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Abstract. The increase in the integrated use of oxidized and mixed copper ores largely depends on the creation of a tech-
nology that allows not only to extract copper, but also to obtain marketable products from non-metallic components. The arti-
cle presents the results of experimental studies of electric melting of leaching tailings of copper oxidized ore of the Almaly
deposit containing by weight, %: 70.9 SiO», 15.9 Al,03, 2.1 MaO, 2.4 Ca0, 3.6 K70, 2.2 Na;0, 2.0 Fe;03, 0.4 TiO,, 0.2 BaO,
0.2 CuO to obtain ferrosilicon. The studies were carried out using a single-electrode single-phase arc furnace with adjustable
power, as well as the method of rotatable second-order research (Box-Hunter plan). The influence of the amount of coke and
steel chips on the degree of silicon extraction into the alloy and its grade was determined. It was found that with a constant
amount of coke, an increase in the charge of steel chips increases the extraction of silicon into the ferroalloy and reduces the
concentration of Si in it. The influence of coke on the behavior of silicon has a lesser effect. Based on the obtained volumetric
and planar images of changes in the extraction of silicon into the alloy and its composition, geometric optimization of the pro-
cess was carried out. It was found that ferrosilicon grade FeSi25 with the extraction of 70-75% silicon in it is formed in the
presence of 30-31.3% coke, 31.3-32.0% steel chips. To obtain ferrosilicon of the FeSi45 brand, with the extraction of 70-76%
silicon, the amount of coke should be 32.2-36.3%, and steel chips 25.6-28.3% of the mass of the brags; in the presence of 24-
25.2% of steel chips, 30.7-36.3% of coke, ferrosilicon of the FeSi50 brand should be smelted from the tailings.
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1. Introduction Sulfidation is carried out with sulfur, hydrogen sulfide, so-
dium sulfides, barium, ammonium, sodium polysulfides, sodi-
um thiosulfate. Lately, studies have been carried out on the
sulfidation at a temperature of 503-703 K of copper from ox-
ide ore (0.61% oxide copper, 0.34% sulfide) with gases of
autogenous processes with the extraction of 73.2% of copper
from the ore. For the processing of oxide copper ore (0.95%
Cu with a share of chrysocolla 38%), a method of sulfoag-
glomeration in the presence of pyrite-containing tailings and
coke has been proposed. After agglomeration carried out at a
temperature of 1473-1673 K, a copper concentrate was ob-
tained with a content of 18.5% Cu.

A method for processing sulfide-oxide copper ores of the
Chiney deposit (3.1% copper, including oxide - 0.65%), con-
sisting in dry crushing and subsequent crushing of the ore to a
size of no more than 0.074 mm, bulk flotation in the presence
of Na,S sulfide and oxide copper minerals into a collective
flotation concentrate, leaching of the concentrate while stirring
in an aqueous solution of sulfuric acid concentration of 10.0-
80.0 g/dm® (with the participation of an oxygen-containing
environmentally friendly oxidizer with a solid content phases
10-50%) at a temperature of 293-343 K, concentrations of
trivalent iron ions from 2.0-15.0 g/dm3, dehydration and wash-
ing of the cake leaching concentrate, combining the liquid
phase of concentrate leaching with the leaching cake washing
waters, releasing the combined solution from solid suspen-
sions, electroextraction of copper from solutions to obtain

Most of the copper in the world is produced according to
the scheme: ore-enrichment — matte — cathode copper — elec-
trolysis [1]. Along with this category of ores, part of copper is
oxidized and mixed ores, in which the proportion of oxidized
copper > 10% [2]. Dry copper is extracted from chloride sub-
limates by cementation method. This technology has been
used on oxide copper-bearing ores from the Aktogay, Sayak,
Maldybay, Kounrad, Zhezkazgan, and Bozshakol deposits.

According to this technology, it was found that the degree
of copper extraction in chloride sublimations ranges from 89
to 95%. At the same time, the iron is almost completely 93-
95% transferred to the stub. Silicon is not chlorinated. The
stubs contain from 61 to 77% SiO,. The degree of silicon
extraction into ferroalloy of at least 70% was achieved from
these stubs in production conditions at NPF Kazhiminvest
LLP (Taraz) during electric melting. At the same time, a fer-
roalloy with a content of 41.80% Si meets the FeSi45 brand.
The only serious disadvantage is the presence of chlorine-
containing substances in the technological scheme during
firing, therefore, when implementing this technology, it is
necessary to use special anti-corrosion equipment.

