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Abstract. The article presents the results of computer thermodynamic modeling and experiments on the production of fer-
roalloys of the production of ferroalloys from a mixture of tailings for sulfuric acid leaching of oxidized copper ores from the
Almaly, Ayak-Kodzhan, Aktogay, Kounrad, Shatyrkol deposits, containing (%): 65.2Si02; 14.2Al,03; 7.4Fe;0s; 2.4K30;
2.7Naz0; 6.6Ca0; 2.8MgO; 0.2Cu0. The simulations were carried out using the HSC-6.0 software package based on the Gibbs
minimum energy principle, as well as the research planning method using a rotatable second-order plan (the Box-Hunter plan).
Experiments on melting a mixture of tailings were carried out on the Tamma furnace in isothermal mode. The influence of tem-
perature and the amount of carbon on the equilibrium degree of distribution of silicon, aluminum and the concentration of these
metals in the alloy was determined. Based on the results obtained, it was found that the equilibrium interaction of a mixture of
heap leaching tailings of copper ores with carbon and iron occurs with the formation of FeSi, FeSi,, FeSiz a3, FesSis, FeSiaas,
FesSi, Si, SiOy, Al, SiC, CaSiOs, AlLSiOs, MgSiOs, K3SiOs, NazSiOs, Cu, CO. An increase in iron from 30 to 50% of the mass
of the mixture of leaching tailings and temperatures from 1600 to 2000°C increases the degree of extraction into the silicon alloy
to 83.2%, and reduces the concentration of silicon in it from 40-41.41% (at 1800°C) to 30-31%, aluminum at 2100°C from 8.3%
to 5.5%. Ferrosilicon of the FeSiss brand with the extraction of 74-81.9% Si from it is formed at 1780-1910°C, 30% iron and
34% carbon, and the FeSis brand with the extraction of 70-76% Si into it is formed in the temperature range of 1660-1730°C in
the presence of 43.5-50% iron. Determines the influence of temperature 1000-2100°C and iron. To achieve high (>80%) silicon
in the alloy, a temperature of at least 1800°C and an 80-minute duration of the process are required.

Keywords: oxidized copper ores, leaching tailings, thermodynamic modeling, rotatable planning, electrofusion, ferrosilicon.

1. Introduction agent (an aqueous solution of tricarbonate acid together with
citric acid) to obtain a solution of copper nitrate [9]. Current-
ly, the main method of heap leaching in copper oxidized and
mixed ores is sulfuric acid leaching [10-17, 2].

The processing of heap leaching solutions is currently
carried out using the so-called SX-EW technology, which
consists in the selective extraction of copper from the solu-
tion into an organic phase (extractant) during liquid extrac-
tion, followed by its electrolytic deposition from the re-
extract. The main advantages of this technological scheme
for processing solutions are: low investment and production
costs, high purity of the final metal — cathode copper (from
99.999 to 99.9995 copper). In recent years, about 16-19% of
cathode copper has been produced worldwide using heap
leaching -liquid extraction — electrolysis (SX-EW) technolo-
gy [18-21]. In Kazakhstan, which has large reserves of cop-
per [22], this method is used to extract copper from various
deposits [23]. Flotation and leaching of oxidized copper ores
have an obvious disadvantage - the formation of multi-
tonnage waste in the form of flotation tailings and sulfuric
acid leaching tailings, with which silicon, iron, aluminum is
lost. Therefore, the degree of integrated use of copper ore is
quite low.

In contrast to the known methods of processing such a
category of raw materials, which provide for the preferential

The main methods of processing oxidized and mixed
copper ores are flotation and leaching. It is shown that in
order to improve the flotation of this category of ores, they
must be pre-sulfidated using sulfur, hydrogen sulfide, sodium
sulfides of barium, aluminum, polysulfides and sodium thio-
sulfate, which make it possible to convert copper oxide min-
erals into floatable forms up to 95% copper [1]. Low rates of
flotation concentration of copper oxide ores are due to the
presence of oxide minerals in the ores.

Various reagents are used to leach oxidized ores: acids
(hydrochloric, sulfuric, nitric), alkalis, cyanide and ammonia
solutions [2].

