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Abstract. The article presents the results of a study of the interaction of phosphorites from the Chulaktau deposit of the
Karatau basin with coke and steel shavings. The studies were carried out by computer thermodynamic modeling using the
HSC-10 software package, together with mathematical planning of experiments, as well as by electric phosphorite melting in
an electric arc furnace. On the basis of the conducted studies it was established that the joint formation of intermediate prod-
ucts from the systems Caz(POa)2-SiO,-C-Fe is possible at the temperature > 1635-1702°C. Based on the obtained volumetric
and planar images of the coke and steel shavings effect on the technological parameters of the phosphorite’s electric smelting,
it was found that in order to produce FS25 grade ferrosilicon containing 20-30% of Si and calcium carbide with a capacity of
245.1-248.1 dm3/kg (2™ grade), the process should be carried out in the presence of 52-58% of coke and 24.4-38% of steel
shavings. In this case, the extraction degree of silicon into the ferroalloy was 70-80%, and calcium into calcium carbide — 60-

70%.
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1. Introduction

Producing fertilizers from phosphate raw materials is
possible not only on the basis of wet and dry phosphoric
acid, but also directly from phosphorites [1-6]. The bulk of
fertilizers, however, is produced using phosphoric acid.

The average P,Os content in Karatau phosphorites is
24.5%. To obtain wet phosphoric acid, phosphorite must
contain >28% of P,Os [1]. Therefore, the phosphorites are
concentrated using usually flotation or chemical methods.
So, flotation of nodular phosphorites containing 9-18% of
P20s makes it possible to produce a 25-35% P,Os concen-
trate [7], and flotation of shell phosphorites containing 4-7%
of P20s — a 28.5-35% P,0s concentrate [8-10]. A phosphate
concentrates with 26-27.9% of P,Os was obtained from
phosphorite containing 16.2% of P,Os by nitric acid concen-
tration [11], and when using acetic and formic acids, it is
possible to obtain a 30-35% P,Os phosphate concentrate
[12]. The chemical concentration of phosphorites based on
the extraction of calcium into solution was shown in [13].
Production of phosphoric acid from phosphate concentrates
is carried out using sulfuric, nitric, hydrochloric, fluorosilic-
ic, and hydrofluoric acids [14-17]. Despite the fact that the
nitric acid extraction makes it possible to obtain 27-35%
P,0s phosphoric acid, hydrochloric acid extraction — 55-58%
P»0s phosphoric acid, and fluorosilicic acid one — 25-30%
P»0s phosphoric acid, the main method for producing wet
phosphoric acid is decomposition of phosphate concentrates
with a mixture of aqueous solutions of sulfuric and phos-
phoric acids according to the equation:

Cag(PO4)3F+2HgSO4+H3PO4+mHzO:(n+3)H3PO4+5CaSO4-
mH,O+HF )
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Disadvantages of this method are the high sulfuric acid
consumption and formation of a large amount of waste —
phosphogypsum (4.27-6.58 tonnes per 1 tonne of P;Os in
terms of dry dihydrate) [18]. Less stringent requirements for
P20s5 content (>21%) are imposed on phosphorites used for
producing yellow phosphorus by the electrothermal method
[1]. However, electric smelting of these phosphorites is ac-
companied by the formation of waste slag (10-12 tonnes per
1 tonne of phosphorus), which not only occupies land, but
also has a limited demand in the construction industry be-
cause it contains 2-2.5% of P,Os, which, in the presence of
moisture, emits a poisonous gas — phosphine.

2. Materials and methods

The main components of Karatau and Aktobe phospho-
rites are P»Os (16-27%), and, in addition, CaO (20-44%) and
SiO; (14-55%). Therefore, the phosphorites are a potential
source for obtaining products containing calcium and silicon.
In this regard, we have developed a technology for the pro-
cessing of phosphorites by electric smelting with the simul-
taneous production of siliceous ferroalloy, calcium carbide
and stripping of phosphorus into the gas phase.

