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The aim of the study is determination of chemical com
further selection of the most economical and environmentally /{7

osition, physicochemical and biological properties of the Aral Sea water for
iendly method of lithium extraction. It is shown that the content of lithium in

water is 0,11 g/l, which is 3-4 times higher than in those used in industry at Chinese enterprises. The chemical oxygen demand is 677,76 mg

O/, the biological oxygen demand is 120,50 mg O/I.
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XHUMHNYECKHH COCTAB H ®H3HMKO-XHMNYECKHE CBOHNCTBA
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Anzuepckuii punuan TauwkeHMCKO20 XUMUKO-MEXHO102UYeCK020 uHcmumyma, Anzuep, Y3oexucman

Lenvio uccredosanus Ovi0 uzyHeHUe XUMUYECKO20 COCMABA, QUIUKO-XUMUHECKUX U OUOTO2UYECKUX CBOUCE 800bl Apanbckozo
MopsL 011 dabHeliue20 8bl00pa Hauboee IKOHOMUYHO20 U De30NACHO20 OISl OKpYcaroujeli cpedvl cnocoba evldenenus aumus. Tloxkasaro,
umo cooeparcanue aumus 6 6ode cocmasnsem 0,11 2/n, umo 6 3-4 pasza sviuie, Yem 6 UCNOTLIYEMbIX 8 NPOMBIUICHHOCIIU HA NPEeONPUSIMUSX
KHP. Xumuueckas nompebnocmo Kuciopooa cocmasiaem 677,76 me O/, 6uonocuyeckas nompeonocmu kuciopooa 120,50 me O/x.

KioueBble cj10Ba: Bojia ApajibCKOro Mopsi, IMTHI, XUMUYECKUIi cOCTaB, (PU3HKO-XUMUYECKUE M OMOIOrHYecKHe CBOHCTBA, ajcopoius

LITIY BO'LGAN SUV MANBALARINING KIMYOVIY TARKIBI VA

FIZIKKIMYOVIY XUSUSIYATLARI
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Tadgiqotning magsadi Orol dengizi suvining kimyoviy tarkibi, fizik-kimyoviy va biologik xossalarini o ‘rganish, keyinchalik litiy

Zazib olishning en,

tejamli va ekologik toza usulini tanlashdan iborat edi. Suvdagi litiyning migdori 0,11 g/ ni tashkil etishi ko rsatilgan,

u Xitoy korxonalarida sanoatda qo’llaniladiganidan 3-4 baravar yuqori. Kimyoviy kislorodga bo’lgan talab 677,76 mg O/, biologik

kislorodga bo’lgan talab 120,50 mg O/I.

Kalit so'zlar: Orol dengizi suvi, litiy, kimyoviy tarkib, fizik-kimyoviy va biologik xossalari, adsorbsiyasi

Introduction

Lithium and its compounds are widely
used in the production of glass, ceramics, lubri-
cants, batteries, refrigerants, chemicals and other
industries. World reserves of lithium are about 14
million tons, mainly 70-80% of the reserves are in
salt lakes, geothermal waters and solid form con-
tained in lithium ore. Currently, many researchers
pay attention to 2600 billion tons of lithium con-
tained in sea waters, which is about 15,000 times
more than in solid lithium ores [1].

Figures for lithium resources and reserves
vary significantly depending on the source, alt-
hough there is a consensus that lithium resources in
brines are much greater than in solid rocks [2-6].
The most recent USGS data show a total lithium
resource (brine + hard rock) of 54,1 Mt. Approxi-
mate minimum and maximum lithium resources in
hard rock are 12,8 Mt and 30,7 Mt, respectively,
while brine data are 21,3 Mt and 65,3 Mt, respec-
tively, for the minimum and maximum scores.

DOI: 10.34920/cce202328

The prevalence of lithium in nature is only
0,0018%. Lithium is considered as a rare element
and is an indispensable element for various lithium
-ion batteries due to its low density (0,534 g/cm’)
and high electrochemical potential (-3,04 V) [7-9].

Lithium demand is expected to rise steadi-
ly and dramatically in the coming years as various
types of lithium batteries which are the most
promising candidates for powering electric or hy-
brid vehicles [10-11]. Lithium batteries include
both current technologies such as lithium-ion and
emerging technologies such as lithium-sulfur or
lithium-air [12-15].