It is shown that hydrochloric acid and its mixture with ni-
tric acid, because of the gold and silver used for leaching,
because of their high price, it is not economically feasible to
leach copper. In addition, hydrochloric acid belongs to ag-
gressive difficult-to-regenerate solvents [3, 4, 5]. Ammonia
leaching has no great prospects due to the toxicity of ammo-
nia [6]. Cyanide solutions [7], due to their high toxicity (0.3
mg/m?®) and high NaCN consumption, also have no prospects
in the technology of extracting copper from ore. Recently,
there have been publications on the leaching of mixed ores
with a solution of ammonium sulfate [8] and an organic

© 2023. A.M. Nurpeisova, V.M. Shevko, D.K. Aitkulov, A.A. Joldassov

Engineering Journal of Satbayev University. elSSN 2959-2348. Published by Satbayev University

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

11



http://creativecommons.org/licenses/by/4.0/
mailto:aigerim_nurpeis@mail.ru
https://vestnik.satbayev.university/index.php/journal/article/view/1215

A. Nurpeisova et al. (2023). Engineering Journal of Satbayev University, 145(5), 11-17

extraction of the main element, it is necessary to search for
innovative technologies that ensure the complex processing
of raw materials with the extraction of not only non-ferrous
metals from raw materials, but also non-metallic components
and iron [22].

The purpose of this work was to determine the conditions
for the formation of ferrosilicon from a mixture of sulfuric
acid leaching tailings of several oxidized copper ores of
Kazakhstan.

2. Materials and methods

Thermodynamic modeling was carried out using the HSC
— 6.0 software package based on the Gibbs minimum energy
principle [24]. On the basis of the algorithm developed at M.
Auezov SKU [25], we calculated the equilibrium degree of
the distribution of elements and the concentration of ele-
ments in the alloy. The method of thermodynamic modeling
was combined with rotatable planning of the second plan (the
Box - Hunter plan) with the derivation of regression equa-
tions, the construction of volumetric and planar images [26,
27, 28]. The action of silicon, aluminum and the concentra-
tion of metals in the alloy. This method, due to its high in-
formation capacity, was used by us in the processing of vari-
ous natural and man-made raw materials [29-31].

The studies were carried out with a mixture of heap
leaching of five Kazakhstan oxidized ores, the composition
of which is shown in Table 1.

Table 1. Chemical composition of leaching tailings of oxidized
copper ores of Kazakhstan

Ore deposit Content, %

tailings SiO, | AlbO; CaO MgO Na0O K,O CuO Fe,0;
Ayak-Kodzhan 630 136 32 48 37 16 03 98
Aktogay 700 160 55 10 33 36 01 25
Kounrad 719 129 38 30 29 27 01 56
Almaly 69.9 159 28 22 26 36 02 26
Shatyrkol 487 152 145 30 10 06 02 168

The mixture of heap leaching tailings from five ores con-
tained in equal amounts, mass %: 65.2 SiO; 14.2 Al,Os; 7.4
Fe 0s; 2.4 K20; 2.7 Naz0; 6.6 CaO; 2.8 MgO; 0.2 CuO. In
modeling, of temperature (from 1000 to 2100°C), the amount
of iron (from 30 to 50% of the mass of heap leaching) on the
equilibrium degree of distribution of silicon, aluminum, the
concentration of elements in alloys at a pressure of 1 bar was
determined. The amount of carbon was constant and amount-
ed to 34% by weight of the heap leach. During melting, the
influence of temperature and time on the degree of silicon
extraction into the alloy was determined. The silicon content
in the alloy was determined by thermometric method [32].

