
oxinitride Si2ONz - dnu 4.70; 4.47; 3.38; 2.745; 2.43;
2.395; 1.088; 1.79; 1.7744; silicon Si - duu 3.145;
1.9194; SiO2- dua 4.06A silicon nitride, SisNs- dha
2.745; 2.581A.

In X-ray of SiC-1 sample, received with hot
pressure, there is silicon carbide peak of the same
intensity and silicon oxynitride lines of the same
intensity as in the initial sample. There is no silicon
here and silicon nitride was fixed in small intensity

— SisN4 - dua 2.575A. Mullite was detected neither
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in the initial sample nor in the samples received
with hot pressure.

In X-ray of A:Os containing SiC-2 the silicon
carbide peaks are of the same intensity, Al2Os - dux
3.476; 2.385; 2.08; 1.600A, so are diffraction
maximums characterized to Si2ON2 - dwa 4.64; 4.44;
3.38; 2.804, silicon nitride dwa 2.666; 1.740A.
Silicon is not present here either. Different from
SiC-1 samples here is mullite dna5.37; 3.616; 3.38A.
The comparatively low intensity peaks of AlOs3 is
explained with the fact that here its part is spent
for creation of mullite [15-19].

Fig.3 presents X-ray of the initial sample and
in Fig 4 — X-ray of SiC-1 and SiC
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Fig. 3. X-ray of the initial sample
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Fig. 4. SiC-1 and SiC-2 X-ray

3. CONCLUSION

On further treatment of samples received with
reactive sintering on the basis of SiC and on their
moulding with hot pressure method, abrupt
growing of the physical-mechanical indices occur.

With hot pressure on the basis of SiC a
composite with complex binder is received, which
contains the same components that were formed at
reactive sintering.

Introduction of Al2Os Nano-powder into SiC-1
composition gives SiC-2 composite different
microstructure and creation of complex binder in
the phase.

SiC-2 composite has homogeneous, fine cryst-
alline structure and higher physical-mechanical
indices compared to SiC-1.

The high exploitation indices of the obtained
composites determine the use of silicon carbide

products in structural materials.
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Resume: Goals. Determination of the correla-

. . . ) Fp.Pd.Pvol. . Pm
tion of characteristics of consolidated body with

content, size, distribution in matrix and shape

Where P is load, MPa; F; - shape factor of ;
factor of porous phase. The goal of the following ere T foa % Tp - Shape JActor 07 pore

. . . P4 — factor of distribution of pores in matrix. Value
paper is to determine formula for correlation

. ) ) of given parameter is 1. Its evaluation is depended
between characteristics of ceramics and ceramic

. . o on researcher according to morphologic picture,
composite materials and porous phase, which is the

i L . size and distribution of pores in material. Factor
weakest part of material. This will allow theorists

. . value is varied between 1 and 0.8. if pores have
and practitioners to correctly choose and improve

, ) equal size and are evenly distributed, factor value
technologies and technical processes.

. ) is 1. Factor is 0.9 if pore distribution is uneven. And
Method. According to the study and analysis of

) ) 0.8 if coalescence process of pores is started. Pvol.
micro- and macro structural, micro- and macro-

. . . . — volume ratio of porous phase in matrix; Pm —
mechanical properties of ceramics and ceramic

. ) average size of pores.
composite materials, parameters of the formula

. Conclusion. Created formula has collective
were determined.

. . nature and using it allows researchers and
Results. Formula contains macro-mechanical

. o practitioners to correctly plan and precisely
properties, when detail is completely decomposed:

f 1l th iti f the technological
mechanics on bending by three or four-point load, preform 2 ¢ Positions of the fechnologica

. oo . . roduction.
mechanics on shrinking, breaking, impact P

resistance. Morphologic characteristics: porous o
TPROs P Key words: Factor of distribution of porous

phase content in the matrix and its distribution, ) . .
phase in matrix, macro-mechanics, factor of pore

size, shape factor of pores. Correlation of given ) ) )
shape, pre size, content of pores in matrix.

factors with others structural characteristics, such

as: crystal and glass phases. Novel determination of

pore distribution factor is given.
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1. INTRODUCTION

During structural-mechanical research of cera-
mic materials content of porous phase, pore size,
shapes and their factors', are they closed, piercing or
half-piercing, their distribution in matrix play
important role (fig. 1). It’s obvious, that pore is
weakest part of material regardless it’s open or
closed. We review closed porous phase, when ma-
terial is anointed, consolidated and shows its best
properties. Porous phase drastically lowers mecha-
nical properties of material, especially in cases, whe-
re its content is high, exceeds 8-9% due to different
technological reasons according to Budworth
parameters [1] and have larger size then 5-7 pm.

