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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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SORPTION METHODS OF PROCESSINGOF HYDROMINERAL
LITHIUM RAW MATERIAL OF KAZAKHSTAN

Abstract. In the contemporary world of high technologies lithium (Li) is a key component. Kazakhstan has the
required potential for its production. The most attractive raw materials for lithium extraction are natural and saline
lake brines. Investigation and search of new technological solutions with the purpose of inclusion thereof in the
sphere of lithium-containing hydromineral raw material processing is an important and relevant scientific and
technical task. This article provides analysis of the literature data on lithium sorption by organic resins and inorganic
sorbents. Generally, cation exchange resins, both in protonated and sodium forms, are mostly used for lithium sorp-
tion. They include widespread cationite KU-2-8 or its equivalents. In the investigations on lithium sorption extraction
from lithium-containing solutions from amongst of inorganic sorbents mainly manganese, titanium and aluminum
based compounds are used. For the static lithium extraction from natural brines we performed sorption using ion-
exchange resins: CU-2-8, Purolite C100, Purolite C160S, Purolite S940, Amberlite IR 120, CYBBER CRX 210, and
CYBBER CRX 300. It was demonstrated that almost no lithium is sorbed on ionites. Insignificant amount of lithium
was extracted on sulphocationite CU-2-8 and made up 0.49%. Investigations were made on natural brines processing
using inorganic sorbents (in the form of commercial reagents): aluminum hydroxide, titanium and manganese oxides,
and activated carbon. Besides, such inorganic sorbents as aluminum hydroxide, hydrated titanium and manganese
oxides were synthesized. It was established that the highest rates were achieved when aluminum hydroxide was used
as sorbent, at that lithium extraction made up 21.87%, and on synthesized sorbent — hydrated manganese oxide,
where Li extraction reached 20.11%. For lithium extraction from brines inorganic sorbents were chosen as the sorp-
tion method using aluminum and/or manganese compounds as sorbents.

Key words: lithium, natural brines, sorption, ion exchange resins, inorganic sorbents, synthesis, extraction.

Introduction. Lithium legitimately can be called the most important element of the modern civiliza-
tion and technology development. Many lithium compounds and metal itself have become of utmost
economic and strategic importance, which resulted in a stable and steady growth of lithium and lithium
products output. As forecasted by Goldman Sachs, the lithium demand may triple by 2025 to 570,000 t
due to the stable demand by smartphone and electromobile manufacturers. Lithium is already branded
“white oil” as Tesla and other automobile companies use it for the manufacture of lithium-ion accumu-
lators. Apart from the accumulators, nowadays it is widely used in the production of glass and ceramics
(30%), lubricating materials (11%), metallurgy (4%), as well as in the production of chemicals, pharma-
ceuticals, rubber, and others [1]. The established global high demand for this metal forces to search new
potential sources of its production.

The main sources for lithium production globally are ores, salt lake brines, and a secondary source —
dead lithium batteries. Basic studies are currently aimed at development of the efficient technologies of
lithium extraction from the said types of raw materials.
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For lithium extraction from ores and minerals they use roasting with subsequent leaching, and its
extraction from brines includes operations of preconcentration, in other words evaporation, precipitation,
adsorption, and ion exchange [2]. For lithium extraction from dead lithium batteries they use leaching with
subsequent precipitation, sorption or liquid extraction, electrolysis [3].

Ore processing, especially spodumene, is the most expensive if compared to lithium extraction from
brines due to the necessity to use mines, energy consuming preliminary preparation of the ore raw mate-
rial, and application of the high-temperature opening and subsequent leaching. That is why many spodu-
mene deposits are not producing and not processed now.

Lithium is also present in sea water, but its concentration is too low — about 0.1-0.2 mg/l [4] to be
cost-effective. The total amount of metal lithium in sea water (globally) is estimated at ~230 Ht. However,
due to the low original concentrations it cannot be considered as a real source of lithium.

Brine sources include lithium detected in the salt water deposits — saline lakes, salt mines, oil field
brines, and geothermal brines. Oil brines, which on an industrial scale contain many valuable components,
including lithium [5-9], represent subsurface brine reservoirs located with oil. Geothermal brines represent
subsurface biologically heated brines, for example, in the Salton Sea, California. Subsurface brines
containing lithium make up 66% of global lithium resources and become a dominating raw material for
Li,COs all over the world due to the lower costs compared to production of lithium carbonate of hard ore
[10, 11].

