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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.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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A.M. Serikbayeva'’, M.S. Kalmakhanova', H.T. Gomes?’,
B.B. Shagraeva®, N.T. Shertaeva®

'"M.KH. Dulati Taraz Regional University, Taraz, Department of Chemistry
and Chemical Engineering, Taraz, Kazakhstan;
*Centro de Investigacdo de Montanha (CIMO), Instituto Politécnico de
Braganca, Braganga, Portugal;
3South Kazakhstan State Pedagogical University, Shymkent Department of
Chemistry, Shymkent, Kazakhstan.
E-mail: ali_2006.82@mail.ru

METHODS OF PREPARATION AND PHYSICO-CHEMICAL
CHARACTERISTICS OF ORGANIC MODIFIED CLAYS WITH
GRAFTED ORGANOALOXIDES

Abstract. The main sources of many environmental problems associated with
the formation of wastewater are industrial enterprises that release water streams
containing pollutants. Wastewater treatment is a complex task that requires a
combination of different methods to achieve maximum efficiency. Increasing
the efficiency of removing heavy metals, nutrients, anionic pollutants and
organic compounds from liquid media is one of the most acute environmental
problems. In recent years, the danger of environmental pollution with toxic
metal ions as a result of wastewater discharge from electroplating, mining and
battery industries has been growing. Natural and modified clays have a large
surface area and a high ion exchange capacity, which allows them to be used as
effective adsorbents for the removal of heavy metals from wastewater. In this
regard, scientific interest is growing in the creation of new environmentally
friendly technical solutions and inexpensive materials (adsorbents and /or
catalysts) based on clays. Their use as an adsorbent and catalyst for wastewater
of the chemical industry is an urgent and priority task. Adsorbents or
catalysts were prepared during the purification of environmentally hazardous
compounds in wastewater. The clay was thoroughly washed, heated 80°C.
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With a stirrer for several days before the organic compound was absorbed for
drying and application of the organic compound. Various analyses were used
to describe adsorbents, such as infrared spectroscopy (IR), X-ray diffraction
(X-ray diffraction), differential thermal analysis (DTA), element analysis, etc.
Clay-based materials were obtained from natural clays and evaluated during
wastewater treatment using model pollutants in aqueous solutions.

Natural clays were collected from Aktobe deposits in the region of
Kazakhstan.

It was found that the modified samples exhibit higher sorption properties
compared to enriched clay.

Key words: organoclaynes; kaolinite, thermal analysis, intercalated
grafting, dimethyl sulfoxide-DMSO, natural clay, modified clay.

A.M. CepukbaeBa'’, M.C. Kaamaxanosa', X.T. l'omec?, b.b. lllarpaesa’,
H.T. lllepraesa®

OPTAHOAJIOKCUATEPMEH ETTJITEH, OPTAHUKAJIBIK
TYPIEHAIPIJITEH CA3JJAPADBI AJ1Y TOCIJIAEPI )KOHE
OU3UKAJIBIK-XUMUAJIBIK CUITATTAMAJIAPBI

'"M.X. ynartu ateiaaarsl Tapa3 eHipIiK YHUBEPCUTET], « XMMUS )KOHE
XUMHUSUTBIK TEXHOJIOTHs» Kadenpackl, Tapa3, Kazakcran;
2Taynap/asl 3epTTey opTanbirbl, Instituto Politécnico de Braganga,
bparanca, Ilopryranus;

*OHTycTik KazakcTan MEMIIEKETTIK MeJaroruKaiblK YHUBEPCUTET], X UMHS
kadenpacsl, [lIsiMkenT, Kazakcran.