When conducting research on the Tamman furnace, the
furnace was preheated to the required temperature. Tempera-
ture control was carried out with a BP-5/20 thermocouple.
The heating element was a graphite pipe (d=8cm, h=
70 cm, thickness =0.8). A graphite crucible (d=5cm,
h =10 cm) with a charge was lowered into the furnace (on a
graphite stand) and kept in it for a certain time. Then it was
quickly hooked onto the cross beam of the crucible with a
steel hook and removed from the furnace. The crucible was
broken after cooling (Figure 1).
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Figure 1. Installation diagram with Tamman furnace: 1 -
transformer, 2 - graphite pipe heater, 3 - millivoltmeter, 4 - ther-
mocouple BP, 5 - upper and lower covers with water cooling, 6 -
isolation, 7 - casing, 8 - stopper, 9 - graphite crucible with charge,
10 - ammeter, 11 - voltmeter, 12 - exhaust hood, 13 - copper bus-
bar, 14 - the stand is made of refractory material, 15 - quartz tube

3. Results and discussion

It was found that the interaction in the systems, depend-
ing on the temperature and the amount of iron, occurs with
the formation of 17 substances: FeSi, FeSiy, FeSiz s, FesSis,
FeSi2_43, F€‘3Si, Si, SiOz, A|, SiC, C&SiOs, A|zsi05, MgSi03,
K2SiOs, NazSiOs, Cu, CO. The quantitative (kg) distribution
of SiO; reduction products and substances containing alumi-
num is shown in Figurel. Iron silicides (FeSi, FesSi) begin to
form at 1200°C, FesSiz at Si at 1400°C, SiOg - at 1500°C,
SiC at 1600°C, Al - at 1700°C, and Alg — at 1900°C.

Figure 2 shows information about the equilibrium degree
of distribution of silicon aSi, aluminum aAl. Figure 2 shows
the distribution of silicon and aluminum in the system under
study, from which it follows that silicon in the system is in
the form of SiO,, FeSi, Si, CaSiOs, SiOg. Initially, CaSiOs,
is formed in the system, it can be seen that during the reduc-
tion, the main part of silicon passes into FeSi, Si and SiOg. It
can be seen that during the reduction, the main part of silicon
passes into FeSi, Si and SiOg. Moreover, with an increase in
the amount of iron, the degree of silicon transition in FeSi
and FesSi, increases, and in Si and SiOg — it decreases. Thus,
at 1800°C the asi(FeSi) increases from 50.3 to 70.2%, and in
Si it decreases from 23.0 to 11.1%. In the system under con-
sideration, Al,SiOs is formed already at 1000°C. Then silicon
is reduced from it at a temperature of >1200°C with the for-
mation of secondary Al,Os, from which aluminum is formed.

As the temperature increases, the degree of transition of
silicon to CaSiOs decreases. he degree of transition of silicon
to SiO, with increasing temperature, silicon extraction de-
creases from 70.90 to 1.01%.

The influence of temperature on the equilibrium degree
of distribution of elemental aluminum begins at 1700°C, with
an increase in temperature, the degree of aluminum extrac-
tion reaches 71.98%. Where the amount of iron is 50%, alu-
minum turns into elemental aluminum at 1800°C tempera-
ture, the degree of extraction is 2, 8.2%. The maximum de-
gree of extraction of aluminum in the elemental state is
67.32%, at 2100°C temperature.
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Figure 1. The effect of temperature and iron on the quantita-
tive (kg) of SiO2 reduction products. Amount of iron: | - 30 %, I -
50 %
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Figure 2. Influence of temperature and amount of iron and
the equilibrium degree of distribution of silicon (A), aluminum
(B): amount of iron | - 30%, Il - 50%

Figure 3 shows information on the effect of temperature
and iron on osi(alloy) and aai(alloy), from which it follows
that an increase in the iron charge makes it possible to in-
crease the degree of silicon extraction into the alloy in the
temperature range 1600-2000°C to 81.5%, and aluminum at
2000°C - to 45.2% where the amount of iron is 50%. An
increase in the iron charge increases the degree of silicon
extraction into the alloy in the temperature range of 1600-
2000°C to 78%, and aluminum at 2000°C - to 30%, where the
amount of iron is 30%.
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Figure 3. Influence of temperature and iron on the equilibri-
um distribution of silicon (1) and aluminum (2): amount of iron 1
- 30%, I1I - 50%

With an increase in the amount of iron from 30 to 50%,
the concentration of silicon in the alloy decreases at 1800-
1900°C from 40-41.4% to 30-31% and aluminum at 2000°C
from 5.8 to 3.1% (Figure 4).
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Figure 4. Influence of temperature and iron. Amount of iron:
I—-30%, IT-50 %

Bearing in mind the opposite nature of the effect of iron
on asi(alloy) and Csi(alloy), further studies were carried out
by the method of rotatable second-order planning followed
by geometric optimization. The planning matrix and research
results are shown in Table 2.