While processing hydromineral lithium raw material they use such methods as evaporation and
precipitation, offering schemes with the use of extraction, sorption [12-15] and electrolysis [9] processes.
This paper describes lithium extraction and concentration methods at natural brines processing using ion-
exchange resins and inorganic sorbents.

In the paper [12] for lithium extraction they used resins of nomenclature LSC-100, LSC-500, and
D001 with fixed ions—N(CH,COO ),, —NHCHZPOZ', and —SO;, accordingly. It is demonstrated
that resins LSC-100 and LSC-500 had higher selectivity for lithium extraction with adsorption
capacity > 5.5 mmole/g as compared to other alkali metal ions, following the extraction sequence:
Li">>K"~Rb" ~Cs" and Li" >> K" > Rb" ~Cs", accordingly. The authors explain [12] that strong ligands
LSC-100 and LSC-500 are prone to strong complex formation with lithium than any other alkali metals.
To the contrary, at sorption with resin D001 there was an inverse extraction trend, where first Cs and later
lithium were adsorbed. In the paper [13] for lithium adsorption from synthetic chloride solution they used
resin Amberlite IR 120 in sodium and hydrogen forms. The results demonstrated that ion exchange
between Li" and Na" is more favourable if compared to the protonated form. In the ion-exchange method
of lithium separation from other alkali metals they use sorption of metal ions on the column filled with
cationite CU-2 in N-form and subsequent elution with acid solutions [14]. Lithium ions sorbed on
sulphocationite CU-2 with 20% divinylbenzene are the least tightly bonded, desorb at lower saline acid
concentration, and elute before ions of Na, K, Rb, and Cs. Sulphocationite KU-2-8, as is known, is an
analogue of Amberlite IR 120.

The paper [15] describes studies, where for the selective lithium adsorption they used strongly basic
(Dowex MSA-I) and weakly basic (Dowex MWA-I) anion exchangers. Before the contact with the
original solution an active chloride form of Dowex MWA-I was transferred to the hydroxide form, while
at the time of using Dowex MSA-I change of the active chloride form was not obligatory. Since during the
work with Dowex MSA-I the active chloride form of resins was exchanged with AICl; by treatment with a
saturated aluminum chloride solution. Thereafter, by the ammonia solution treatment they transferred
AICI; to the form of AI(OH);, which contacts with brine containing LiCl at pH> 6. Using NaOH instead of
solution NH4OH had an unfavourable effect at resins hydroxylation, since it caused formation of alkali
aluminates, which elute AICl; of modified resins. Lithium chloride LiCl was extracted from brine into
modified resin as a complex of lithium halogenide with aluminate. Lithium eluting from saturated resin
was made using hot water.

There are known methods of lithium extraction by sorption from sea water and brines using different
types of adsorbents: inorganic ion exchangers, such as spinel-type manganese oxide, of the aluminum
compound demonstrate extremely high selectivity for lithium extraction from sea water [16-19]. Such
materials have high adsorption capacity; in alkali media (pH ~8) lithium had concentration 400 times
higher.
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Studies [20] on lithium adsorption on different titanium oxides demonstrated that the structure of
Li,TiO; obtained from anatase turned out to be more suitable for lithium extraction than that obtained
from rutile. In the paper [21] for lithium adsorption they use activated carbon as an adsorbent.

Lithium adsorption using aluminum salt as an adsorbent (AlCl;-6H,0) was performed at the tem-
peratures of 10 to 30°C. The temperature above 30°C did not have any effect on lithium sorption on
AI(OH);, which proved that the process is taking place through physical adsorption [22]. The maximum
adsorption capacity at pH 9 made up 123 mg/g.

Sorbents obtained on the basis of double compounds of aluminum and lithium LiCl-2A1(OH);-mH,0O
and stable in brines with low pH level have high rates [23-26]. A distinctive feature of the suggested
sorbent is its selectivity, since lithium cannot be replaced by any other element in this compound.

Thus, publications analysis has shown that the problem of lithium extraction from natural brines is
relevant. It should be noted that studies are mostly performed at the laboratory level.

The purpose of our work is to choose the most effective sorption method of lithium extraction in the
process of natural brine processing in the static conditions using either ion-exchange resins or inorganic
sorbents.

Research methodology.

