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Abstract. This work presents an economic analysis of processing various titanium-containing raw materials-titanium slag
and synthetic rutile-through chlorination in a molten salt medium in the presence of carbon. The processing of titanium-
containing raw materials is carried out using a chlorination technology in molten alkali metal salts (MgClz, NaCl, KCI) with
high-concentration gaseous chlorine in the presence of a carbon-containing reducing agent. Anthracite is used as the reducing
agent, while waste sludge from magnesium electrolysis is used as the molten medium. The processing takes place in cylindri-
cal chlorination furnaces lined with fireclay bricks at temperatures of 720-800°C. The chlorination products are directed to a
condensation system. The work provides a description of the Satpayev ilmenite deposit in East Kazakhstan and presents the
chemical composition of Satpayev ilmenite concentrate, titanium slag, and synthetic rutile obtained through various processes.
A correlation is established between the vanadium, niobium, and tantalum content in ilmenite concentrates and their preva-
lence in the Earth's crust. Based on this correlation, the order of transition metals in Group V of the periodic table is deter-
mined according to their decreasing concentration in the concentrates. Technological challenges associated with processing
titanium-containing raw materials with elevated levels of certain components are described, along with some methods for pro-
ducing synthetic rutile. A cost comparison is provided for the production of titanium slag and synthetic rutile. Material balance
calculations for the chlorination process of titanium slag and synthetic rutile from different production methods are performed
to assess raw material costs and waste disposal expenses. The study concludes that producing synthetic rutile from Satpayev
ilmenite concentrate is economically feasible.
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1. Introduction The Satpayev ilmenite placer was discovered in 1989
during preliminary geophysical and geochemical studies. It
was formed by the reworking of the ore-bearing weathering
crust of the Karaotkel deposit [7]. The placer is located in the
southwestern frame of the Preobrazhensky granitoid massif
of the Buransky complex. Subordinate rock formations in-
clude the Maksut gabbroids and the Kunush granites, with
fragmentary outcrops of the Bukon and Maitubin suites also
noted [8].

The placer is of alluvial origin, with a productive sand-
clay horizon of presumed pre-Neogene age lying on weath-
ered crusts or bedrock [8]. The deposit consists of three allu-
vial (buried) placers of Oligocene age [7]. The channel width
varies from 100 to 650 meters, the total explored length is
7,250 meters, and the thickness of ore sands ranges from 4 to

llmenite is the most important raw material source for the
global titanium industry. Large ilmenite deposits are found in
India (Kerala, Ceylon), the USA (Florida), Brazil, Russia,
Ukraine, and other countries [1]. The physicochemical and
mineralogical properties of ilmenite are well studied [2,3].
Various methods exist for enriching and processing ilmenite,
including direct reduction methods [4]. However, the most
common method is reductive ore-thermal smelting, which
produces a titanium-enriched product-titanium slag and pig
iron, which is used in industrial enterprises. An alternative
method for processing ilmenite concentrate is thermochemi-
cal treatment to produce synthetic rutile. Examples include
the sulfiding process and carbothermal reduction [5].

In the Republic of Kazakhstan, three titanium-zirconium
sand deposits have been developed in the Aktobe (Shokash),
Akmola (Obukhov), and East Kazakhstan (Satpayev-
Bektimir) regions [6]. The Satpayev deposit has been priori-
tized as the most promising and the closest to the processing
plant. This deposit is located 200 km from Ust-
Kamenogorsk.
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11 meters. The ore minerals are primarily ilmenite (90-97%)
and zircon, with occasional occurrences of rutile, anatase,
and leucoxene. The average ilmenite content in ore-bearing
horizons is 151 kg/m?. The balance reserves of the placer are
as follows: ore sands — 12,053 thousand m?, ilmenite-1,821
thousand tons [8].
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2. Materials and methods

The ilmenite concentrates from the Satpayev deposit, as a
raw material for titanium slag production with subsequent pro-
cessing using chloride technology, has several significant draw-
backs, including high levels of iron and silicon oxides. Howev-
er, one advantage of this raw material is its relatively low vana-
dium content and the presence of rare-earth elements (vanadi-
um, scandium, niobium) that can be extracted as by-products.

