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[ Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of chemistry
and technologies 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 chemistry and technologies in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential
content of chemical sciences to our community.

Kasakcma+ Pecnybnukacbl YnmmblK fbiibiM  akademusicel «KP  ¥FA
Xabapnapbl. XuMusi )XeHe mexHO02usi CEPUSIChI» FbINbIMU XYypHarbiHbiH Web
of Science-miH xaHanaHfaH Hyckacbl Emerging Sources Citation Index-me
uHOekcmeryee KabbindaHraHblH xabapnaldel. byn uHdekcmeny bapbicbiHOa
Clarivate Analytics komnaHusickl XypHarndbl o0aH api the Science Citation Index
Expanded, the Social Sciences Citation Index xxeHe the Arts & Humanities Citation
Index-ke Kabbinday macerneciH kKapacmbipyda. Webof Science sepmmeywinep,
asmopnap, 6acnawbiiap MeH MeKemernepee KOHmMeHm mepeHOiei MeH
canacbiH ycbiHaobl. KP YFA Xabapnapbl. XUMUS )XOHE MEXHO/I02UsT Cepusicbl
Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH €H 63eKmi
JKoHe bedendi xumusinbiK FolribiMOap bolbiHWa KOHMeHmMkKe adarnobifbiMbi30bi
6indipedi.

HAH PK coobwaem, ymo Hay4Hbil xypHan «3eecmuss HAH PK. Cepusi
XUMUU U mexHosioauliy 6bi npuHsm 0ns uHdekcuposaHusi 8 Emerging Sources
Citation Index, obHoeneHHou eepcuu Web of Science CodepxxaHue 8 3mom
UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics Onsi OanbHelweao npuHIMuUs XypHana e the Science Citation
Index Expanded, the Socia1 Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kayecmeo 8 251ybuHy KOHmeHma
ona uccrnedosamernel, asmopos, uisdamesnel u y4pexoeHul. BkroveHue
Uzeecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy
MpusepPXeHHOCMb K Haubornee akmyanbHOMY U 6/1USIMENIbHOMY KOHMEHMY o
XUMUYECKUM Haykam 0rs1 Hawezo coobuecmea.
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(Baky, O3ipoaiixan) H=13
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«Duroxumus» (Kaparanga, Kazaxcran) H= 11
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XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHX HayK, Ipodeccop, WieH-KOPPECTIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
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SORPTION WATER PURIFICATION FROM HEAVY
METAL IONS USING BENTONITE CLAY

Abstract. The problem of water pollution and lack of clean water are the main
environmental problems in Kazakhstan. This is especially noticeable in the desert
zone of the Aral Sea region (Syrdarya, Shu, Ili rivers, etc.). Currently, serious
concerns are caused by contamination of the Syrdarya river basin with pesticides,
heavy metals and radionuclides. It uses traditional methods of purification of
Syrdarya water in providing drinking and technical water to the population
of Kyzylorda. In this regard, in providing the population with drinking water,
cleaning Syrdarya water from heavy metal ions is an important and difficult task.
Solving such an urgent problem requires a comprehensive approach to water
treatment. Therefore, it is necessary to clean metal ions using natural sorbents.
The use of natural sorbents is due to its fairly high sorption capacity, selectivity,
cation exchange properties and the possibility of complete ion sorption. In the
purification of heavy metal ions from modeled water, the most effective sorbent
is the Tagan field’s 14-horizon bentonite, which is preheated at a temperature of
120°C for 6 hours and activated with 20% sulfuric acid for 6 hours.

Key words: sorbent, bentonite, clay, Tagan, thermal treatment, acid activation,
heavy metal ions.
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I.T. Baavik6aesa'’, I.Y. Habsicoa !, K.X. /lapmaraunéer’,
I'M. A6b136¢exoBa’, II1.O. Ecien6erona’

"KopkbiT Arta arbingarbl Kpi3butopia yausepeuteti, Kpi3siiopna, Ka3akcras;
2AGaii arbiHIarbl Ka3ak yJITTHIK MeAaroruKaiblK YHUBEPCUTETI,
Anmarsl, Kazakcras.
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CYIbI AYBIP METAJLJI HOHIAPBIHAH COPBIIUAJIBIK
TA3AJIAYIA BEHTOHHUT CA3BIH MAWJAJIAHY