Reagents: saline acid HCI high grade, GOST 3118-77; sodium hydroxide NaOH high grade, GOST
4328-77; aqueous ammonia NH4OH ultrahigh purity, GOST 24147-80; carbon dioxide in cylinders with
100% concentration; crystalline sodium thiosulfate Na,S,0;°5H,0, analytic grade, GOST 27068-86;
potassium hypermanganate 0.1 N, titration standard, TU 6-09-2540-72; aluminum hydroxide AI(OH);
analytic grade, GOST 11841-76; manganese dioxide MnQO, high purity, GOST 4470-79; titanium dioxide
TiO, grade P-03, GOST 9808-84, and activated carbon Goldcarb 207C (Altyntau-Kokshetau).

lonite preparation. Cation exchange resins are produced by the industry in the sodium form. To
perform the research cationites were preliminarily transferred to the hydrogen form. Ionite was cleaned
from synthesis products and transferred to N-form using the saline acid solution [27]. A definite volume of
each ionite previously swollen in distilled water was loaded into the glass columns. Then 5% solution of
HCl was flowing through each column at a rate of 3 specific volumes per hour to equal acid concentration
at entry and exit. lonites were washed from acid using distilled water to pH = 6 - 7. Prepared ionites were
dried at 50°C to the constant weight.

Sorbent preparation. For the sorbent synthesis they used a pressure tight thermostatically-controlled
cell with the capacity of 2 dm’ equipped with a mechanical stirrer ‘OST basic’ making a fixed number of
rotations — 500 rpm. The constant temperature was maintained using a circulation bath LOIP LT-200. For
the purpose of aluminate solution carbonization CO, was fed through the flowmeter from the cylinders to
the distributor placed in the cell. The mixture of titanium dioxide and sodium hydroxide powders was
matured in a muffle furnace type SNOL 7.2/1300 for 1 h at 650°C. Synthesized sorbents were washed
with distilled water to pH=6 — 7 and dried at 105°C to the constant weight.

Experimental method. Sorption was performed in static conditions at a temperature of 25+5°C. For
the purpose of sorption using ion-exchange resins 1 g of each cationite in N-form were placed into the dry
flasks with the capacity of 0.5 dm’, 0.2 dm’ of brine was added, and it was placed onto the mixer.
Cationites contact with brine was maintained for 28 days.

For the purpose of sorption using inorganic sorbents 10 g of each sorbent were placed into the dry
flasks for 2 drn3, 1 dm® of brine was added, and it was placed onto the mixer. Sorbents contact with brine
was maintained for 4 days. Solutions were separated from sorbents using vacuum filtration.

Analysis methods. Natural brines and solutions after sorption were analysed for lithium content. The
quantitative content of lithium in the sorbent was determined based on the difference of their content in
the original brine and solution after sorption.

Lithium determination was performed by the method of atomic-emission spectroscopy as per NSAM
320I'-90 using a double beam atomic-emission spectrometer Agilent 240FS/AA equipped with an
automatic monochromator and control of slit width setting in the flame ‘acetylene — air’. The X-ray phase
analysis was made using a diffractometer D§ ADVANCE BRUKER AXS GmbH, (Germany) emission of
Cu-K,, data base PDF-2 of the International Center for Diffraction Data ICDD (USA).

Results and discussion. Static sorption was performed using natural brine composed of (g/dm’):
Na 30.49; CI” 58.2; Ca 5.37; Mg 1.29 and K 0.68. Concentration of Li was 8.24 mg/dm’. pH of the source
brine was 7.
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lon exchange method of lithium extraction from natural brines on synthetic sorbents. Characteristics
of ionites used for studying lithium extraction from brines by sorption are shown in table 1.

Table 1 — Characteristics of Cationites

Ionite Name Ionogenic Group Physical Structure
CU-2-8 Sulfonic acid —SO;H Gel-like strong-acid ionite
Purolite C100 Sulfonic acid —SO;H Gel-like strong-acid ionite
Purolite C160S Sulfonic acid —SO;H Macroporous strong-acid ionite
Purolite S940 Amino phosphonic acid -NHCH,PO(OH), Macroporous chelating ionite
Amberlite IR 120 Sulfonic acid —-SOsH Gel-like strong-acid ionite
CYBBER CRX 210 Iminodiacetic acid —CH,N(CH,COOH), Macroporous chelating ionite
CYBBER CRX 300 Aminomethylphosphonic acid —-NHCH,PO(OH), Macroporous weak-acid ionite