Using the data in Table 1, the regression equations were
established:

asi(alloy) =f (T, Fe) and CSi(alloy)=f(T, Fe)
asi(alloy) = - 692.47 + 0.764T + 1.318 - Fe—5.78 - 10
4 Fe'T-1.89-10%T2-1.43-Fe? - 10*

Csi(alloy) =-182.6 + 0.276 T — 1.848 - Fe1-10*-FeT —
7.1-10% T2+ 1.91 Fe?-102

(1)
@
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Table 2. Planning matrix and research results for obtaining

ores
Variables
Encoded Natu
N
X1 X, T,°C
1 -1 -1 1658
2 +1 -1 1942
3 -1 +1 1658
4 +1 +1 1942
5 1414 0 2000
6 -1414 0 1600
7 0 1414 1800
8 0 -1.414 1800
9 0 0 1800
10 0 0 1800
11 0 0 1800
12 0 0 1800
13 0 0 1800

ral
Fe,
%
33
33
47
47
40
40
50
30
40
40
40
40
40

Osi
(alloy),
research.,
%
64.6
80.2
69.8
83.1
82.6
57.3
80.0
75.2
78.5
77.8
78.0
78.4
77.0

Osi

(alloy),
calculate.

%
63.6
80.9
68.5
83.4
81.7
58.8
80.6
75.3
77.9
77.9
77.9
77.9
77.9

Csi
(alloy),
research,
%
34.6
40.0
28.6
33.6
34.6
28.3
30.8
41.6
35.1
34.0
34.8
345
34.2

The obtained regression equations are adequate since the
calculated values of the Fisher criterion, respectively 6.49
and 3.119, are less than its tabular value — 6.59 [26]. Volu-
metric and planar images of changes in the degree of silicon

extraction into the alloy and the concentration of Si in it
(Figures 5,6).
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Figure 5. Volumetric (1) and planar (11) images of the effect
of temperature and iron on the degree of silicon extraction into

the alloy
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Figure 6. Volumetric (1) and planar (1) images of the influ-

ence of temperature and iron on the concentration of silicon in
the alloy

It can be seen that the degree of silicon extraction into the
alloy varies from 59.2 to 83.2%, and the silicon concentra-
tion varies from 25.6 to 42.4%. According to the silicon
content, the resulting ferroalloy has the grades FeSiys and
FeSi45 [33].

Figure 7 shows the combined information about the
change of asj(alloy) and Csi(alloy). It can be seen that medi-
um siliceous ferrosilicon is formed at a small (30-31.7%)
amount of iron at 1600-1730°C, and low siliceous - at 37-
55% Fe at a lower temperature. Table 2 shows the technolog-
ical parameters at the boundary points of Figure 7.
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Figure 7. Combined information on the effect of temperature
and iron on the technological parameters of obtaining ferroalloy
from a mixture of tailings. Amount of iron I - 30%, Il - 50%.
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Table 3. Technological parameters at the boundary points of
Figure 7

The _point . . o Cs o I(I3A|
nFlgure | T.5C P % (lioy), % (alloy), %  (alloy), % @Y
a 1600 370 583 30,0
b 1600 500 636 25,6
x 1660 500 700 28,0 -
y 1720 500 750 29.7 <02
¢ 1730 500 752 30,0 <02
r 1725 483 750 30,0 <02
d 1780 435 700 30,0 29 -
t 2000 300 815 420 453 538
m 1925 317 806 410 26.5 21
n 2000 308 819 410 46.0 49
h 1930 300 803 424 23.2 26
f 1780 300 740 410 56

It follows from Figure 7 of Table 3 that the formation of
ferrosilicon of the FeSiss brand occurs in the fmnth region at
asi(alloy) from 74.0 to 81.9% in the temperature range of
1780-2000°C in the presence of 30-31.7% iron. In the abc
region, low siliceous ferrosilicon FeSiys is formed with a
silicon content of 25.6 to 30%. In this area there is a narrow
yer region, in which the asi(alloy) is quite high - 75-75.2. In
the xycrd plane, the asi(alloy) is somewhat smaller and is 70-
76%. The temperature in this area is 1660-1730°C, and the
amount of iron is 43.5-50%. Ferrosilicon of the FeSizs brand
is also formed in the abcd plane. The temperature in this area
decreases to 1600°C, however, the asi(alloy) also decreases
to 58.3%.

