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I 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 Pecnybnukacer ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



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
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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
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Zh.A. Baimuratova', M.S. Kalmakhanova'’, SH.S. Shynazbekova?,
N.S. Kybyraeva?, J.L. Diaz de Tuesta®, H.T. Gomes®

'M.KH. Dulati Taraz Regional University, Taraz. Department of Chemistry and
Chemical Technology, Taraz, Kazakhstan;
?South Kazakhstan State Pedagogical University, Department of Chemistry,
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3Centro de Investigagdo de Montanha (CIMO), Instituto Politécnico de
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MnFe, O /ZHETISAY COMPOSITE AS ANOVEL MAGNETIC
MATERIAL FOR ADSORPTION OF NidI)

Abstract. This paper deals with the preparation of magnetic adsorbents from
natural clays for the adsorption of Ni(Il) from aqueous matrices. The phase
composition and structure parameters of natural clays and their modified forms,
as well as their application as adsorbing agents for the purification of drinking
water and their sources were studied. In the study, natural clays from the Zhetisay
deposit of Kazakhstan were used to obtain magnetic composites by chemical co-
precipitation and applied as effective adsorbents to remove Ni(Il) from water.
The formation of sorbents by magnetic nanoparticles is an urgent task of our
time. This is due to the needs of various branches of science and technology in
magnetically controlled sorbents. The advantage of such sorbents in comparison
with natural sorbents is the ability to control them using a magnetic field.
Sorbents with magnetic properties are used for contact cleaning of substances,
which greatly simplifies the sorption process and the completeness of the sorbent
processing. The use of such materials makes it possible to replace the mechanical
separation stage, which is one of the labor-intensive stages of this process.

Magnetic pillared clays were obtained by intercalation of iron and manganese
cations in the region between the clay silicate layers, upon hydrolysis of a
solution of Fe,(SO,),"9H,0 and MnCl,-4H,0 with NaOH. The intercalated clay
is then dried and calcined at 400°C for 3 h.
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The basic physical and chemical properties were stu died by XRD, elemental
analysis, FTIR and atomic emission spectral analysis (AES). The obtained
magnetic pillared clays (MnFe O,/Zhetisay) showed better characteristics than
natural clays. The results of adsorption revealed that the optimal adsorption
conditions were observed at pH 6.

Key words: heavy metal,magnetic pillared clays, adsorption,modification,
intercalation, water treatment.

K.A. baiimyparosa', M.C. Kaamaxanosa', II1.C. Illuna3zoexoBa?,
H.C. Kpiopaea?, X.JI. /Ina3 ne Tyscra’, X.T. F'omec?

'M.X. lynatu areinaarel Tapa3z OOnbICTBIK YHHBEpCUTETI, Tapa3, Kazakcran;
2Ontyctik KazakcraH MEMJICKETTIK MeIarOTUKaIbIK YHUBEPCUTETI,
IIemvkenT, Kazakcran;

*MownTaHtbst Teprey opranbirbl (CAMO), bparanca nojuTeXHUKAIBIK
uHCTUTYTHI, 5300-253 bparanca, [lopryranus.