As is clear from table 1, we used strong-acid, weak-acid and chelating cationites with a gel-like and
macroporous structure as sorbents of the following functional groups: —SO;H; -NHCH,PO(OH), and —
CH,N(CH,COOH),. Ionites have varying selectivity with respect to lithium ion. Carbonaceous and phos-
phoric-acid cationites, i.e. Purolite S940, CYBBER CRX 210, and CYBBER CRX 300, are more prefe-
rable for lithium extraction from brines. However, testing ionites with sulphonic-acid group was of interest
for getting fuller information and comparative evaluation. It was established that CU-2-8 was the only
sulphocationite that resulted in minor lithium extraction of 0.49%. The sorption results might have been
affected by such factors as medium pH, temperature, structure of the resins, and other. Therefore, sorption
of lithium from natural brines using cation exchange resins is ineffective.

For lithium extraction from natural brines by sorption, inorganic sorbents can be used along with ion-
exchange resins. Such inorganic sorbents as aluminum hydroxide, titanium and manganese oxides were
synthesized provisionally for the study.

Synthesis of Aluminum Hydroxide AI(OH);. At the first stage, a commercial chemical reagent -
aluminum hydroxide was leached using NaOH solution under the following conditions maintained:
concentration of NaOH was 285 g/dm”, the solid to liquid phase ratio was 1:3, temperature was 98°C, and
duration was 5 hours. The produced filtered aluminate solution was carbonized with carbon dioxide.
Carbonization was performed in polythermal regime with decrease of temperature from 70 to 60°C.
Carbon dioxide was flowing through the entire solution volume for 6 hours with constant pulp stirring.
Then precipitate of AI(OH); was separated from the stock solution by filtering, elutriated and dried. The
X-ray phase analysis of precipitate confirmed production of aluminum hydroxide represented by two
phases: gibbsite and bayerite (figure 1).

Synthesis of Titanium Dioxide TiO,. To produce hydrated titanium oxide, a mixture of powdered
TiO, and NaOH was pestled in an agate mortar at a w/w proportion of 1:1.5. Then, the mixture was trans-
ferred to alundum pot and kept in a muffle furnace at 650°C for 1 hour to enable a reaction with
production of the alloy Na,TiO;. After alloy cooling, we added HCI (1:1) in drops:

Na,TiO; + 6HCI — 2NaCl | + TiCls + 3H,0

SADX’HJGHLThen, after filtering, we added strong solution of ammonia NHj3 in drops tothe resulted
filtrate, during the procedure white gas NH4Cl evolved and hydrated titanium oxide was formed:

TiCl4+ 3H20 + 4NH3 s 4NH4C1 T + TiOZ'l’leo

The X-ray phase analysis of obtained TiO,'nH,O after washing and drying showed that its major
phases were hydrated acid oxide Ti;H,O4°1.9H,0, anatase TiO, and brookite TiO,.

Synthesis of Manganese Oxide MnO. To synthetize manganese oxide, we added 3.125% Na,S,0;
solution to 0.1 N KMnO, solution slowly in drops while stirring. This allowed getting a dark-cherry
precipitate from the solution. The X-ray phase analysis of the precipitate showed that its major phases
were pyrochroite MnO-H,0 and hydrated manganese oxide Mn;O3-5H,0 (figure 2).
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Lithium Extraction from Natural Brines Using Inorganic Sorbents. Testingof the sorption method for
processing brines was investigated using two types of inorganic sorbents: 1) commercial chemical
reagents: aluminum hydroxide, titanium and manganese oxides, and activated carbon; 2) sorbents syn-
thesized in laboratory settings. Results of the experiments are presented in table 2.

Table 2 — Sorption of Lithium from Natural Brines Using Inorganic Sorbents

Lithium extraction by sorbent, %
Sorbent _ .
Commercial reagent Synthesized sample
Aluminum hydroxide 21.87 9.13
Titanium oxide - -
Manganese oxide 7.85 20.11
Activated carbon 0.97

As table 2 shows, the highest results of lithium sorption from brines were obtained with commercial
aluminum hydroxide used as sorbent, the extraction rate made up 21.87%. The rate of lithium extraction
from manganese oxide brine was lower and made up 7.85%. The rate of sorption by activated carbon
made up merely 0.97%. Titanium oxide didn’t sorb lithium from brine.