There are several methods of processing oxide copper ores.
This is sulfiding followed by flotation to obtain a concentrate
and then, according to a well-known scheme, obtaining cath-
ode copper.
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cathode copper. Extraction of copper into the cathode from the
ore is 90.8%.

Known combined electrothermal chloride method [2]. This
method is based on two sequential processes. At the first stage,
at a temperature of 1200°C oxidative chloride-firing of ore is
carried out, with the production of chloride copper-containing
sublimates and a stub containing a significant amount of silicon
oxide. At the second stage, electric melting of the stub is car-
ried out to obtain ferrosilicon grades from FeSi20 to FeSi45.

In the Russian Federation, for more than ten years, the oxi-
dized copper ores of the Gumeshevsky deposit have been
successfully processed by underground leaching, with the
processing of solutions according to the SX-EW scheme. A
number of facilities are being commissioned or planned to be
put into operation.

On the territory of Georgia there are also a number of de-
posits of oxidized copper ores, for the processing of which a
leaching scheme may be promising to obtain high-quality
commercial products - cathode copper [3]. Mainly this catego-
ry of ores is processed by sulfuric acid heap or underground
leaching [4-8]. To obtain high-purity cathode copper from
solutions, the "liquid extraction - electrolysis (SX-EW)"
scheme is becoming increasingly widespread. So, in 2016,
according to the SX-EW scheme, 16% of copper was obtained
in the world, and in 2020 this share increased to 19% (5000
thousand tons of 25900 thousand tons of copper produced in
the world) [9-12].

At present, copper heap leaching technology is widely used
in many countries of the world, and in recent years, the
amount of ore subjected to heap leaching has been continuous-
ly increasing. Extraction of copper from oxidized ores was
carried out by cementation on iron shavings, sponge iron, de-
tinned tinplate and other cementators.

In Kazakhstan, which has at least 1 million tons of oxi-
dized and mixed ores, a technology for producing copper
according to the heap leaching scheme - SX-EW has been
developed and implemented [13]. According to this scheme, in
2019, Kazakhstan received 50 thousand tons of copper (12%
of the total amount produced from copper) [13]. Despite the
expansion trends of the scheme: heap leaching - SX-EW, it has
an obvious drawback: formation: large volumes of tailings
leaching. Bearing in mind that most of the oxidized and mixed
ores contain from 45 to 73% SiO; [13], we have proposed a
technology for producing siliceous ferroalloys from copper ore
leaching tailings.

The article presents the results of ferrosilicon smelting
from the tailings of heap leaching (HL) of copper containing
oxidized ore of the Almaly deposit.

2. Materials and methods

The electric melting of heap leaching tails was carried out
at the installation shown in Figure 1. The installation consisted
of a single-electrode single-phase electric furnace, a furnace
transformer TDFZh-1002 with adjustable power, a short net-
work and current and voltage monitoring devices.

The lining of the electric furnace is chromomagnesite, the
base is carbon graphite. Graphite electrode with a diameter of -
7 cm. The melting was carried out in a graphite crucible (with
an internal diameter of 9 cm and a height of 12 cm). The cru-
cible was installed on a graphite plate. The space between the
crucible and the lining was filled with graphite dust. The cap
of the furnace, made of refractory material, was sliding.
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Figure 1. Installation for electric melting of copper oxide ore
leaching tailings: I-installation sketch: 1 - electrode; 2- clip; 3-
cap; 4 - lining; 5 - furnace casing; 6 - coke; 7 - crucible;8-the
mechanism of moving the electrode, 9 - the tire; 10- transformer;
I1-photo of an electric furnace