A comparison of ilmenite compositions from different
sources revealed that the most significant difference between
the Vilnohirsk (Ukraine) ilmenite concentrate and the one
from Kazakhstan is the higher degree of weathering of the
Ukrainian ores, as indicated by the almost complete absence
of Fe?". This is likely the reason for the lower vanadium and
niobium content, indirectly suggesting that niobium and
tantalum were initially associated with Fe?* but were lost
during geological transformations.

Spectral analysis of the chemical composition of the ini-
tial titanium-containing materials showed that the Vilnohirsk
ilmenite concentrate contains nearly 1.7 times more vanadi-
um pentoxide and 1.6 times more niobium pentoxide than the
Kazakhstani concentrate.

A correlation has been established between the content of
vanadium, niobium, and tantalum in ilmenite concentrates
and their abundance in the Earth's crust, in weight percent:

-V -2.0x107%

—Nb-3.2x107%;

—-Ta—-2.4x107I

It should be noted that vanadium group elements form the
most stable compounds in the pentavalent state, as they
achieve a stable electron configuration with eight electrons
after losing five from their outermost and penultimate orbit-
als. As the atomic number increases, the tendency of these
elements to exhibit valency lower than five decreases.

According to the identified pattern, the transition metals
of Group V (secondary subgroup) in the periodic table are
arranged in the following order based on their decreasing
concentration in the ilmenite concentrates:

V205 > Nb,0s > Tay0s.

Vanadium, niobium, and tantalum, considering their frac-
tional percentage content, are present in ilmenite concen-
trates as isomorphic impurities in titanium minerals.

Scanning electron microscopy (SEM) of localized surface
areas of polished sections from the Obukhov ilmenite con-
centrate has provided micrographs that illustrate the mor-
phology, association characteristics, and elemental composi-

tion of mineral aggregates and individual mineral grains.
These micrographs reveal isomorphic vanadium impurities in
rutile and leucoxene grains, where vanadium replaces triva-
lent iron ions during the natural decomposition of ilmenite.
Isomorphic impurities of niobium and tantalum in titanium
minerals, as well as rare-earth elements from the cesium and
yttrium groups present in the Obukhov ilmenite concentrate
(OIC), were not detected due to their low concentration and
the insufficient resolution of our JEOL JXA-8230 scanning
electron microanalyzer from the Japanese company JEOL.

3. Results and discussion

Below are micrographs of rutile and leucoxene grains
from the Obukhov ilmenite concentrate with isomorphic
vanadium impurities (Figure 1). Further below, Table 1 pre-
sents the results of the balance distribution and extraction
analysis of titanium, iron, vanadium, and niobium in the
products of reductive electro-smelting of charge mixtures
from the Vilnohirsk and Satpayev ilmenite concentrates with
anthracite. Table 2 provides the chemical composition of the
Satpayev ilmenite concentrate.

Due to the high content of iron oxides in the pyrometal-
lurgical smelting of the Satpayev ilmenite concentrate, the
following challenges arise:

—increased cost of titanium slag due to higher consump-
tion of electrical energy, carbon-containing reductant, and
electrodes;

— furnace clogging with accretions, leading to a reduction
in the furnace bath volume and decreased productivity;

— exposure of the furnace lining in the upper part of the bath.

As a result of these challenges, titanium slag production
is carried out using a mixture of ilmenite concentrates from
the Satpayev (Kazakhstan) and Vilnohirsk (Ukraine) deposits
in various proportions. The most technologically and eco-
nomically optimal ratios are Vilnohirsk/Satpayev — 60/40%
and 65/35%.

At the same time, several technologies for producing syn-
thetic rutile from ilmenite concentrate have been developed
and are mainly applied abroad: Becher process (Australia),
Oceanic process (Canada), Chlorine process (Australia),
NewGenSR process (Finland-Australia), Mintek process
(South Africa), Murso process (Australia-Japan), Tiomin
(TSR) process (Canada), Heubach process (Germany),
Austpac ERMS/EARS process (Australia) [4], Mitsubishi
process (Japan), SREP process (Australia), Western Titani-
um process (Australia), Dhrangadhra process (India), Beni-
lite process (USA), Ishihara Sangyo process (Japan) [10].