The rate of lithium sorption from brines using synthesized sorbents - aluminum hydroxide and
hydrated manganese oxide made up 9.13% and 20.11%, respectively. The lithium sorption rates decreased
2.4 times when synthesized aluminum hydroxide was used due to bayerite phase in the synthesized
sorbent, according to the X-ray phase analysis results (figure 1). Commercial aluminum hydroxide was
entirely represented by a gibbsite phase, which might have a favourable effect on the sorption results.
When synthesized manganese oxide was used, the lithium sorption rates were higher than in the previous
series of experiments. The phase composition of commercial manganese oxide also differed from the
synthesized sorbent. It contained manganese oxide Mn,03;, manganese nsutite Mn; 50Mny 3,03.10(OH )90
and hydrated manganese oxide 1.48MnQO-0.15H,0. Another factor that might have an effect on the lithium
sorption rates was different phase compositions of the sorbents. As the X-ray phase analysis showed, the
initial compounds of inorganic sorbents have changed a little after they had been used for lithium sorption
due to low rates of lithium sorbed.

Therefore, sorption with the use of inorganic sorbents such as commercial aluminum hydroxide and
hydrated manganese oxide may be appropriate for lithium extraction from natural brines.

Conclusion. There is a growing interest to lithium all over the world. Currently, our country does not
perform any systematic studies on lithium extraction. Therefore, Kazakhstan, which has lithium resources
in natural and saline lake brines, should investigate its raw material sources and develop a technology for
Li extraction from such sources. However, composition of natural brines in our country (with an average
Li concentration being 0.007-0.012 g/dm?®) differs significantly from those in other countries (0.1 g/dm’ Li
and higher), and the existing technologies cannot be applied to our natural sources. That’s why to involve
natural sources of Kazakhstan into the global lithium production new solutions must be found for the
effective processing thereof.

It was established that sorption of lithium from natural brines using synthetized ion-exchange resins
is ineffective. CU-2-8 was the only ionite resulted in a minor lithium extraction rate (0.49%).

The highest rates were achieved with a commercial reagent aluminum hydroxide (among inorganic
sorbents) used as a sorbent (the lithium extraction rate made up 21.87%), and with a synthesized sorbent,
hydrated manganese oxide, where the extraction rate reached 20.11%. Differences in the phase
compositions of sorbents might have influenced the lithium sorption rates. That was a static sorption, i.e. a
one-stage process. In practice, sorption is performed in dynamic conditions, which is more effective as the
sorbent is continuously in contact with new portions of the solution flown through it. Therefore, dynamic
sorption process may allow increasing the rates of lithium extraction on a sorbent from natural brines to
65-70%.
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KA3AKCTAHHBIH T'MAPOMMWHEPAJI/IbI HHTHﬁHLI IIUKI3ATBIH
COPBIIUAJIBIK TOCUIZEPIMEH KAUTA OHIAEYbI

