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ABSTRACT

This article presents a study on the processing of waste dust from electrical smelting of iimenite concentrates
with the removal of silica from them by alkaline and fluoride methods. The study of the smelting dust leaching
by caustic soda solutions included investigation of the effect of sodium hydroxide concentration, process
time, temperature, S:L ratio. The optimum conditions of concentrate electric smelting dust leaching -
temperature 80-90 °C, duration 90-120 minutes, S:L ratio = 1:5, sodium hydroxide solution concentration 110-
115 g/dm3 were determined. The optimum conditions for fluorination of electric melting dust were
determined, at which the sublimation degree of silicon fluoride was 84.2 %. Studies have been performed to
decomposite obtained silicon-containing sublime in the presence of ammonia agent. The optimum pyrolysis
modes that provide the separation of fluoride and silicon oxide - temperature 530-560 °C and duration of 60-
80 min have been determined based on the results of thermal analysis and studies on the process duration
effect. The silicon oxide content in the obtained product was 96.3%.
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Introduction

a high dust content. During the smelting of ilmenite
concentrates at 1600-1700 °C, silica contained in the

The largest producers of titanium sponge are
China, Japan, Russia, Kazakhstan, the USA, and
Ukraine [[1], [2], [3]]; and one of the leading
suppliers is Kazakhstan enterprise - Ust-
Kamenogorsk Titanium-Magnesium Plant JSC
(UKTMP JSC) that produces about 18 % of the world
sponge titanium production. The raw material used
to produce titanium is ilmenite concentrate that is
reductively smelted to produce titanium slag and
substandard pig iron. UKTMP JSC uses a one-stage
electric smelting of ilmenite concentrates to
produce titanium slag and pig iron, the charge for
smelting is supplied in a loose state accompanied by

charge is sublimed, and together with gases is
entrained into the gas duct system, it condenses as
amorphous silica SiO; in scrubbers and falls into fine
bag filters. Due to the high silica content, the dust
cannot be recycled to the smelting process or fed to
the chlorinators. In the first case, high silica content
causes boiling of the melt and in the second case, the
presence of silica will affect the quality of titanium
tetrachloride produced during slag chlorination,
because subsequently the silica will transfer to
titanium tetrachloride and deteriorate the grade of
titanium sponge. Because of the inability to recycle
the captured dust back into the process, it is
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deposited together with other solid waste in
designated areas, landfills. Annually at maximum
capacity utilization UKTMP produces up to 76,000 t
of chloride wastes, including about 600 t of fine
sleeve filter dust. Under the influence of natural
precipitation and wind, the waste is eroded and
dispersed, polluting water and soil basins [4]. The
enterprise has to pay huge fines for the maintenance
of the accumulated waste.

The main sources of industrial production of
precipitated silica are silicate blocks prepared by the
fusion of sand with sodium hydroxide [5]. The
essence of obtaining precipitated silica from silicate
blocks is as follows: the block is obtained by fusion
of sand with sodium hydroxide at 1700 °C, then it is
boiled in an autoclave at high temperature and
pressure. Amorphous silica is extracted from the
obtained solution of sodium silicate after its
clarification and dilution by carbonation with carbon
dioxide, then neutralization of the solution with
sulphuric acid. The process used in industry to
produce precipitated silica (“white carbon black”) is
is energy and labor-intensive.

Waste gases absorbed in the production of wet-
process phosphoric acid and superphosphate
containing a mixture of gaseous silicon tetrafluoride
and hydrogen fluoride produce silica-silica solution
[6]. In the studies [[7], [8], [9]], silicon dioxide is
obtained by mixing silicicofluoric acid solution or a
mixture of hexafluorosilicate and ammonium
fluoride solutions with ammonia water. The specific
surface area of the resulting white carbon black is
100-220 m?/g. In the way [10] silica gel is used to
produce silica that is a waste product of aluminum
fluoride production, in this way the silica gel is
treated in suspension by a mixture of ammonia and
water steam at a ratio of ammonia to water steam
1:30-100 at 500-700 °C. In another process [11], to
obtain silicon dioxide and aluminum fluoride used in
aluminum metallurgy, a solution of silicon
hexafluoric acid is mixed with an aluminum
hydroxide suspension, as a result of their interaction
to obtain a solution of aluminum fluoride and silica
gel precipitate. In the method [12] inactive silica gel
is treated with a mixture of ammonium fluoride and
sulphuric acid, with subsequent neutralization of
silica gel with ammonia, separation, washing, and
drying of silica precipitate. Strong mineral acid H,SO4
is used to dissolve silica gel, so an acidic silica
solution is formed, and during neutralization with
ammonia silica precipitation occurs in the presence
of sulphation that significantly deteriorates the
quality of the main product. The disadvantage is also
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the formation of a by-product - ammonium sulfate,
the use of which is very limited.