Low pore content in matrix, less than 1-3%,

their small size, between 0.1 and 5 micron, even

distribution and spherical shape guarantees not
only high mechanical properties, but excellent
exploitation properties, such as: thermal hardness,
thermal resistance, exploitation duration, resis-
tance against thermal and air thermal attacks [2],
electrical properties in microcircuits, wear resis-
tance during cutting, under conditions of mecha-
nical blow, difficult operating loads and stresses
like electricity transfer lines [3-5] etc. Therefore,
it’s important to determine correlation formula
between macro-mechanical properties of material
and porous phase.

When open porosity according to water
absorption is zero or close to it, less than 0.5%,
closed pore content in matrix ranges between 0.1-

9% volume percent. [1]. Fig. 1 shows pore types [6].

Closed pores

penetrating, open pore

blind,open pore

Fig. 1. Schematic representation of pores

! The shape factor means the ratio of the largest characteristic size to the smallest, which allows us to

characterize the given phase, its units and the set of pores in a particular case.
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Fig. 2. Morphological picture of the closed porous phase of celsian electro-ceramics.

a) at the lower limit of the temperature range of the sintering at 1410°C

b) at the upper limit of the temperature interval of the sintering at 1500°C.

The coalescence 2 process of pores is in progress

2. MAIN PART

Fig. 2 shows three component system BaO-
Al203-Si0:2 samples fired in the sintering tempe-
rature range of Celsian ceramics. In both cases, the
open porosity is equal to zero according to water
absorption. 1470°C is the optimal tempering tem-
perature of this ceramic, that is, when the material

is ready for industrial use.

At 1500°C, the ceramic is at the upper limit of
the sintering interval, the water absorption is zero,
but the pores coalesce in the matrix, which can be
clearly seen in Figure b). It is obvious that in this
case the mechanical strength decreases and is 66

MPa for the given material.

2 Coalescence, the growth of pores in a solid body, accompanied by a decrease in their total surface area while
the total volume remains unchanged. The process of pore coalescence is observed in the last stages of the coating and
is determined by the increase in the size of the large pores, as a result of the vacancy solubility of the small pores.
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At 1410°C, the mechanical bending strength is
79 MPA. In this case, the pore redistribution factor
is taken as 0.8. 79x0.8=63.2. The difference
between 66 and 63.2 is an error of -4.24 %. In many
other cases, the calculated pore distribution factor
in the material is within this error [7-8]. The

remaining parameters of the formula are calculated
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from optical and electron-microscopic images
obtained as a result of structural research.

Fig. 3 a) and b) show the results of linear closed
porosity analysis for the same composition of
electrotechnical ceramics baked at temperatures of

1410°C and 1500°C (Fig. 2).
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Fig. 3 Linear analysis of closed porosity of electroceramic material.
a) Baked at 1410°C, b) Baked at 1500°C. 1. Frequency of pores.
2. Total frequency of porosity.
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Fig. 3 shows the process of formation of closed
pores and their distribution in the matrix at the
initial and final stages of material sintering. At the
initial stage of sintering at 1410°C (Fig. 3 a), the
pore distribution curve 1 shows that the material
contains 75% of the total porosity with pores less
than 5 pm in size, while the total curve (curve 2)
shows 95% of the total porosity with pores with a
size of less than 14 pm. At the final sintering stage
at 1500°C, the material contains 70% of pores less
than 4 ym in size (curve 1) and 90% of pores less
than 12 pm in size. Only 5% and 10% of the pores
at the initial and final stages of sintering,
respectively, have sizes larger than the optimum,
which is generally accepted for ceramic materials,
i.e.5 pm. The average size of said pores is more than
9 pm. McKenzie and Shutlerworth derived an
equation for the rate of material settling during
heat treatment [9]. The effect of surface tension is
equal to the pressure -2y/r that exists inside every
pore, and if the material is incompressible it is

