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2 Clarivate

Analytics

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. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e 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, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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FTIR- SPECTROSCOPIC CHARACTERISTICS
OF THE DZHAKSY-KLYCH DEPOSIT SALTS

Abstract. Kazakhstan is a country with an arid climate, where a number of salt lakes are located, where
industrial production of edible salt is carried out. Due to the increase in the volume of salt production for export
needs and the possibility of expanding the scope of its use for medical and cosmetic purposes, new layers and
deposits of salt are being developed. The purpose of this study was to refine the characteristics of Dzhaksy-Klych
Deposit salts using FTIR spectroscopy. The objects of the study were samples of salt-containing raw materials
selected from different sites of Dzhaksy-Klych Deposit. Based on the conducted research, it can be predicted that
when the Aral sea turns into a chloride salt lake, the main sediment will be sodium chloride, with additional
formation of salt deposits from sodium sulfate, calcium or magnesium. The results obtained provide useful
information about the mineralogical composition of the Aral sea region salts, which complements the knowledge
about the composition of minerals. The results of FTIR analyses show that the samples of salts of lake Dzhaksy -
Klych are represented by the following compositions: halite, astrakhanite, hexahydrate, gypsum, mirabilite, and the
absence of toxic substances in the studied salt samples confirms their suitability for use in food, pharmaceutical and
cosmetic purposes.

Key words: salt, Dzhaksy-Klych deposit, FTIR spectroscopy, chemical composition, compounds.

Introduction. According to Zholtayev G. Zh. et al. (2018) opinion, each field must be subjected to a
comprehensive study to determine its position in the regional and local structures, study the material
composition. Salt is one of the natural components that can accumulate in solid form near natural and
artificial reservoirs. There are known studies related to the negative environmental impact on the
environment, and in particular on the biodiversity of soil and water(Emerson J. B. et al., 2013). A direct
correlation was established between the level of soil salinity and the quantitative and qualitative
characteristics of water microflora (Canfora L. et al., 2017). The influence of various factors on the
indicators of biological activity of saline soils was studied (Yazdanpanah, N. et al., 2016). On the other
hand, salt is an important source of valuable components for the full functioning of human and animal life
(Thompson L. J., 2018).

Weather and climatic conditions of Kazakhstan contribute to the formation of salt deposits almost
throughout the state, so the volume of table salt in the regions of the Republic is distributed as follows,
thousand tons, according to region: Kzyl-Orda -27383.0; Aktyubinsk-8267.0; Atyrau-1069000.0;
Kustanay - 2012.0; Kokchetau -42509. 0; Pavlodar — 163447.0; Semipalatinsk -29728.0; Taldy - Kurgan -
627.0; South-Kazakhstan-3887.0; Dzhambul — 10040.0.

At the same time, due to a number of reasons, the Kzyl-Orda region, in particular the region of the
Aral sea region, was undeservedly excluded from the list of regressive regions. Indeed, it is necessary to
recognize that environmental problems occur in the Aral sea region (Kurbaniyazov et al., 2009). At
present, the level of the Aral sea has decreased in comparison with the level of 1957. (then the absolute
mark was 54 m) by more than 14 m. Its area has decreased from 66.5 thousand km® to about 36 thousand
km?, and its water volume has decreased from 1000 km® to 320 km’. The salinity of the water during this
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time increased from 8 to 14 g/ to a value of 25-50 g/L. The area of the exposed bottom is approximately
3 million ha (Zavyalov et al., 2012). In the Aral sea region, dust and salt storms have become common.
Every year, according to the space monitoring laboratory, about 72 million tons of salt is carried away by
the wind outside the Aral sea region. The content of sulfates exceeds 31% (of the total amount of salts),
and sodium chloride is only 54%. The ionic composition of the salts is as follows: sodium — from 2.83 to
13.73%; sulfate - ion - 7.5 — 30.14; calcium - up to 1.08; magnesium — 3.03; potassium — 0.93; carbonate -
ion— 0.18; chlorine— 2.09; water— up to 55.23%.

Sea salt is extremely important for human nutrition, both for daily internal consumption and for
external influences in the composition of therapeutic baths and cosmetic products. Salt minerals are
actively involved in all the metabolic processes of our body (Lee & Lee, 2014). Therefore, salt is used for
the prevention and treatment of many diseases (Kohlmeier M., 2015).