E-mail: ali_2006.82@mail.ru

AHHOTAUMsI. AFBIH/IBI CyJIap/IbIH Maiiga 00JybIMeH OalIaHBICThl KOTITETCH
SKOJIOTHMSUIBIK ~MpoOieManapAblH HEri3ri Ke3[aepl — JiacTayllbl 3aTTaphl
O0ap cy afrbplHAApPBIH MIBIFAPATHIH OHEPKICINTIK KOCIMOPBIHAAP. AFBIHIBI
CyJIap/bl TazapTy — Oy MaKCUMAaJIbl THIMAUTIKKE KOJI JKETKi3y YIIIH opTyp:i
omicTepni OipikTipyai KaxkeT eTeTiH Kypaeni MiHner. CyHWBIK opTaaaH
ayelp MeTAJIApJbl, KOPEKTIK 3aTTaplbl, aHWUOHJBI JIACTAFBIIITAPILI JKOHE
OpPTraHMKAJbIK KOCBUIBICTAPBI aJbII TacTay THIMJIUITIH apTTHIPY €H OTKIp
AKOJIOTHSIIBIK TIpoOseManapasiH Oipi Oosibin TaObu1ambl. COHFBI KBULIAPHI
rajabBaHUKAIBIK, Tay-KEeH KOHE aKKYMYIISITOP OHEPKICIOIHIH aFbIH/bI CylapbIH
arpI3y HOTIDKECIH/Ie KOPIIaFaH OPTaHbI YIIbI METAJIJI MOHAAPbIMEH JIacTay KayIli
aptein kKenexdi. TaOuru xoHe MomM(UKALUSIAHFAH ca3lapAblH OeTKi KadaTsl
YJIKCH KOHE MOH ajaMacy KaOineTi »Korapbl, OYJ1 oJap/bl aFbIHBI CylTapAaH
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aybplp MeTailapibl KeTipy YIIiH THIMJI aJcOpOeHTTEp peTiHie NaiiianaHyFa
MYMKiHAIK Oepeni. OchiFaH 0alIaHBICTHI JKaHA SKOJIOTHSUTBIK Ta3a TEXHUKAIBIK
IIenrMaep MEH ca3 HeTi3iHJeri ap3aH MaTepualaapabl (ancopOeHTTep KoHe/
HEMece KaTaim3aropiap) jkacayFa FhUIBIMH KBI3BIFYIIBUIBIK apTHINT KeJeli.
Onapapl XUMUS ©HEPKICIO1HIH aFBIH/IBI CYJIAPBIH Ta3apTy YIIIH aICOPOCHT )KOHE
KaTajau3arop peTiHAe maijgagaHy ©3eKTi )koHe OackiM MiHIET. AJICOpOSHTTEp
HEMece Karauu3aTropiiap afFblHAbl  CyJdapJaFbl  DKOJOTUSIIBIK  KayimnTi
KOCBUIBICTAPABI Ta3apTy Ke3iHae anbiHAbl. Ca30aliblK MYKHUST >KYBUIBII,
OpPraHMKAJIBIK KOCBUIBICTBI KENTIPY JKOHE KOJIJaHy YIIiH OPTaHUKAJBIK
KOCBUJIBIC CIHI'€HI'e JIeliH OipHemie KyH 00#bl apanacteipreimineH 80°C neiin
KBI3ABIPBULIBL. AJICOPOCHTTEPAl CUTIATTAy YIIiH HH(PAKBI3BLT CIEKTPOCKOTTHS
(UKC), pentrenaik nmudpaknus (X-ray diffraction), muddepenumnanpt
tepmusblK Tannay (DTA), snementrepai Tanaay skoHe T.0. CHAKTBI 9pTYpIIl
Tajaay SIiCTepi KOIIaHBUIIBL.

Taburu caznap Kazakcran eHipingeri AkTe0e KeH OpbIHIapbIHAH KIHAJIIBI.