To obtain Fe-Si-Al ligature containing 2.1-5.8% Al, 41.0-
42.4% Si a temperature of 1025-2000°C and the presence of
30.0-31.7% iron in the charge is required. It should be noted
that the concentration of copper in alloys is 0.17-0.29%.
According to this indicator, ferroalloy is similar to industrial
ones, in which the copper content is 0.14-0.36% [34].

Figure 8 shows the results of experiments on the effect of
temperature and time on the degree of silicon extraction into
the alloy. The research was carried out with a charge contain-
ing 35% coke and 30% steel chips by weight of the tailing
mixture (i.e. 60% tailing mixture of 21% coke and 19% steel
shavings).
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Figure 8. Influence of temperature (A) and time (B) on the
degree of silicon extraction into the alloy and mixtures of sulfuric
acid leaching tailings of oxidized copper ores: 1-according to the
experimental, 2- on thermodynamic modeling
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Figure 8 shows that in order to achieve a high Figure 8
shows that in order to achieve a high (>80%) silicon extrac-
tion into the alloy, a temperature of more than 1700°C and a
melting duration of at least 80 minutes are required.

A comparison of the results of thermodynamic modeling
with the results of experiments on melting a mixture of tail-
ings (Figure 8(I), Lines 1 and 2) shows that at a temperature
of more than 1630°C (when the rest of the silicon reduction
occurs), the degree of silicon extraction according to experi-
ments is higher than in thermodynamic modeling. (Moreo-
ver, this difference increases with increasing temperature).
This pattern is explained by the fact that during thermody-
namic modeling, part of Si is lost with gaseous SiO (Figure
2). During electric melting, gaseous SiO is also formed.
However, in the furnace, due to the presence of a solid
charge in the upper part of the crucible, SiOg is deposited in
the charge and does not go beyond the crucible, returning
with the charge to melting.

In thermodynamic modeling, the filter layer of the charge
is not considered. Therefore, the extraction of Si into the
alloy during melting is greater than during modeling.

4. Conclusions

Based on the results obtained on thermodynamic fore-
casting and experiments on the interaction of a mixture of
heap leaching tailings of copper ores with carbon and iron,
the following conclusions can be drawn:

1. In equilibrium conditions:

- interaction in the system occurs with the formation of
FeSi, FeSi,, FeSi,.33, FesSis, FeSizas, FesSi, Si, SiO», Al, SiC,
CaSiO3, A|zSi05, MgSi03, KzSiOa, Nazsi03, Cu, CO.

- an increase in iron from 30 to 50% of the mass of the
tailing mixture and a temperature from 1600 to 2000°C
makes it possible to increase the degree of extraction into the
silicon alloy to 81.5%, while the concentration of silicon in
the alloy decreases from 40-41.41% to 30-31%, and alumi-
num at 2000°C from 5.8% to 3.1%.

- ferrosilicon of the FeSiss brand with the extraction of
74-81.9% Si into it is formed at 1780-1910°C, 30% iron and
34% carbon.

- ferrosilicon of the brand FeSizs with the extraction of
70-76% from it is formed in the temperature range of 1660-
1730°C in the presence of 43.5-50% iron.

- Fe-Si-Al ligature containing 2.1-5.8% Al, 41-42.4% Si
is formed at 1925-2000°C in the presence of 30-31.7% iron.