AnHoTtanusi. Cy/pIH JIacTaHy MpoOJIeMachl )KOHE Ta3a CYJIbIH KETICIEYIITITi
Kazakcrangarbl HEri3ri SKOJOTHSUTBIK TIpobiemManapabiy Oipi. byt ocipece Apai
eHipiHiH el aiimareiaaa (Ceipaapus, Ly, Ine e3enaepi skoHe 1.0. ) Oaiikanabl.
Kazipri yaxpitra Chlpmapus e3e¢HI Cy OacCelHIHIH TECTULUITEPMEH, aybIp
METaJIapMEH JKOHE PAaJMOHYKIUATEPMEH JIACTaHybl €Jeyi alaHIaylIbUIBIK
TyFbeI3ysa. KpI3pUiopAaa TYpFBIHAAPBIH aybI3CYMEH >KOHE TEXHUKAJIBIK CyMEH
KamTamach3 etyne Coipiapusi CybIH Ta3ayayna JoCTYPIli SICTepAl KOJMaaHa b,
OcpiraH O0ailTaHBICTHI XaJBIKTHI aybI3 CyMEH KamTamachi3 etyae Coipaapus CybIH
aybIp METaJIJI MOHIaphIHAH Ta3ajiay MaHbI3/bI )KOHE KYP/IeJl MiHIET OOJIBII OTHIP.
MyHzail ©3eKTi MocelleH] IIenry Cy/bl KeIeH I Ta3anay TOCUIIH KaXeT eTel.
COHIBIKTaH METAJJT MOHAAPBIH TAaOWUFH COPOCHTTEP/l TMalJajaHBIN Ta3ajay
KakeT. Taburu copOSHTTEP/II KOJMJaHy OHBIH JKETKUTIKTI dKOFaphl COPOIUSITBIK
CBHIMBIM/IBUTBIFBIHA, CEIEKTUBTUIITIHE, KATHOH aiMacy KaCHEeTTEepiHE KoHE MOH-
JapIbl TOJBIFBIMEH COPONMsUIAy MYMKIHZIITIHE OailylaHbICTBI. MojenbaeHreH
Cy/laH aybIp MeTaJllI HOHIAPbIH Ta3ajayaa 6 carar imrinae 120°C Temneparypana
aJJIbIH aJla TEPMUSUIBIK OHJAEITeH KoHe 6 caraTThlK 20% KYKIPT KbIIIKBUIBIMEH
akTUBTeHAIpUIreH TaraH KeHOpHBI 14-rOpu30HT OEHTOHUTI €H TUIMAlI COPOEHT
OOJIBII CaHaJIabL.

Tyiiin ce31ep: copOeHT, OEHTOHUT, ca3, TaraH, TEPMUSIIBIK OHICY, KBIITKBLUIIBI
aKTUBTEHJIIPY, ayblp METAJUT HOHAPHI.
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COPBIIMOHHASA OYUCTKA BOJAbI OT HOHOB TAKEJbIX
METAJIJIOB C UCITIOJIB3OBAHUEM BEHTOHUTOBBIX ITITUH