Monudukanusianrad yiaruiepiH OaWbITbUITFaH OaIIBIKIIEH CalbICTBIP-
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CITOCOBBI HOJAYYEHUA U PUBUKO-XUMHNYECKHUE
XAPAKTEPUCTUKHU OPTAHUYECKUX MOANPULINPOBAHHBIX
I[VIMH C IPUBUTBIMU OPTAHOAJIOKCUJIAMU

AnHoTtanusi. OCHOBHBIMHM UCTOYHUKAMHU MHOTHX 9KOJIOTUYECKUX MTPOOIIEM,
CBSI3aHHBIX C 00pa30BaHUEM CTOYHBIX BOJ, SIBISIOTCS MPOMBINIJICHHBIE MIPE-
NpUATHS, BBINYCKAIOIIUE BOJHbBIE IOTOKHU, COAEpKAIIUe 3arpsa3HsIOLIne
BemecTBa. OYUCTKA CTOYHBIX BOJ TPEACTaBIACT COOOH CIOXKHYIO 3aaady,
KOTOpasi TpeOyeT COYETaHUS Pa3TUYHBIX METOIOB JJIsI 10 CTHYKEHUSI MaKCUMaJTb-
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HOM HddexTtuBHOCTH. IloBBINIEHHE S(PPEKTUBHOCTH YAANEHUS TAKEIBIX
METAJJIOB, MUTATENbHBIX BEIIECTB, AHMOHHBIX 3arps3HSIONIMX BEIIECTB U
OpraHMYEeCKUX COEAMHEHHUH M3 JKUJKHUX Cpej sBJAETCS OAHOW U3 Hauboiee
OCTpPBIX JKOJIOTMUECKUX IMpobieM. B mocienHue roabl pacTeT ONACHOCTH
3arpsi3HEeHUs OKpYXKarollel cpeibl HOHAMHM TOKCUYHBIX METAJIJIOB B pE3yJIbTaTe
cOpoca CTOYHBIX BOJ I'aJIbBAHNYECKUX, TOPHOL00BIBAIOIINX U AKKYM YIS TOPHBIX
npou3BoAcTB. [IpupoaHbie U1 MOAU(PUIIMPOBAHHBIE ITIMHBI UMEIOT OOJBIIYIO
IUIOMIA/1b TIOBEPXHOCTH U BBICOKYIO HOHOOOMEHHYIO €MKOCTh, YTO MO3BOJISET
UCIIONB30BaTh UX B KaduecTBe A(P(EKTUBHBIX aACOPOEHTOB Ui yHaleHUs
TSDKEITBIX METAJUIOB M3 CTOYHBIX BOJI. B CBSI3M C 3THM pacTeT HayYHBI HHTEPEC
K CO3JaHWI0 HOBBIX JKOJOTHYECKH O€30MaCHBIX TEXHWYECKUX PEIICHHHA WU
HEJIOPOTUX MaTepuaiaoB (aIcOpOCHTOB M / WIJIM KaTaJIM3aTOPOB) HAa OCHOBE
IMH. VIX ncnoibp30BaHue B KaueCcTBE a/1cOPOSHTA M KaTaJlu3aTopa JUlsi CTOUHBIX
BOJI XMMHUYECKON IPOMBIIUIEHHOCTH SIBJISIETCSI aKTyaJdbHOW U MPUOPUTETHOMN
3agadei. [Ipu ourCTKE SKOJIOTNYECKU ONTACHBIX COEAUHEHUM B CTOYHBIX BOJIAX
OBUTM TIPUTOTOBIIEHBI AJACOPOEHTHI WM KaTalu3aTropbl. [TWHY TIIATENBHO
npombiBanu, nporpeBasin 80°C Memraakoi HECKOJIBKO JHEW 10 BIHTHIBAHUS
OpPraHUYECKOI'0 COCAMHEHNU S AJIS CYIIKU U BHECEHUS OPTaHUYECKOT'0 COSTUHEHUSI.
JUis onucaHus aacopOEHTOB HCIOJIB30BAIHMCH Pa3jMUYHbIE AHAIM3bl, TaKue
kak nH(ppakpacHas cnekrpockonus (UKC), penrreHogudpakromerpudeckuit
anamus (X-ray diffraction), nuddepennuanbueiii Tepmudecknii ananus (DTA),
aHaJIMU3 IEMEHTOB U T. [I.