Table 1. Distribution of titanium, iron, vanadium, and niobium among the products of ilmenite concentrate processing

Product names

Content, %

Extraction, %

TIOz FeO V205 Nb205 TIOz FeO V205 Nb205
Titanium slag 86.214 6.355 0.383 0.0438 97.803 16.166 84.891 99.984
Gas cleaning dust 43.40 36.00 0.275 0.0325 1.968 2.506 2.436 3.373
Flue gas dust 36.90 24.65 0.11 0.02 0.014 0.030 0.007 0.016
Master allo Ti Fe V Nb Ti Fe \Y Nb
y 0.012 96.98 0.02 - 0.005 69.50 1.734 -
Work-in-Progress (WIP) Product - - - 2.178 14.304 13.368 -
Total: 100 100 100 100
Table 2. Chemical composition of the Satpayev ilmenite concentrate
Component | SiO: TiO: Fe.:0s | ALOs; Cr:0s | CaO MgO MnO | V:20s P2Os S ZrO> = Sc20; | Ta:0s = Nb2Os (B':(/:tkg)
% 091 5298 4187 @ 0.33 0.31 0.27 0.41 29 0.2 0.17 0.035 @ 0.16 | 0.002 0.002 0.02 1236.5
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Figure 1. Micrographs of rutile and leucoxene grains from the Obukhov ilmenite concentrate with isomorphic vanadium impurities:

(a) — associates of leucoxene grains; (b) — rutile grain; (c) — leucoxene grain

There are several industrial methods for obtaining syn-
thetic rutile or high-quality titanium slag from ilmenite as a
raw material for chloride processes [11]. These processes
involve a combination of thermal oxidation and reduction
through roasting, leaching, and physical separation. Iron is
converted into soluble divalent or elemental forms by reduc-
tion at high temperatures, followed by acid leaching to obtain
synthetic rutile (TiOy).

The industrial method of processing ilmenite into syn-
thetic rutile is typically represented by the Becher process.
IImenite contains 40-65% titanium in the form of TiO,, with
the remaining portion consisting of iron oxide. In the Becher
process, iron oxide is removed, leaving behind synthetic
rutile containing more than 90% TiO,. The technological

scheme includes four main stages: oxidation, reduction, aera-

tion, and acid leaching.
Oxidation involves heating ilmenite in a rotary kiln with

air to convert the iron in ilmenite into iron oxides:
4FeTiOse) + Oz(g) — 2Fe203 TiOys) + 2TiOx).

This allows for the utilization of a wide range of ilmenite
materials with various forms of iron (I1) and iron (I11) for
further processing. The reduction process is carried out in a
rotary kiln with pseudobrookite (Fe:0s-Ti0O2), a mixture of
coal and sulfur at temperatures above 1200°C to reduce iron
oxide to metallic iron:

Fe03TiOy) + 3CO(g) — 2Fe(s) + 2TiOzs) + 3COy().
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Metallic iron is oxidized and precipitates from the solu-
tion as sludge during the aeration stage, known as «rust re-
movaly, in large tanks containing a 1% ammonium chloride
solution at a temperature of 80°C. Then, the finer iron oxide
is separated from the larger synthetic rutile particles.

4Fe(s) + 302G — 2Fe20s.

After the majority of iron oxide is removed, the residual
iron oxide is leached using 0.5 M sulfuric acid and separated
from the synthetic rutile.

In another industrial process, the Benelite process, ther-
mal reduction with carbon is used to convert other forms of
iron into divalent iron, which is then separated through leach-
ing with an 18-20% HCI solution.

The Murso process employs fluidized beds for thermal
transformations, where ilmenite undergoes pre-oxidation in a
fluidized bed at 900-950°C. The hot oxidized ore is then
transferred to another fluidized bed, where iron ions are
reduced using a reductant (such as gaseous Hz). The product
from the second fluidized bed is subsequently leached with
approximately 20% HCI at 108-110°C. The remaining hy-
drochloric acid is regenerated after the magnetic separation
of solid synthetic rutile from the leach solution.