The vertical movement of the electrode was carried out by
a mechanical screw mechanism. The maximum movement of
the electrode was 50 cm. The short network-the section from
the furnace to the transformer, was made of aluminum tires
(1.5x4.5cm). The lower tire was connected to the carbon-
graphite block using three copper studs. The upper tire was
connected to the graphite electrode using a flexible copper
cable. The rated power of the furnace transformer is 45 kW.
The voltage and current on the low side were controlled by a
voltmeter and an ammeter of the brands respectively
TENGEN 42L6 GB/T7676-1998, CHNT 4226 (China) (accu-
racy class 1.5). Before melting, the leaching tails were granu-
lated with 2-3% bentonite clay, dried at 150-160°C, and then
fired at 600-700°C. The fired pellets had a diameter of 1-
1.5 cm. Coke was also crushed to a fraction of 1-1.5 cm. The
size of the steel chips did not exceed 1 cm. The furnace was
heated by an arc at a current of 400-500 A and a voltage of 40-
50 V.The furnace was heated for 1-1.5 hours. Then the first
batch of charge (600-700 g) was loaded and melted for 5-7
minutes. After that, 2 more portions of the charge were loaded
with an interval of 6-8 minutes. The total duration of the melt-
ing was 40-45 minutes. During melting, the current strength
was 500-600 A, the voltage was 20-30 V. After melting, the
crucible was cooled in the furnace for 3-4 hours, removed
from the furnace, cooled for another 3-3.5 hours in the air.
Then the crucible was broken on the cutting platform. The
contents of the crucible were sorted into alloy and residue.

The elemental composition of the alloy was determined by
SEM analysis using a scanning electron microscope of the
brand JSM-6490LV (Japan). The degree of extraction of sili-
con and aluminum in the alloy was determined by the ratio of
the mass of the metal in the alloy to the mass of the metal in
the charge.
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The research was carried out by the method of planning
experiments using rotatable second-order plans (Box-Hunter
plans) [16]. To obtain regression equations, the method de-
scribed in [17] was used, and to construct volumetric and
planar images of technological parameters, the method de-
scribed in [18] was used. The tails of the Almaly ore leaching,
which after calcination contained wt %: 70.9 SiO,, 15.9 Al,Os,
2.1 Ma0O, 2.4 Ca0, 3.6 K0, 2.2 Na;0O, 2.0 Fe;03, 0.4 TiO,,
0.2 BaO, 0.2 CuO.

In accordance with the theory of second-order rotatable
planning, the number of necessary experiments with two fac-
tors is 13 [17].

Similarly, the core of the plan is characterized by five nec-
essary experiments. The value of the "star" shoulder also de-
pends on the number of independent factors in our case, the
amount of coke (C) and steel shavings (Sh, %) from the
weight of the tailings. In accordance with the theory of the
rotatable planning order of the second order, the value of the
"Star" shoulder (y) is determined from the expression.

y=2%

where, K is the number of independent factors.
In our case, the value of the "Star" shoulder will be

3

2
7= 224 _1.414
the number of experiments with "Star" shoulders is 4.0.

Table 1. Planning matrix and research results on electric
melting of leaching tailings of oxidized ore from Almaly deposit

Variables Qsialloy), Y0 Cisialloy), %0

N Encoded Natural
b Ct
X1 X, K, % % > Exp @ Calculat. Exp Calculat.

1 -1 -1 315 25.2  62.3 60.6 44.4 45.3
2 +1 -1 385 252 701 67.4 47.1 48.0
3 -1 +1 315 308 740 74.6 39.7 32.7
4 +1 +1 385  30.8  78.4 78.0 334 334
5 1414 0 40 28 | 69.3 71.1 40.0 39.9
6 -1.414 0 30 28 636 63.9 375 37.6
7 0 1414 35 32 822 81.6 30.0 31.3
8 0 -1.414 | 35 24 614 64.5 51.8 50.5
9 0 0 35 28 754 75.9 41.6 41.7
10 0 0 35 28 762 75.9 41.0 41.7
11 0 0 35 28 | 75.0 75.9 41.3 41.7
12 0 0 35 28 | 77.0 75.9 42.0 41.7
13 0 0 35 28 | 75.8 75.9 42.5 41.7

Table 1 shows the planning matrix and the results of exper-
imental studies on the smelting of ferroalloys from the leaching
tailings of oxidized copper ore from the Almaly deposit. Inde-
pendent factors in planning are the amount of coke (C) and steel
shavings (Sh), % of the tailings weight. Optimization parameters
— The degree of silicon extraction into the alloy (asi(alloy), %)
and the silicon content in the alloy (Csi(alloy), %).