equal to the hydrostatic pressure +2y/r exerted on

the mass
dp 2(4x " 2 Y 23 3
) n’<= 1_
dt 3( 3 j Sy

Where p - is the relative density (the ratio of the
bulk weight to the specific weight), n - the number
of pores in the unit volume of the real material. The

task is to establish a connection between the
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properties of a porous viscous material and the
properties of a dense material. The number of pores
depends on their size and relative density

Pore volume

1/3 1/3
w(2] (2 "1
p 4z )y
Combining the equations gives

d 3
& = Zron P

where 1o-is starting radius of particles

Upon reaching a relative density of 0.6,
spherical pores are rapidly formed. For the case of
complete hardening, we will get

_ Loty
sek — y

The above relationships can be successfully used

t

to describe the process involving the thyroid phase.
Helga Golish-Scibov [10] investigated the effect of
porosity on the mechanical strength of porcelain
and took the average optimal pore size of 5 um,
finding that the strength of the material depends
not only on porosity, but also on their size and
shape. For comparative analysis, morphological of

pores in hard porcelain is presented in Fig. 4.



Fig. 4 pore structure in hard porcelain,
baked at 1420°C . X95

From Figure 4, it is clear that the material is
well sintered, i.e. consolidated, and it can be used
for industrial use. It should be noted, that obtaining
a perfectly consolidated material is a difficult
technological process and is rare. From the
morphological picture, it can be seen that the pores
are round in shape, but uneven in size and the
difference in diameter is quite large. It seems that
at some technological position out of the 26
operations required to obtain such material, a
technological breach occurred, from which no
technology is immune. It probably refers to the
process of forming and heat treatment. In this case,
the distribution factor in the pore matrix will be
estimated as 0.9. The uniformly round shape of the
pores throughout the matrix ensures high
mechanical properties of porcelain. The unbaked
product consists of individual grains separated by
pores. Depending on the type of raw materials and

production methodology, the number of pores is

25-60% by volume. To improve the technical
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properties of materials, it is necessary to
significantly reduce the content of pores in the
matrix. Budworth [1] investigated synthesis theory
in relation to porosity and mathematically
calculated the effect of surface energy on a
cylindrical pore system. He showed that the total
porosity in each synthesized mass is about 9%. The
effect of porosity on mechanical properties is
described in work [11]. Stabenov and Henicke
investigated the structure and mechanical
properties of porcelain containing aluminum oxide
as a function of firing temperature and dwell time
at the final temperature. They found a constant and
continuous change in the distribution of pores in
the structure and the dependence of strength and
elasticity on porosity [12].

The size and distribution of pores in the matrix
the

atmosphere in the oven affects the content of pore

changes systematically. During baking,

gases through changes in the partial pressure of

water vapor [13-14]. The effect of particle shape



and production technology on the formation of
pores during the synthesis process is given in the
work [8].

process depending on the pore structure and

Oel [15] investigated the synthesis

showed that a slight change in the pore radius
causes a drop in the synthesis process, and when
the maximum synthesis temperature is reached,
the structure partially swells. which is confirmed
in the case of our material at 1500°C (Fig. 2 b). The

pores in the material can change shape and become

elongated pores. However, it is not necessary to
change their overall size. Both the shape and the
size of the pore change mainly during the thermal
treatment process. This process is confirmed by the
ceramics presented by us at 1500°C. Table 1 shows
the dynamics of porosity change depending on
temperature. Analysis was performed on a Zeis-
Wang instrument at the Clausthal Technical

University, Germany.