AnnoTtanus. [Tpo6iema 3arpsi3HeHNs BOBI 1 HEXBATKA YHCTON BOJIBI SIBJISIOT-
Csl OCHOBHBIMH JSKOJIOTHYECKHUMH Tpobiemamu B Kaszaxcrane. 910 0coOeHHO
3aMeTHO B mycThIHHOM 30HE [Ipmapanbs (pexku Coeipmapss, Ly, Unu u ap.).
B nacTosiiiee BpeMsi cepbe3HBIE OIMAceHUs! BBI3BIBACT 3arps3HEHuE OacceiHa
pexku Celpaapbsi MECTUIUAAMH, TKEIBIMH METAJJIaMU M PAJUOHYKIHMJIAMH.
Hcnons3yroTcss TpaguMOHHBIE METOAbI OYMCTKH ChIpJapbUHCKOM BOJBI MpHU
obecrieueHny HaceaeHus KbI3bUTOp/Ibl MUTHEBOM U TEXHUYECKOU BOAON. B cBsi3n
C 3TUM IIpH 00ECIICUEHUH HACEICHHsI MTUTheBO BOAON ouncTka ChIpAapbUHCKON
BOIBI OT MOHOB TSDKEIILIX METAJIOB SBJIACTCS Ba)KHOM M CJIOXKHOM 3aJ1adei.
Pemenne Takoil akTyanbHOW TpoONIeMbl TpeOyeT KOMILIEKCHOTO MOAXona K
ourcTKe BoAbl. [103TOMYy HEOOXOAMMO OYMCTUTH MOHBI METAJIJIOB C IMOMOIIBIO
MPUPOAHBIX COpOEHTOB. Vcnonp30BaHNE MPUPOAHBIX COPOSHTOB 00YCIOBICHO
UX JI0CTATOYHO BBICOKOM COPOIIMOHHON €MKOCThIO, CEIEKTUBHOCTBIO, KATHOHO-
OOMEHHBIMH CBOWCTBAaMU U BO3MOXXKHOCTBIO TOJHOW copOumu uoHoB. Ilpu
OYHMCTKE HOHOB TSKEJBIX METAJIIIOB U3 MOAECITMPOBAHHOM BOIBI Hanbosee r¢hdek-
TUBHBIM COPOCHTOM sIBIIsieTCS OCHTOHUT, 14-ropu30HT TaraHCKOTO MECTOPOXK-
JICHHSI, KOTOPBIH IPEBapUTEIbHO HarpeBaroT npu Temieparype 120°C B TeueHue
6 yacoB 1 akTUBUPYIOT 20%-HOW CEpHOI KUCIOTON B TEUEHHE 6 4ACOB.

KuroueBsble cjioBa: copOeHT, OCHTOHUT, TNIMHA, TaraH, TepMudeckas oOpa-
00TKa, KUCJIOTHAsI aKTUBALINS, HOHBI TSHKEJIBIX METAJUIOB.

Introduction. The Syrdarya is extremely important for the region’s economy,
especially in agriculture. In the last decade, the water in the river has lost its
natural fertile qualities. Instead of suspended particles, artificial ingredients have
appeared, most of which are toxic. Discharge of collector and drainage water
from agricultural fields with a high content of pesticides and mineral salts has a
significant impact on water quality (Musabekov, 2001).

The Syrdarya provides with water residents of Kyrgyzstan, Uzbekistan and
southern Kazakhstan. Syrdarya water is used for irrigation of cotton, grain fields,
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vineyards and orchards of mentioned countries, and rice of Kazakhstan. It is also
used by numerous factories, residents of localities in the three Central Asian
republics (Baigulov, 1999).

Trends in changes in the quality of water are observed in the Syrdarya river
basin. Every year, 20 million tons of salt are washed away from the fields by
collector-drainage return waters in the Syrdarya. This increases the salinity of
water in the Syrdarya river from 300-600 mg/l in the upper reaches to 3000
mg/l in the lower reaches of the Ferghana valley, with the predominant salt
composition: MgSO,, Ca(HCO,),, NaCl, CaSO,. At the same time, the coli index
increases significantly to 25,000, and the concentration of phenols and man-
made pollutants increases. Downstream, at the outlet of the Ferghana valley,
the water quality deteriorates further and remains mostly unsatisfactory until
the Delta and the confluence with the Northern Aral sea (Balykbayeva, 2012).
In the works (Musabekov, Zhanabekov). The results of studies of pollution of
the Syrdarya river based on the analysis of the chemical composition of water
for heavy metals (HM) and their migration in the water, as well as the change
in the total mineralization and main ions in the water of the Syrdarya river are
presented. It is shown that the strong migration of TM in the Syrdarya river
is a consequence of geochemical human activity. It was found that the water
throughout has a high mineralization which is 939-3025 mg/l, moderately hard-
10.2-11.2 mg-EQ.

The research presents data from a ten-year monitoring of the radioecological
state of the Syrdarya river water. The General radioecological situation of
the Syrdarya water basin near the following localities is presented: Shardara,
Tomenaryk, Shieli, Baigekum, Kyzylorda (Balykbayeva). The main radio-
nuclides-pollutants were identified and a radiation-hygienic assessment of the
Syrdarya river water was given based on possible dose loads during their use
(Zhanabekov, 2010). Based on the conducted research, the regime and dynamics
of distribution of mineral fertilizer residues in the water of the Syrdarya river
were established, the degree of excess of the MPC of nitrogen and phosphorus
compounds (Zhanabekov, 2012) was established.