As mentioned above, due to the high silica
content, dust from the electric smelting of ilmenite
concentrates cannot be recycled back into the
smelting process. In this research work, two
methods have been shown to remove silica from
electrosmelting dusts. The first method is by
leaching dust with sodium hydroxide solutions, the
second method is by hydrofluorination of dust and
sublimation of silicon fluorides. Both methods make
it possible to remove silicon from the dust, after
which the dust can be returned to electric smelting.

Methods of analysis

X-ray experimental data were obtained on
BRUKER D8 ADVANCE apparatus on copper radiation
at accelerating voltage 36 kV, current 25 mA.

X-ray fluorescence analysis was performed on a
Venus 200 PANalytical B.V. wave dispersion
spectrometer. (PANalytycal B.V., Holland).

Chemical analysis of samples was performed on
an optical emission spectrometer with inductively
coupled plasma Optima 2000 DV (USA,
PerkinElmer).

Mapping of elemental and phase composition of
samples was performed on electron-probe
microanalyzer JXA-8230 by JEOL (Japan).

Thermal analysis was performed on a TG-
DTA/DSC synchronous thermal analyzer with a
Jupiter STA 449 F3 quadrupole mass spectrometer
(Germany).

Materials: sodium hydroxide grade “high”
(“Kaustik” JSC, Russian Federation). The fine dust of
electric smelting of ilmenite concentrate, provided
by UKTMP JSC, Republic of Kazakhstan, the content
of the main components is given in Table 1.

Table 1 - Contents of the main components of the electric
smelting dust of ilmenite concentrate, wt.%

Content, wt. %
TiO2 | Fe203 | SiO2 | ZnO | MgO
46.37 | 26.90 | 10.04 | 3.18 | 1.55

Cr203
0.45

MnO2
2.90

Methods of experiments

Experiments on leaching with sodium hydroxide
were performed in thermostatic reactors of 0.5 dm?
volume. The slurry was stirred with a glass stirrer. A
certain amount of sodium hydroxide solution was
poured into the reactor and heated to a given
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temperature. When the temperature reached the
desired value a sample of dust was added and
leaching was started. At the end of the process, the
pulp was filtered and the cake was washed with
distiled water. The content of uncontrolled
components in the washed cake was determined.

During the experiments, the following
components were used: pure sour ammonium
fluoride GOST 9546-72, 10 and 25% ammonia, the
dust of bag filters for electrofusion of ilmenite
concentrates of UKTMP JSC.

The methodology of the experiment was as
follows. A sample with thoroughly mixed
ammonium bifluoride and dust in a certain ratio was
transferred into an alundumina boat that was placed
in a steel tube located in a horizontal tubular
furnace. Argon was fed through the steel tube and
the furnace was heated to a predetermined
temperature within a certain time interval. At the
end of the experiment the outgassed ammonium
hexafluorosilicate was collected at the end of the
steel tube and the gas-air mixture was captured in a
flask with ammonia water. The ammonium
hexafluorosilicate and the remaining char in the
flask were subjected to ammonia alkaline hydrolysis.
After alkaline hydrolysis amorphous silica was
subjected to pyrolysis to distill the remaining
fluorine. The content of the components was
determined by chemical and X-ray fluorescence
methods.

Results and discussion

Destruction of silicate bases of electro-smelting
dusts of ilmenite concentrates can be performed by
the so-called alkaline desiliconization method that
consists of leaching dust in solutions of sodium
hydroxide. In this approach the silicates have to be
dissolved, with silicon passing into the alkaline
solution as a soluble sodium silicate - Na,SiO3 and
titanium must remain in an insoluble residue.

Physico-chemical properties of the dust of
electro smelting of ilmenite concentrate: the results
of XRD analysis of the dust are shown in Figure 1.