Using the data from Table 1 on the computer methodology
[17], it was determined that the regression equations
asi(alloy) = f(C, Sh) and Csi(alloy)= f(C, Sh) have the follow-
ing form:

asi(alloy) = -667.806+21.13-C+16.098-Sh-0.342-K2-
0.1938-Sh2-0.0867-C-Sh 1)

Csi(alloy) = -135.44+10.086-C+2.164-Sh-0.119-C2-0.048-Sh2-
0.0535-C-Sh @)
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Table 1 shows that the difference between the experi-
mental and calculated values of asi(alloy) and Csi(alloy) in-
significant. In particular, the maximum error for asi(alloy), is
observed in the second alloy and is only 3.89%, and for
Csi(alloy) in the seventh alloy is 4.15%.

Equations (1, 2) are adequate, since Fischer's tabular crite-
rion (6.59) is greater in both cases than the calculated one. All
coefficients of regression equations in accordance with the
Student's test are significant. Using equations (1, 2) according
to the method [16, 17], three-dimensional and planar images of
the influence of temperature and the amount of steel shavings
on the concentration of silicon were constructed.

Figure 2 shows samples of some smelted alloys.

II

Figure 2. Photos of alloys: | — Experience Alloy 7; Il — Expe-
rience Alloy 11

Using the methodology [18] and equations 1, 2, volumet-
ric and planar images of the dependence asi(alloy) - f(C, Sh)
andCsi(alloy) = f(C, Sh). Figure 3 shows these images.

It can be seen that in the considered area the amounts of
coke and steel shavings osi(alloy) varies from 52 to 82.5
(points X and Y in Figure 3 (I)) and Csi(alloy) — from 28% to
50.6% (points f and t in Figure 3 (I1). At a constant amount
of steel chips, the dependence of the change in asi(alloy) has
an extreme character. For example, at 24% steel shavings, an
increase in coke changes asi(alloy) from coke as follows
(table 2).

The decrease in osi(alloy) with a constant amount of
shavings is due to the fact that with an excess of coke, the
electrical conductivity of the bath increases, as a result, the age
current.
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Figure 3. Influence of coke and steel shavings on Si extrac-
tion into alloy (1) and Si content in alloy (11): A — Volumetric, B —
Planar

Table 2. Influence of coke and steel shavings onasiaiioy), %

Coke, % Steel shavings, %
24 28 32
30 52.0 61.5 73.2
35 64.8 74.6 81.4
40 61.4 70.6 75.4

To reduce it and maintain constant power, the electrode
rises into the upper horizons of the furnace. At the same time,
the filter layer of the charge decreases and the opening of the
grate and the formation of fistulas is observed. In this regard,
there is an increase in the transition of silicon to gaseous SiO
and a decrease in the degree of silicon extraction into the alloy,
for example, at 32% of steel shavings from 82% to 75%.
Growth in the asi(alloy) with an increase in the charge of steel
chips is associated with an increase in the possibility of the
degree of dissolution of Siin iron, thereby the equilibrium of
the reaction

SiO, + 2C = Si + 2CO shifts to the right.

To determine the conditions for obtaining branded
ferrosilicon from the tailings of heap sulfuric acid leaching of
copper ore with a technologically appropriate degree of silicon
extraction into the alloy, we used the method of combining
optimization parameters in one figure. This method has shown
its effectiveness in obtaining ferroalloys from various natural
and man-made raw materials [19, 20]. Figure 4 shows the
combined information about asi(alloy) and Csi(alloy), and
table 3 shows the values of technological parameters at the
boundary points of the formation of branded ferrosilicon with
the technologically appropriate degree of silicon extraction
into the alloy > 65%.

From Figure 4 it can be seen that in the abc technological
field, the extraction of silicon into an alloy is 75-76.4%, the
amount of coke is 33.7-36.3%, and the amount of steel
shavings is 27.6-28.3%. In the field of caed, the extraction of
silicon into the alloy is 70-75%, the amount of coke is 32.2-
36.3%, and the amount of steel shavings is 25.6-28.0%.
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Figure 4. Combined information on the effect of coke and
steel shavings on asiiloy) and Gsiailoy): (—) silicon extraction, %
( =) silicon concentration in the alloy, %

Table 3. Parameter values at the points of technological areas,
branded ferrosilicon Figure 3