Marepuansl Ha OCHOBE INIMHBI OBUIM IOJYYEHbl W3 MPUPOAHBIX INIHH
U OLEHEHbl IpPH OYHMCTKE CTOYHBIX BOJA C MCIOJb30BAHMEM MOAEIBHBIX
3arpsi3HUTENEN B BOJHBIX pacTBOpax.

[Ipuponuele muHBI ObUIM COOpaHBl MECTOPOXJAEHUNH AKTOOE B oOnactu
Kazaxcrana.

VYcraHoBIeHO, YTO MOAUGUIIMPOBAHHBIE O0O0pa3lbl MHPOSBISAIOT Oonee
BBICOKHE COPOLIMOHHBIE CBOICTBA IO CPAaBHEHUIO ¢ 000OTraIleHHOW MNIMHOM.

KuiroueBble cJjioBa: OpraHoNNIMHBL, KAOIMHHUT, TEPMHUUYECKHM aHaIu3,
WHTEpPKaJUpOBaHHAS MPHUBUBKA, auMeTuicyiabdokcua-AMCO, npupomHas
IIMHA, MO (ULIMPOBAHHAS [TIMHA.

Introduction. Water purification is still a necessary technology in many
industries, as water pollution and environmental pollution have become
major environmental problems worldwide. It is an indisputable fact that
unstable development paths create enormous pressure on water resources,
affecting their quality and availability, and the ability to support the growing
demand for fresh water is questioned (Sis et. al 2014). Water, indeed, is also
a key resource for industrial and production processes (e.g. heating, cooling,
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cleaning, flushing), but the wastewater that is generated can cause damage
to the environment when it is discharged without any treatment (Liu et. al
2016). Industrial pollutants in water usually include heavy metals and/or huge
amounts of organic an pollutant, the removal of which is indeed mandatory,
but requires the use of complex and expensive processes (Shen et. al 2015).

The complexity and cost of treatments are much more relevant in the case
of very strict disposal limits, low concentrations of pollutants and/or difficult-
to-remove pollutants. Traditional methods proposed for this purpose, such as
ion exchange, precipitation, electro dialysis, reverse osmosis, ultrafiltration,
flocculation, bio sorption, adsorption, etc. ( Li et. al 2014) in some cases are
not effective for the treatment of complex and complicated contaminated
wastewater or are too expensive. The sorption properties of kaolinite (Okada
et. al 2007). lead to application in the areas of retention of heavy metals and
radionuclides (Sari et. al 2007). Intercalation of metal captions or organic
compounds is very difficult to carry out due to its very low cation exchange
capacity (CBS) (Gupta et. al 2008) Adsorption usually occurs on the outer
crystalline surface of kaolinite, while CBS occurs as a result of protonation/
deprotonating and isomorphic replacement of Al by Si in tetrahedral sheets
(Theng B.K., 1974). Artisanal activities for processing lead from used batteries
cause a lot of problems with environmental pollution in Kazakhstan. Such
activity leads to contamination with lead (as well as arsenic and antimony)
both ground and surface waters used for drinking and irrigation of agricultural
crops. The sorption capacity of kaolinite and clay minerals in general can be
increased by modifying their surfaces with organic ligands, which give Lewis-
based functionality to materials (Grim R.E., 1953).

The development of hybrid organic-organic matrices has aroused
great interest due to their growing application in several fields, such as
nanotechnology, environmental engineering and clay sciences (Reimbaeva et.
al 2020). The most important methods used to produce organo-clays are (i)
intercalation reactions (using the method of soft displacement of the guest or
impregnation of organic fragments), (i1) covalent grafting, for example, with
organosilane (Dennis et. al 2001) or alcohols such as n-alkanols, diols, long-
chain glycol monoesters, etc. and (iii) replacement of exchange cations with
organic molecules (Tunney et. al 2008). This latter method is widely used
for smectites, but usually results in a small organic content when applied to
kaolinite due to its very low COS value.

