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HYDROMINERAL RAW MATERIAL

Abstract

The purpose of the research is to create technology for processing hydromineral raw material to produce lithium
salts and rare earth elements, to develop a highly efficient technology for products of lithium, lithium compounds and
rare earth elements of the Aral region of Kazakhstan.

The chemical and mineralogical compositions of hydromineral raw material of the Aral region lakes have been
studied by method of precipitation. The conditions for obtainment of lithium concentrates have been studied. Conditions
for lithium minerals concentration and production of concentrates for lithium chloride extraction have been studied.
Purification of lithium concentrates off calcium and magnesium ions and chemical composition of hydromineral raw
material, effective methods of lithium precipitation in the form of lithium carbonate, its purification off Ca?*, Mg?*
impurities by method of precipitation have been studied. The extraction methods for  processing lithium-containing
sediments and sorption methods of lithium extraction from brines have been studied. Water-salt systems have been studied
for the directed search of effective methods for obtainment of lithium salts from brine and sediments of salt lakes.
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Introduction

Lithium is the lightest alkali metal and is considered to be the “future and strategic metal”
widely used in the fields of porcelain and glass production, refrigeration engineering, metallurgy,
medicine, aerospace industry, defense industry, nuclear energy, electronics, alloys and batteries, etc.
Lithium resources exist in nature either in solid ores or liquid brine. However, the limited reserves of
solid lithium ores and high expenses incidental to its extraction, indicate that lithium isolation
/extraction from salts will be the future trend.

From among rare metals, lithium and its compounds are widely used in the world. The annual
demand for lithium is 65-70 thousand of tons. Large parts of lithium up to 80% are concentrated in
natural waters. Therefore, foreign countries: the USA, Chile, Italy, Japan and others constantly
conduct research on lithium isolation/extraction from specific natural waters, since the source of raw
materials is groundwater which is cheap full-value raw material [1].

The largest deposits of lithium are known in granitic pegmatites of sodium-lithium type as
lithium in nature is closely associated with sodium (due to the similarity of the energy characteristics
of lithium ions and sodium ions), especially in deposits of residual crystallization. However, in recent
years, deposits of sedimentary type and underground mineralized waters and waters of salt lakes
become increasingly important [2, 3].

FMC Lithium Division from the United States, as well as SQM from Chile, are now the world
market leaders ,each of them controls 30% of the world market of lithium. In South America, this
metal is mined at the bottom of dried salt lakes. Numerous studies [4, 6] are devoted to extracting
REE (rare earth elements) from brine and from solid deposits.
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Methods of experiment

Currently sorption methods are widely used in applied radiochemistry: in processing the
irradiated nuclear fuel (INF), isolation and separation of rare-earth (REE) and transuranic elements
(TUE), as well as in the processing liquid radioactive waste (LRW). Synthesized ion-exchange
materials of the AXION series (Am, Pu) are gel phosphorus-nitrogen-containing ion-exchange
polymers, which have a high selectivity related to REE and TUE ions in strongly acidic media. High
perspective of the AXION ion-exchange materials for extraction of uranium, REE and TUE from
nitrates, and also for indium extraction from waste of zinc producing units is presented.

Well-known scientists isolate/extract tantalum and niobium from concentrates by extraction
method. Depending on the chosen scheme at the concentrating processing it is possible to obtain
concentrates with a content of 20-45% of Nb20s and 2-4.5% of Ta20s. Method of extraction from
fluoride-sulphate solutions was used for isolation/ extraction and separation of niobium and tantalum.
The effect of HF, H2SO4 consumption and other concentrate decomposition conditions on the
transition of Ta, Nb and related elements into the solution, the effect of the volume ratio of the organic
and aqueous phases of Vo:Vb, concentrations of HF and H2SO4 on the distribution of Ta, Nb and
admixtures on the extraction operations, washing and re-extraction were studied. According to the
research results a principal scheme was proposed [5]. Octanol-1 was used as an extractant. According
to this scheme, the planned extraction of Ta and Nb in the solution during the concentrate
decomposition is not less than 95% and 98%, respectively, into the finished product - 92% and 94%,
respectively.