The data of X-ray diffraction analysis shows that
the substance of the dust sample is in the X-ray
amorphous state and the background of the
diffractogram is high.

It should be noted that iron in the dust is in
trivalent state and the harmful impurity silicon is
connected with magnesium.

The content of trace impurities and forms of
entrails in the dust of electro-smelting of ilmenite

concentrate was determined by electron
microscopy (Figures 2, 3). The presence of particles
of solid solution nFe,03mTiO, was established
(Figure 3).
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Figure 1 - Diffractogram of electric smelting dust of
ilmenite concentrate
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Figure 2 - Image and spectrum of [MnO
2Ti0O;]-[Fe203-TiOz] anosovite particles in SiO2 and ZnO
cover

The phase which radiographically characterized
as Fe = Mn — TiO [13] system may be referred to
anosovite (Figure 2). It is noted that a part of
anosovite particles is in the cover from oxides of
silicon and zinc (Figure 3) and a part is in the cover
from oxides of silicon, zinc, and lead. In addition,
rare earth metal phosphates and particles of lead
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and zinc oxides are present in the electric smelting
dust of the ilmenite concentrate. The image
obtained in the secondary electrons showed the fine
dispersion of the object. The results of
physicochemical investigations of the dust of
electro-smelting of ilmenite concentrate showed
that part of titanium is bound in hard-to-recover
anosovite that can be enclosed in a shell of
amorphous silicon oxide.
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Figure 3 - Image and spectrum of anosovite particles in
Si02, ZnO, PbO cover

The fine dust condition should contribute to the
efficiency of the leaching of the injurious impurity,
silicon.

Effect of concentration of sodium hydroxide
solution. Study of the influence of concentration of
sodium hydroxide solution on the extraction of
silicon, chromium, manganese, zinc, and iron in the
solution was performed in the concentration range
of 50-130 g/dm3. The duration of the experiments
was 2 h, S:L = 1:5. The stirrer speed was 600 rpm.

Figure 4 shows curves of the degree of leaching
of controlled elements into the solution. It is seen
from the course of the curves that silicon leaches
into the solution most completely - 77.7 %. It is
explained by the good solubility of sodium silicate in
alkaline solutions.

Increasing the concentration of sodium
hydroxide in the leaching of electro-smelting dust of

ilmenite concentrate led to a decrease in the cake
yield (Figure 5).
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Figure 4 - Dependencies of the degree of leaching of
controlled elements into solution on the concentration
of sodium hydroxide
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Figure 5 - Dependence of cake yield on sodium
hydroxide concentration

The chromium leaching degree is considerably
lower — 44.4 %. Franklinite decomposes to form
hydroxo complex Zn(OH); [14]. Silicon and iron in
combined presence in the alkaline solution can form
different iron-silicon complexes. This fact increases
the solubility of iron in alkaline solution [[15], [16]].

The curves of solubility of metal oxides on alkali
concentration have ascending and descending
branches with a distinct maximum. Under the
conditions of current studies, the maximum is
reached at sodium hydroxide concentration of 110-
115 g/dm3.

Thus, it was experimentally determined that the
optimum concentration of sodium hydroxide for
leaching of electro-smelting dust of ilmenite
concentrate is 110-115 g/dm?3.

Effect of the leaching process duration. Effect of
duration of leaching of silicon, chromium, zinc,
manganese, and iron from electrical smelting dust of
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ilmenite concentrate was studied in the range of 15-
120 minutes, temperature 80 °C, S:L = 1:5, sodium
hydroxide concentration 130 g/dm3. The stirrer
speed was 600 rpm.

Figure 6 shows that even in the first 15 minutes
of leaching the degree of transition of silicon in an
alkaline solution reaches a significant value of 57.7
%. At the same time, the recovery of other
controlled impurities does not exceed 13-18 %.
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Figure 6 - Effect of leaching duration on the
extraction of silicon, chromium, zinc, manganese, and
iron in the alkaline solution from the electric smelting

dust of the ilmenite concentrate
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Figure 7 - Dependence of cake yield on the duration
of leaching of electrowinning dust of ilmenite
concentrate (80 °C, S:L = 1:5, NaOH concentration 130
g/dm?)