In the Laporte process, the ore is pre-oxidized in a fluid-
ized bed at around 950°C, followed by reduction roasting in a
rotary kiln using coal as the reductant. Incomplete reduction of
iron to the divalent state without metallization is achieved
through proper selection of equipment, temperature, and re-
ductant. The partial pressure of CO: generated during the
reaction is sufficient to prevent the formation of metallic iron.

COz) + Fe() = FeO(s) + CO(g).

The reactivity of the roasted ore is so high that a single-
stage leaching with an 18% HCI solution at atmospheric pres-
sure for 3.5 hours is sufficient to produce a product with the
same overall particle size distribution as the original ore. A
contact filter is used during leaching to prevent the formation
of very fine particles from the soft material. It is claimed that
the discharged ore does not contain fine TiO: particles.

Reduction roasting, in which the iron content in ilmenite
is reduced to divalent forms followed by sulfuric acid leach-
ing, is used in the Kataoka process in Japan. In this process,
hydrated titanium dioxide is added to the leach solution as
seeds to increase the rate of titanium salt precipitation and
improve the leaching efficiency and iron removal. This also
allows iron to be extracted from the ore at lower tempera-
tures and lower sulfuric acid concentrations, making the
reactor design more economical. More than 95% of the TiO:
content in ilmenite can be recovered.

While most synthetic rutile processes yield products con-
taining 93% TiO2, the Austpac process produces synthetic
rutile with 97% TiO.. Ilmenite ore is roasted at 800-1000°C
to selectively magnetize ilmenite so that gangue minerals can
be easily removed through magnetic separation. Roasting
also activates the iron-bearing component of ilmenite, en-
hancing iron leaching. Iron and other impurities are removed
by leaching with 25% (by mass) HCI. The resulting solids
are then filtered, washed, and calcined. The product under-
goes magnetic separation at the final stage, yielding synthetic
rutile containing 97% TiOs.

In the Dunn process, an alternative thermal conversion
method has been proposed. The principle of the selective
chlorination process is that iron in ilmenite chlorinates more

easily than titanium. The excess ilmenite in the fluidized bed
prevents titanium chlorination since any chlorinated titanium
reacts with iron oxide to form titanium dioxide. The gaseous
iron chloride exiting the fluidized bed reacts with oxygen to
form Fe:Os and Cl. gas for reuse, as described in the follow-
ing equation:

4FeClyg) + 302 = 2Fe203() + 6Clog).

The reactivity of ilmenite ore during hydrochloric acid
leaching was significantly enhanced by the reduction of
metallic iron in the solution. It was proven that adding a
small amount of iron powder (0.1 kg of iron powder per 1 kg
of ilmenite ore) significantly increased the leaching rate of
both iron and titanium. When the solid-to-liquid ratio was
increased from 1/20 to 1/8, complete dissolution of iron and
titanium was achieved in 1.5 hours with the addition of iron
powder, compared to 2.5 hours under similar leaching condi-
tions without iron powder.

The direct leaching process for upgrading Rosetta ilmen-
ite concentrate (40-47% TiO-) into synthetic rutile without a
thermal treatment stage was investigated by Lashin (2005). A
high acid concentration (a high molar ratio of ilmenite to
acid) and reduction by metallic iron facilitated the removal of
iron from the mineral lattice while preventing titanium disso-
lution. Without the addition of a reducing agent, the iron
leaching efficiency did not exceed approximately 55% when
using concentrated HCI (12 M) with a solid-to-liquid ratio of
1:5 at 90°C for 8 hours, while titanium remained almost
completely undissolved. The addition of metallic iron in-
creased the titanium recovery to 89% TiO:. Clearly, a reduc-
ing agent is necessary to convert Fe(l11) into the more soluble
Fe(Il) form. The remaining total iron content of less than 7%
Fe:0s is likely due to the complex mineralogical composi-
tion, influenced by the presence of three main groups of solid
solutions in the FeO—Fe>0s—TiO: ternary system:

— FeO-Fe205—Fe.TiO4: magnetite—ulvospinel series;

— Fe205-FeTiOs: hematite—ilmenite series;

— FeaTiOs—FeTi20s: pseudobrookite series.