The points Technological parameters

in Figure o o ) o ) o
3 Coke, % St.Sh., % Qsi(alloy), % C5|(alloy), %
a 33.7 28.0 75.0 41.0
b 36.3 28.3 76.4 41.0
c 36.3 27.6 75.0 42.8
e 32.2 27.4 70.0 41.0
d 36.3 25.6 70.0 46.4
n 30.7 27.0 65.0 41.0
m 36.3 25.2 69.1 47.0
k 33.7 24.6 65.0 47.0
X 36.3 24.0 65.0 50.6
z 32.0 32.0 72.3 28.1
y 32.0 32.0 75.0 28.6
t 30.0 31.0 70.6 29.4
f 31.3 31.8 75.0 29.0

In the nedmk technological field, the extraction of silicon
into an alloy is 65-70%, the amount of coke is 30.7-36.3%,
and the amount of steel shavings is 24.6-27.4%. In this
technological area, ferrosilicon of the FeSi45 brand is formed.

In the kmx region, silicon is extracted into an alloy by 65-
70%, the amount of coke is 33.7-36.3%, and steel shavings are
24.0-24.6%. In the tzyf region, the extraction of silicon into
the alloy reaches 60-65%, the amount of coke is 32.5-36.3%,
and the amount of steel shavings is 24.0-24.6%. In this
technological field, ferrosilicon of the FeSi50 brand.

In the technological field of tzyf, the extraction of silicon
into an alloy is 70-75%, the amount of coke is 30-31.3%, and
the amount of steel shavings is 31.2-31.8%. In this area,
ferrosilicon of the FeSi25 brand is formed.

Based on the data in Table 3, Table 4 is compiled, which
shows the conditions for smelting branded ferrosilicon [21]
from copper ore leaching tailings.

Table 4. Conditions for the smelting of branded ferrosilicon

The technolog- Amount

ical area in Osialloy) %0 Alloybrand St. shavings,
Figure 3 e g Coke, % % ‘
abc 75-76.4 FeSi45 33.7-36.3 27.6-28.3
caed 70-75 FeSi45 32.2-36.3 25.6-28.0
nedmk 65-70 FeSi45 30.7-36.3 24.6-27.4
kmx 65-70 FeSi50 33.7-36.3 24.0-25.2

kxI 60-65 FeSi50 32.5-36.3 24.0-24.6

tzyf 70-75 FeSi25 30-31.3 31.2-31.8
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The eabd region (the darkened area of Figure 3) should be
taken as the optimal conditions for electric tailings leaching of
copper ores, which is distinguished not only by high
extractions (70-76.4%) of silicon and the ferrosilicon (FeSi45)
running grade, but also by non-narrow areas of charge
components (coke 32.2-36.3%, steel shavings 25.6-28.3%).

3. Conclusions

Based on the results obtained on the electric melting of the
leaching tailings of the oxidized ore of Almaly, the following
conclusions can be drawn:

- ferrosilicon grade FeSi25 with the extraction of 70-75
silicon into it is formed in the presence of 30-31% coke and
31.2-31.8% steel shavings;

- to obtain ferrosilicon grade FeSi45, with the extraction of
70-76% silicon, the amount of coke should be 32.2-36.3%, and
steel chips 25.6-28.3% of the tailings weight;

- in the presence of 24-25.2% of steel chips, 30.7-36.3% of
coke, ferrosilicon grade FeSi50 is smelted from the tailings.

References

[1] Utkin, N.I. (2004). Proizvodstvotsvetnyh metallov (2™ edition).
M.: Intermet

[2] Federal state administration State Reserves Commission. (2007).
Metodicheskie rekomendatsii po primeneniiu  Klassifikatsii
zapasov mestorojdenija i prognoznyh resyrsov tverdyh poleznyh
iskopaemyh. Mednye rydy. M: MPRRF

[3] Kushakova, L.B., Sizikova, 1.V. & Zinchenko, A.M. (2014).
Sovremennoe  sostoianie i perspektivyi  primenenija
texnologiikychnogo vyelachivanija k pererabotke okislennyh
mednyhryd v stranah SNG. Moscow

[4] Jenkins, J., Davenport, W.G., Kennedy, B. & Robinson, T.
(1999). Electrolytic copper—leach, solvent extraction and elec-
trowinning world operating data. Copper 99-Cobre 99, Phoenix