Increasing the duration of the dust processing
with an alkaline solution beyond 90 minutes does
not cause a significant effect.

With increasing duration of the process of
interaction of smelting dust of ilmenite concentrate
with alkali-soluble formations pass into solution and
cake yield decreases (Figure 7).
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Thus, the optimum duration of leaching of
electro-smelting dust of ilmenite concentrate with
sodium hydroxide solution is 1.5-2 hours.

Effect of temperature on leaching process. The
influence of leaching temperature on the extraction
of chromium, silicon, zinc, manganese, and iron in
solution was studied in the range of 40-95 °C. The
duration of the experiment was 2 h, S:L = 1:5, sodium
hydroxide solution concentration was 130 g/dm?.
The stirrer speed was 600 rpm.

It follows from the data in Table 2 that with
increasing temperature from 40 to 60 °C the silicon
extraction degree increases by 23 %, further
increasing of leaching temperature from 60 to 80 °C
leads to less considerable silicon extraction degree
increase - by 13 %. Dust leaching at 95 °C allowed
82.8 % of silicon to be transferred into a solution that
is only 5 % more than at 80 °C.

Table 2 - Effect of the temperature of the electric smelting
dust leaching process of the ilmenite concentrate on the
degree of extraction of the controlled components in the
solution, %

Temperature, Cake SiO, Cr203 Zn0O MnO Fe 03
°C yield,
%
40 88.2 41.8 3.8 6.5 1.0 3.4
60 74.4 64.7 32.8 19.4 | 16.5 17.8
80 61.6 77.7 39.3 36.8 | 36.3 36.4
95 51.4 82.8 42.0 43.8 43.5 41.1

The behavior of other controlled impurities is
similar to that of silicon when the temperature
regime of the leaching process is changed.

Therefore, the optimum temperature for
leaching of electro-smelting dust of ilmenite
concentrate is 80-90 °C.

Effect of S:L ratio on leaching process. The
research of influence of the ratio of smelting dust of
ilmenite concentrate to sodium hydroxide solution
was performed in the range 1:4+10 at 80 °C, time -
120 min, stirring speed 600 rpm, sodium hydroxide
solution concentration 130 g/dm3.

Analysis of the data presented in Table 3 showed
that changing the ratio of solid to liquid 1:5 or more
has little effect on the extraction of chromium, zinc,
manganese, and iron in the solution.

An increase in the volume of alkaline solution
per unit mass of dust from 1:3 to 1:8 leads to an
increase in the degree of silicon extraction into the
solution. A further increase in the sodium hydroxide
flow rate has practically no effect on the transition
of silicon into solution.
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Studies of the effect of solid to liquid ratio on the
efficiency of the leaching process of electrowinning
ilmenite concentrate dust have shown that the ratio
of 1:5 is optimum.

Table 3 - Effect of S:L ratio on the recovery of silicon,
chromium, zinc, manganese, and iron in solution, %.

Cake | SiO2
S:L | yield,
%
1:3 | 80.0 | 654 | 22.8 | 16.7 | 13.0 | 13.5
1:5 | 61.66 | 77.7 | 31.3 | 35.7 | 34.5 | 34.9
1.8 | 56.3 | 81.1 | 41.0 | 37.0 | 353 | 35.7

1:10 | 54.7 | 82.1| 424 | 37.7 | 351 | 354

Cr203 | ZnO | MnO | Fe203

Therefore, optimal conditions of leaching of
electro-smelting dust of ilmenite concentrate were
determined experimentally: temperature 80-90 °C,
duration 90-120 min, ratio S:L = 1:5, sodium
hydroxide solution concentration 110-115 g/dm?3.
The residue from dust leaching with the content of
46 % TiO,, 26.4% Fe,03, 3.6 %Si0;, is returned to the
technological process.

The experiments on fluorination of dust from
electric smelting of ilmenite concentrate were
performed with the help of specially made
installation that included argon cylinder or air,
manometer, flowmeter, horizontal tubular furnace,
refrigerator-condenser, a gas-sink system consisting
of two flasks filled with 10 % ammonia-water
solution.

As a result of the works the optimum conditions
for fluorination of electric melting dust of ilmenite
concentrate were determined: the temperature 260
°C, the duration 6 hours, the mass ratio of dust to
ammonium hydrodifluoride was 1:1. Under these
conditions, the sublimation degree of silicon fluoride
was 84.2 %.