As seen in Table 3, synthetic rutile obtained by any of the
processes surpasses titanium slag in TiO: content and has a
lower Fe content while retaining V20s and Nb2Os for further
by-product extraction.

Literature [9] provides data comparing the production
costs of synthetic rutile and titanium slag using various tech-
nologies (Table 4). From Table 4, it can be seen that the costs
and production expenses for titanium slags are higher com-
pared to synthetic rutile production processes.

In this work, an attempt is made to further analyze the
economic feasibility of processing synthetic rutile and titani-
um slag using chloride technology. The analysis is based on
calculating the material balance of the chlorination process
when processing different raw materials (with varying TiO-
and FeO content), determining the consumption of raw mate-
rials, main reagents, and waste generation volumes. Accord-
ingly, the economic costs of processing each type of titani-
um-containing raw material are compared.

The calculation of material balances was performed in MS
Excel using the methodology presented in the literature [11].
In the calculations, finely ground anthracite with the following
composition (%) is used as a reducing agent: 93.45 C; 3.52
volatiles; 2.33 ash; 0.7 S; 0.1 H20. Chlorination is carried out
using anodic chlorine gas with the addition of evaporated
chlorine, with a total mass concentration of ~96%.
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Table 3. Chemical composition of synthetic rutile obtained by different processes [10] compared to titanium slag (60/40% Vilnohirsk /

Satpayev)
Titanium .

Process/ | slag 60/40 Ishihara Bemilite ' Dhrangadhra \/_VesFern

Component = Vilnohirsk Sangyo process process titanium
| Satpavey | Process process
pay

TiO, 86.0 96.1 93.0 90-92 92.0
Fe(total) - - 2.0 3.0 3.6
FeO 6.6 - - - -
Fe,0s - 1.3 - - -
Cr,04 0.7 0.15 0.04 0.2 -
Al,O3 2.3 0.46 0.42 1.0 0.7
V205 0.3 0.20 0.06 0.25 0.12
Nb,Os 0.1 0.25 0.6 - -
Ta,0s 0.02 - - R R
Sc,04 0.02 - - - -
P20s - 0.17 - 0.2 -
MnO 2.0 0.03 0.22 0.1 2.0
MgO 0.9 0.07 0.05 0.05 0.15
CaO 0.5 0.01 - 0.05 0.03
Zr0, 0.2 0.15 0.12 1.0 -
SiO, 3.0 0.5 1.6 15 0.7
SnO, - - 0.14 - -
As - - - - -
S 0.02 0.01 0.01 - 0.15
C - - - - 0.15
U - - - - -
Th - - - - -

Table 4. Comparative analysis of the production cost of syn-
thetic rutile and titanium slags using different technologies

Processes TiO,, Capital Operating Pfoduct

% costs, $/t cost, $/t price, $/t
ERMS >97 450 140 420
Becher >90 550 150 350
Benilite >93 750 280 380
Titania Slag >85 970 190 300
Vomssap B : 016

Becher SREP Mitsubishi = Summit Murso tegr:zglrg;y
process process process process process
process

92.5 92-95 96.7 94.0 96.2 97.5
2.4 1.0-3.0 - - - 0.46

- - - 2.0 - -

- - 0.4 - 15 0.66
0.10 0.2-0.3 - 0.10 0.15 0.11
1.1 0.5-0.8 0.7 1.7 0.2 0.49
0.22 0.25 - 0.15 0.04 0.04
0.25 0.3 - - - 0.07
0.03 0.01 - 0.1 - 0.072
11 0.8-1.2 0.06 1.7 0.05 <0.01
0.30 0.3 - - 0.04 0.027
0.03 0.07-0.15 - 0.7 - 0.065
0.2 0.1 - 0.2 - 0.19
0.9 0.8-1.2 0.1 0.5 - 0.46