According to Internet resources, only in one quarter of the year, the volume of iodized salt production
in Kazakhstan reaches 68.7 thousand tons. Every year, only the Kyzylorda region produces 66.9 thousand
tons. The production of iodized salt is being increased by producers of the Zhambyl region: in the three
months of 2019, 1.4 thousand tons were produced, despite the fact that in the same period of 2018, there
was no salt production in the region at all. In the Turkestan region, salt production amounted to
0.4 thousand tons. Kazakhstan practically does not need to import salt: in January—February 2019,
deliveries from abroad amounted to only 6.4% of resources (3 thousand tons). Kazakhstan's salt exports to
foreign markets amounted to 35.9 thousand tons, an increase of 33.4% over the year. Salt is used mainly
for food purposes, but such aspects of its use as use for medicinal or cosmetic purposes are not fully in
demand. Despite the fact that the chemical compositions of the salts of most salt deposits in Kazakhstan
are sufficiently studied, new areas and layers are being developed, the composition of which requires
additional research and clarification. In this regard, the purpose of this study was to refine the
characteristics of the Dzhaksy-Klych lake salts using Fourier-infrared spectroscopy.

Objects and methods of research. The objects of the study were samples of gold-containing raw
materials selected from different points of Lake Dzhaksy-Klych.

Lake Dzhaksy-Klych —the biggest salt lake of the Caspian lowlands located in the Aral sea region.
The lake is of marine origin and consists of two parts with an area of 18 and 58 km. The thickness of the
salt deposit is about 2 m. Sampling was carried out in accordance with GOST 33770-2016. Samples were
taken from the Dzhaksy-Klych Deposit by “Onyx-R” LLP and the authors of the article (table).

Description of Lake Dzhaksy-Klych samples

S i . S ling denth Coordinates
Sample ?g’gnﬂ;\%;;te ampring Cept. (WGS 84) pH t,°C
’ n.l. el

1(S1) 3s 0.0-0.5 46°56'3,38" 62°2'32.34" 7,3 25
2 (S2) 7s 0.6-1.1 46°55'53,09" 62°3'29.09" 7,2 25
3(S3) 4s 0.6-1.1 46°56'0,81" 62°2'46.49" 7,3 26
4 (S4) 6s 1.2-1.3 46°55'55,66" 62°3'14.93" 7,1 27
8 (S5) 14s 1.5-2.0 46°56'7,71" 62°3'16.93" 7,2 27

Five different salts from Dzaksy-Klych Lake (sample 1, 2, 3, 4 and 8 denoted later as S1, S2, S3,
S4, S5) were chosen for the further study (figure 1).

? =
T .13 (500
L ﬂ‘: H i mlima
sy WYX 4 (s0l) goba 8 (gin
' Aksy Klyczsiltaksy Kliyed

1(sol)
ko€

_— :".l‘_.'CZS_k_CE

Figure 1 — Dried and milled salt samples
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In the study of salt-containing raw materials, a mass spectrometer with inductively coupled plasma
was used, the elements were determined in accordance with ST RK ISO 17294-2-2006. Chemical analysis
was carried out according to GOST 13685-84. Research conditions: temperature-25°C; humidity -83.0%;
pressure-714 mm Hg.

FTIR spectroscopy: A Fourier transform infrared spectrometer (Cary 630, Agilent) was used to obtain
the IR spectra. Spectra were collected in 4 cm™ resolutions and coadded 100 scans. A 45-degree
reflection-absorption optical accessory was used to perform the measurements. In this optical system, a
gold-coated plate was used as a reflection reference. To remove the spectral interference from water
absorption bands, samples S1, S2, S3, S4 and S5 were dried (100°C, 24 or 72h) before measuring the
reflection-absorption IR spectra. Dried salts were placed on top of the gold-coated plate to obtain the
reflection spectra. FTIR spectra were displayed in an ordinary absorption unit.

Statistical processing of the results was performed by calculating the arithmetic mean and the
standard deviation. All determinations were carried out in 3-and 5-fold repetitions. The data was processed
using an IBM Pentium personal computer based on Excel application software packages.