Table 1
Matrix Properties of Celsian
Electroceramics
Temperature °C, >
Average pore size,
d—}.lm 7.6 8.0 7.8 5.1 12.8 26.4
The average
distance between
the pores in the 43.6 48.5 92.2 80.0 98.0 380.0
matrix is l-pm
Pore content,
V % 16.0 14.0 8.8 8.3 9.8 12.8

Table 1 shows the data of the porous structure
of the electroceramic celsian material presented by
us. The table clearly shows the dynamics of
changes in pore sizes depending on temperature.
1470°C is the baking temperature when the

material contains pores with the minimum size of

5.1 pum, therefore the distance between the pores in

Fp.Pd.Pvol. Pm
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the matrix is optimal - 80 um and the percentage of
pores is minimum - 8.3 %. It is this temperature
that can be considered the temperature of use of
this composition in the Celsian electroceramic
industry. Let's enter this data into the mathe-

matical formula we have presented. we get:

=57.15 MPa

1.5x0.9x8.3x5.1



Thus, for this particular material, the depen-
dence of the macro-mechanical characteristic on

the porous phase is 57.15 MPa.

3. CONCLUSION

in the formula given by us, which shows how
much the macro-mechanical characteristics of
materials, i.e., their complete disintegration, depe-
nds on the size, shape, distribution and content of
pores in the matrix, on the pore shape factor, the
influence of the weakest phase of the structural
components of the consolidated material on the set
of properties is taken into account, Significantly
determine the ability and duration of work in the
goods industry.

In the process of thermal processing, the most
important thing is the dynamics of the formation
of pores, their distribution in the matrix, the
formation of the shape, which is shown in our
research, taking into account the physico-chemical
processes that take place during thermal aggre-
ssion.

The important factor here is the redistribution
of pores in the matrix, which is a novelty. Our
formula provides a complete answer to the corre-
lation between the morphology of the porous phase
and the macromechanical properties of ceramics
and can be used for all types of ceramics and
ceramic composites that work in advanced techno-
logies, in many fields of technology, in domestic

conditions.
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Resume: Purpose. The aim of the work is to
calculate the thermodynamic initial parameters for
obtaining new solid materials using raw materials
by using a modified method of the additive rule.

Method for protection: For the correct choice of
ingredients to be summarized for each substance,
by using “structural ingredient system additivity
method”, which allowed them to determine the
standard molar values of thermodynamic.

Results: The values of enthalpy of formation
AHz 28 and Gibbs free energy AG%9s determined by
this method give an error that does not exceed 2%
and the error of entropy AS% 298 and heat capacity
Cp.2083-4%, which is acceptable for thermodynamic
assessment of any reaction.

Conclusion: The proposed method was tested
with the participation of many complex minerals
contained in Chiatura Manganes ore enrichment
waste. Comparing the theoretical results obtained
to assess their interaction with each other and with
the components gave us a coincidence with

experimental one.
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Key words: thermodynamic parameters, additi-
vity method, technogenic raw material, enthalpy,

Gibbs free energy.

1. INTRODUCTION

In technologies for obtaining new solid
materials, technological raw materials are more
widely used. Technogenic raw material is a
multimineral system in which the number of
components reaches 30. In the role of man-made
materials, Chiatura manganese ore enrichments
waste was used.

In the work, it is proposed to calculate the
thermodynamic initial parameters for obtaining
new solid materials using raw materials using a
modified method of the additive rule. The method
allows calculation of initial thermodynamic
parameters: AHO%9s, AG%9s and AS%mss, Cp, 208 98%
accuracy. The calculation is based on the Jibs Free
Energy minimization method derived from all
three laws of chemical thermodynamics. For the
realization of the method, the Ulich first and
second approximation, the Schwarzman-Temkin

approach and the classical method are used.



Detailed analysis of information sources
showed that among the components there are
minerals of such simple and complex composition,
the standard molar values of the abovementioned
parameters are unknown. In addition, for most
complex minerals (compounds), these parameters
are known, although the quantities cited in various
sources are distinguished by unevenness not
allowed for thermodynamic analysis.

All this often makes it practically impossible to
predict and determine the interaction of the
components contained in the prepared of one or
another material of waste of various enterprises
and other man-made raw materials. Many methods
have been proposed [1-4] to determine the status of
the AHO%9s, AG%9s and AS%9s but their use for

multimineral systems is associated with many

problems, since date extraction is often practically

For the correct choice of ingredients to be
summarized for each substance, we used “struc-
tural ingredients system additivity method”, which
allowed them to determine the standard molar
values of thermodynamic parameters for thermo-
dynamically unknown silicates in a separate crysta-

llochemical group of silicate classification.