The proposed method for processing phosphorites is
based on the following reactions:

Caz(PO4)+2Si0z+Fe+16C=FeSiy+Py+3CaC,+12C0q  (2)
Cas(POs)+SiO+Fe+16C=FeSi+P,q+3CaC+10C0g  (3)
Caz(POs)2+3Si0,+5Fe+20C=Fe5Si3+P2+3CaC,+14C0¢) (4)
Caz(PO4),+SiO+3Fe+16C=FesSi+Pog+3CaCo+10C0O( (5)
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From a thermodynamic point of view, these reactions be-
come possible at temperatures of above 1702.8; 1692.4;
1635.1 and 1639.2, respectively (Table 1, shaded area).

We have previously shown [20] that at the interaction of
Cas(POa), with silicon dioxide, carbon, and iron under equi-
librium conditions, at a temperature of 1850-1950°C, it is
possible to obtain calcium carbide with a capacity of 300-

360 dm®/kg and FS45 ferrosilicon (39-42% of Si) and to
achieve the complete sublimation of phosphorus into gas.

This article examines the results of electric smelting of
Chulaktau phosphorites (Karatau basin) with production of a
ferroalloy, calcium carbide and sublimation of phosphorus
into the gas phase.

Table 1. Effect of temperature on AG(kJ)*of Cas(POa)2, SiO2, Fe and C interaction

Reaction #

1000 1200 1400 1600 1635.1
2 2022.4 1437.5 860.9 290.6 280.7
3 1777.9 1259.3 748.4 235.2 221.8
4 2059.3 1401.7 752.1 110.9 0
5 1748.8 1225.9 713.3 219.2 140.4

Temperature, °C

1692.4 1693.2 1702.8 1800 2000 2200

29.4 27.1 0 -272.9 -544.9 815.0
0 -2.0 -26.4 -272.8 -759.9 -1235.5

-180.6 -183.1 -213.0 -518.8 -1126.8 -1722.7
1.9 0 -13.6 -241.4 -638.8 -960.7

*- AGo was calculated using the Reactions Equation module of the HSC-10.0 software package [19]

The differential thermal analysis of the Chulaktau phos-
phorite used for the electric smelting is shown in Figure 1.
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Figure 1. DTA of Chulaktau phosphorite

It can be seen that the heating is accompanied by two en-
dothermic effects at temperatures of 674 and 838°C, which are
associated with the decarbonization of MgCO; and CaCOs.
The phosphorite weight loss was 11.6%. The phosphorite after
calcination at 950-960°C contained, wt %: 51.1 Caz(POa)y;
25.59 SiOyz; 12.9 CaO; 1.8 MgO; 1.3 FeO; 091 Fex0s; 1.7
Al;03; 0.4 CaS0y4; 0.4 Naz0; 0.6 K20; 0.1 TiOz; 0.1 MnO; 2.7
CaFy; 0.5 COg2; 0.2 HO. The composition of steel shavings,
wt %: Fe-97.6%, C-1.7%, Si-0.3%, Mn-0.2%, Cr-0.1, others-
0.1%. The composition of coke, wt %: C-86.0; SiO,-4.9;
Fe,03-2.2; CaO-1.5; Al,0s-1.8; MgO-0.4; S-0.8; H,O-1.1;
others-1.3. The composition of quartzite, wt %: SiO»-97; CaO-
0.7; Al,03-0.8; Fe,03-0.8; H,0-0.1; others-0.3.

The studies included the process’ computer thermody-
namic modeling combined with mathematical planning of
experiments, as well as the electric smelting of the phospho-
rite in an electric arc furnace.

The thermodynamic modeling was carried out using the
HSC-10.0 Chemistry software package developed by Ou-
tokumpu Research Oy (Finland) [19]. The developers of the
software package were based on the ideology of the SGTE
(Scientific Group Thermodata Europe) consortium, which is
engaged in the creation, support and distribution of high-
quality databases designed to calculate the equilibrium com-
position of chemically reacting systems, as well as combin-
ing the efforts of researchers from different countries in order
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to unify thermodynamic data and methods for obtaining
them. The SGTE includes specialized research centers in
Germany, Canada, France, Sweden, the UK and the USA. To
calculate the equilibrium, we used in our work the Equilibri-
um Compositions subprogram of the HSC-10.0 software
package, which is based on the minimum Gibbs energy prin-
ciple. The equilibrium parameters of a thermodynamic sys-
tem are determined by solving the mathematical problem of
finding the extremum, considering all restrictions, using the
Langrange functions and Newton's method of successive
approximations. The calculation of the equilibrium distribu-
tion of elements was implemented according to the algorithm
developed in M. Auezov South Kazakhstan University
(Shymkent, Kazakhstan) [21]. The experiments were carried
out at the installation shown in Figure 2.