Lithium demand is projected to grow by
about 60% from 102,000 tons to 162,000 tons lith-
ium carbonate equivalent over the next 5 years,
with a huge percentage of this growth coming
from battery applications [16-17]. Current lithium
resources in continental and salar brines were re-
ported to be approximately 52,3 Mt lithium equiv-
alent, mainly in Argentina, Chile and Bolivia, of
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which 23,2 Mt could be recovered. [18]. On the
other hand, the content of lithium in minerals is
8,8 million tons, huge deposits of which are lo-
cated in the USA, Russia and China. Evans esti-
mated the reserves and recoverable resources of
lithium at 29,79 million tons [19].

Many methods have been reported for

extracting lithium from seawater, brines, and
geothermal water [20] by solvent extraction, in-
cluding precipitation, liquid—liquid extraction,
selective membrane separation, electrodialysis,
ion exchange adsorption, and others [21-24]. Of
these methods, the most attention has been paid
to ion-exchange adsorption methods using lithi-
um-ion sieves due to their good selectivity for
lithium ions and high adsorption properties [25-
27]. From the point of view of cost and efficien-
cy, the extraction of lithium ions from solutions
by ion exchange adsorption is the most promis-
ing method [28].

Research methods

The water of the Aral Sea was used for
the experiments. Administratively, more than half
of the Aral Sea is located in the southwestern part
of Uzbekistan (Karakalpakstan) and in the north-
eastern part of Kazakhstan. Until the 1960s, the
area of the Aral Sea averaged 68,000 km?. It was
the fourth largest sea in the world (after the Cas-
pian Sea, Lake Superior in America and Lake
Victoria in Africa) and the second largest in the
Eurasian continent (after the Caspian Sea).

The salt composition of the dry deposits
of the Aral can be characterized as chloride-
sulfate (more than 80% sodium chloride, the rest
sodium sulfate and 2-6% magnesium sulfate).
The western basin contains chloride-sulfate-
magnesium salts (40-60% sodium chloride, 20-
40% sodium sulfate, the rest is magnesium salts).

Chemical analysis of initial solutions,
intermediate and final products was carried out
by known methods, as well as using atomic
emission spectrometry, using inductively cou-
pled plasma (ICP) as a source of excitation of
atoms. Which is a highly ionized inert gas
(argon) with the same number of electrons and
ions supported by an RF (radio frequency) field.
The temperature obtained in the plasma desolv-
ates, converts into vapor and ionizes the atoms of
the sample under study by mass spectrometry
(MS) and atomic emission spectrometry (AES).
Typically, detection limits range from less than -

namogram (ICP-MS) to less than - microgram (ICP
-AES) per liter [31].

The density of solutions and pulps was de-
termined using a PZh-2 pycnometer with a meas-
urement accuracy of 0,05 rel.%. The kinematic vis-
cosity of solutions and pulps was measured with
glass capillary viscometers VPZh-1 and VPZh-2
with an error of 0,2% [29-30].

The density value was calculated by the
formula

P="
V.

where m is the mass of the pulp, g; v is the capacity
of the pycnometer, cm”.
Viscosity was determined according to the
following formula
n=K-p-r

where x is the viscometer constant and is equal to
0,3262 and 3,404, respectively, for VPZH-1 and
VPZH-2 with a capillary diameter of 1,31 mm. is
the pulp density in g/cm’. 7 is the time of passage of
the pulp through the capillary of the viscometer, s.

Plasma Atomic Emission Spectrometer
ICPE-9000. The method of atomic emission spec-
trometry using inductively coupled plasma (ICP) as
a source of excitation of atoms. Which is a highly
ionized inert gas (argon) with the same number of
electrons and ions supported by an RF (radio fre-
quency) field. The temperature obtained in the plas-
ma desolvates, converts into vapor and ionizes the
atoms of the sample under study by mass spectrom-
etry (MS) and atomic emission spectrometry
(AES). Typically, detection limits range from less
than - namogram (ICP-MS) to less than - mi-
crogram (ICP-AES) per liter [31].

Results and its discussion

For research, to find the conditions for the
release of lithium, water samples were taken in an
amount of 30 kg from various places in the Aral
Sea. The average composition of the salty waters of
the Aral Sea contains (g/l): Li" — 0,11, Na" — 54,92,
K" — 3,67, Ca®" — 0,80, Mg*" — 10,25, B,O; — 0,03,
CI'-70,90.