Results and discussion. FTIR studies of the salts help in the identification of minerals present in the
salts. The coupled vibrations are appreciable due to availability of various constituents. In figure 2, FTIR
spectra of all salts are shown.
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In all samples, there are 3410 and 1635 cm™ peaks. This peaks come from water in structure of
sample. In other regions the following minerals were considered (Miller F.A., Wilkins Ch.H., 1952):

1. Sodium carbonate Na,CO5 700, 705, 855, 878, 1440, 1755, 2500, 2620 cm’' peaks;

2. Calcium sulfate CaSO,. 2H,0 667, 1010 , 1130, 1630, 1670, 2200, 3410 cm' peaks;

3. Sodium sulfate Na,SO4 645, 1110 cm’™ peaks;

4. Sodium silicate 775, 832, 980, 1125, 1165, 1695, 2330, 3280 cm’* peaks.

The sharp peak at ~1100 cm™ was mainly assigned to such associated complexes of alkali and
alkaline earth metals and SO,*.The reference data is presented in figure 3.
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Figure 3 — Comparison of FTIR data for different sulfates (Miller F.A., Wilkins Ch.H., 1952)

Just as with sulfates, most other polyatomic ions exhibit characteristic frequencies. These are
summarized in figure 4. However, it seems that mainly bands from sulfates are present.
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Figure 4 — Characteristic frequencies of polyatomic inorganic ions (Miller F.A., Wilkins Ch.H., 1952)
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We can assume that with the transformation of the Aral Sea into a chloride salt lake, only NaCl will
be deposited. Thus NaCl will be the main precipitate, whereas other salts will be minor. One can expect
sodium (e.g. Na,S0O,), calcium (e.g. CaSO,4) or magnesium salts (MgSQ,), and others.

The performed analyses provided useful information about the mineralogical composition of the salts.
This is a fundamental step in gaining knowledge about the constituent of minerals.

Conclusions. The results of these studies give grounds for predicting that only NaCl will be
deposited when the Aral sea turns into a chloride salt lake. Thus, NaCl will be the main precipitate, while
other salts will be secondary. In addition, you can expect the formation of salt layers from sodium (for
example, Na,SQ,), calcium (for example, CaSO,), magnesium (MgSO,) and others. The analyses
provided useful information about the mineralogical composition of the salts. This is a fundamental step in
gaining knowledge about the composition of minerals. As a result of the conducted FTIR analyses, it was
found that the samples of lake Dzhaksy -Klych salts are represented by the following compositions: halite,
astrakhanite, hexahydrate, gypsum, mirabilite. The absence of toxic substances in the salt samples
confirms their suitability for use in food, pharmaceutical and cosmetic purposes.

The work was carried out under the grant of the Ministry of education and science of the Republic of
Kazakhstan AR05131728: "Development of production technology and obtaining prototypes of new
cosmetic products based on pharmacological studies of domestic salt-containing and vegetable raw
materials" (2018-2020).
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KAKCBI-KJIBIII KEH OPHbI TY¥3bIHbIH UK-®YPbBE
CHEKTPOCKONUAJIBIK CUTIATTAMACBI