Isolation/extraction of lithium from hydromineral raw material is a necessary and topical task
because of the limited ore reserves (the main reserves of lithium have been identified as associated
with deposits of tantalum, niobium, wolfram and tin). Extraction, reagent or adsorption methods are
used for lithium isolation/ extraction from solutions. Electro coagulation method with soluble iron-
aluminum anodes was tested [6] to obtain lithium from the thermal waters of oil fields; the degree of
lithium isolation/ extraction was 70.5%. The results obtained showed high performance and low
energy intensity of the process. However, it requires further development. In particular, the issues of
thickening, filteration and utilization of the isolated lithium-containing sediment have not been
solved. Work continues on the isolation/extraction of lithium out of multicomponent solutions using
chemisorption on aluminum hydroxide [7]. Lithium is precipitated using various aluminum-
containing reagents: sodium hydroalumocarbonate (SHAC), active forms of aluminum hydroxide
(AHO), soluble salts of aluminum, and various composite mixtures [6].

Methods for lithium extraction/ isolation from solutions of magnesium chloride by extraction,
using an extractant with iron-containing tributyl phosphate, with addition of water-insoluble
carboxylic acid and re-extraction of lithium with solution of hydrochloric acid with obtainment of the
target product with low concentration on lithium are known [9].

A large deposit with proven reserves of lithium is located in the east of Kazakhstan - in the
Kalbinsky Range. However, theoretically, a larger lithium deposit is located in the Aral Sea region -
at the bottom of the dried-up sea. Information that lithium reserves are in the salt marshes of the Aral
Sea region is mentioned in old Soviet reference books.

A significant part of lithium is found in lakes and lake slimes, ground waters, in sea water (1.5-
10.5 wt. %). In the process of obtaining lithium salts from hydromineral raw material, inorganic and
organic sorbents were used formerly, depending on lithium content in various forms of compounds.
Isolation/extraction of lithium from complex mineral compounds was not always resolved
successfully because of the low degree of lithium isolation into the commercial product.

The brine volume of the Southern and Northern Basin of Zhaksykylysh lake contains 40-60mg/1
of Litium( not more than 0.2% of Mg*", not more than 0.4% of Ca**, not more than 1.2% of SO4%),
in slimes the content significantly exceeds and amounts 60-120mg/kg. In addition, the enrichment
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of brine to the required quality of lithium concentrate is necessary. The available reserves of
hydromineral raw material (lakes and lake muds, brine and saline deposits) in the Aral region provide
annual need in lithium.

Technological principles for the use of mineral raw material available in the Aral region will be
developed taking into account the particular qualities of this hydromineral raw material.
Modernization of chemical equipment is planned to ensure the integrated use of raw material
according to non-waste technology.

Results and discussion

Brine of salt lakes of the Aral Sea region is used for the experiment, the composition of brine
is presented in Table 1.

Table 1- Composition of the Zhaksykylysh field brine *

Number of sample Sample 1 Sample 2 Sample 3 Sample 4
Li, mg/kg 262.50 259.25 312.94 280.28
B, mg/kg 101.93 87.40 749.75 700.58
Na, mg/kg 70639.89 68056.06 89061.57 82418.29
Mg, mg/kg 23513.36 22467.09 43707.03 39545.03
Ca, mg/kg 2110.24 1898.49 3536.85 2361.25
S, mg/kg 4314.42 4080.36 10058.80 5429.23
Fe, mg/kg 620.17 682.79 1424.15 581.04

*brine selected from different trajectories of the field

From the data in table 1, it follows that lithium content in the sample fluctuates within the limits
of 128.38-263.50 mg/kg and rare-earth elements are almost insignificant.

For the experiment, a sample of the brine is averaged out, an aliquot is selected (table 2) and
placed in a 100 ml flask, mounted on a magnetic stirrer with an rpm governor (set to 600 rpm), then
butyl alcohol (30 ml) is added. The sample, consisting of a layer of alcohol and water, is stirred for
the predetermined time. White precipitate, consisting of sodium chloride, falls out at the alcohol-
water interface in the process of mixing with the use of anhydrous butanol.

After the predetermined time (table 2), the sample is put into a separating funnel, where after
the separation of butanol and water, the lower aqueous layer is discharged. The alcohol layer is
stripped to dryness in vacuum (water-jet air pump). The residual matter is “dried” off butanol traces
in a drying oven at the temperature of 130°C.

The obtained precipitate was studied in an ICP device to determine lithium content, and
according to the results obtained, the degree of lithium extraction was calculated. The precipitate was
studied using SEM. The results of the experiment are presented in Table 2 and 3 and shown in Figure
1,2 and 3.