Based on long-term studies of the Syrdarya river water, the regularities of
changes in the composition and type of water, metamorphization processes, and
the mode and dynamics of distribution of mineral fertilizer residues have been
established. The correlation between the content of heavy metals in water and
the pH value, as well as mineralization, has been established. The technogenic
impact of TM creates a serious threat to the environment of this region, since
the detected metals, except Ti and Mn, have high values of water migration
coefficients. The content of heavy metals in the bottom sediments of the Syrdarya
river significantly exceeds the background values and MPC. Contamination of
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river water with radionuclides near the village was identified and explained. For
example, pollution of groundwater of Tomenaryk and the village of Baigekum,
caused by the activities of the uranium mine (RU-6), located in the Shieli
(Zhanabekov, 2013).

In work (Abishev, 2000) it is noted that among the first causes of the
spread of cancer diseases among the population is the presence in drinking
water of elements of heavy metals (copper, zinc, lead, etc.) and radionuclides
(caesium-137, strontium-90, iodine-129) of natural and artificial origin.

The existing methods of water purification in the Syrdarya, in particular, to
provide the residents of Kyzylorda with drinking and technical water, are based
on the use of traditional methods of water purification, designed to meet the
needs of a large number of people. At the same time, a significant part of the rural
population uses Syrdarya water. This category of people uses mostly untreated,
that 1s, dirty water. Therefore, it is not surprising that every year in the summer in
the Syrdarya river basin, especially in its lower reaches, from time to time there
are outbreaks of gastrointestinal diseases (Kostin, 2015).

Recently, the priority is to use natural sorbents to extract metal ions, which
is due to their sufficiently high sorption capacity, selectivity, cation exchange
properties and the possibility of almost complete removal of ions. An important
factor is their relatively low cost.

In this regard, the purification of Syrdarya water from heavy metal ions is an
important and complex task that requires a comprehensive approach to solving.
The combination of various methods of water purification and analysis, based
on the success of modern chemical science, allows us to open up new promising
opportunities in this field.

Highly toxic, heavy metal compounds (Cr, Pb, Cd, Ni) increase cumulativeness
in some vital organs and human tissues, which leads to chronic intoxication
with concomitant consequences (cancer, inherent abnormalities of the heart and
vascular system, urogenital system disease, etc.) (Zhanabekov, 2013).

The Tagan field located in the Tarbagatay area is the only known large field of
bentonite clays in the Republic of Kazakhstan. The Tagan field of bentonite clays
found in 1961 by geologists of the East Kazakhstan geological survey and is
average in terms of reserves which amount to about 10 million tons of bentonite
clays. Plot size is approximately 2 km?. The depth of the bentonite clays cover
ranges from 0.5 m to 20-30 m (Zhanabekov, 2013).

As follows from preliminary experiments, bentonite in its natural state does
not have a noticeable adsorption activity; thermal activation increases it to a
small extent. Only after acid treatment they become active for use as catalysts
and effective adsorbents. Therefore, in this work, we studied the adsorption of
heavy metal ions on the thermoacid-active form of bentonite.
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In work (Zhanabekov, 2010).] the sorption properties of bentonite clays
of East Kazakhstan are shown on the example of model solutions containing
copper ions (Cu?*). The mechanism of exchange and the degree of extraction of
ions from solutions are established.

The adsorption of zinc and cadmium ions on bentonite clays of the Zyryansky
district in the Kurgan region (Russia) was studied depending on the contact
time, pH and temperature. It was found that silanol and aluminol groups of clays
participate in ion exchange, as well as in the formation of complexes with zinc and
cadmium ions, depending on the pH, one or another process prevails. Adsorption
of zinc and cadmium ions from binary equimolar solutions was studied. With
an increase in temperature from 293 to 333 K, the adsorption of ions in the clay
increases. Mechanisms of sorption of Zn(Il) and Cd(II) (Baimoldaeva, 2010)
ions are proposed.

Research materials and methods.

The method of heat treatment of bentonite clay was carried out as follows.
On a porcelain glass a measured bentonite clay is placed and dried in a dryer for
3-4 hours at 105-110°C. The dried clay was crushed, passed through a sieve and
placed in a glass container.

The method of acid treatment of bentonite clay was carried out as follows. In
a round flask with a volume of 250 cm?, equipped with a reflux condenser, pre-
thermally activated bentonite clay with a mass of 20 g is placed. 80 cm® of 20%
sulfuric or hydrochloric acid is poured, heated for two, four or six hours, stirring
in a water bath.