2. MAIN PART

Below is an attempt to use this method in
relation to borates. To realize the derived Jibs free
Energy minimization, the Ulich I and II appro-
ximation, the Shwartzman-Temkin approach and
the classical method are used [5-8].

Calculation of the reaction AGus and the
equilibrium constant

Na2O - B20s+ CaCOs —
— Na20 - B20s3 + CaO-B203 + CO2

impossible. The reaction is known from the initial
thermodynamic date that are given in Table 1.

Table 1

Substance AH%gskkal/mol | AS%sskal/mol K a b-10® | ¢10- AGP 298
Na:0 - 2B20s -786590 45,3 | 48,81 | 18,96 -8,17 -800089,4
CaCOs -288450 22,2 | 2498 5,24 -6,2 -295065,6
Na20 - B20s -467020 35,14 | 45,57 324 | -17,88 -477491.72
CaO -B2Qs -485410 25,06 | 31,02 9,76 -8,07 -492877,88
CO2 -94052 51,06 | 10,55 2,16 -2,04 -109267,88
28558 43,76 | 13,35 | -9,04 -13,6 15517,52
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Calculation the Ulich first approximation, we get:

TK

Table 2
T AHDO 293 AS%9s AGaos LgK
298 28558 43,76 15517,52 -11,378924
400 28558 43,76 11054 -6,03852
600 28558 43,76 2302 -0,8383495
800 28558 43,76 -6450 1,76173575
1000 28558 43,76 -6450 3,3217869
1200 28558 43,76 -23954 4,361821
1300 28558 43,76 -28220 476183412
1500 28558 43,76 -37082 5,4018551
20000 [
10000 |
; |
298 1000 1200 1300 1500
-10000 |
E 20000
S -30000 \
-40000
-50000 i
-60000 il
70000 1

Fig.1. Graph of Energy and Temperature dependence
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From the second Ulich calculation, we get:

Table 3

T AH? 298 AS%298 AGass LgK
298 28558 43,76 15517,52 -11,3789239
400 28558 43,76 10844,672 -5,924169417
600 28558 43,76 730,438 -0,266013176
800 28558 43,76 -10291,596 2,811013176
1000 28558 43,76 -21994,48 4,806010759
1200 28558 43,76 -34222,82 6,231686356
1300 28558 43,76 -40511,4745 6,809351266
1500 28558 43,76 -53384,3525 7,776671615
20000
10000
0
298
-10000
= -20000
g
E -30000
-40000 \
a0 \\\[‘.J'\l‘ich II
60000 Temkin-Shwartzman
-70000
TK

Fig. 2. Relative graph Ulich I, Ulich II and Temkin-Shwartzman

dependence on Energy
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By the Temkin-Shwartzman method

Table 5

T AH0%93 AS0%gs AGaosp IgK
298 28558 43,76 15517,52 -11,3782924
400 28558 43,76 10605,7072 -5,793629
600 28558 43,76 -473,60576 0,172479214
800 28558 43,76 -12816,7125 3,500722572
1000 28558 43,76 -26007,5812 5,682912843
1200 28558 43,76 -39781,3131 7,243840987
1300 28558 43,76 -46878,9057 7,879617807
1500 28558 43,76 -61412,3609 8,946137613
Table 4
With classic method
T AH0%93 AS098 AG29gp 1gK

298 28555,9975 43,76086051 15517,2636 -11,3781044

400 29917,6975 44,37059868 10809,7605 -5,9059817

600 32587,6975 47,59977454 -1,86472323 0,000679101

800 35257,6975 50,79352604 -12076,8208 3,298630545

1000 37927,6975 53,570022996 -25012,2299 5,46541888

1200 40597,6975 55,9769394 -38614,3273 7,031342726

1300 41932,69750* 57,06595146 -456277,7369 7,669315715

1500 44602.6975 59,05685581 -60027,2837 8,744368931
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Table 6

Relative error betwine methods

Temkin- Ulich I- Ulich II - T.— Shwart.
T Ulich I Ulich II Classic
Shwart. Classic Classic Classic