Table 2 — Change in precipitation yield depending on the brine volume

V, ml m, g Time of extraction, min Degree .Of LLCI
extraction, %

10 0,3498 15 86.9

20 0,3032 15 84.4

30 0,3097 15 84.2

50 0,3031 15 83.9
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From the data of Table 2 it can be seen that with an increase in the brine volume at fixed rate
of flow of butyl alcohol extractant and time, the degree of lithium extraction gradually decreases.
The degree of lithium extraction is 96.9% at the brine flow rate equal to 10 ml, the degree of lithium
extraction decreases till 83.9% with the increase of the brine flow rate up to 50 ml.

Later, brine extraction was carried out in the time interval of 10-30 minutes. The results of the
experiment are presented in table 3.

Table 3 — Dependence of the degree of lithium chloride extraction on the process time

Time of Degree of
No. Vsample, ml Vextragent, ml . . m, g LiCI

extraction, min o

extraction, %

1 10 30 10 0.33 86.9
2 10 30 15 0.48 96.7
3 10 30 20 0.47 959
4 10 30 25 0.42 92.6
5 10 30 30 0.36 88.7

From data of table 3 it follows that at fixed rate flow of 10 ml of brine and volume of extractant
equal to 30 ml and with an increase in the extraction duration, the degree of lithium extraction
gradually increases. At duration of 10 minutes, the degree of lithium extraction is 86.95, at 15 minutes
it is 96.7%, and at further time equal to 30 minutes the degree of lithium extraction decreases and is
88.7%. It means that the highest degree of lithium extraction is reached during 15 minutes. At the
same time at first the mass yield of the brine precipitate increases, then with increase of extraction
time, the mass yield of the precipitate decreases.

The precipitate probably consists of salts of lithium chloride and sodium. To determine the
composition of the precipitate after the separation of lithium chloride, the divided mass was studied
on SEM. Fig. 1 presents the elemental analysis of precipitate.

Element | Weight | Atomic
% %

@) 4.64 8.25

Na 34.45 42.62

Mg 0.62 0.73

S 0.39 0.34

Cl 59.90 48.05

1 2 3 4 s
lonHas wiana 9023 wan. Kypeop: 0.000 xaB)

Fig. 1 - Elemental analysis of the precipitate obtained from brine of salt lakes of the Aral Sea region.

From Fig. 1 it is seen that the precipitate mainly consists of sodium and chlorine and a small
amount of magnesium and sulfur.
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Conclusion

Thus, the data received allow producing valuable products of lithium chloride and cooking salt
from the brine of the Aral Sea saline lakes. At the same time, as the volume of brine increases at fixed
rate of flow of butyl alcohol extractant and time, the degree of lithium extraction gradually decreases
from 96.9% to 83.9%. With the fixed rate of flow of brine (10 ml) and volume of extractant (30 ml)
and with an increase of extraction duration, the degree of lithium extraction gradually increases. With
duration of 10 min up to 15 min it is 96.7 %, and with an increase in time up to 30 minutes the degree
of lithium extraction from then on decreases to 88.7%.
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T'UJIPOMUHEPAJIIbI INUKI3ATTAH JINTHA XJIOPHUIIH AJTY IPOIECIH
3EPTTEY

Tyiiin

3epTTeydiH MaKCaThI-TUTHA TY3Iapbl MEH CHPEK JXep 3JIeMEHTTEpiH aily VIIiH THAPOMHHEPAJIbI
LIMKI3aTThl OHAEY TEeXHOJIOTHCHIH kacay, KasakcTaHHBIH Apan eHipiHiH JUTHH, JTUTUH KOCBUIBICTAphl MEH
CHUPEK Xep dJIEMEHTTEPIH OHIIPYAIH KOFaphbl THIMI TEXHOJIOTHSCHIH Kacay.