After the activation process is completed, the clay inside the flask cools
down to 15-20°C, and then gradually 5-10 cm’ of ammonia solution is added.
The resulting clay is decanted and washed with water until the ammonium salts
are completely removed. The sediment is filtered in a Buchner funnel using a
vacuum pump, then replaced with a filtrate into a porcelain glass, dried in a dryer
for 3-4 hours at 105-110°C.

Dried activated bentonite is passed through a fine sieve and transferred to a
glass flask.

50 cm’ of bentonite clay undergone the activation (thermal, sulfuric acid)
preliminarily mixed and brought to the desired pH value (by universal reagent
paper) model water is poured into the cylinder. The bentonite sample weight (of
different versions) is infused by varying the mass and mixing time. The solution
is allowed for retention for 20-25 minutes.

The aliquot part of 20 cm® is to be taken for later polarographic determination
of heavy metal ions. The aliquot part of the purified bentonite clays (of various
versions) of the model water of 20 cm® (“blue tape” filtered through a dense
filter) is placed into the conical flask of 100 cm® and evaporated to wet residues.
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2-3 cm® of hydrochloric acid is poured, heated, added 1 cm’ of nitric acid and
evaporated to remove nitrogen oxides. 2-3 ml of hydrochloric acid is poured
to the resulting residue and evaporated to wet residues more. The operation
of evaporation with hydrochloric acid (for the complete removal of nitrogen
oxides) is repeated. At the same time the sample preparation of the initial and
model water and the control experiment are carried out.

10 cm?® of supporting electrolyte is poured to the evaporated residue; it is heated
to its dissolution and then it is cooled. The solution is poured into the electrolytic
cell and the polarographic determination of copper, lead, cadmium and zinc at the
half-wave potential minus 0.26; 0.47; 0.67 and 1.05 B is conducted respectively
to ratio of the saturated calomel electrode. The polarographic determination
of control experiment and comparing solutions are conducted under similar
conditions. Wave height value of the control experiment is subtracted from a
height of the sample wave and the test results are treated.

Results. The research object was the model water contaminated with heavy
metals and the 14-horizon alkaline bentonite of the Tagan field of the Eastern
Kazakhstan was tested as a sorbent.

The aim of this research is to examine the possibility of model water purification
of heavy metal ions with the use of bentonite clays of various modifications
available in the Tagan field as a sorbent.

The received experimental data testify that bentonite clay of Tagan field
can successfully be used for cleaning of drinking water from heavy metal ions.
It was detected that bentonite clay in a natural condition has weak sorption
properties, while the thermal activation raises them in an insignificant degree.
Highest sorption properties of bentonite reveal after activation by acids, which
eliminates alkaline part and one and a half oxides and by that change structure
and adsorption properties of bentonite.

Discussion. As can be seen from Table below, due to the acid activation of
bentonite a content of magnesium oxide, iron, alkali and alkaline earth metals
noticeably decreases and a certain amount of silica gel is also released. This
leads to an increase in surface of activated samples in 2.5 times, i.e. to 175 m*/g
as compared to the surface of the unmodified samples (67 m?/g).

Table Composition of exchangeable cations and structural characteristics of
natural and acid-activated bentonite samples

) Content of exchangeable cations, mEq/ 100 g
g‘ Na* Ca? Mg Exchangeable cation | Surface, m%/g
A H+ A13+
Natural sorbent 27,80 44,50 28,40 |- - 67,00
Thermo-acid bentonite | 0,44 2,34 7,65 1,55 56,80 175,00
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In addition to the above there is a dramatically change of the chemical nature
of the surface which becomes acidic due to replacement of hydrogen ions to acids.
All of these factors lead to an increase in the sorption capacity of the sample.

It is known that due to the acid activation of bentonite, hydrogen ions of
the activating acid not only displace cations of sodium, calcium, magnesium
from the exchange positions, but also penetrate into the interior structure of the
montmorillonite, weaken the connection of Me - O in the fragment Me-O-Si [ 14].
This is accompanied by the destruction of its structure and resulting in occurrence
of aluminum cations in the exchange position along with the hydrogen ions that
leads to the increase of sorption capacity of the sample.
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Figure 1 Correlation of degree of extraction of metal ions from modeled water by bentonite
clay, activated with sulfuric acid, the pH (activation time - 6 hours, sample weight - 0.5 g,
mixing time - 20 minutes)
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Figure 2 Degree of extraction of metal ions from modeled water by bentonite clay, activated
with sulfuric acid (activation time - 6 hours, sample weight - 0.5 g, pH 8.0-8.5).