E-mail: marjanseitovna@mail.ru

MNFE204/ZHETISAY KOMITIO3UTI NI(II) AICOPBIIUACHI
YIITH ’)KAHA MATHUTTIK MATEPHUAJI PETIHIE

AHHoTauus. byn makanana taOuru ca3maplaH MarHATTIK KOMITO3UTTEP.i
CUHTE3/CY/IH jKaHa oiCiHIH JaMybl cunarTainfra. TaOuru ca3napiabi (a3anbik
KYpaMbl MEH KYPBUIBIMBIHBIH TapaMeTpIIepi )koHE OJIapAbIH MO (DUKAIMITaHFaH
¢dopmanapel, COHAAW-aK aybl3 Cy MEH OJapIblH KO3/AepiH Ta3zapTy YIIiH
aZicopOLMATIBIK areHT peTiHAe KoiAaHy 3eprrenil. 3eprreyae KazakcraHnarbt
XKericaii keH OpHBIHAH TAaOWFU ca3lap XUMUSUIBIK Oipiecinm TyHOara Tycipy
KOJBIMEH MAarHUTTIK KOMIO3UTTEp any YIuiH mnaiimananHeiabl sxkoHe Ni(Il)
CylaH KO0 VIIIH THIMII aJCOPOCHTTEp pPETiHAE MalgaiaHbUIAbl. MarHuTTi
HaHOOOIIEKTepAIH KOMETIMEH cOopOeHTTepl a3ipiey Oi3AiH 3aMaHBIMBI3IbIH
©3eKTi Maceseci 00JIbI TaOblIaAbl. byJl MarHuTIeH OacKapbuIaThIH COPOSHTTET]
FBUIBIM MEH TEXHUKaHBIH 9PTYPJIi callalapblHBIH KAKETTUTIKTEpiHe OaiIaHbICTHI.
MyHpaii copOeHTTepAIH TAOUFU COPOSHTTEPMEH CaJIbICTBIPFaH 1A APTHIKIIBIIBIFBI
— oJapApl MarHUT ©piCiHIH KeMeriMeH Oackapy MYMKIHZAIr. Maraurrik
KacueTTepl 6ap copOeHTTep KaHaclaibl Taszajay YILIIH HaiganaHbliansl, Oy
copOIMs TPOLIECIH JKOHE COPOCHTTI OHJCYIIH TOJBIKTBIFBIH aWTapiIbIKTal
XKeHinnereni. MyHnait MaTepuangap/abl naigagany MEXaHUKaJIBIK 06Ty CaThICBIH
anMacThIpyFa MYMKIiHAIK Oepeni, OyJ1 oChbl MPOIECTIH ayblp Ke3eHIEpiHiH Oipi.
Marnurti 6aranansl casnap Fe,(SO,),*9H,0 xone MnCl +4H,O epitinainepain
NaOH-mMeH  ruzaponusi Ke3iHJe ca3[bl CHIMKAaT KabaTTapbl apachlHIAFb
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aliMakTarpl TeMip KaTHOHIAPbIH MHTEPKAISIMICH apKbUTbl anbiHAbL. ComaH
KeWiH UHTEePKAJMPIJICHIeH ca3 KenTipinin, 3 carat immaae 400°C temneparypana
KBI3JIBIPBUIIBI.

AybI3 Cynbl Ta3apTy Ke3iHJe XUMUSIBIK KypaMbl MEH KYPBUIBIMBI, COHIAM-
aK TaOMFU JkoHE MOJU(PUKALUSIIAHFAH ca3AapAblH aICOPOLUSACHIHBIH THIMLIIT
KOJJIAaHBICTaFbl TEXHOJOTHSUIAPDMEH, MaTepualapMeH KOHE OJIiICTePMEH
CaJBICTBIPFAHNIa €QYIp KOFapbl EKEHIIr aHBIKTaIAbl. Herisri (u3uKagbiK
kKoHe XUMHSUIBIK Kacuertepi XRD, smementtik tangay, FTIR »xoHe aTomMabIk
AMUCCHSUIBIK CIEKTPIiK Tannay (ADC) apKbuibl 3epTTeni. AJBIHFaH MarHUTTIK
Oaranansl casgap (MnFe,O /JKericail) Taburm casmapra Kaparanaa >aKchl
cunarramaiapasl KepcerTi. Ancopouus HoTmxkenepi pH6 kesiHae OHTaWmbI
aacopOuus xkarjainapel cakranranblH KepcerTi. Ni(Il) ancopOuusicbiHbIH
OHTAWUIIBI TUIMIUIITT 5 MI/JT KOHIIEHTPAIUACHIHIA OOJIIBI.

Tyiiin ce3mep: ayplp MeTall, MarHUTTIK OaraHaJbl ca3, aacopOwms,
MO (DUKALINS, MHTSPKAJISIUS, CYbI Ta3apTy.
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KOMIIO3UT MnFe204/ZHETISAY B KAMECTBE HOBOT'O
MATHUTHOI'O MATEPUAJIA U1 AACOPBLH WU Ni(II)

AnHoTanusi. B manHO# cTaThe OomMCHIBaeTCS pa3paboTka HOBOTO METOja
CUHTE3a MarHUTHBIX KOMITO3UTOB U3 TPUPOTIHBIX INTHH. BbUTH M3y deHbI TapaMeTPhI
($a30BOr0O COCTaBa W CTPYKTYpPhI MPUPOIHBIX TIIMH U UX MOIUQPHUIIMPOBAHHBIX
dbopM, a TakKe WX NMPUMCHCHHE B KAueCTBE aJICOPOUPYIONINX areHTOB IS
OYHMCTKH MUTHEBOM BOJIbI U UX NCTOYHHUKOB. B nccnenoBanny NpupoaHbIe TITUHBI
¢ mecropoxaenus Kerucail B Kazaxcrane MCmoab30BaluCh ISl MOTYYECHUS
MarHUTHBIX KOMIIO3HTOB IMyTeM XWMHUYECKOTO COBMECTHOTO OCAXICHUS H
MPUMEHSIUCh B KadecTBe 3P (PeKTHBHBIX aacopOeHToB i yaaneHus Ni(Il)
3 Boabl. DopMmHpoBaHHE COPOSHTOB C IMOMOIIBI0 MArHUTHBIX HAHOYACTHII
SIBIISIETCS aKTyaJIbHOM 3aaueil Halero BpeMeHu. JTO CBsI3aHO C TOTPEOHOCTIMU
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Pa3IUYHBIX OTpaciieldl HaAyKh M TEXHHKH B MarHUTOYIIPABIISEMBIX COpOCHTaX.
[IpenmyniecTBOM TaKuX COPOEHTOB IO CPABHEHUIO C MPUPOIHBIMH COPOCHTAMHU
SIBIIIETCS. BO3MOYKHOCTH YIIPABIATh WMH C TIOMOINBI MAarHUTHOTO TIOJIS.
CopOeHTBI ¢ MArHUTHBIMH CBOMCTBAMU HUCIIONB3YIOTCS U1 KOHTAKTHOU OUMCTKU
BEILIECTB, YTO 3HAYMUTEIHHO YITPOIIAET IPOIIECC COPOIIMH U MOJIHOTY 00pabOTKH
copOenra. Mcmonb30BaHnWE TaKMX MaTEpUaJOB TMO3BOJSET 3aMEHUTH CTAUIO
MEXaHUYECKOTO pa3/ieleHHs, KOTopas SIBISIETCS OJHOW U3 TPYJOEMKHUX CTaJui
3TOTO IpoIecca.