- - - - - 0.003
0.2 0.03 - 0.02 - 0.006

- - - - - 0.09

~10 ppm 10 ppm - - - -

80-450 ppm | 80-90 ppm

To maintain an acceptable viscosity of the working melt
in the chlorinator, spent electrolyte with the following com-
position (%) is used: 76 KCl; 15.5 NaCl; 2.7 CaCly; 5.5
MgClz; 0.02 MgO; 0.04 Fe20s; 0.07 ALOs; 0.07 SiOz; 0.1
others. The electrolyte feed depends on the FeO content in
the titanium-containing raw material and is as follows:

— for 7-9% FeO — 120 kg/t TiCly;

— for 4-5% FeO — 110 kg/t TiCly;

— for 2-3% FeO — 100 kg/t TiCla.

Table 5. Results of material balance calculations for chlorination

The results of the calculation are shown in Table 5.

Specific consumption per 1 ton of

- TiO,, | FeO, TiCls, kg
Material % % ) Reduc.
Slag/rutile
agent
Ti-slag 60/40 Voln/Satp. 86 6.6 537.6 96
Syn. rutile Becher process 925 | 3.65 496.8 87.9
Syn. Rutile Western Titanium 92 413 499.6 87.9
Process
Syn. Rutile Dhrangadhra 92 504 500 88.9
Process
Syn. Rutile Ishihara Sangyo 961 262 4774 857
Process
Syn. Rutile Summit Process 94 2 488.9 88
Syn. Rutile SREP Process 935 | 311 491.4 87.6
Syn. Rutile Chlorine Technol- 975 14 4703 84.9

Specific formation per 1 ton

of TiCls, kg Sp_ecn‘lc Specific co§t_s
TiCla sl material costs, for waste utili-
Cl | Elect. LS8 \Waste gases $/t zation, $/t
waste

975.3 120 92.7 324.3 99 476 21597
891.6 110 56.1 296.9 90 966 17 609
8914 110 62.8 296.8 90 949 18 108
900.5 110 47.7 300.4 91 870 17 135
863.2 100 375 289.2 88 028 15 863
885.4 100 58.1 296.9 90 256 17 759
884.3 100 51.9 295.9 90 103 17 248
852.7 100 34.9 286.4 87018 15541

ogy Process

The calculation is based on 1000 kg of processed titanium
slag or synthetic rutile, with results presented per 1 ton of pro-
duced TiCls. The obtained results indicate that the specific
costs of the chlorination process directly depend on the quali-
ty of the processed titanium-containing raw material. The
higher the TiO: content and the lower the FeO content, the
lower the processing costs.

It should be noted that the results of the material balance
calculations are theoretical in nature and slightly underestimat-

ed compared to practical data, as the calculations are based on
1 ton of TiCls obtained in a vapor-gas mixture, without ac-
counting for TiCls losses during condensation. According to
the author's estimates, the error does not exceed 4%. However,
in the author's opinion, the obtained results make it possible to
conduct an economic analysis of processing various titanium-
containing raw materials using chlorination in a molten alkali
metal salt medium in the presence of carbon.
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Tutan, BaHaAAMH KOHE HUOOUI aJy aPKbLJIbI KYPAMbIH/IA TUTAH 0ap
9P TYPJIi HIMKI3ATThI OHAEYAIH IKOHOMHUKAJIBIK TAJAAYbI