Apan eHipi KeJJepiHIH THAPOMUHEpaNJbl IIUKI3aTBIHBIH XUMHSJIBIK-MHUHEPAJIOTHSIBIK Kypambl
XKayblH-IIAIIBIH  oficiMeH 3epTTenni. JIMTUH KOHLEHTpaTTapelH ainy mapTrapsl 3eprrengi. JluTuid
MUHEpaIAapbIHbIH KOHLEHTPALMSICH JKOHE JIMTHH XJIOpWAIH aly YLIH KOHLIEHTpArTap ajy IIapTTapsl
3eprrengi. JIMTHI KOHLEHTpaTTaphlH KalbLUUil MEH MarHui MOHAAPBIHAH Ta3apTy YKOHE TMAPOMHHEPAJIIbI
LIMKI3aTThIH XUMUSUTBIK KYPaMbl, TUTHI KapOOHATHl TYPIHIETI TUTHH jKaybIH-IIAIIBIHBIHBIH THIMII 9AicTepi,
ousl Ca2+, Mg2+ KocmamapbslHaH JKaybIH-IIAMIBIH OfAiCiMeH Ta3zapTy 3epTrenmi.. KypambiHma mutuit Gap
MeTIHAIePl OHACYAIH ASKCTPAKIUS OMICTEpl KOHE TY3MBl EPITIHAUICPACH JUTHN amymblH COPOIUSIIBIK
omictepi 3eprrengi. Ty3apl KendepaiH TY3Ibl epiTIHAUIEPI MEH INOTiHALIepiHeH JUTUH TY3IApblH alyablH
THIMII OJICTEPiH MAaKCATTHI TYPAE 131ey VIIMIiH Cy-TY3 JKYHenepi 3epTTeI/Ii.

KinTrik ce3mep: ruapoMuHepanabl MIKMKI3aT, TY3 epiTiHAici, TyHOa, IUTUI XJIOpUAL, TY3AbI €piTiHi,
IKCTPaKIIHUSL.
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NCCIIEAOBAHUME ITPOLECCA U3BJIEYHEHUA XJIOPUIA JIMTUSA U3
I'MAPOMHUHEPAJIBHOTI'O CBIPHbA

AHHOTanus

[enpio mcciaenoBaHUi SBISETCS CO3[MaHME TEXHOJIOTHH MepepabOTKU THAPOMHHEPATHLHOTO CHIPHS C
MOJTyYEHUEM COJICH JIMTHUS M PEIKO3EMENbHBIX 3JIEMEHTOB, pa3paboTka BhICOKOA(D(MEKTUBHOW TEXHOIOTUU
TIOJTYYCHHSI TIPOAYKTOB W3 JINTHSA, COSAMHCHHUH JINTUS W PEIKO3EMENBHBIX 3JIEMEHTOB APalbCKOTO PerHoHa
Kazaxcrana.

MetonoM ocakIeHUs U3yUYeH XUMHUUYECKUI U MUHEPATOTUYECKUM COCTaB THAPOMUHEPAIBHOIO ChIPhs
o3ep Ilpuapanbs. 3yueHsl ycaoBHS MOTydeHUs JTUTHEBBIX KOHIIEHTPATOB. V3ydeHBl yCIOBUS OOOTameHus
JINTAEBBIX MUHEPAJIOB W TIPOU3BOACTBA KOHIICHTPATOB JIJIS M3BJICUCHUS XJIOPHAA JUTHI. V3ydeHBI O4HCTKA
JTUTUEBBIX KOHIICHTPATOB OT MOHOB KAJIBIIUS M MATHUS U XUMHUYECKUN COCTaB THAPOMHHEPATHLHOTO CHIPHS,
3¢ (eKTUBHBIC METOJIBI OCAXKICHHUS JTUTHS B BHUJE KapOOHATa JIUTHSA, €T0 OYUCTKa OoT nmpumeceit Ca2+, Mg2+
METOJIOM OC&XIEHUA. V3ydeHBI 3KCTPAKITMOHHBIE METOMBI TEepepadOTKH JIMTHHCOAEPKAINX OCATKOB M
COPOILIMOHHBIC METO/IbI M3BJICUCHUS JINTUS U3 PACCOJIOB. J1Jis HAMPaBIEHHOTO MOKCKA () ()EKTUBHBIX METOIOB
TIOJTyYEHUS COJICH JINTUS U3 PACCOJIOB U OTJIOKCHHUN COJICHBIX 03€p OBLIM W3yYEHBI BOIHO-COJIEBLIC CUCTEMBI.
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KaoueBble ciioBa: TUAPOMUHEPAIBHOC CBIPhLE, COJICBOM pacTBOp, OCANOK, XJIOpHUJ JIMTUA, PACCOJI,
OKCTpaKnus.
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