2. To achieve the degree of silicon extraction into the al-
loy > 80% the melting of the tailing mixture should be car-
ried out for at least 80 minutes at a temperature of at least
1800°C.
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TOTBIKKaH MbIC KEHAEPiH IIAHMAaJIAayIbIH KeK KOCIACHIHAH
(peppoxopbITHATIAPABLI KOMIBIOTEPJIIK TEPMOAUHAMUKAJIBIK MOJeIbAEY
JKOHE IKCIIEPUMEHTTIK OHAIPY
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AnpaTrna. Makanaga Anwmanel, Ask-Koxan, Axtoraii, Konplppan, Illatbipken KeH OpPBIHAAPBIHBIH TOTBIKKAH MBIC
KEeHAEPiH KYKIPT KBIIKBUIABI CLITIIEY KEKTepiHiH KOCHAChiHAH (DeppOKOPHITHATIApABl Ay OOMBIHIIA KOMITBIOTEPIIK
TEPMOIMHAMHUKAIIBIK MOJIENbJICY JKOHE IKCIEPUMEHTTEPiH HaTikenepi kenripinren (%): 65.2Si0;; 14.2Al,03; 7.4Fe,0s;
2.4K50; 2.7Nay0; 6.6Ca0; 2.8MgO; 0.2CuO. Monenpaey ['mOOCTIH MUHUMAIIBI SHEPTETUKANBIK MPHUHIUITIHE HET13/Ie/TeH
HSC-6.0 Garnapnamanblk KeLIEHIHEH, COHJAAi-aKk eKiHIII peTTi alHainMaibl jkocrapabl (Ookc-XaHTep jkocmapbl) KojaHa
OTBIPBII 3€PTTEY/l XKOcmapiay 9JiCiH KoJiaHa OTBHIPBIN KYpri3inai. TemMneparypa MeH KeMipTeri MeJIIEPiHIH KPEMHUIIH,
TIOMHHUIIIH Tere-TeHIIK JOpEeXKeCiHe >KOHE OChl METajJapAblH KOPBITIAJAFbl KOHLEHTPALMSICHIHA dCepl aHBIKTaJJbl.
Kekcrep KocmaceiH OajikpiTy OolblHIIA ToxipuOenep Tamma nenriHae H30TEPMHSIIBIK PEXUMAE KYPriziami. AJIbIHFaH
HOTIWDKEJIEpTre CyHeHe OTBIPHII, MBIC KEHIEPiH KOMIPTETiMEeH KoHe TeMipMeH YHMeTi maiManay KeKTepiHiH KOCTIACHIHBIH TETIe -
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TEHJIIK speKeTTecyi FeSi, FeSiz, FeSi2,33, Fe55i3, FESi2,43, FE3Si, Si, SiOz, Al, SiC, CaSi03, AleiOs, MgSi03, KzSiOg, Na28i03,
Cu, CO Ty3imyiMeH jXy3ere achlpblUiagbl. TemipaiH ImaiiManay KeK KOCHachIHBIH MaccachbiHaH 30-maH 50%-Fa meiiiH jkoHe
temrniepatypanbi 1600-ner 2000°C-ka aeiliH yiFaiobl KPEMHHH KOPBITIIACHIHA OSKCTpakuus aspexeciH 83.2%-ra neifin
apTThIpasbl KOHE OHJAAFbl KpeMHUH KoHueHTpauusichlH 40-41.41%-nan (1800°C xesinne) 30-31%-ra neitin, anmoMuHUIIL
2100°C xesinge 8.3%-nan 5.5%-ra neiiin Tomenaereni. FeSis Mapkansl deppocwmiuii oran 74-81.9% Si ansiabim, 1780-
1910°C, 30% temip xoHe 34% kemiprek, an FeSixs Mapkacel oran 70-76% Si anemabim, 1660-1730°C TemmepaTypaibik
aiimakra 43.5-50% TtemipaiH KaTtbicybiMeH Ty3ineai. JKorapsl (=80%) kpeMHuIire jKeTy YIIiH KopbITia keM aereszae 1800°C
TeMIlepaTypaHbl XKoHE MPoLecTiH 80 MUHYTTBIK Y3aKTHIFBIH KQKET ETE/l.

Hezizei co30ep: momuvlKKan Mblc KeHOepi, watmaiay Kekmepi, mepmoOUHAMUKANbIK MOOENbOeY, AUHAIMALbL HCOCHAPAAY,
anexmp oanKuimy, geppocunruyuil.