The electric smelting of the charge was carried out in a
single-electrode arc furnace (up to 15 k\VA power) lined with
chromium magnesite bricks. The bottom electrode was made
of a graphite block. A graphite crucible (d=6 cm, h=12 cm)
was placed on the hearth. The upper part of the furnace was
closed with a removable cover with holes for the graphite
electrode with diameter of 3 cm and gas outlet. The crucible
was preliminarily heated by an arc for 20-25 min. After that,
the first portion of the charge (200-250 g) was loaded into
the crucible and melted for 3-6 minutes. Then, every 4-6
minutes, 100-150 g portions of the charge were added to the
crucible. The total charge weight for 1 experiment was 700-
1000 g. During the melting period, the current strength was
350-400A; the voltage was 30-35V. Electricity was supplied
to the furnace from a TDZhF-1002 transformer. The required
power was maintained by a thyristor regulator. After the end
of the melting process, the furnace was cooled for 6-7 hours.
The graphite crucible was removed from the furnace and
broken. The resulting ferroalloy was weighed and analyzed
to determine metals by the atomic absorption method using
an AAS-1 instrument (Germany), as well as a JSM-6490LV
scanning electron microscope with an INSA Energy energy-
dispersive microanalysis system (Japan).

In addition, the silicon content in the alloy (Si(alloy), %)
was determined on the basis of its density (D, g/cm3), which
was found by the pycnometric method. Then the silicon
content in the alloy was also calculated using the expression
[22]:

Si(alloy) = 252.405-101.848-D+18.209-D?-1.243 D3 (6)
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I-sketch

II — general appearance

Figure 2. Electrothermal installation for the phosphorite’s
electric smelting: 1 — furnace casing, 2 — chromium magnesite
lining, 3 — carbon graphite hearth, 4 — graphite crucible, 5 — car-
bon graphite layer, 6 — transformer TDZhF-1002, 7 — graphite
electrode, 8 — lower current supply, 9-12 — control ammeters and
voltmeters, 13 — electrode movement mechanism, 14 — flexible part
of the short network, 15 — furnace cover

The quality of the resulting calcium carbide and the con-
tent of the main substance (CaC,) in it were determined by
measuring its capacity — the volume of acetylene (dmd) that
is released during the interaction of 1 kg of calcium carbide
with water.

To determine the optimal values of temperature and
amount of iron, which ensure the maximum extraction of
silicon from the phosphorite into the alloy, calcium into
calcium carbide and phosphorus into the gas phase and pro-
duction of commercial products, further studies included
planning the experiments using the second-order rotatable
designs (Box-Hunter plans) [23] with the construction of
volumetric and planar images of the process parameters [24]
followed by their geometric optimization. The independent
factors in the study were the amount of steel shavings and the
amount of coke (% of the phosphorite mass).

3. Results and discussion

Figures 3 and 4 show the effect of coke and steel shav-
ings on the extraction degree (a, %) of silicon into the alloy,
calcium into calcium carbide, and the concentration (C, %)
of these metals in the resulting alloy and calcium carbide.
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Figure 3. Effect of coke (a) and steel shavings (b) on the ex-
traction degrees of silicon into the alloy and calcium into calcium
carbide: 1-asi(alioy), %; 2-acacac), %

(B)

It can be seen that at a constant amount of steel shavings
(28%), an increase in the amount of coke leads to a decrease in
aSigioy) and a marked growth in aCacac2) (from 40.3% at 42%
of coke to 68.8% at 58% of coke). The decrease in aSi(alloy)
is associated with the development of the processes of for-
mation of SiC and SiOgas, that is, with the loss of part of the
silicon. The effect of the amount of steel shavings on the ex-
traction degrees of silicon into the alloy and calcium into the
calcium carbide is opposite: aSigioy) iNCreases with an increase
in the amount of steel shavings, and aCacac2) decreases.