248 | 15517,52 | 15517,52 | 15517,52 | 15517,26 | 1,65253E -5 | 1,65253E-05 1,6525E-05

400 11054 | 10844,67 | 10605,71 | 10809,76 | 0,022095121 | 0,0032119228 | 0,019239955

600 2302 2302 730,438 | -473,606 | 1,000810045 | 1,00025522884 | 0,99606271

800 -6450 -10291,6 | -12816,7 | -12076,8 | 0,872375323 | 0,137204878 0,038271581

1000 | -15202 | -21994,5 | -26007,6 | -25012,2 | 0,645324954 | 0,137204878 0,038271581

1200 | -23954 | -34222,8 | -39781,3 | -38614,3 | 0,612020008 | 0,128321023 0,029335026

1300 | -37082 | -40511,5 | -46878,9 | -45627,7 | 0,610580194 | 0,126291686 0,026689377

1500 | -37082 | -53384,4 | -61412,4 | -60027,3 | 0,618771472 | 0,124435924 0,02255372
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Fig. 3. Classic Method
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To use this method it is necessary to get acquainted with the issues of crystallochemical
classification of borates.
The borat formation can be derived by the equation:
2(HsBOs) + Na[B(OH)4] + Na[B(OH)4] - 2H20 + H.0 —
— Naz[BsOs(OH)4] - 8 H20
The tinkantolic formation can be derived by the equation:
2(HsBOs) + Na[B(OH)4] + Na[B(OH)4] - 2H20 + H.0 —
— Naz[B4Os(OH)4] - 8 H20
The kenrity:
2Na[B(OH)4] +B203 — Naz[B4(OH):] - 3 H20
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It follows that:

AI-I]‘,298,BOT' = AI-If,298,Na B0O2:2H,0 + AI-I)°,298,BZO3-3H20 + AHf,298,NaBOZ.4H20 + AI-If,298,H20

= 523,10 — 378,11 — 520,11 — 57,796 = —1479,09kcal /Mol

AHf,298,Tin = AHf,298,Na20-2H20 + AHf,298,BZO3-3H20 + AHf,298,NaBo2 =

—378,11 — 523,10 — 233,51 = —1134,72kcal/Mol

AH;,ZQS,ker = 2AH;,298,NaBOZ-2H20 + AH;,298,B203 =
= 756,22 — 304,20 = = 1060,42kcal/Mol

It is necessary to compare the obtained quantities with the date available in information

sources. Fully thermodynamic parameter date is known only for borat (AHz 298 sor = 1503,1

kcal/mol) and tinkalton (AHt2s, tin=-1145,3 kcal/mol). However unspecified for kernite (AHzs 29s,

ker=-1081,7kcal/mol). In this case the rectifier and leveling coefficients will be equal:

—1503,1

~11453  —1081,7 _

Kepor + K crin + K =

—1479,09

—1134,72 —-1060,42

=1,0129 +1,0093 + 1,02 = 3,0419

YKy  3,0419

Koubst. =

3 3

The get the true values, AHr 208 obtained by
calculation should be multiplied by Kswbs. The
obtained results are given in the table [9-11]. The
values of enthalpy of formation AHt 208 and Gibbs
free energy AG%9s determined by this method give
an error that does not exceed 2% and the error of
entropy AS% 298 and heat capacity Cp.2983-4%, which
is acceptable for thermodynamic assessment of any

reaction.
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=1,01397 = 1,014

Method of structural ingredients additivity is
the result of information analysis available in some
areas of theory and practice of solid crystal bodies.

The proposed method was tested with the
participation of many complex minerals contained
in Chiatura Manganes ore enrichment waste.
Comparing the theoretical results obtained to
assess their interaction with each other and with
the components gave us a coincidence with

experimental one.
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3. CONCLUSION

Technological raw materials are more widely
used. Technogenic raw material is a multimineral
system in which the number of components
reaches 30. In the work, it is proposed to calculate
the thermodynamic initial parameters for obtai-
ning new solid materials using raw materials using
a modified method of the additive rule. The
method allows calculation of initial thermody-

namic parameters: AH%9s, AG%98 and AS%9s, Cp, 208

98% accuracy.
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