[5] Kyshakova, L.B. (2010). Vyelachivanie otvalov Koynradskogo
rydnika. Tsvetnye metally, (8), 31-33

[6] Beisembaev, B.B., Kynaev, A.M. & Kenjaliev, B.B. (1998).
Teorija i praktika kychnogo vyelachivanija medi. Almaty: Gylym

[7]1 Kozyrev, B.A., Siziakov, V.M. (2021). Sposob kompleksnoi
pererabotki krasnogo shlama metodom kychnogo vyelachivanija.
Patent RU 2756599 C1 7/00

[8] Larin, V.K., Bikbaev, L.Sh., Aktemirov, A.M. & Bibik, E.G.
(2019). Sposob kompleksnoi pererabotki sylfidno-okislennyh
medno-porfirovyh ryd. Patent RU2685621KIC22B15/00

[9] Robinson, T., Sandoval, S. & Cook, P. (2003). World copper
solvent extraction plants: practices and design. JOM, 55(7), 24-
26

[10] Filipp Krein. Ekstraktsiia v gidrometallyrgii medi: Razvitie |
sovremennoe sostoyanie. Complex Use of Mineral Resources,
(2), 36-55

[11] Tehnologija proizvodstva medi.
cessSX/EW/MiningMag, 170(5), 256-265

[12] Jenkins, J.G. (1994). Copper heap leaching at San Manuel. Met-
allurgical test work. Mining Eng., 46(9), 1094-1098

[13] Jarmenov, A.A., Terlikbaeva, A.J., Byktykov, N.S., Shevko,
V.M., Abdibekov, N.K., Aitkylov, D.K., Ananin, A.l,
Kyshakova, L.B. & Shamganova, L.S. (2019). Novye tehnologii
dobychi i pererabotki trydnoobogatimogo polimetallicheskogo
syrija. Almaty

[14] Shevko, V.M., Aitkylov, D., Nyrpeisova, A.M., Kyshakova, L.
Termodinamicheskoe prognozirovanie polychenija kremnistogo
ferrosplava 1z hvostov kychnogo vyelachivanija okislennoi med-
noi rydy. Promyshlennost Kazahstana, (4), 88-90

[15] Nyrpeisova, A.M., Shevko, V.M. & Aitkylov, D.K. (2022).
Termodinamicheskoe prognozirovanie polychenija kremnistogo
ferrosplava iz hvostov kychnogo vyelachivanija okislennoi
mednoi rydy. Innovatsionnye tehnologija pererabotki mineral-
nogo syrija  himicheskoi  otrasleii  metallyrgicheskoi,
neftehimicheskoi otrasleii proizvodstva stroitelnyh materialov.
Trydy MNPK, Tashkent

[16] Akhnazarova, S.L., Kafarov, V.V. (1985). Metody optimizatsii
ekspermmenta v himicheskoi promyshlennosti (2™ edition). M.:
Vysshaia shkola

[17] Inkov, AM., Tapalov, T., Ymbetov, Y.Y., Hy Ven Tsen, V.,
Ahmetova, K.T. & Diakova, E.T. (2003). Metody optimizatsii:
elektronnaija kniga. SKSU

[18] Ochkov, V.F. (2009). Mathcad 14 dlija stydentov, mjenerov i
konstryktorov. SPb: BHV-Peterbyrg

[19] Shevko, V.M., Karataeva, G.E., Tuleev, M.A., Badikova, A.D.,
Amanov, D.D. & Abzhanova, A.S. (2018). Complex electro-
thermal processing of an oxide zinc-containing ore of the shay-
merden deposit. Physicochemical Problems of Mineral Pro-
cessing, 54(3), 955-964

[20] Shevko, V.M., Aitkulov, D.K., Amanov, D.D., Badikova, A.D.
& Tuleyev, M.A. (2019). Thermodynamic modelling calci-
umcarbide and a ferroalloy formation from a system of the
daubaba deposit basalt — Carbon — Iron. News of the National
Academy of Sciences of the Republic of Kazakhstan, Series of
Geology and Technical Sciences, 1(433), 98-106

[21] GOST 1415-93. (2011). Ferrosilitsii. Tehnicheskietrebovanija i
uslovija postavki. M.: Standartinform