Based on these data, new organoglinous systems in which clay is modified
with dimethyl sulfoxides are evaluated in this work. Application multi-purpose
characterization of the approach of X-ray powder diffraction, X-ray diffraction,
thermal analysis, measurements, TGA-DTA, IR spectroscopy, and elemental
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analysis. The ultimate goal is to determine the best operating conditions,
taking into account the chemical nature of polyamine, to obtain an organo-
clay system characterized by high adsorption capacity of heavy metals and
selectivity in wastewater treatment.

Experimental. Material and Solid Synthesis. Natural clay from the Aktobe
deposit in Kazakhstan, Dimethyl sulfoxide (C2H60S), distilled water (H20),
dioxin(C4H402), isopropanol (C3H80), ES-6120 heated magnetic stirrer,
vacuum oven, spiral refrigerator, chemical pump, thermometer, analytical
scales, stoppers, tripod, three-necked flask round-bottomed, Bunsen flask,
varonka, laboratory sieves-Ne.0.063, filter paper, measuring cylinder. The
analysis was taken within the following limits of the measuring systems of the
device: DTA =250 uV, DTG = 500 pV, TG= 500 puV, T =500 pV.

Synthesis of magnetic materials.The method of obtaining organo kleis.
Due to the suitable adsorption properties of clay minerals, the increase in
adsorption capacity can be improved by increasing the porosity of the clay
material after chemical and physical treatment. To modify clay minerals, Aktobe
natural clay was crushed into powder in a mill and sorted through a sieve of
size No.0.063, 12 g. of kaolinite 121. was washed with distilled water. Then 60
ml. Dimethyl sulfoxide and 5 ml. H20 (dist.) were added to the mixture. water.
The suspension was kept under magnetic stirring for 5 days at a temperature
of 80°C. Then, the mixture was left for 2.5 days at room temperature. The
resulting material was recovered after two series of washing-centrifugation
using first dioxane 100 ml, then isopropanol 100 ml. The product was finally
dried at a temperature of 50°C for 1 day.

Characterization. Composite characterization at various stages of
preparation was performed as follows: Radiographs of kaolinite and modified
organocaolinite were obtained for X-ray diffractometric analysis carried out
on an automated diffractometer DRONE-3 with SIKA radiation, a B-filter.
Diffractogram shooting conditions: U=35 kV; [=20 mA; shooting 6-26;
detector 2 deg/min. Equipped with an X-ray energy dispersion spectrometer,
it was used to characterize the morphology of clay particles and perform
point elemental analysis. Infrared transmission (IR) spectra were recorded
using KBr granules on an IR spectrometer with a detector and analyzed using
OPUS software. Thermogravimetric derivative analyses were performed on
a derivatograph of the company “MOM” - Budapest (Hungary). The method
used is based on the recording by the device of changes in the thermochemical
and physical parameters of a substance that can be caused when it is heated.
The thermochemical state of the sample is described by the curves: T
(temperature), DTA (differential thermoanalytical), TG (thermogravimetric)
and DTG (differential thermogravimetric), the latter curve is a derivative of
the TG function. DTA- DTG- TG-.
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Results and discussion. Table 1 shows the content of elements in natural
clays. The results show that natural clay mainly consists of Si and Al. As it was
noted, the amount of iron oxide in the Aktobe clay sample is rich in silicon
(25.93%) and aluminum (20.10%), while the content of alkalis and alkaline
earth elements is low.

Tablel. Elemental composition of natural clays

Natural
clay
Aktobe

The analysis of all elements is performed. Element weight (%)

0 Na Mg |Al Si S Cl |K Ca |Ti Fe |Urtor
52,3210,21 ]0,07 |20,10 |25,93|0,06 {0,31{0,24 |0,10 |0,25 /0,42 100,01
Results in % connections.