Table 1 shows the data of atomic emission
spectrometry of the Aral Sea water analysis in com-
parison with the brines used in production in China,
Chile, and Tibet.

The Aral Sea (Table 1) is lithium-rich

brine with lithium reserves of 19,82 million tons
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Table 1

Comparative composition of the water of the Aral Sea with the industrial solutions used

T(ital Content of components, g/l
Solution salts, H
o ; P Lit | N | K| ca | Mg | B, | o | sor
g
Aral Sea 1309 | 80 | 011 | 5492 | 367 | 080 | 1025 | 0.03 | 7090 [ -
Atacama, Chile 2802 | 10 | 122 | 7652 | 1856 | 031 | 7.83 | 064 | 130.83 | 2007
Salt Lallfi%e%ab“ye 4398 | 93 | 063 | 1225 | 4810 | - - | 1030 | 18130 | 33.60
Salt Lake, Qinghai | »c0 4 | 6o | 0030 | 5936 | 1011 | 084 | 2372 | 025 | 16667 | -
Chaerhan
Tibetan Geothermal 10,4 8.6 | 0025 ] 068 | 014 | 021 - 036 | 097 | 012
Water Yangbajing

in terms of lithium chloride, which is of great stra-
tegic importance. Therefore, it is very important to
develop an acceptable technology for a direct,
green and efficient way to extract lithium from the
original brine with neutral and low salinity in or-
der to ensure the security of lithium energy in Uz-
bekistan and international competition in the field
of green energy. The development of an accepta-
ble technology will make it possible to involve
mineral water resources of lithium in industrial
production.

The physical and chemical properties of
the water of the Aral Sea have been determined.
The results obtained are shown in Table 2.

Chemical oxygen demand (COD) is an
indicator of the content of organic substances in
water, expressed in milligrams of oxygen (or other

oxidizing agent in terms of oxygen) used to oxi-
dize organic substances contained in one liter (1
dm?) of water. It is one of the main indicators of
the degree of contamination of drinking, natural
and wastewater with organic compounds (mainly
anthropogenic or technogenic). Determined by
various laboratory methods.

As can be seen from the research results,
the COD index in the samples is 677,76 mg O,/1.
This exceeds the allowable amount, which should
be no more than 100 mg O,/1. The reason for the
high rate can be explained by the presence of inor-
ganic and organic substances in water in the form
of Core. Due to the fact that the water sample con-
tains organic substances, COD was determined by
the bichromate method according to [32].

Biochemical oxygen demand (BOD) is the
amount of oxygen consumed for aerobic biochem-
ical oxidation under the action of microorganisms
and for the decomposition of unstable organic
compounds contained in the test water.

BOD is one of the most important criteria
for the level of pollution of the reservoir with or-
ganic substances and determines the amount of
easily oxidized organic pollutants in the water.

The analysis determines the amount of
oxygen that has gone for a set time (usually 5 days
- BODs) without access to light at 20 °C for the
oxidation of pollutants contained in a unit volume
of water. The difference between the concentra-
tions of dissolved oxygen in the water sample im-
mediately after sampling and after sample incuba-
tion is calculated. As a rule, ~ 70% of easily oxi-

Table 2
Physical and chemical properties of the water
of the Aral Sea

Property Values
General hardness, mg-eq/1 1195,00
Hardness, carbonate, mg-eq/l 13,00
Hardness, non-carbonate, mg-eq/l 1182,00
CO, free, mg/l 132,00
Oxidability mg O,/1 2
Chemical oxygen demand (COD), 677,76
Biological oxygen demand (BOD), 120,50
Corg, mg C/1 254,16
F, mg/l 1,61
52
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dized organic substances are oxidized within 5
days under normal conditions. Almost complete
oxidation (BOD,y, or BODy) is achieved within
20 days.

For sources of centralized domestic drink-
ing water supply (GOST 2761-84) and water bod-
ies used for fishery purposes, BODgy. should not
exceed 3 mg Oy/1, for reservoirs of cultural and
domestic water use - 6 mg/l. The maximum allow-
able BOD values for the same water bodies are 2
mg/l and 4 mg/l, respectively. BOD should not ex-
ceed 150 mg/l, otherwise it may interfere with the
vital activity of flora and fauna in the reservoir.

Exceeding the COD and BOD levels can
lead to a lack of oxygen in the water, which will
lead to irreversible damage to aquatic life [33].