According to X-ray phase analysis, the silicon-
containing sublime is represented by oxonium
hexafluorosilicate and to a small extent by
ammonium hexafluorosilicate (Table 4).

Table 4 - Phase analysis of silica-containing substrate (260
°C, 6 h, dust: NHsHF2 = 1:0.9)

The component Formula Contentin the
sample, %
Ammonium .
hexafluorosilicate (NHa)2SiFs 19
Oxonium .
hexafluorosilicate (H:0)aSiFs 98.1

Ammonium and oxonium hexafluorosilicates are
highly soluble in water at room temperature. To

ISSN-L 2616-6445, ISSN 2224-5243

precipitate silicon oxide it is necessary to act with an
alkali, e.g. ammonia by reactions:

(NH4)SiFe + 4NH4OH = SiO2 + 6NH4F + 2H,0 (2)
(H30)2SiFe+ 6NH40H = SiO2 + 6NH4F +6H20 (2)

Precipitation of amorphous silicon oxide
according to thermodynamic calculations should be
performed in the temperature range of 25 - 100 °C
[16]. In a solution containing hexafluorosilicate ion
heated to 40 °C 10 % and in the second case 25 %
ammonia solution up to pH 7.5 - 8 were injected
under active stirring in portions in the first case.

During the investigation of influence of
ammonia solution concentration on amorphous
silicon oxide precipitation efficiency, it was noticed
that the preset pH value is reached in 20-30 minutes.
However, the formation and precipitation of silicon
oxide flakes require suspension soaking.

With 25 % ammonia solution- about 80 min; and
with 10 % ammonia solution -90 min (Figure 8). The
composition of the precipitated amorphous product
is shown in Table 5.

Table 5 - Contents of main components and impurities in
the precipitated amorphous product, wt %

SiO2 | NH4F Fe Cu Zn As Sr Pb other

81.6 12.9 0.045 | 0.005 | 0.025 | 0.014 | 0.003 | 0.017 5.4

-

Sedimentation rate.%

0 20 10 60 80 100

Duration, min

Figure 8 - Dependence of amorphous silicon oxide
precipitation

Table 5 shows that the product does not contain
any heavy metals or arsenic. The presence of
ammonium fluoride is due to its absorption by
amorphous particles and cannot be removed by
washing the sludge with water. Ammonium fluoride
is known to decompose on heating. In this
connection, a thermal analysis of the obtained
amorphous silicon oxide was performed. The result
is presented in Figure 9. The combination of

—— g4 ——
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exothermic effects with peaks at 310.9 °C and
1060.7 °C on the dDTA curve is an indication of
amorphous silica. The combination of endothermic
effect with extremum at 126.2 °C and exothermic
effect with a peak at 1233.1 °C on the dDTA curve
characterizes the melting of FeF, impurity. The
endothermic effect with the extremum at 1144 °Con
the DTA curve shows the release of previously
adsorbed gases. The weak endothermic effect with
the extremum at 1292.3 °C on the DTA curve reflects
the sublimation of aluminum fluoride impurity.

The analysis of the DTG curve showed that at
526.4 °C the weight loss of the sample increased due
to hydrogen fluoride removal. Therefore, the
temperature of 530-560 °C is adopted for the
pyrolysis of the product, the composition of which is
shown in Table 3. The effect of duration was studied
in the range of 20-80 min. The results are shown in
Figure 10.

The curve of Figure 10 shows that the pyrolysis
process duration of 60-80 min provides the
purification of silicon oxide from fluorine at 95-99 %.

The composition of the amorphous silica
obtained is shown in Table 6.

on process duration (1 —10 % NH4OH; 2 — 25 %
NH,OH).
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Figure 10 - Effect of pyrolysis duration on the degree of
hydrogen fluoride sublimation
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Table 6 - Contents of main components and impurities in
amorphous silica, wt.% (converted to oxides)

SiO2 F
96.3 ND

Fe203
0.14

AlbO3
0.16

Zn0O
0.02

Cao
0.03

TiO2
0.15

X-ray phase analysis of the obtained product
showed amorphous silicon dioxide monophase.