The positive influence of steel shavings on aSiiioy) IS €X-
plained by an increase in the solubility of silicon in iron with
formation of liquid iron silicides. This increases the equilib-
rium shift of the reduction of silicon from silicon dioxide
with carbon (SiO; + 2C = Si + 2CO) to the right.
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Figure 4. Effect of coke (A) and steel shavings (B) on the con-
centration of silicon in the alloy, calcium in the carbide and its
capacity: 1-CSiiioy), %; 2-Ccaccac), %

The decrease in the extraction level of calcium into CaC;
with the increase in the amount of steel shavings is due to
by-reactions in the bath, in particular, the reaction:

CaC;, + 2SiOg= CaSiz + 2COyq @

This exothermic reaction is possible over a wide tempera-
ture range (Table 2).

The decrease in the thermodynamic probability of the re-
action with increasing temperature, in accordance with the
expression AG = AH — T-AS, is due to the fact that AH and
AS become less negative (AG, AH and AS of the reaction
were calculated using the Reactions Equation module of the
HSC-10 software package [19]).
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Table 2. Effect of temperature on AG, AH and AS of reaction 7

Reaction Equation
CaC,+2SiO(g)=CaSi,+2C0(g)
T AH AS AG

oC kJ JK KJ K Log K
300  -107.085 @ -47.925  -79.617  1805E+007  7.257
500 -112.979  -56.198 = -69.529 = 4.987E+004  4.698
700 -111.969  -55.053 = -58.394  1.363E+003  3.135
900  -110.145  -53361 = -47.544 = 1.309E+002  2.117
1100  -107.476  -51.269  -37.076  2.573E+001  1.410
1300 -103.971  -48893  -27.056  7.915E+000  0.898
1500  -99.653  -46.314  -17.532  3.285E+000  0.517
1700  -94552  -43592  -8540  1.683E+000  0.226
1800  -91.719  -42.191  -4250  1.280E+000  0.107

The silicon concentration in the ferroalloy decreases with
an increase in coke in the charge, while the calcium concen-
tration in CaC; increases (Figure 4). At an increase in the
amount of steel shavings in the charge at a constant amount
of coke (50%) the silicon concentration in the alloy, calcium
concentration in the calcium carbide and calcium carbide
capacity decrease, and most noticeably, the silicon concen-
tration in the alloy (Figure 4).

Bearing in mind the opposite influence of steel shavings
and coke on the extraction degrees of silicon and calcium
into the target products and concentration of the metals in
them, further studies were carried out by the experiment
planning method with subsequent geometric optimization.
Table 3 provides a matrix of the studies and their results.

Based on the results given in Table 3 according to [23],
the following regression equations were obtained:

Osialloy) =104.9+3.23-St-2.91-C-27.63-103-St?+

+24.93-10%-C-10.84-103St-C (8)
Oca(cac2)=-64.03+0.22-St+2.96-C+8.68-1073-St2-
-4.68-10°-C2+2.32:103St-C 9)
Csi(alloy)=35.16-0.76-St+0.65-C+6.97-10°3- St
-8.92:10%-C2-2.23-1038¢-C (10)
Ccacac2=59.37-0.45-St+4.83-C+13.77-10°5-St?-
-45.5-103-C?+7.01-103St-C (11)
L=-301.25-1.80-St+21.19-C+3.57-107°-St2-0.20-C*+
+2.86-1073St-C (12)

Table 3. Effect of coke and steel shavings on the technological parameters of the phosphovite’s electric smelting