(1994). Pro-

AJIMAJIBI TOTBIKKAH MBIC KeHIH IIaiMajiay KaJABIKTAPbIHAH
(eppocHINIIMATIH TTEKTPOTEPMUSIIBIK OHAIPiCIH OHTANIAHABIPY

A.Hypnencosa®”, B. Illeko?, JI. Aitrkynos?, JI. Kymakosa®

M. Oyes06 amvindasvr Oymycmix Kazaxcman ynueepcumeni, Ilvivxenm, Kasaxcman
2Munepanouik wuxizammul keuiendi Kaiima eyoey dsconinoeei ymmulk opmanvix, Aimamot, Kazaxcman
SIIIvigvic mycmi Memandap may-Ken Memannypaus ulibimu-3epmmey uncmuniymeot, Ockemen, Kasaxcman

*Koppecnonoenyus ywin asmop: aigerim_nurpeis@mail.ru

AnpaTna. TOTBIKKAaH XoHE apanac MbIC KEHIEPiH KelIeH i MainaganyaslH apTybl KeOiHece MBICTHI FaHa €MeC, COHBIMEH
KaTap KEHIl eMeC KOMIOHEHTTEpJCH TayapiblK OHIMII allyFa MYMKIHIIK O€peTiH TEeXHOJIOTUSHBI KypyFa OaillaHBICTHI.
Makasnaga KypambiHia AJMalibl KeH OpPHBIHBIH Maccachl 0ap TOTHIKKAH MBIC KEHIH InaiiManay KajlJbIKTapblH 3JEKTPMEH
OaNKBITYABIH dKCIEPUMEHTTIK 3epTTeyliepiHiH HoTmkenepi kentipiaren, %: 70.9 SiOy, 15.9 Al:Os, 2.1 MaO, 2.4 Ca0, 3.6
K20, 2.2 Na20, 2.0 Fe;03, 0.4 TiOy, 0.2 BaO, 0.2 CuO ansiaran deppocununuii. 3eprreysep Oip 371eKTpoAThI, Oip ¢azainsl,
peTTeneTiH IOFaibl MEIITi, COHMAi-aK eKiHIII PeTTi aiHauMaibl 3epTTey ouiciH (0okc-XaHTep >KOCHaphl) KOJJaHa OTHIPHII
xyprizingi. Kokc meH Oomat »KaHKaJapblHBIH MeJIIepi KPEeMHHHIIH KOpBITHaFra >KOHE OHBIH MapKachlHa KaHIIAJIBIKTHI
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QJIBIHATBIHBIFBIHA dCepl aHBIKTanIbl. KOKCTBIH TypakThl MeJmIepiMeH OONaT >KaHKAJIApBIHBIH LIMXTACBIHIAFBl YJIFAlObI
KPEeMHUIAIH (EeppOKOpHITIIaFa IIBIFAPBUTYBIH JKOFApBUIATATHIHBL JKOHE OHAAFBl Si KOHIEHTPAIMACHIH TOMEHIETETiHi
aHbIKTaIbl. KOKCTBIH KpeMHUIIIH MiHEe3-KYJIKbIHA acepi a3 acep ereai. KpeMHuiini KophITiara MbIFapy/IblH e3repyiHiH jKoHe
OHBIH KYPaMBbIHBIH aJIbIHFaH KeJeMi JKOHE JKa3bIKTHIK KECKIHAEPiHIH HeTi3iHAe MPOLECTi TeOMETPHUSIIBIK OHTAHIaHABIPY
xyprizingi. @C25 mapkains! ¢peppocunnnuii oran 70-75% B kpemHuidin Oedin amy apkpuisl 30-31.3% koxc, 31.3-32.0% Oonar
JKaHKaJapbIHBIH KaThICybIMEH Ty3UIeTiHi aHblKTanapl. @C45 mapkansl ¢peppocwnimii any yurH 70-76% KpeMHHH ajIbIHBbII,
Kokc memmrepi 32.2-36.3%, an Oonar >xaHkanapsl 25.6-28.3% maccacsiHan 6omybl kepek; 24-25.2% OGonar xankanapsl, 30.7-
36.3% kokc 6onran ke3ne PCS50 Mapkanbl heppocHIMIMN KalABIKTapJaH OaKbIThIIa bl

Hezizei  co30ep. momvlKKaH Mblc KeHi, ciiminey KanioblKmapbvl, QUHAIMALL  HCOCNAPAAY, DAEKMPAL  OanKuimy,
OHMAUNAHObIPY, heppocunuyui.