T.K. Capcembekos, T.A. Yenymranosa, E.C. Mepku6aep”
Satbayev University, Arvamoi, Kazaxcman
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Anparna. XXymbIcTa opTyputi THTaH 0ap MIMKI3ATTHI-TUTaH KOXKBIH JKOHE CUHTETHKAJIBIK PYTHIJI — KOMIPTEKTIH KaThICYBIMEH
OaJKBITBUIFAaH TY3[Bl OpTajia XJopjay SJiCiIMEH OHAEYJiH SKOHOMHKAJBIK Taijaaybl YCbIHbUIFaH. KypambiHma TutaH Oap
MIMKI3aTTHl KaiiTa eHaey KypaMbIHAAa KeMipTeri 6ap TOTBIKCHI3AAHIBIPFBIITEIH KaTBICYBIMEH KOFaphl KOHICHTPAIHAIaHFaH
XJIOp Ta3bpIMEeH OanKbIThUIFaH cinTimi Meramn ty3gapeiaa (MgCle, NaCl, KCl) xmopiay TexXHOIOTHACH OOWBIHIIA KY3€Tre
acwIpbuTaAbl. TOTHIKCHI3MAHABIPFHIN PETiHAE aHTPAIUT, OAJIKBITBIIFAH OpTa PETiHAE MATHUH ANIEKTPOJIM3iHIH YHIHII IIIaMbl
KonnmaHeuiazpl. Kaiita eHaey mamoT KipmilineH KanTajdfaH OWIMHIPIIK xiopiay memtepinge 720-800°C temmeparypana
xy3ere aceipbuiazpl. JKympicta eireic Kazakcranmarel Cor0aeB WIBMEHHT KEH OPHBIHBIH CHIIATTaMachl OEpiireH, opTypii
TocinnepMeH anbiHFaH CoT0aeB WJIBMEHUT KOHICHTPATHIHBIH, THTaH KOXBIHBIH JKOHE CHHTETHKAIBIK PYTHI XUMMSUIBIK
KypaMbl YCHIHBUIFaH. MIIbMEHUT KOHLEHTpaTTapbIHAAaFbl BaHaIWH, HUOOMH >KOHE TaHTaJ KypaMbl MEH OJIapABIH XKep
KBIPTBICBIHAA Tapajybl apachblHIa Koppeisiuusi opHarbuiraH. OCbl KOppeNsilMs HETi3iHIe 3JIEMEHTTEPHIH NePUOITHIK
KyHeciHiH V TOOBIHIAFBI OTIIENII METaNJapiAblH PETi OJapiAblH KOHLEHTpaTTapJarbl KOHLEHTPALMIChl TOMEHJIICTEH CaibIH
aHbIKTananbl. KypamblHna TuTaH Oap INMKI3aTThl KeWOip KOMIOHEHTTEPIiH >KOFapbulaybIMEH eHjeyre OaiaHbICThl
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TEXHOJIOTHSIIBIK KHBIHABIKTAp, COHOAal-aK CHHTETHKAJIBIK PYTHJ alyIblH Keibip omicrepi cumarranrad. TUTaH KOXKBI MEH
CHUHTETHKAIIBIK PYTHII OHIIPICIHIH KYHBIH CaJbICTBIpY KenTipiiared. IIIukizaT mBIFEIHAAPH MEH KAIIBIKTAPIBI KOICTE JKapaTy
HIBIFBIHIAPBIH Oarajiay YIIH TUTaH KOXKBIH XJIOpJIay MPOILECIHIH MaTepHalIblK OaJaHChl MEH OHAIPICTIH opTYPIIl 9JiCTEpiHiH
CHHTETUKAJIBIK PYTHJI ecenreynepi kyprizingl. 3eprreyne CorOacB KeH OPHBIHBIH HIBMEHUT KOHIEHTPAT CHHTETHUKAJIBIK
PYTHII OHJIpici PKOHOMUKAJIBIK TYPFBIIAH THIM/II JETCH KOPBITBIHIBIFA KEIIJIi.

Hezizei co30ep: Kooic, pymu, wibleblHOAp, Kauma eHoey, XJI0paay, Kaioblkmap.

JKOHOMHMYECKHI aHAJIN3 NepepadoTKU Pa3JINYHOI0
TUTAHCOAEPKALET0 ChIPbS C MOJyYeHHEeM TUTAHA, BAHAIUA U HUOOUA

T.K. Capcembekos, T.A. Uenymranosa, E.C. Mepkubaes”
Satbayev University, Arvamoi, Kazaxcman
*Aemop ons koppecnondenyuu: y.merkibayev@satbayev.university