Further, experiments were carried out to
determine the density and viscosity of the Aral Sea
water depending on temperature.

The viscosity and density of the Aral Sea
waters were determined in the temperature range
from 20 to 80 °C. The results obtained are shown
in Figures 1 and 2.

As can be seen from the above data, with
an increase in temperature from 20 to 80°C, the
density and viscosity of water decrease. Thus, the
density has a linear dependence and decreases
from 1,115 g/em’® at 20 °C to 1,083 g/cm’ at 80 °©
C. In this case, the viscosity decreases from 1,633
cps to 0,507 cps, respectively.

Conclusion

It follows from the data obtained that the
brines of the Aral Sea can practically be used for
the industrial extraction of lithium, which contain
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Figure 1. Density of the Aral Sea brine.
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Figure 2. Viscosity of the Aral Sea brine.

0,11 g/l of lithium and, in contrast to the Qinghai
Chaerhan Salt Lake and the Tibetan Yangbajing
geothermal water, from which lithium production
has been established in the PRChina, contain 3,7-
4.4 times less lithium than in the water of the Aral
Sea. Adsorption can be considered the most proba-
ble method for separating lithium from the waters
of the Aral Sea from both economic and environ-
mental points of view.

REFERENCES

1. Zhi-Yong Ji, Feng-Juan Yang, Ying-Ying Zhao, Jie Liu, Ni Wang, Jun-Sheng Yuan. Preparation of titanium-base lithium ionic sieve with
sodium persulfate as eluent and its performance. Chemical Engineering Journal, 2017, 328, 768-775.
2. Kesler S.E., Gruber P.W., Medina P.A., Keoleian G.A., Everson M.P., Wallington T.J. Global lithium resources: relative importance of

pegmatite, brine and other deposits. Ore Geol., 2012, 48, 55-69.

3. Vikstrom H., Davidsson S., Hook M. Lithium availability and future production outlooks. Energy, 2013, 110, 252-266.

4. Kunasz I, Lithium resources. In: Kogel, J.E., et al. (Eds.), Industrial Minerals and Rocks - Commodities, Markets, and Uses, 7hedition
Society for Mining, Metallurgy, and Exploration (SME). 2006. 599-614.

5. U.S. Geological Survey. Mineral commodity summaries. https://minerals.usgs.gov/minerals/pubs/commodity/lithium/mes-2018-lithi.pdf,

Accessed date: 16 May 2022 (January).

6.  Munk L., Hynek S., Bradley D.C., Boutt D., Labay K.A., Jochens H. LithiumBrines: A Global Perspective (Chapter 14). 2016.

7. Samadiy M., Xiaoping Y., Mingli L., Ji D., Tianlong D. Lithium Recovery from Brines Including Seawater, Salt Lake Brine, Underground
Water and Geothermal Water. Thermodynamics and Energy Engineering, 2020, DOI: 10.5772/intechopen.90371.

8. Murodjon Samadiy and Tianlong Deng. Lithium Recovery from Water Resources by Ion Exchange and Sorption Method. Journal of the

Chemical Society of Pakistan, 2021, 43/4, 406-416.

9.  Bakhodir Abdullayev, Ilkham Usmanov, Murodjon Samadiy, Tianlong Deng. Lithium Recovery from Water Resources by Membrane and
Adsorption Methods. International Journal of Engineering Trends and Technology, 2022, 70/9, 319-329.
10. Opitz A., Badami P., Shen L., Vignarooban K., Kannan. Can Li-lon batteries be the panacea for automotive applications? Renew. Sust.

Energ., 2017, 68, 685-692.

11. Evans R.K. Lithium’s future supply, demand. North. Miner., 2010, 96/35, 11-12.
12. Winter M., Brodd R.J. What are batteries, fuel cells, and supercapacitors. Chem. Rev., 2004, 104/10, 4245-4269.
13. Bruce P.G., Freunberger S.A., Hardwick L.J., Tarascon J.M. Li-O, and Li-S batteries with high energy storage. Nat. Mater., 2012, 11/1, 19-

29.

2'2023 K I

va kimyo texno:ogiyasi

53



OTHER CHEMICAL ENGINEERING
APYTHE XNMHUYECKHE TTPOLECCHI
BOSHQA KIMYOVIY JARAYONLAR

14.
15.