Therefore, the optimum pyrolysis regime for the
separation of fluoride and silicon oxide should be
considered as 530-560 °C and a duration of 60-80
min. The conducted studies have shown the
possibility of obtaining commodity amorphous silica
from waste dust of electric smelting of ilmenite
concentrate.

After alkaline hydrolysis of the residue in the
boat was obtained titanium-containing product
composition, wt. %: 42.5 TiO,, 26.0 Fe;03, 2.4 MnO,,
1.3 Si0,, 0.9 Al,03, 0.2 K;0, 1.2 ZnO, 0.014 Zr0O,, 0.9
PbO. The product can be returned to electromelting
together with ilmenite concentrate.

Conclusions

Physical and chemical study of electric smelting
dust of ilmenite concentrate has shown that a part
of titanium is bound in hard-to-recover anasovite
that can be enclosed in the shell of amorphous
silicon oxide. The finely dispersed state of the dust
should contribute to the efficiency of the leaching of
the harmful impurity - silicon.

Optimal parameters of sodium alkali leaching of
electric melting dust of ilmenite concentrate have
been determined: NaOH concentration - 110-115
g/dm?3; S:L- 1:5; temperature - 80-90 °C; duration -
90-120 min. The degree of extraction of silicon in the
solution was 77,7 %. The titanium-containing
product obtained after alkaline leaching of dust
contained 48 % TiO,, 26 % Fe;0s that can be
returned into the technological process.

The process of silicon sublimation from fine
dusts of electro-smelting of ilmenite concentrates
was investigated. The optimum conditions of
fluorination of smelting dust of ilmenite concentrate
were determined: temperature 260 °C, duration 6
hours, the mass ratio of dust to ammonium
bifluoride = 1:1. Under these conditions, the degree
of silicon fluoride sublimation was 84.2 %.

The conditions of amorphous silica precipitation
from the process duration at 25 % ammonia
concentration were studied. Amorphous product
with 81.6 % SiO,, 12.9 % NHi;F was obtained.
Optimum pyrolysis conditions that provide the
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separation of fluoride and silicon oxide: temperature
530-560 °C and duration 60-80 min have been
determined. The content of silicon oxide in the
product obtained was 96.3 %.

After alkaline hydrolysis of the cinder, a
titanium-containing product containing 48 % TiO,,
26,0 Fe;0O; was obtained that is returned to the
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MnbmMmeHUT KOHLEHTPATbIH TUPOMETANNYPIUANDBIK 6HAeyAe TY3inreH

KanpblKTapAaaH KpeMHUU AUOKCUAIH any aaictepi
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TYWIHAEME

MaKanaga unbMeHUT KOHLEHTPATTapPbIH 3NEKTPIK 6aNKbITy KE3iHAE Ty3iNreH Kanaplk WaHabl 6HAen, ofaH
KpemMHuigi cinTini »kaHe GpTopuAaTi aaicTepmeH any HolbIHLLIA 3epTTeyaep KepceTinreH. dNeKTpobankpiTy
LWaHbIH HAaTPUI TMAPOKCUAI epiTiHAINepIMEH WaliMmanay, HaTPU TMAPOKCU AT KOHLEHTPALMACBIHbIH, 9CepiH,
NPOLECTiH, Y3aKTbIfblH, aHe K:C KaTblHacblH 3epTTeyai NnbmeHut

TemnepaTtypaHbl KamTuApl.

KOHLEHTPATbIH 3N1eKTPOBANKpITy KesiHAeri TysinreH WaHabl LWalkmanayablH, OHTaWAbl LWapTTapsl
6enrineHgi: Temnepatypa 80-90 °C, y3aktbifbl 90-120 muH, KaTbiHackl K:C = 1:5, HaTpuii ruapoKcuai
epiTiHAICIHIH, KoHUeHTpaumaAckl 110—-115 r/ams. DnekTpobanKbITy WaHblH GTopaayablH OHTabI WapTTapbl
aHbIKTanapl, 6yn Kafganga KpemHun dTopuaiHii cybanmmaumsanaHy aspexeci 84,2% kKypagpl. AnblHFaH
KpemHuiii 6ap BO3roHAbl aMMMUaK areHTiHiH, KaTbiCybIMeH biAblpaTy bGoWbIHIIA 3epTTeynep Kyprisingi.
TepMuANbIK Tanaay »KaHe MPOLLECTiH, Y3aKTbIFbIHbIH, 9CEPiH 3epTTey HaTuxenepi 6oibiHWa ¢Topua neH
KPEeMHUI OKCUAiHIH, 6eniHyiH KamTamacbl3 eTeTiH MNUPONM3AIH OHTalAbl pexumaepi benrineHai:
Temnepatypa 530-560 °C kaHe y3aKTblk 60—80 MUH. ANblHFaH BHIMAEr KPEMHWUI OKCUAIHIH, menwepi
96,3% Kypaabl.