0] Na20 |MgO |AI203|SiO2 |SO3 |Cl K20 | CaO | TiO2 | FeO | Utor
- 0,29 0,11 39,34 |58,31(0,16 |0,33 |0,31 [0,14 |0,45 |0,57|100,01

(Figure 1).-The results of the elemental composition of natural clay were
obtained using EMP analysis

Figure 1. Elemental composition of natural clay Aktobe

X-ray diffractometric analysis. Diffractograms of a sample of natural
clay were carried out on an automated diffractometer DRON-3 with SIKA
radiation, a B-filter. Conditions for shooting diffractograms: U=35 kV; [=20
mA; shooting 6-20; detector 2 deg/min (Fig. 2.).

Figure 2.
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Diffractogram of a sample of natural clay Aktobe.
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X-ray phase analysis on a semi-quantitative basis was performed using
diffractograms of powder samples using the method of equal attachments and
artificial mixtures. Quantitative ratios of crystal phases were determined. The
interpretation of diffractograms was carried out using data from the ICDD card
file: a database of powder diffractometric data PDF2 (Powder Diffraction File)
and diffractograms of minerals pure from impurities. Shooting conditions:
Diffractometer DRONE-3.0; accelerating voltage - 35 kV; anode current - 20
mA.To determine the quantitative ratio of the crystalline phases of alumina, the
samples were subjected to X-ray diffractometric analysis. Possible impurities
with a low content and unambiguous identification due to the presence of
only 1-2 diffraction reflexes, the absence or poor crystallization of chemical
composition data are presented in Table 2.

Table 2. Results of semi-quantitative X-ray phase analysis of Aktobe clay

Mineral Formula Concentration, %
kaolinite AL(S1,0,)(OH), 68.9

quartz SiO, 28,8

mica KAL(AISi,O, )(OH), 23

The result of the analysis established that the sample of the studied Aktobe
clay belongs to the group of layered silicates - kaolinite A12(Si205)(OH)4, with
a low amount of muscovite admixture KAI2(AISi3010)(OH)2. All the above
diffraction peaks belong only to the above phases. Characteristic diffraction
reflexes allowing identification of the phases present are noted.

Results of FTIR spectroscopy. The natural clays of the Aktobe deposit
were studied by FTIR spectroscopy. FTIR spectra of all compounds were
recorded in solid form in tablets with KBr.
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b)
Figure 3. FTIR- spectrum of a sample of natural clay a) Aktobe
Spectrum of modified clays b) DMSO/Aktobe

The FTIR spectra of unmodified kaolinite (NMK) and kaolinite with DMSO
modifications are shown in Figure 3. The spectrum of FTIR showed unmodified
that the OH bending band at 937 cm1 was easily attributed to A1-OH. A strong
band centered at 1126 cm1 represented the Si—O stretching vibration together
with vibrations of 563 and 488 c¢cml, which indicated Si—O-Al and Si-O-Si
bending vibrations, respectively, which were typical for tetrahedral Si-O. The
bands at 3616 and 1518 cml were attributed to the stretching and bending
vibrations of OH molecular water, respectively (Yariv et. al 2007). The band
of 1475 cml was attributed to the presence of carbonate (Lothenbach et. al
1997).t Appeared in the spectrum of FTIR NMK. These bands are associated
with the main kaolinite. For modified DMSO kaolinite, peaks at 3222 and 2935
cml were attributed to stretching fluctuations of -CH2 and -CH3, respectively,
indicating the presence of a long alkyl chain in kaolinite (Shichang et. al 2008
and Garci’a-Lo'peza D., Gobernado-Mitre et. al 2005). Bands in 3616 and
1518 cm1 were attributed to the disappearance of molecular water OH. This
indicated a complete exchange of basal cations with the removal of water
molecules (et. al 1995).