16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Van Noorden R. The rechargeable revolution: a better battery. Nature, 2014, 507, 26-28.

Arias AN., Tesio A.Y., Flexer V. Review - non-carbonaceous materials as cathodes for lithium-sulfur batteries. J. Electrochem. Soc.,
2018, 165/1, A6119-A6135.

Hykawy J. Looking at lithium: discussing market demand for lithium in electronics. Mater. World Ceram. Lithium, 2010, 18/5, 34-35.
Siame E., Pascoe D. Extraction of lithium from micaceous waste from China clay production. Miner. Eng., 2011, 24/14, 1595-1602. DOI:
10.1016/j.min.eng.2011.8.013.

Yaksic A., Tilton J.E. Using the cumulative availability curve to assess the threat of mineral depletion: the case of lithium. Resour. Policy,
2009, 34, 185-194.

Evans J.K. An abundance of lithium. Accessed on 27 November 2011. http://www.worldlithium.com/An_Abundance of Lithium 1 files/
An_Abundance of Lithium.pdf; http://www.worldlithium.com/AN_ ABUNDANCE OF LITHIUM - Part 2.html. 2008.

Luo Q.P., Guo P.C., Li C.Z., Chen L. Distribution of lithium resources and research status on lithium extraction technology. Hydrometal-
lurgy ofChma 2012 31,67- 70

Liu Q., Ai H., Li Z. Potassium sorbate as an efficient and green catalyst for knoevenagel condensation. Ultrasonics Sonochemistry, 2011,
18/2,477-479.

Nie X.-Y., Sun S.-Y., Song X., Yu J.-G. Further investigation into lithium recovery from salt lake brines with different feed characteristics
by electrodial-ysis. Journal of Membrane Science, 2017, 530, 185-191.

Nie X.-Y., Sun S.-Y., Sun Z., Song X. & Yu J.-G. lon-fractionation of lithiumions from magnesium ions by electrodialysis using monova-
lent selective ion-exchange membranes. Desalination, 2017, 403, 128-135.

Stamp A., Lang D. J., Wéger P. A. Environmental impacts of a transitiontoward e-mobility: The present and future role of lithium car-
bonate production. Journal of Cleaner Production, 2012, 23/1, 104-112.

Ji Z.-Y., Yang F.-J., Zhao Y.-Y., Liu J., Wang N. & Yuan J.-S. Preparation of titanium-base lithium ionic sieve with sodium persulfate as
eluent and itsperformance. Chemical Engineering Journal, 2017, 328, 768-775.

Tian L., Ma W., Han M. Adsorption behavior of Li" onto nano-lithium ionsieve from hybrid magnesium/lithium manganese oxide. Chemi-
cal EngineeringJournal, 2010, vol. 156/1, 134-140.

Zhu G., Wang P., Qi P., Gao C. Adsorption and desorption properties of Li* on PVC-H, ¢Mn, 4O, lithium ion-sieve membrane. Chemical
Engineering Journal, 2014, 235/1, 340-348.

Chitrakar R., Makita Y., Ooi K., Sonoda A. Synthesis of iron-doped manganese oxides with an ion-sieve property: Lithium adsorption
from Bolivianbrine. Industrial & Engineering Chemistry Research, 2014c, 53/9, 3682-3688.

GOST 18995.1-73. Liquid chemical products. Density determination methods. Moscow, IPK Standards Publishing House, 2004. 4. (In.
Russ.)

GOST 10028-81. Viscometers capillary glass. Moscow, IPK Standards Publishing House, 2005. 13. (In. Russ.)

Xiandeng H., Bradley T.J. Inductively Coupled Plasma. Encyclopedia of Analytical Chemistry. Chichester, 2000, 9468-9485.

Lurie Yu.Yu. Analiticheskaya khimiya promyshlennykh vod [Analytical chemistry of industrial waters]. Moscow. Chemistry Publ., 1984.
448.

Ahmad T., et al. Utilization of wastewater from edible oil industry, turning waste into valuable products: A review. Trends in Food Science
& Technology, 2020, 99, 21-33.

54

KLMLY,Q 22023



	CHEMICAL COMPOSITION AND PHYSICO-CHEMICAL PROPERTIES OF LITHIUM-CONTAINING WATER RESOURCES
	Recommended Citation

	C:\Users\20E9~1\AppData\Local\Temp\mso77E6.tmp