TyiiiH ce3pep: ycakamMcnepcTi WaHAaap, Wwamanay, HaTpuii rMAPOKCUAI, KpemHut guokeuai, dbropnay.
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Cnocobbl yganeHna KpemHe3sema 13 OTX040B NMPOMETANNYPrudecKoro
nepeaena WibMeHUTOBOrO KOHLEeHTpaTa

1 Ynbrapakosa A.A., ! Kapwbira 3.5., ! Jloxosa H.T., 1 Haliman6aes M. A.,
1Ecenrasues A.M., 2BepHc .

1Satbayev University, AO «MHcmumym memasnnaypauu u obozaweHus», Aamamel, KazaxcmaH
2 YHusepcumem Homp-Aam, «LjeHmp ycmolivugoli sHepeemuku» CLUA, Caym-berd, CLUA

AHHOTALMUA

B cTaTbe npeacTaBneHbl UCCNefoBaHNA NO nepepa60TKe OTBa/IbHbIX Mbliewn 3N1EeKTPOoNn1aBKN UIbMEHUTOBbLIX
KOHUEHTPATOoB C yAaleHUem U3 HUX KPpeMHUA WeNoYHbIM U d)TOpVI,EI,HbIM meTogamu. B nccneposaHue
BbllWeNnavynBaHMA nNblAU  3N1EKTPONNABKM pPaACTBOPaMKU €4KOro HaTpa BXO4AMNO WU3yyYeHUe BANAHUA
KOHUEHTpauuKn rmapokcuaa Hatpma, NPoAO/IKUTENbHOCTU npoLecca, TemnepaTypbl, cooTHoweHua T:XK.
YcTaHOBNEHbl  ONTMMAaNbHbIE YCAOBMA  BbILWENAYMBAHMA MbIAM  INEKTPONNABKM  UIbMEHUTOBOrO

Moctynuna: 19 dekabps 2021 KOHLeHTpaTa: TemnepaTypa 80-90 °C, npogonkutenbHocTb 90-120 muH, cooTHoweHue T:HK = 1.5,
PeueHsuposaHue: 18 pespansa 2022 KOHLEHTpaLMa pacTBopa ruapokcuaa Hatpusa 110-115 r/am3. OnpepeneHbl ONTMMasbHble YCAOBUA
MpuHAaTa B Nnevatb: 31 mapma 2022 TOPUPOBAHUSA MbIIU SNEKTPONNABKM, MPU KOTOPBIX CTENEHb BO3rOHKM GpTOpMAA KpemMHus cocTasuna 84,2

%. [poBegeHbl WUCCNEAOBAHUA MO PA3NOXMKEHUIO MOJYHYEHHOrO KPEeMHUIACOAEpIKallero BO3rOHA B
NPUCYTCTBUM aMMMAYHOTO areHTa. Ha OCHOoBE pe3y/bTaToB TEPMUYECKOTrO aHanW3a U UCCAeA0BaHUIA No
BMAHWUIO  NPOJO/IKUTENbHOCTM  MPOLEeCcca, YCTAHOB/IEHbl  OMTMMA/IbHble  PEXMUMbl  MUPOAN3a,
obecneunBatowero pasgeneHme ¢Topuaa M oKcMaa Kpemuusa: Temnepatypa 530-560 °C v npogon-
uTenbHocTb 60-80 mmH. CoaepikaHne oKCnaa KPeMHMUA B NOy4EHHOM NPoAyKTe coctaBuno 96,3 %.
Kniouesble cnoBa: TOHKOAMCNEPCHbIE MblKW, BbiWeNaunBaHNe, TMAPOKCUL, HAaTPUA, OUOKCUA, KPEMHUSA,
dTOpUpOBaHME.
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