OnTumMusanms 3J1eKTPOTEPMUYECKOT0 MOJYyYeHUs (PepPOCHILIUIUSA U3
XBOCTOB BbIIIEJAYMBAHUA OKHUCJIEHHON MeTHOM Pyabl AJIMAJIbI
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AHHOTanusl. YBeJlnueHHe KOMIUIEKCHOTO MCIIOIb30BaHUsI OKUCICHHBIX U CMEIIAHHBIX MEIHBIX Pyl BO MHOI'OM 3aBHUCHT OT
CO3JJaHUS TEXHOJIOTHH, MO3BOJIAIOIIMX U3BJICYb HE TOJIBKO MEJIb, HO U MOJIyYaTh TOBAPHYIO MPOAYKIMIO U3 HEPYAHBIX COCTaB-
JSIOUMX. B cratbe MpUBOIATHCS Pe3yNbTaThl SKCIIEPUMEHTAIBHBIX UCCICJOBAHHMN 3JEKTPOILIABKH XBOCTOB BBIIIEIAUMBAHUS
MEIHOM OKHCICHHOH PyAbl MeCTOPOXKICHUSI AnMalisl copepxkamiend macc. %: 70.9 SiO,, 15.9 Al,Os, 2.1 MaO, 2.4 Ca0, 3.6
K20, 2.2 Nay0, 2.0 Fe;03, 0.4 TiO, 0.2 BaO, 0.2 CuO ¢ nonyuenuem ¢eppocununus. MccraenoBanus mpOBOANIN € UCTIOJb-
30BaHUEM OJIHO OJJHOJJICKTPOIHOMN 0HO(DA3HOM TyroBOi MEYU ¢ PEryIupyeMoil MOIIHOCTBIO, @ TAKXKE METO/Ia pOTOTA0EIbHO-
ro UCCIe0BaHus BToporo nopsaka (rwiaH bokca-Xantepa). Onpeaessuioch BINsSHUE KOJMUYECTBA KOKCA U CTAIbHOM CTPYIKKH
Ha CTEreHb U3BJICUYCHHS KPEMHUS B CIUIAB M €r0 MapKy. BbIUIO yCTAaHOBJIEHO, YTO MPU MMOCTOSHHOM KOJMYECTBE KOKCA yBEIH-
YEHHUE B IIMXTE CTAIBHOM CTPY)KKU MOBBINIAIOT M3BJICUCHUE KPEMHUsI B (PeppPOCILIAB U yMEHBIIAET B HEM KOHICHTPAIUIO Si.
BnusiHue KoKca Ha NMOBEACHUE KPEMHHMs OKa3blBaeT BIIMSHME B MEHbleid mepe. Ha ocHOBaHMHU MOJy4eHHBIX OOBEMHBIX M
TUIOCKOCTHBIX M300pa)KCHUI N3MEHEHHsI M3BJICUSHUsI KPEMHHUS B CILIAB U €ro COCTaBa Oblila MPOBEJCHA reOMeTpUYecKast Oll-
TUMu3anus npoiecca. Haiineno, uto deppocunuiuii mapku ®C25 ¢ usBneuenuem B Hero 70-75% kpemHus oOpasyercsi B
npucytctBun 30-31.3% kokca, 31.3-32.0% cranpHO# cTpyxku. s monyuenus peppocuuinus mapku OC 45, ¢ uzpneueHrneM
70-76% KpeMHHs1, KOJINYECTBO KOKCa JOJDKHO COCTaBIsATh 32.2-36.3%, a cranbHOU cTpykku 25.6-28.3% 0T Macchl XBacToB; B
npucytcTBun 24-25.2% cranbpHoi cTpyxku, 30.7-36.3% Kokca M3 XBOCTOB BBITUIABIATHCS (heppocuinnnii Mapku DCS0.

Knwouesvie cnosa: oxuciennas meonas pyoda, X0Cmvl GblUeIaUUEAHUs, pOMOmabenbHoe NIAHUPOSAHUe, IIeKMPONIABKd,
onmumusayusi, heppoCcuruyuil.
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