KOMHBIOTepHOE TEPMOAUHAMHUYECCKOEC MOJACIUPOBAHUC U
IKCIIEPUMCHTAJIBbHOC MOJTYYCHHUEC (l)eppOCHJ'IaBOB H3 CMECH KCKOB
BbIIIC/IQAYUBAHUA OKUCJICHHBIX MCAHBIX PYA
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AHHOTanus. B cTathe MpuBOIUTCS pe3yIbTaThl HCCIICIOBAHII KOMITBIOTEPHOTO TEPMOIMHAMHYECKOTO MOJICTHPOBAHUS 1
9KCIIEPUMEHTOB IO HOIYYCHHIO (hePPOCIUIABOB U3 CMECH KEKOB CEPHOKHCIIOTHOTO BBIIIEIAYNBAHNS OKUCICHHBIX MEIHBIX PYA
MectopoxkaeHuit Anmansl, Ask-Komkan, Akrorait, Koyupan, lllateipkons, conepxkanieit (%): 65.2S10; 14.2Al,03; 7.4Fe,0s3;
2.4K50; 2.7Nax0; 6.6Ca0; 2.8MgO; 0.2Cu0O. MoaenrpoBaHue MPOBOAMWINACH C UCTIONB30BaHIEM MPOTPAMMHOTO KOMITIEKCa
HSC-6.0, ocHOBaHHOTO Ha MPHUHIMIIE MHHIMYMa 3Hepruu [ n606ca,a Takke METo/1a TIIAHUPOBAHHS NCCIIEOBAHHUHN C UCTIONB30-
BaHHEM POTOTAa0ENbHOrO IUIaHa BTOporo nopsaka (ruiaH bokca-Xanrepa). Onpeaessyioch BIUSHUE TeMIlepaTypbl U KoJn4e-
CTBa yIJiepoJia Ha PaBHOBECHYIO CTENEHb PacHpe/ieieHHs KPEMHUs, IFOMUHUS ¥ KOHIIEHTPALMIO 3TUX METAJUIOB B CIUIABE.
DKCHEepUMEHTBI 110 TIABKE CMECH KEKOB IIPOBOJIMIIH Ha revr Tamma B U30TepMHUUYECKOM pexnMme. Ha 0OCHOBaHMM MOJTY4EHHBIX
PE3yJIbTaTOB YCTaHOBJIEHO, YTO MO PABHOBECHOE B3aUMOJICICTBHE CMECH KEKOB KYYHOTO BBINIEIAYUBAHUS MEIHBIX PYJ C yr-
JIEPOIOM U JKEJIE€30M TPOUCXOAUT ¢ oOpasoBanueM FeSi, FeSiy, FeSizas, FesSis,FeSizas, FesSi, Si, SiOzAl, SiC, CaSiOs,
Al,SiOs, MgSiOs, K5SiO3, NaySiOs,Cu, CO. Vennuenue xene3a oT 30 10 50% OT MacChl CMECH KEKOB BBIIIETaYNBAHHS
temneparypsl oT 1600 no 2000°C noBslmIaeT CTENEHbIO U3BICUYEHUS B CIUIaB KpeMHUs 10 83.2%, U yMeHbIIAeT KOHIEHTpa-
o kpeMHust B HeM oT 40-41.41% (mipu 1800°C) no 30-31%, amomunns npu 2100°C ot 8.3% o 5.5%. deppocmmumnnit
Mmapku FeSiss ¢ n3Bneuennem B Hero 74-81.9% Si oGpasyercs npu 1780-1910°C, 30% xenesa u 34% yriaepona, a MapKu
FeSizs ¢ usBneyenuem B Hero 70-76% oOpasyercs B TemnepaTypHoii oonactu 1660-1730°C B mpucyrctuu 43.5-50% xenesa.
Jns noctmxenus Beicokoro (=80%) kpeMHus B ciutaB HeoOxoaumMa temneparypa He menee 1800°C u 80-t MuHYyTHas mpo-
JOJDKUTEIIBHOCTB TIpOIiecca.

Knioueevie cnosa: oxucnennvie meonvie pyovl, KeKuU 6blelayueanus, mepmoOuHaMUieckoe Moo0eiuposanue, pomoma-
OenvHoe naanuposanue, I1eKmponiIasKka, Geppocuruyui.
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