AnHoranusi. B paborte mpencraBieH 3KOHOMHYECKHI aHaiW3 nepepabOTKU Pa3iIMYHOTO TUTAHCOJAEPIKAILIETO ChIPbS —
TUTAHOBOI'O IIJIAKA U CHHTETHUYECKOTO PYTHJIa — METOAOM XJIOPMPOBAHUS B PACIUIaBICHHOM COJIEBOM cpene B NMPHUCYTCTBUU
yriaepona. [lepepaboTka THTAaHCOAEPIKAIIETO CHIPhS OCYIIECTBIACTCA 110 TEXHOJIOTUU XJIOPHUPOBAHUS B PACIIJIABICHHBIX COJIIX
menounbix MerauioB (MgCl,, NaCl, KCl) BBICOKOKOHIIEHTPUPOBAHHBIM TI'a3000pa3sHbIM XJIOPOM B IPHCYTCTBHUHU
YIJIepOJCOACPIKAIero BOCCTaHOBUTENA. B KkauecTBe BOCCTAHOBUTENS HCIOJIB3YETCsl aHTPALUT, B KaueCTBE PACILIaBICHHOM
Cpenbl — OTBaJBHBIM HIIaM 3JIeKTpoin3a MarHus. Ilepepa®oTka ocymecTBiIseTcsl B NWIMHAPHUYECKUX I1€9axX XJIOPHPOBAHMS,
(yTepoBaHHBIX IAMOTHBIM KHpnmdoM, mpu Temreparypax 720-800°C. IIpoayKThl XJIOPHPOBAaHUS HANPABIAIOTCA B
KOHJICHCAllMOHHYIO cucTeMy. B pabote naHo onmcanne CaTmaeBcKOro MECTOPOXKICHUs miibMeHNHTa B Bocrounom Kazaxcrane,
NPE/CTaBICH XMMHUYECKHH cocTaB CaTaeBCKOro WIBMEHHTOBOTO KOHLEHTPaTa, TUTAHOBOTO IUIaKa M CHHTETHYECKOTO
PYTHIIA, HOITYyYCHHBIX Pa3IUIHBIMH CIIOCOOaMHU. Y CTAaHOBJICHA KOPPEIAIHS MEXIY COAEpKaHNEM BaHAIUs, HHOOWS U TaHTala
B WIBMEHHUTOBBIX KOHILIEHTpaTaxX M MX PaclpOCTPaHEHHOCTBIO B 3eMHOIl kope. Ha ocHoBaHMHU 3TOI KOppesiiuy OmNpeneieH
MOPAJOK NEPEXOHBIX METAJUIOB B V TPYIIE MEePHOIUUECKON CUCTEMBI 3JIEMEHTOB [0 Mepe YOBIBaHWS MX KOHIIEHTPALUH B
KoHIeHTpaTax. OmNuCaHBl TEXHONOTHYECKHE CIIOKHOCTH, CBA3aHHBIE C TepepabOTKON THUTAaHCOAEPIKAIIEro CHIPhS C
TIOBBIMIEHHBIM COZIEp)KaHHEM HEKOTOPHIX KOMIIOHEHTOB, a TaKKe HEKOTOPBIE CIOCOOBI MOIYyUEHHUs] CHHTETHYECKOTO PyTHIIA.
IIpuBeneHo cpaBHeHHE CEOECTOMMOCTH NMPOU3BOACTBA TUTAHOBOIO IIUIAKA M CHHTETHYECKOTO pyTwia. IIpoBeneHbI pacdeTs
MaTepHaJbHOrO OajaHca MpoIecca XJIOPUPOBAaHHS THUTAHOBOTO I[UIAKA M CHHTETHYECKOTO PYTHJIA Pa3IHYHBIX CIIOCOOOB
MPOM3BOJICTBA /U OLCHKH 3aTpaT Ha ChIphE W 3aTpaT HA YTWIM3ALMIO OTXOJOB. B mccienoBanum cienaH BBIBOJ O TOM, YTO
MPOU3BOJICTBO CHHTETHYECKOTO pYyTHJIA W3 KOHIEHTpara wWibMeHHTa CaTlaeBCKOrO MECTOPOXKICHUS SKOHOMHYECKH
nenecoo0pasHo.

Knrwouesvie cnosa: wiiak, pymui, 3ampamol, nepepabomia, X10puposanue, omxoobl.
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