Figure 2 shows the correlation of the degree of extraction of ions Pb, Cr, Cd,
Ni, from the pH medium. As it follows from Fig. 2, the highest values of sorption
of heavy metal ions are observed in the pH range 6.5 - 8.5. Fig. 2 also shows
that at lower pH medium in the acidic region, metal ions are under decrease of
extraction level. Apparently, this is due to a decrease in the exchange capacity of
bentonite, as a result of desorption of metal ions.
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Conclusion. It should be noted that the 14-horizon bentonite of the Tagan
field after 6 hours activation by 20% sulfuric acid and the preliminary thermal
treatment for 6 hours at 120°C is the best sorbent for extracting heavy metal
ions from water model. The optimum treatment behavior: pH medium - 8.0-8.5,
mixing time - 20 minutes, the flow rate - 0.5 g of sorbent per 50 ml water.

Information about the authors:

Balykbayeva Gulzhan — c.ch.s. Korkyt Ata Kyzylorda University, aiteke
b1,292a,120000 Kyzylorda, Republic of Kazakhstan, bal gulzhan@mail.ru
https://orcid.org/ 0000-0002-8026-5169;

Ilyassova Gulzhakhan — PhD Abai Kazakh National Pedagogical University;
Almaty, Kazakhstan. iliasova g@mail.ru, https://orcid.org/0000-0001-8490-
7133;

Darmaganbet Klara — c.ch.s. Korkyt Ata Kyzylorda University, aiteke
bi,292a,120000 Kyzylorda, Republic of Kazakhstan, darmklara@mail.ru. https://
orcid.org/0000-0003- 4328856863;

Abyzbekova Gulmira — c.ch.s. Korkyt Ata Kyzylorda University, aiteke
b1,292a,120000 Kyzylorda, Republic of Kazakhstan, abizgul@mail.ru. https://
orcid.org/ 0000-0003-3721-1322;

Yespenbetova Sholpan — c.t.s. Korkyt Ata Kyzylorda University, aiteke
bi,29a,120000 Kyzylorda, Republic of Kazakhstan, sholpan-sultan@mail.ru.
https://orcid.org/ 0000-0002-6488-6846.

REFERENCES

A.V. Kostin, L.V. Mostalygina, O.1. Bukhtoyarov Study of the mechanism of sorption of zinc

Abishev M.A., Bakhtaev Sh.A., Uteuov M.X. Integrated purification of drinking water / I1I
Congress of the global antinuclear alliance: Abstracts. dokl., Astana, May 18-20, 2000 - Astana:
NNC RK, 2000. - P. 39.

and cadmium ions on bentonite clay // Physicochemistry of the Surface and Protection of
Materials, 2015, Volume 51, No. 5, p. 477-482.

Baimoldaeva A., Baimoldaeva K. Modern ecological state of the environment of the city of
Kyzylorda. // Search for a server of a technical science. - No. 1. - 2010. - S. 125-128.

Balykbaeva G.T. Ecology of the Syrdarya basin // Actual problems of the humanities and
natural sciences -2012. - Ne. 7 (42) p. 16-18.

Baygulov S. Water arteries of the south // Ecocourier. - 1999. - No. 14. - S. 5.

K.B. Mussabekov, G.T. Balykbayeva, N.K. Tussupbayev. Purification of water from heavy
metal ion by adsorption method // KazNU Bulletin. Ser.chem.- 2003 -. 3 (31). -P.250-256.

Musabekov K.B., Zhanbekov X.1., Secitzhanov A.F., Mukataeva J.S. Mineralization and
content of major ions in the water of the Syrdarya River: Message 1 // Vestn. KazGU. Ser.
ecologist. - 2001, - No. 1. - S. 63-65.

Musabekov K.B., Zhanbekov Kh.N., Seitzhanov A.F., Jetpisby D.Sh. Migration of heavy
metals in the river. Syrdarya // Izv. MON, NAS RK. Ser. Chem. - 2001. - No. 1. - S. 12-14.