MaruutHble cToI0YaThie TIMHBI OBUTH MOJYYEeHbI TyTeM WHTEPKAJINPOBAHUS
KaTHOHOB JKeJie3a B 00IaCTH MKy CJIOSMU IIIMHUCTOTO CHITUKATa ITPH THPOITU3E
pactBopa Fe,(SO,),*9H,0 n MnCl,*4H,0 ¢ NaOH. 3arem MHTEpKaIMPOBaHHYIO
MIMHY cymar u npokanusatoT npu 400°C B TeueHue 3 4acoB.YCTaHOBIIEHO,
YTO XMMHYECKHA COCTaB U CTPYKTypa, a Takxke d()(eKTHBHOCTH amcopOoumu
MPUPOIHBIX U MOAU(PHUIMPOBAHHBIX IJUH TPU OYUCTKE NMHUTHEBOM BOJIBI IO
CPaBHCHHIO C CYIIECTBYIONIMMH TEXHOJOTHSMH, MaTepHallaMd U METOIaMHU
3HaYUTEeNbHO Bbille. OCHOBHBIE (U3MUECKHE UM XUMHUYECKHE CBOICTBa
OblTM M3yueHbl ¢ momolmibio XRD, snementHoro anamusa, FTIR u atomuo-
OMUCCHOHHOTO crekTpanbHoro anamusza (ADC). IlomyueHHbIE MarHUTHBIC
cronbuareie mmHbl ¢ (MnFe O, /JKetncaii) mokasanu jgydinye XapakKTepUCTHKH,
4eM MPUPOJHBIC TUHBL. Pe3ynbraTsl aacopOLuy MoKa3aiu, 9T0 ONTHMAaIbHbIC
ycioBus ancopOuuu cobmonanuck npu pH 6. OntumanbHas 3¢GHEKTUBHOCTD
ancop6umu Ni(Il) Obuta mpu KOHIIEHTPAIH 5 MT/II.

KiroueBble ciioBa: TsSOKENbli MeTallJl, MarHUTHbIE CTONOYAThIE TJIMHBI,
aacopOIrs, MOAU(UKAIUS, HHTSPKAJISIIHS, OYUCTKA BOIBI.

Introduction. Most heavy metal ions enter the environment by anthropogenic
means, mainly from the emissions of mining and processing enterprises, as
well as from thermal power plants. The most voluminous source of pollution is
wastewater, which is drained into surface reservoirs with an insufficient level of
purification. The second sourceof heavy metals introduction in nature is through
flue gases, which are deposited on the earth surface and washed away into water
sources. Another source, perhaps the most serious type of pollution, is originated
in the water that is formed when mine workings are flooded. In this case, even
underground water is polluted (Kuzminchuk Anna, 2019).

The maximum risk of poisoning with heavy metal ions occurs when using
water from surface reservoirs and wells without subsequent treatment. In
cases where underground water is contaminated, it is also not recommended
to consume water from wells. This applies to the industrial regions of Southern
Kazakhstan. Water treatment has been a required technology in many industries,
because water contamination and pollution have become major environmental
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problems worldwide. This has created a great demand for an effective water
treatment technology, and adsorption is the most popular technique due to
their easy handling. Adsorption is also more economical than other techniques.
Magnetic materials, especially iron-based particles, have been known to have
characteristic properties for specified applications, including for water treatment
(Anderson N.J., 1982)

Natural clays are inexpensive and readily available materials that function
as excellent cation exchangers. The adsorption capacity of clays is due to the
relatively high surface area and net negative charge in their structure, which
attracts and holds cations such as heavy metals (Khenifi A., 2007), (Wu R. 2005).
The application of magnetic particle technology to solve environmental problems
is also considered. Magnetic particles can be used to adsorb pollutants from
water or gaseous effluents and, after adsorption, the adsorbent can be separated
from the medium by a simple magnetic process. Therefore, there is a growing
interest in low-cost materials with a high surface area, especially metal oxides,
due to their unique applications, including adsorption and chemical catalysis
(Oliveira L.C. 2003).