Results of thermal analysis (DTA and TGA).Results of thermal analysis
(DTA and TGA) of the sample prepared clay from Aktobe. The analysis
was carried out in an air environment, in the temperature range from 20 to
1000°C.The heating mode of the furnace is linear (dT/dt = 10 degrees/min),
the reference substance is calcined A1203. For clarity, the shooting conditions
of the sample sample was strictly 200 mg, with the sensitivity of the scales -
100 mg. The sample and the reference substance for analysis were placed in
ceramic crucibles. As a result of dynamic heating of these samples, the curves
DTA, DTG and TG noted manifestations caused by the occurrence of various
types of reactions in the system. Among them are processes associated with the
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release of H20 and hydroxyls into the atmosphere during the decomposition
of clay minerals, reactions with CO2 emissions as a result of the combustion
of organic matter, as well as during the destruction of calcite. The first thermal
manifestation is caused by the removal of sample particles dislocated along
broken bonds from the adsorbed water system. It should be noted that on the
DTA curve, the indicated reaction (at ~90°C) is not clearly traceable due to the
low content of the amount of molecular water in the powder sample (1.125%
of the initial mass of the tested substance), Table-3. Information about this
dehydration on the DTA curve is hidden by the background of thermal
interference (20-300°C), unrelated to the composition of the sample. Aktobe
natural clay in conditions of continuous heating up to 1000°C left on the
curves DTA, TG and TG manifestations caused by decomposition reactions
of thermally active components. On the DTG curve, these processes were
indicated by peaks at 50 and 490°C, and on the DTA line they were formed by
endothermic peaks in the vicinity of 90 and 510°C and one exothermic effect
in the region of 900°C, Figure 4.

(R R
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a) b)
Figure 4. Derivatogram of a sample of natural clay a) Aktobe
derivitogram of modified clays b) DMSO/Aktobe

The concentration of kaolinite in the sample was calculated based on its
stoichiometric formula - [AL2(Si205)(OH)4]. The obtained content of this
component (38.9%) is slightly lower than the value that X-ray phase analysis
(XFA) gives for kaolinite - 68.9%. This discrepancy can be explained by the
deficiency of hydroxyl inclusions in the crystal lattice in some part of kaolinite.
This disadvantage of OH groups could originally have been in the kaolinite
of the original sample or was formed during the preparation of the sample.
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Therefore, the difference between the amount of kaolinite according to the
results of X-ray phase and thermal analyses (68.9%-38.9% = 30%) should
be attributed to degraded kaolinite. This degraded mineral is still somehow
fixed by X-ray diffraction determination, however, thermal analysis sees in it
only a substance that includes mechanically bound water (Am1) and hydroxyl
inclusions (Am2), with a low potential of electrical bonds, i.e. displaced
from the octahedral grid of kaolinite. In the studied sample, as a concomitant
clay mineral, a hydroslude was found, which loses hydroxyl water (Am5) in
the amount of 1.375% of the initial mass of the sample in the interval 580-
1000°C. According to the results of this weight loss, the amount of this mica
formation in the sample corresponds to 8.6%. Along with the calculated clay
minerals, quartz was found in the test sample, which, at 500°C, usually leaves
a weakly pronounced endothermic effect on the DTA curve associated with the
polymorphic transition of this silicon oxide from the a state to . Since this
manifestation coincided with the dissociation of kaolinite in temperature, this
effect is not traced on the DTA curve. And only when re-shooting the baked
clay, the indicated curve indicated a weak effect, according to the intensity of
which (and according to the residual principle) the following quartz content
in the sample was calculated - < 20%.The organic inclusion in the sample is
traced by the exothermic peak of the DTA curve in the range of 225-275°C.
The thermal effect is formed as a result of the oxidation of COorg to the level
of CO2, which, when it exits the system, leaves a clearly defined downward
descending peak at 245°C on the thermogravimetric (DTG-) curve. Within
the limits of the combustion temperatures, the thermogravimetric (TG-) curve
indicated a weight loss step corresponding to 4.75% of the sample mass. This
value corresponds to the concentration of organic matter in the test substance.