S.S. Orazova, V.M. Belov, V.V. Evstigneev Efficiency of using natural sorbents of East

51


mailto:bal_gulzhan@mail.ru
https://orcid.org/
https://orcid.org/0000-0001-8490-7133
https://orcid.org/0000-0001-8490-7133
https://orcid.org/0000-0003- 4328856863
https://orcid.org/0000-0003- 4328856863
mailto:sholpan-sultan@mail.ru
https://orcid.org/

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Kvzkhstan in water purification from heavy metal ions // Bulletin of the Tomsk Polytechnic
University.-2007.-T.311.-Ne2.-p.150-152.

Sh.B. Battalova. Physical and chemical bases of reception and application of catalysts and
adsorbents from bentonite. - Alma-Ata: Science, 1986.-168p.

Water quality in the Amu Darya and Syrdarya river basins. Analytical report.-Tashkent, 2011.

Zhanbekov H.N., Mukataeva J.S., Lakhbaeva J.A. Radiation-hygienic assessment of water
quality p. Syrdarya, Kazakhstan // Water: chemistry and ecology. - 2012. - No. 9. - c. 14-17.

Zhanbekov H.N., Mukataeva J.S., Lakhbaeva J.A. The dynamics of the distribution of
nitrogen and fluorine compounds in water Syrdarya in a long-term cycle / Water: chemistry and
ecology. - 2013. - No. 1. - ¢. 3-8.

Zhanbekov H.N., Mukataeva J.S. Monitoring of the radiochemical composition of water in
the Syrdara basin / Water: chemistry and ecology. - 2010. - No. 5. - ¢. 2-9.

Zhanbekov X. 1. Ecological monitoring of the Syrdarya river within the territory of the
Republic of Kazakhstan. - Lap lambert academic publishing. - 2013.-s. 384.

52



NMAMATU YYEHbIX

NAMATU
JNIENECOBA KAMBAPA
KA3SbIMOBUYA

Ee3BpeMeHHo yIIed U3 JKU3HU M3BECTHBIM YYCHBIN-3IEKTPOXUMHK,
KaHAMIAT XUMHYeCKuX Hayk, npodeccop JlemecoB Kambap KazpimoBuu.
bonbmiasg yacte €ro HayyHOW NEATENBHOCTM IIpouula B creHax MHcruryra
OpraHMYeCcKoro Karanusa u anekrpoxumuu um. /1.B. Coxonbckoro.

Kamb6ap KazsiMoBuu pomuics B 1947 r. B AkTroOuHCKoi obmactu. B 1971 r,
[0CJIe OKOHYAHUS HHXEHEPHO-(PU3UKO-XMMHUYECKOT0 (haKyinbTeTa MOCKOBCKOTO
XUMHUKO-TEXHOJIOTYecKoM uHctutyra um. .M. MeHnneneeBa, moctynuia B
acnupaHTypy WHcTuTyTa oOpraHMuYeckoro karaiausa u snexkrpoxumun AH
KazCCP mo cmenmambHOCTH «TeOpeTHYecKas 3Jekrpoxumusi». B 1975 T
3alUTII KaHAWJATCKY0 auccepranmio o teme «lccnenoBaHue KMHETUKU U
MEXaHN3Ma NOHM3alUU BUCMYTa, MEIXM U UHAMS Ha BPAIAIOIIEMCS JUCKOBOM
anektpoae ¢ koisiom». C 1974 no 1987 rr. paboran B MOKD AH Ka3zCCP
B JIOJDKHOCTHM MJIQJIIIETO, 3aT€M CTapllero HayyHoro corpyanuka. C 1987 mno
2007 r.r. — 3aBenytoutuii Jaboparopueit 3auThl MeTauIoB oT Koppo3uu MOKD
um. /[.B. Cokonbckoro (B 2001 . meperMeHoBaHa B J1a0OPaTOPHIO MPUKIATHON
ANEKTPOXUMHH U KOPPO3HH).