AnHoranus. KazakcTaH apuATIK KIAMATTBI MEMIICKET OOJBIN Keleli, ac TY3bIH OHEPKACINTe OHIIpeTiH
Oipkatap Ty31bl Keuyli Oap. DOKCIOPTTHIK KKETTUNKTEpre Ty3 OHMAIPICIHIH YJIFalobl JKOHE OHBI  EMIIK,
KOCMETOJIOTHSIIBIK MakcaTTapFa KOJIJaHy asiChlH KEHEHTy MYMKIHAIriHe OaiylaHbICTBI XKaHa KabaTrTrap MEH Ty3
HIOFBIPBI  HMrepityne. KasakcTaHHBIH aya-paiibl MEH KIMMATTBIK JKarAaibl enfe Ty3Abl LIeTiHALIepHiH mnaiina
OosrybIHa BIKIAJ €Te/i, COHIBIKTAH PECIyOJiMKa aliMaKTapbIHIAFbl ac TY3bl (MBIH TOHHA) Kelecigei OeiiHeni:
Kesemopna 27383,0; Axrebe 8267.0; Atsipay 1069000.0; Kocranaii 2012.0; Kekmeray 42509. 0; ITaBmomap
163447,0; Cemeii 29728,0; Tangsikopran 627,0; Onrycrik Kazakcran 3887,0; Kam0Obur 10 040,0. bipkarap cebemn
OotipiaIa KpI3pUTOpIA aiiMarbl, aTam alTKaHda, Apail TEHi3i perpeccWBTi aMak Ti3iMiHEH MIbIFapeuIIbl. [IIbrH
MOHIH/I€ IKOJOTHSUIBIK ITpoliieManap Apall MaHbIHAA TYBIHAANUTBIHBIH MOMBIHIAY KepeK. By 3epTreymiH MakcaTsl
HK-®ypoe criexktpockonusi oiiciMer JKakchl-Kubll KeH OpbIHAA Ty3 cHIATTaMalapblH HAaKThUIAYIbl KaMTHIIBL.
3eprrey HbelcaHbl periHae JKakchl-Kiblm keH opbIHIaFsl TYpIi HYKTEIEH TaHAaIFaH KYKIPTTI MIHMKI3aTThIH S yJTici
anblHABL. bapnelk chlHaMaza ranuTTiH 0ap eKeHIri aHbIKTanAbl. AcCTpaxaHHT Tek 2,3 xoHe 4 chlHaMaza
aHBIKTaJabl. 3 XoHe 4 chlHaMaja reKcarupar >KoHe THIC OeNriyieHreH. 4-cblHaMa aH MUPaOWINT TaObUIAbL. AYybIp
MeTangap MEH YIIbl 3aTTap TaObUIFaH JKOK, OyJI OChl KabaT TY3bIH KEHIHEH KOJJIaHyFa YCBHIHYFa MYMKIHIIK Oepei.
3epTTey HoTIXKeNepi Apal TeHi31 XIOPHATI TY3Ibl Kenre aHaiFaH ke3ae Tek NaCl mererinin kepcerTi. COHBIMEH,
NaCl =erisri merinai, an KajiFaH Ty3aap eKiHmi perTik 6onansl. CoHbIMEH Katap, HaTpuiineH (Mbicansl, Na2S04),
KanpimineH (Meicanbl, CaSO4), marmumitnen (MgSO4) xoHe OackanapmaH Ty3 Ka0aTel Taiiga Oomajsl Jemn
Oomxananel. Tangay >KYMBICTapbl TY3/bIH MHHEPAJIOTHSIBIK KYpaMbl Typaibl Haijgansl akmapar Oepai. bym —
MUHEepaIIsl Heri3 amyabH ipremi kamambl. FTIR kemiH Ttammay notmkecinae JKakchl-KbUTblu yCBhIHFaH TY3
ChIHaMasapbl KeJIeCi KOMITO3ULIUS apPKbUIbl YCHIHBUIATBIHABIFBl aHBIKTAIBL: TaJIUT, aCTPaxXaHUT, TeKCaxuIpaT, THIIC,
mupabwint. Ty3 chlHamMacelHAA YJBI 3aTTapAblH OOJMaybl OJAapHAblH TaraMAbIK, (apMaleBTUKAIBIK JKOHE
KOCMETHKAJIBIK MaKcaTTap/ia KoJIJaHyFa *apaMIbUIbIFbIH KOpCceTe .

Tyitin ce3nep: Ty3, XKaxcol-Kbuisra ken opHbl, UK-®ypbe cIeKTpOCKOMUACH], XUMUSIBIK KYpaMbl, KOCBUIBICTAP.
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HK-®YPHE CIEKTPOCKOITMYECKASI XAPAKTEPUCTUKA COJIEA
MECTOPOXKIEHUA JUKAKCBI-KJIbIY