Annotanusi. Kasipri onemzeri >korapsl TexHosnorusuap autiid (Li) 6acTsl KOMIIOHEHTI OOJIBINT TaObLIAbL.
OmnsiH eHpipici ymriH Kazakcran KaxerTi aneyerke we. JIMTuiiai any yuIiH eH TapThIMIBI MIHKi3aTapbl TAaOUFH TY3IbI
epTITIHALIep XKOHE TY3IbI KoJuep pambl Oonbin Tadbbutanpl. Kypameiana nutuiii 6ap ruapoMUHEpaasl MIHKi3aTHIH
KaliTa OHICY callaChlHMa, YWJIEeCTipy KEHECiHiH MIemiMi MakcaThIHIa, JKaHa TEXHOJIOTHSUTBIK IISHTiMIEpIi TapTy,
3epTTey JKOHE 13[Iey MaHBI3Jbl )KOHE ©3€KTI FHUIBIMU-TEXHHUKAIBIK MiHAET OOJbIN TaOblmagsl. Makanasa opraHuKa-
JIBIK TTaWBIPIAPMEH KOHE OPTraHUKaJbIK eMeC COpPOSHTTEpMEH JIMTUH COPOIMACHIHBIH 9Je0u JepeKTep OOMbIHINIA
TaNfaynap Kyprizingi. Operre, JUTHHII copOuuMsulay YIIiH KeOiHece KaTHMOHOAJIMACTBIPFBILI INANBIPIApPhI, MPO-
TOH/IBI CUSIKTHI, COHJIali-aK HAaTPHUI HBICAaHAapbIH/A Nai ananbea sl Onapasly KatapblHa Kipeii TapajfaH KaTHOHHUT
KVY-2-8 HeMece OHBIH aHAJIOTTaphl. 3epTTeyae OcHOpraHUKaIbIK COPOCHTTEP KaTapblHAAFbl, KYpaMbIHIa JTUTHHI 0ap
epITIHIUIEpACH JUTHIII copOLusiMeH arybl OOibIHIIA, KeOiHece MapraHell, TUTaH >KOHE aJIOMUHHH KOCBUIBICTap
Heri3inae naiinananeuiansl. Taburyu Ty346l epTiTiHAUIEpAeH 013 JUTHIAI aly YIIiH, CTaTHKaJbIK JKaraaiaa, copo-
UsIMEH MOHAIMacThIpFbII maisipaapasl: KY-2-8, C100 Purolite, Purolite C160S, Purolite S940, Amberlite IR 120,
CYBBER CRX 210 xone CYBBER CRX 300 xommana oteIpsim, xyprizinmi. Kepcerinrenneit, Oyn autui, ic
JKY3iHAE nonurepre oTeipMmaipl. [lamans! mutuiini cynspokatnorntre KY-2-8 amysr, 6ap 6onraust 0,49 % xypaii-
ner. TaOury TY3IBI epPTITIHIUIEpHAl KaiiTa eHuey OoibIHIIA, OeffopraHUKaNBIK COpOSHTTEpHl (KOMMEPIHAIBIK pea-
TeHTTEp TYPiHIE): ATIOMUHUN TUIPOKCHIIIH, TUTAH OKCHJII MEH MapraHelTi )koHe OeJICeHAIPITeH KoMipai KolaHa
OTBIPHII 3epTTeyiiep opeiHAaNAbl. COHBIMEH KaTap, OChIHAAN OeHopraHuKaNbIK COPOSHTTE: aTFOMIHUAN THIPOKCHI,
THAPATTAIFaH THTaH OKCHIl JKOHE MapraHel] CHHTE3[ereH. Aca jKOFaphl KOPCETKITep— KOMMEPUUSUIBIK PeareHT,
ATFOMUHUI TUAPOKCHUIIH COPOCHT pEeTiHAC MaiJalaHFaH Ke3[¢ OPbIH adybl aHBIKTAJIbI, OYJI peTTe JIMTHHII amy
21,87 % Kypazpl, COHIai-aK CHHTE3/CITeH COPOCHTTE — rUApaTTaiFan Mapraner okcuai, Li amy 20,11 % kypassl.
Ty3abl epTiTIHAUIEpACH JIUTHHAL aly YIIiH, cOpOeHTTep peTiHAE ATIOMHHUI JKoHe/HeMece MapraHell NaijaiaHa
OTBIPBII, OeHOpraHUKaIBIK COPOCHTTEPMEH, COPOLNS TCUTI TaHIaJI b,

Tyiiin ce3mep: nutuii, TaOUFu TY3/1bl EPTITIHIUIEP, COPOLMS, MOHAIMACTBHIPFBIN IIANBIP, OeHopraHuKaIbIK
copOeHTTep, CUHTE3, ally.

3.b. Kapmnrm{al, E.T. BO‘leBCKaﬂl, 3.C. AﬁnmeBal’z, ATa AK‘-I]/IJ'[S,
C. M. Kan*, M. K. A6cameros’, C. B. Bepcrenes’

'MucTutyT MeTamtypruu u oboramenns, Anvatsl, Kasaxcran,
’Kasaxckuii HayuHO-HCCe0BaTebekuil yuupepenter um. K. M. Carmaesa, Anmarsr, Kaszaxcran,
*Yuusepcuter Cyneitmana Jlemupens, Mcmapra, Typus,
*UHCTUTYT rMAPOreonoru u reodkonorun uM. Y. M. Axmencaduna, Anvarsl, Kasaxcran