Variables ,

# Coded appearance Natural appearance aSiGioy,% aCacaca, % CSialiog % Ceacacay% L, Ifm )
Xy X2 St, % C % g

1 -1 -1 14 44.4 56.0 49.2 34 64 238
2 +1 -1 42 44.4 90.2 42 22.6 59.4 220
3 -1 +1 14 55.6 51.7 72.3 31.8 68 253
4 +1 +1 42 55.6 82.5 58.1 19.7 65.6 244
5 +1.414 0 48 50 88.2 49.6 18.9 63.3 237
6 -1.414 0 8 50 43.3 66.8 41.1 67 249
7 0 +1.414 28 58 71 70.3 23.8 66.3 246
8 0 -1.414 28 42 85.3 38.7 29.6 58.4 215
9 0 0 28 50 74 53.6 26.8 65.5 244
10 0 0 28 50 76 55 26 65.6 245.5
11 0 0 28 50 76.2 54.3 27 65.15 243
12 0 0 28 50 75.8 54.8 25.6 65.3 243.2
13 0 0 28 50 76.3 53.9 27.6 65.72 245

Values of the tabular Fisher criterion (Fub) for the confi-
dence level >95% and the calculated Fisher criteria (Fcac) are
shown in Table 4.

Table 4. Tabular and calculated Fisher criterion values for
equations 8-12

Fub 6.59 6.59 6.59 6.59 6.59
E Equation 8 = Equation9 = Equation 10 = Equation 11 = Equation 12
@ =578 =6.38 =6.52 =6.39 =6.54

It follows from Table 4 that Fun>Fcac for all regression
equations. Therefore, in accordance with [23], all these equa-
tions are adequate. Based on equations 8-12 according to
[24], we built volumetric and planar images of changing the
process parameters depending on the amount of steel shav-
ings and coke (Figure 5, 6).

The highest extraction degree of silicon into the alloy
(92%) was achieved in the presence of the maximum amount
of steel shavings (48%) and the minimum amount of coke
(42%). On the contrary, the maximum Cca(cac2) (84.2%) was
achieved when the smelting of the charge containing the
minimum amount of steel shavings (8%) and maximum
amount of coke (58.0%). The silicon concentration in the

alloy varied from 18.8 to 40.6% (8% of steel shavings and
42% of coke). The resulting alloy in terms of silicon content
is FS15 ferrosilicon (tpf area in Figure 5-11I), FS25 ferrosili-
con (tfzor area in Figure 5-111) and FS45 ferrosilicon (kxd
area in Figure 5-111). The 3rd grade calcium carbide was
formed in the Ighd area (Figure 6), and the 2nd grade one —
in the jygl region (Figure 6).

One of the effective and efficient methods for determin-
ing the optimal parameters for processes with a large number
of output parameters is the geometric optimization method,
which we have used repeatedly for various systems [25,26].
The method consists in superimposing the patterns of output
parameters on top of each other; and, taking into account the
accepted assumptions, the optimal values of the independent
factors (in our case, the amount of coke and steel shavings)
are determined, that provide the accepted levels of output
parameters: Osilloy), Ocaalloy)s Csialloy), Cca(cac2), Lcace. Com-
bining the output parameters with the condition that
asiglloy) =70-80%, Ocagalloy) = 60%, Csialloy) < 20% is shown in
Figure 7 and Table 5. The abcde area corresponds to the set
conditions regarding Oisialloy), OCacalioy) and Csialloy)-

14
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Figure 5. Effect of coke and steel shavings on asiailoy),
acaccac2), Csilloy) , Ccaccacy during the phosphorite’s electric smelt-
ing (A — Volumetric image, B — Planar image): | —asigalloy)= f(C,
St), 1l — acacacy=f(C, St), HI-Csiqioy=f(C, St), 1V- Csiioy=F(C,
St)

It follows from Table 5 and Figure 8 that in order to pro-
duce FS25 grade ferrosilicon containing 20-30% of silicon
and calcium carbide with a capacity of 245.1-248.1 dm?®kg
(2" grade), the smelting process should be carried out in the
presence of 52-58% of coke and 24.4-38% of steel shavings.
In this case, the extraction degree of silicon into the ferroal-
loy was 70-80%, and calcium into calcium carbide — 60-
70%.
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Figure 6. Effect of coke and steel shavings on L=f(C, St) dur-
ing the phosphorite’s electrosmelting. A — Volumetric image, B —
Planar image
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Figure 7. Combined information on the effect of coke and
steel shavings on the technological parameters of phosphorite’s
electric smelting. Lines: ab-asiailoy)=70%; ed- asilloy)=80%; ae -
aca(cac2)> 65%; cd - Csilloy>20%