Annotanusi. KazaxcraH siBIsieTcsl TOCyAapCTBOM C apHUIHBIM KIIMMATOM, TJIE PACIIOJIONKEH PsiJl COJICHBIX 03€ep,
IZie TIPOM3BOAMTCS MPOMBIIUICHHAS J00bIYa MUIIEBON comu. B cBA3m ¢ yBenmmueHHeM 00BEMOB NOOBIYM CONHM Ha
SKCIOPTHBIE HYXKIBI M BO3MOJKHOCTBIO PACIIMPEHHs CPEephl ee MPUMEHEHHS B JIEYeOHBIX M KOCMETOIOTHYECKHUX
[EJIIX OCBAMBAIOTCSI HOBBIE IDIACTHI M 3aJie’ku conu. [lorogHo-knnMaTmaeckue yciaoBus Kazaxcrana crmocoOCTBYIOT
(hopMHPOBaHHUIO COJIEBBIX OTJIOKEHUH MPAKTHYECKH Ha BCEH TEPPUTOPHHU CTPaHbI, [I03TOMY 00beM IIOBApEHHOW COJIN
B pPEruoHax pechyOJMKH paclpenessieTcsl CIEAYIOIMM 00pa3oM, ThIC. TOHH 1o pernoHam: K3pu-OpauHckas -
27383,0; Aktro0uHCK-8267.0; AThipay-1069000.0; Kocranaii - 2012,0; Kokmieray - 42509. 0; ITaBnonxap - 163447,0;
Cewmeitr -29728,0; Tanmpikopran -627,0; HOxno-Kazaxcranckas-3887,0; XKamOemr - 10040,0. Ilpu stom mo psmy
npuunH K3puT-OpauHCKHN PEerroH, B 4acTHOCTH paiioH [lpmapanbs ObLT HE3acCITy>)KEHHO HCKIIIOYEH U3 CIHCKA
perpeccuBHBIX pernoHOB. HeoOXoanMo MpU3HATh, 9TO SKOJIOTHIECKHE TPOOIeMbl BOSHHKAIOT B palioHe ApaibCKOTo
Mopst. Llenbio 1aHHOTO HCce0BaHus ObUIO YTOUHEHHE XapaKTePUCTHK coliei o3epa Jxakcel-Kitbra metogamu MK-
Oypee cniekrpockonuu. OObEeKTaMU UCCIIENOBAHMS MOCIYKHIM 5 00pa3loB COJIECOIEPIKAILIETO ChIPhsI, 0TOOpPaHHBIX
U3 pa3HbIX Touek o3epa [xakchl-Kibrd. BplIo ycTaHOBIIEHO, YTO BO BCEX MPOOax MPHCYTCTBYET I'ajUT. ACTpaXaHHUT
BBISIBIIEH TOJIBKO B mpobax 2,3 u 4. B npobax 3 u 4 ormeueHsl rekcaruapat u ruic. B mpobe 4 oOHapyxeH Mupa-
Ommut. TspKenble MeTaTel M TOKCHYHBIE BEUIeCTBa OOHAPYXKEHBI HE OBUIM, YTO IO3BOJIAET PEKOMEHIOBATH COJH
JAHHBIX TUIACTOB IS IIMPOKOTO MPHMEHEHH. Pe3ynbTaThl 3TUX MCCIICAOBAHUN Jal0T OCHOBAaHUE MPOTHO3UPOBATH,
gro Tosibko NaCl OyzmeT oTKianpIBaThCs, Korga ApajbcKoe MOpe MPEBPATHTCS B XJIOPUAHOE COJIEHOE 03epo. Takum
o0pazoM, NaCl Oymer OCHOBHBIM OCAaJKOM, a APYTHe COJH - BTOPUYHBIMH. KpoMme TOro, MOXHO OXHIAaTh 00pa-
30BaHUS CIIOEB CONHM M3 HaTpus (Hampumep, Na2S04), kaneius (Hanpumep, CaSO4), maraus (MgSO4) u apyrux.
AHanu3 npegocTaBuIl OJNIE3HY0 HH(POPMALIMIO O MHHEPAIOTMYECKOM COCTaBe coiell. 1o (yHAaMEeHTAbHBIH Iar B
MOJTyYeHUH 3HAaHUH O cocTaBe MUHepanoB. B pesynprare npoBeneHHbIX FTIR-ananm30B ycTaHOBIEHO, YTO 00pa3Ibl
coneit o3epa Jkakcrel-Kitbrd mpecTaBiIeHbI CIeIyOIINMI COCTaBaMU: TAIIUT, aCTPaXaHUT, TeKCaruapar, TUIIC, MUpa-
Oounut. OTCyTCTBHE TOKCHYHBIX BEIIECTB B 00pa3nax Coieil MOATBEPXKIAET UX MPUTOIHOCTD ISl UCTIOJIL30BaHUS B
IUIICBBIX, (l)apMaLIeBTI/l‘leCKI/IX U KOCMETHYCCKUX LICIAX.

KuroueBbie cioBa: conb, MecTopoxkaenue Jxakcel-Kibra, UK-Oypre cIeKTpOCKONHs, XUMUYECKHI COCTaB,
COEITMHEHUS.
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