PesynerareinccnenoBannii K.K. JlenecoBaBo61acTH3MEKTPOXUMUN METAIIJIOB,
IIOJIyYE€HHBIE METOAOM JIHMCKOBOIO 3JIEKTPOAA C KOJIBLIOM, KJIACCUYECKOH H
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HECTallMOHAPHOU BOJIBTaMIIEPMETPHUH, IT03BOJIUIIN BBIIBUTH OCHOBHBIE 3aKOHO-
MEPHOCTH 00pa30BaHUS TPOMEKYTOUHBIX POYKTOB — MOHOB METAJJIOB HU3IIEH
BaJICHTHOCTU B Ipolleccax pas3psiia-MOHU3ALMU MOJUBAJICHTHBIX METAJJIOB U
YCTaHOBUTH MPOTEKAHUE CTAIUHHBIX SJIEKTPOAHBIX PEAKLUN C yYaCTHEM HOHOB
METaJJIOB IPOMEKYTOUHOI U HEOOBIYHOM BAJIGHTHOCTH B XMMHUECKHUX PEAKIUIX
JUCTIPONIOPIIMOHUPOBAHUS M PETTPONOPIIMOHUPOBAHUS, KOMIUIEKCOOOpa30BaHUS
B 3aBUCHMOCTH OT IPUPO/IbI METaJJIa U aHHOHOB PAacTBOPA, AKTUBHOCTHU BOJIbI B
JIEKTPOJIUTE.

WM BriepBbIe OBLIO MOKa3aHO U 00OCHOBAHO MPUMEHEHUE METO/1a TUCKOBOTO
3JIEKTPOJAa C KOJIBLIOM JUIsl MCCIIEOBaHUS KOMIUIEKCOOOpa30BaHMsI HOHOB
METaJIOB IIPOMEKYTOUHOM U BBICIIEH BaJIEHTHOCTU B PACTBOPAX.

K.K. JlenecoB sBsuICS BBICOKOKBATH(HUIIMPOBAHHBIM CIEIIUATUCTOM B
00JIaCTH MCCIICIOBAaHUA KUHETHKH U MEXaHHM3Ma JJICKTPOXUMHYECKUX U KOp-
PO3HOHHBIX MPOLECCOB METAIJIOB M Pa3pabOTKU METONOB 3allUThl OT KOp-
po3un. OH ObUT OTBETCTBEHHBIM MCIIOJIHUTENEM Hporpammsl «Pa3paborarhb
KOMIIO3UILIMOHHBIE (DeppUTHBIE AHTUKOPPO3HMOHHBIE MaTepUallbl HA OCHOBE MPO-
IYyKIIMM U BTOPUYHBIX pecypcoB mnpeanpusituii Kazaxcrana» 2003-2005 rr,
HMHHOBALIMOHHOM nIporpaMMbl « OpraHu3anus ONbITHOTO IPOU3BOJCTBA UMIIOPT-
3aMEeIAONINX CPEACTB AIEKTPOXMMHUYECKON 3alUThl CTAJbHBIX KOHCTPYKIIHIM
ot koppo3um» 2003-2005 T.r., psi1a X0310TOBOPHBIX padOT 1O KOPPO3HUH.

ITo pe3ynpraram uccieqoBaHUM pa3pabOTaHbl AHTUKOPPO3HMOHHBIE COCTABBI
JIAKOKPACOYHBIX MAaTEpUajioB C Pa3IMYHBIMU J100aBKaMH, MOBBILIAOIIME KOP-
PO3MOHHYIO CTOMKOCTb MOKPBITUH B BOJHO-COJIEBBIX U KHCIIBIX CPEAAX, KOTOPHIE
HaITM TPUMEHEHHUE TMPHU 3alIUTE BOJAOBOIOB B PA3IUYHBIX PETHOHAX.

Jlenecos K.K. — aBrop 6onee 300 HayuHbIX myOnukanuii, 1 MoHOrpaduu u 28
naTeHToB Ha n3o0perenus. Cpean ero yueHUKoB 8 kanaunaaroB Hayk ¥ 1 PhD.

[IpupoxxaeHHBIN TaJdaHT MCCIEAOBATENsl B COYETAHMM C HEHUCUEpIaeMou
TBOPUYECKOW HEPrueil 1 ryOoKo# Spyauiueii Onpeaenuin ero OoNbIIoN BKIa
B Pa3BUTHE XUMUYECKON HAYKH.

OH Bcerna ocTaHeTcsl JJi HAC TAJIAHTIIMBBIM YUYEHBIM, MYJIPbIM YUUTEIEM U
XOPOLIMM JIPYIOM.

Konnexkmus AO « Uncmumym monausa, Kamaauza u 31eKmpoxumun
um. /[.B. Coxonvckoeo» svipasicaem 2nybokoe cobonesHosanue
POOHBIM U ONUKUM.
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