Table 5. Values of variables and output parameters in the
abcde area of Figure 7

Point Variables Output process parameters

Flir;]. shg\t/?ﬁlgs, Cgke, 0Sigiioy),  0Caccac2, CSigiioy), Ccacaca), |§y
7 % % % % % % dmd/kg
a 24.4 52.0 70.0 60.0 30.0 66.7 | 248.1
b 26.6 58.0 70.0 70.0 24.4 66.6 | 247.7
c 35.9 58.0 77.8 65.0 20.0 659 | 245.1
d 38.0 56.6  80.0 61.9 20.0 66.0 @ 2455
e 36.6 55.2  80.0 60.0 24.1 66.0 @ 2455

4. Conclusions

Based on the electric smelting of Chulaktau phosphorite
mixed with coke and steel shavings in an arc furnace, the
following conclusions can be drawn:

1. From the thermodynamic point of view, the joint for-
mation of iron silicides, gaseous phosphorus and calcium
carbide from Caz(PO4)2-SiO2-C-Fe systems is possible at a
temperature of above 1635-1702°C.

2. With a constant amount of coke, an increase in the
amount of steel shavings in the charge increases the extrac-
tion degree of silicon into the alloy and decreases the extrac-
tion degree of calcium into calcium carbide. An increase in
the amount of coke in the charge at a constant amount of
steel shavings leads to an increase in the extraction degree of
calcium into CaC, and silicon into the alloy.

3. Based on the obtained volumetric and planar images of
the coke and steel shavings effect on the technological pa-
rameters of the phosphorite’s electric smelting, it was found
that in order to produce FS25 grade ferrosilicon containing
20-30% of Si and calcium carbide with a capacity of 245.1-
248.1 dm®kg (2™ grade), the process should be carried out in
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the presence of 52-58% of coke and 24.4-38% of steel shav-
ings. In this case, the extraction degree of silicon into the
ferroalloy was 70-80%, and calcium into calcium carbide —
60-70%.
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DeppoKOpPHITHATIAP, KATLIUNA KaAPOUI kHe (pochopabIH
cyOaumManuscebl eHaIpiciMeHn pochopuTTepaiH IEKTPIIK 0AJIKYBI

P. Yreyosa'®, B. IlleBko?, JI. Aiitkynos?, A. baguxosa', C. Tneyosa®

M. Oyezo6 amvindaser Oymycmix Kazaxcman ynueepcumemi, Ilvivxenm, Kazaxcman
2Munepanovix wuxizammul Kewienoi Kaiima eyoey dconinoeai yimmulx opmanviavl, Aimamol, Kazaxcman

OpPPEeCcnoHOeHYUs YULiH A8MOp". isa. il.
*Kopp OeHyus y p: raisa.uteyeva@mail.ru

Anparna. Makanana Kaparay Oacceiininin Uynakray keH opHbIHIArb! GpocopuTTepiH KOKC NeH 00JaT »KOHKaJlapbIMEeH
e3apa OpeKeTTeCyiH 3epTTey HOTmKenepi kentipinren. 3eprreynep HSC-10 OarmapiaManblK KemIeHIH MaliaiaHa OTBHIPHIIL,
KOMIIBIOTEPIIK TEPMOJHMHAMUKAJIBIK MOJCIIBACY 9HICTePIMEH SKCIEPUMEHTTEpl MaTeMaTHKAIIBIK JKOCIIApIIayMeH, COHIal-aK
9NIEKTp JoFaisl memre (Gochopu GankpiTy omiciMer >kyprizimi. XKyprisinren seprreynep Herizinme Caz(POs)2-SiO,-C-Fe
JKYHeNepiHiH apajibIK eHiMIepiHiH Oipiaecker Ty3imyi 1635-1702°C temnepaTypaga MyMKiH €KeHIIT1 aHBIKTAIIBL. PochopuTTi
JNIEKTPMEH OAaJKBITYIbIH TEXHOJOTHSIBIK IapaMeTpliepiHe KOKC IeH OONaT >KOHKATAPBIHBIH dcepi HOTH)KECIHJAE alIbIHFaH
KOJIEM/Ii JKOHE JKa3bIKTHIK Ociinenep Herisinge Kypambiaga 20-30% Si skone kanbimii KapOumi O0ap, eHimumimiri 245.1-248.1
am3/kr (2-mi copr) Gomatein FS25 mapkansl ¢eppocunuumiiai any yumrin npoueccti 52-58% kokc xkone 24.4-38% Gomar
JKOHKaJIapsl Oap OoJFaHIa XKYprizy kepek. by skarmaiina ¢eppokopsiTiiara KpeMHUiAI any nopekeci 70-80%, anm kambiuid
KapOuiHe Kanbuuii any gopexeci 60-70% Kypanbl.