Table 3. Thermogravimetric indications natural and modified Aktobe clay
within 20-1000°C

Thermogravimetric| Weight The amount | Volatile components | Temperature range
readings Loss of weight | of the heated sample | of the decomposition

Sequence | loss, in % stage, °C

Natural clay Am, 1.125 H,0 20-100
Aktobe Am, 0.75 OH 100-255
Am, 10.25 OH 255-745
Am, 0.25 OH 745-1000

YAm o 12,375 H,0, OH 20-1000

Modified Aktobe Am 10,25 H,0 20-200
Clay (DMSO) Am, 3,375 OH 200-225
Am, 4,75 CO, 225-275

Am, 10,25 OH 275-580
Am, 1,375 OH 580-1000

YAm o 30 H,0, OH, CO, 20-1000
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Two other reactions - in the temperature ranges of 510 and 900°C are
characteristic of the destruction of the clay mineral - kaolinite. The first of them
is associated with the release of constitutional water (OH) from the silicon-
oxygen framework, the second is due to the destruction of the kaolinite crystal
lattice. The amount of this mineral in the sample is determined by the content
of hydroxyl water set by the thermogravimetric (TG) curve. In our case, the
loss of water during dehydration of kaolinite corresponds to the value of Am3
equal to 10.25%, Table-3. Taking into account the stoichiometric formula
of kaolinite and the indicated weight loss, the amount of this mineral in the
sample is 38.9%, Table-4. One of the components of the sample, when heated,
left the most spectacular manifestations on the DTA curve, in the intervals of
275 -580 and 875-930°C, Figure-4 (b). This is an endothermic peak at 485°C
and an exothermic peak at 900°C. Similar manifestations are characteristic
of the thermal destruction of kaolinite. The content of this clay mineral in the
sample, according to the amount of emissions from the hydroxyl water system
in the range of 275 -580°C (Table-3), is 38.9% (Table-4).

Table 4. Composition natural and modified clay Aktobe

Ne | Composition- Aktobe nature.Aktobe clay is used | Modified Aktobe clay according
clay according to DTA- |according to DTA and DTG |to DTA- and DTG data
and DTG definitions in %

1 | Quartz <20 <20

2 | Hydrosluda >7 8.6

3 | Kaolinite 38,9 38,9

4 | Kaolinite degraded <30 <30

5 | Organic Compound (CO) | - 4,75

In the composition of the Aktobe clay there is also another kaolinite,
which has a highly dehydrated structure. According to their methodological
capabilities, such anhydrous systems are not registered by thermal analysis.
It remains to accept the fact that along with the diagnosed kaolinite (38.9%),
degraded (dehydrated kaolinite) is also present in the sample.Other mineral
inclusions in the sample included hydrosludes and quartz. The hydroslude
in the sample composition is above 7% Quartz, calculated according to the
residual principle, corresponds to <20%, Table-4. Some differences in the
contents of the components in the compared analyses (ex.Aktobe clay and
Aktobe mod. clay), can be caused by the method of preparation of Aktobe
mod. clay. Modified Aktobe clays under dynamic heating from 20 to 1000 ° C
revealed a series of effects caused by the destruction of minerals and thermally
active chemical compounds in its composition.

Conclusions.The natural clay of Aktobe was modified using DMSO To
change the interlayer spatial gallery of natures. Aktobe clay was influenced by
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the type of organomodifiers used. The prepared modified Aktobe clay can be
arranged according to its spatial gallery in the order: (DMSO-K >) The results
obtained showed that the DM SO modifier can be considered as a more suitable
modifier for modifying natures. Aktobe clay, while it had the highest degree
of intercalation. Based on the results of the thermal analysis characteristics
of a number of natural kaolinite and taking into account the dehydroxylation
temperature of the primordial clay (usually 580°C), it is possible to predict the
nature of the organocles obtained by modification of kaolinite. In particular, a
clear distinction can be made between materials obtained by intercalation of
organic molecules in the interlayer spaces of kaolinite and materials obtained
by their intercalation followed by covalent grafting onto the inner surfaces
of kaolinite. The characteristic vibrational characteristics of organoclays were
confirmed by thermal analysis data and X-ray diffraction pattern.
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