COPBIIMOHHBIE CITIOCOBBI IIEPEPABOTKH
I'MAPOMUHEPAJIBHOTI'O JINTHEBOI'O CBIPbS KABAXCTAHA

AHHOTanusi. B coBpeMeHHOM Mupe BBICOKMX TexHOJOrui yutuii (Li) siBIsSeTcss KIIFOYEBBIM KOMIOHEHTOM.
Kazaxcran obnagaer HEOOXOAMMBIM MOTEHIMAJIOM IJIsI €ro Ipon3BoJcTBa. Hambomnee mpuBIEKAaTENbHBIM CHIPHEM
JUI U3BIICYEHUS JINTHS SIBILIIOTCS IMPUPOAHBIE PACCONIBI M Pamlbl CONAHBIX 03ep. MccienoBaHME M MOMCK HOBBIX
TEXHOJOTUYECKHX PEILICHUI C LIeJIbI0 BOBIEUYEHHs B chepy nepepaboTKu JUTUICONEPKAIIEro THIPOMUHEPATIBHOTO
ChIpbsl SIBJISIETCSI BaKHOM M aKTyaJIbHOM Hay4yHO-TEXHMYECKOM 3ajaueil.B craThe NpoBeneH aHanu3 JIMTEpaTypHBIX
JIAaHHBIX 110 COPOLIMY JIUTHUSI OPraHMYECKUMH CMOJIaMH M HEOpraHW4ecKUMu copdenTamu. Kak npasmuiio, aiist copOuuu
JIUTHUS UCTIONB3YIOTCS 1O OOJblIel YacTH KaTHOHOOOMEHHBIE CMOJIBI KaK B MPOTOHWPOBAHHOM, TaK M HATPHEBOU
¢opmax. B nx umcno BXOOUT pacrpocTpaHeHHBIH KaTHOHUT KY-2-8 nim ero ananoru. B mccnenoBanusx no copo-
[IMOHHOMY H3BJICYECHHIO JINTHS M3 JINTUHCOAEPKALIUX PAacTBOPOB M3 YHCIIA HEOPraHWYECKHX COPOCHTOB IpEeuMy-
LIECTBEHHO UCIONb3YIOTCSI COEAMHEHNS HA OCHOBE MapraHia, THTaHa U anroMuHus. Hamu nis usBnedeHus nutust u3
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MIPUPOIHBIX PACCOJIOB B CTATHYECKUX YCIOBHUAX MPOBEICHA COPOITNS ¢ MpUMEHEHHEM HOHOOOMEHHBIX cMor: KY-2-8,
Purolite C100, Purolite C160S, Purolite S940, Amberlite IR 120, CYBBER CRX 210 u CYBBER CRX 300. IToka-
3aHO, YTO JTUTHU MPAaKTUYCCKHA HEe copOMpyeTcs Ha MOHUTAaX. HesHaunTenpHOE M3BJICUCHHE JINTUS MMEET MECTO Ha
cynsgpokarnonute KY-2-8 u cocrasuser 0,49 %. BrimonHens! uccienoBaHus MO nepepaboTKe MPUPORHBIX pac-
COJIOB C NIPUMEHEHHEM HEOPTaHHYECKHUX COpPOEHTOB (B BHIIE KOMMEPUYECKHX PEareHTOB): THAPOKCHIA aTIOMHHUA,
OKCHJIOB TUTaHA W MapraHila, U aKTUBUPOBAHHOTO yrisi. KpoMe Toro, CHHTE3MpOBaHBI Takie HEOPTaHUIECKUE COp-
OCHTBHI KaK THIPOKCH] AJIOMUHUS, TUAPATHPOBAHHBIC OKCUIBI TUTAHA W MapraHia. Y CTaHOBJICHO, YTO HauboJiee
BBICOKHE MMOKa3aTeIy UMEIN MECTO MPH MCIOJb30BaHUN B KAUeCTBE COPOEHTAa — KOMMEPUECKOTO peareHTa rujpoK-
CU/ia AJIOMHUHUS, MPH STOM H3BJCUeHHE JuTUsA cocTaBmwio 21,87 %, a Takke Ha CHHTEC3UPOBAHHOM COpPOCHTE —
THUIPaTHPOBAHHOM OKCHJC MapraHia, rae m3siedeHue Li mocturio 20,11 %.JIns u3BNeYCHUS TUTUS U3 PACCOJIOB
BEIOpaH CIOCO0 COPOLMU HEOPTaHMYCCKUME COPOCHTAMHU C WCIIOJIE30BAaHHEM B KaueCTBE COPOCHTOB COCTUHCHUI
ATFOMUHUS W/WJIA MapraHIia.

KiroueBble ca0Ba: IUTHIA, TIPUPOIHBIE PACCOIBI, COPOIMA, MOHOOOMEHHBIE CMOJBI, HEOPTAaHUIECKHE COp-
OCHTBI, CHHTE3, U3BJICUCHHE.
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