Heeizei co30ep: pocghopum, mepmoOuHamuKaivlk Mooenvoey, sekmp 6aniKplmy, Kaivyuil Kapouoi, heppoxopvuimnanap.

duekTpU4YecKoe miaBjaeHue GocGopuros ¢ MpOM3BOIACTBOM
(¢eppocniiaBa, kapouaa KaabuMs U cyosumanueit gocgopa

P. Yreyosa'®, B. IlleBko?, JI. Aiitkynos?, A. baguxosa', C. Tneyosa®

YOocno-Kasaxemanckuii yuusepcumem umenu M. Aysszoea, Llviuxenm, Kazaxcman
2Hayuonanvwiil yeHmp no KOMRIEKCHOL nepepabomxi MUHEpatvhozo coipbs, Armamet, Kasaxcman

*Aemop ons koppecnondenyuu . raisa.uteyeva@mail.ru

AHHoTanus. B craThe npescTaBiIeHbl Pe3yNbTaThl UCCIIEAOBaHUS B3auMoJeHCTBHs (ochoputoB UyliakTaycKoro MecTo-
poxneHusi Oacceitna Kaparay ¢ KOKCOM M CTalnbHOW CTpYXKoil. McciemoBaHusi MpOBOIMINCH METOJAMU KOMITBIOTEPHOTO
TEPMOJMHAMUYECKOTO MOJICIIMPOBAHHS C MCIOJIb30BaHUEM IporpaMMHoro komiuiekca HSC-10 coBMecTHO ¢ MareMaTHuecKuM
TUIAHWPOBAHUEM HKCIIEPUMEHTOB, a TaK)Ke€ METOJIOM JJeKTporuiaBku (ocdopura B 3J1eKTpoayroBoi neun. Ha ocHoBanuu
NPOBENCHHBIX HCCIICMOBAHUII YCTAHOBJICHO, YTO COBMECTHOE 00pa3oBaHME MPOMEKYTOYHBIX MpoaykToB cucteM Caz(POa)a-
Si0O,-C-Fe Bo3moxHO 1ipu Temieparype > 1635-1702°C. Ha ocHOBaHWH TOJTy4EHHBIX 0OBEMHBIX M IUIOCKOCTHBIX M300paxe-
HUH BIMSTHHS KOKCA M CTAJIBHOW CTPY)KKH HA TEXHOJIOTHUYECKUE MapaMeTPhl AJIEKTPOILIABKH (HochOpHTa yCTAaHOBICHO, YTO IS
nonyuenus: peppocununus mapku FS25, conepikamiero 20-30% Si u kapOuyia Kanblus, MPOU3BOAUTEIbHOCTHIO 245.1-248.1
am%/kr (2-# copT), mpolece ciieayeT NPOBOAUTE TIpH Hanuduu 52-58% kokca u 24.4-38% cranbHoii ctpyxku. [Ipu 5TOM CTe-
TIeHb U3BJICYCHMS KpeMHUs B (eppoctuiaB coctaBuia 70-80%, a kanbims B kapoun xansims — 60-70%.

Knrwouesvie cnosa: gocopum, mepmoounamuieckoe mooeruposanue, d1eKmponiaekd, Kapouo Karvyus, gpeppocniasul.
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