The city of Zhetisay in the Turkestan region is rich in mineral resources, which
largely ensure the socio-economic development of the region. The main mineral
wealth are non-metallic minerals (chalk, clay, sand, apatite). Clays are products
of rock erosion found widely distributed in nature. Their chemical and textural
composition varies from one place to another, depending on their geological
origin and the presence of organic and inorganic impurities (Rouquerol J. 2014).
Natural clays are abundantly available low-cost natural resources, and nontoxic
to ecosystem. Over the recent years, there has been research on the modification
of clays to increase their adsorbent capacity to remove contaminants from
drinking water (Reimbaeva, 2020).

To produce magnetic nanoparticles in aqueous clay mineral dispersions, the
co-precipitation method can be used, based on the chemical reaction to promote
the in situ nucleation and growth of nanoparticles in the aqueous dispersion of
clay minerals, as described in Figure 1. The synthesis of nanocomposites by
co-precipitation involves mixing the clay mineral with magnetic nanoparticle
(MNP) precursors under alkaline condition to form a sol—gel system. NaOH is
commonly used to create the alkaline condition, which directly produces the
precipitate of the composite (Orolinova, 2009), (Tokar¢ikova, 2017), (Zong,
2013). The interaction between MNP produced from clay minerals in a sol—gel
system can be intensified using several methods, such as heating in a reflux system
or microwave-irradiation. As the precipitate is created, drying or calcination can
be conducted, influencing the iron oxide phase and magnetization properties
through various processes.
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Figure 1. Schematic representation of the co-precipitation method
Pillarization is another method of nanocomposite formation (Figure 2)

In pillarization, MNPs are formed by intercalation of oxides or precursors of
iron and manganese into the interlayer structure of smectite clay, followed by a

calcination step (400°C).
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Figure 2. Schematic representation of clay pillarization.

Adsorption from aqueous solutions of electrolytes occurs, as a rule, in such
a way that mainly ions of the same type are adsorbed on the solid adsorbent
from the solution. The predominant adsorption from a solution of either anion
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or cation is determined by the nature of the adsorbent and of the ions (Prokhina,
2013), (Shapovalov, 2010).

Combining the adsorption properties of clay minerals with the magnetic
properties of MNPs to produce new MnFe O, /Zhetisay clay adsorbents is a
promising method for the removal of pollutants from water.

In practice, several factors influence intensive adsorption, such as pH,
adsorbent dosage, time of treatment, among others.

The aim of this work is to synthesize and study the peformance of natural
clays and a magnetic pillared clay (MnFe,O,/Zhetisay) as adsorbents for the
removal of Ni(Il)from water.

Materials and methods. The clays studied in this work were obtained
from the Zhetisay deposit in Kazakhstan. Sodium hydroxide (NaOH, purity >
0.97), iron(I1I) sulfate nonahydrate (Fe (SO,),-9H,0, purity > 0.98), manganese
chloride tetrahydrate (MnCl,-4H,O, purity > 0.99), nickel sulfate heptahydrate
(NiSO,-7H,0, purity > 0.99). It is worth noting that all chemicals were used in
this study without further purification.

Synthesis of magnetic materials. Due to the suitable clay mineral adsorption
properties, the increase of adsorption capacity can be improved by enhancement
of clay material porosity after chemical and physical treatments. Inorganic acid
activation, bases, salts, thermal treatment, pillaring by different polyhydroxy
cations, polymer-modified clays and surfactants have been used for the
modification of clay minerals. For the preparation of the magnetic pillared clay
MnFe O,/Zhetisay, the zhetisay natural clay was previously grinded into powder
in a mill and sorted through a sieve size of 0,063 mm. To prepare the magnetic
composite MnFe, O, /Zhetisay, an aqueous solution containing manganese(Il)
and iron(III) in a molar ratio of 1:2 was prepared. Then 5g of the prepared clays
were added to the solution, followed by mixing to obtain Fe** and Mn*" ions
located on the surface layers of the clay.

A solution of sodium hydroxide (5 mol/L) was further added to bring the pH
value to 10. The resulting solution was then stirred for 30 minutes on a magnetic
stirrer at room temperature. Next, the suspension was heated to 95-100°C and
the prepared magnetic composite was washed with distilled water at 50°C for
2 h. Using a simple magnetic procedure, the obtained materials were separated
from water and dried in oven at a temperature of 105°C for 2 h. The resulting
composite was further calcined at 400°C for 3 hin a muffle furnace to give the
substance new properties. By heating to high temperatures, volatile impurities are
removed from the materials and its oxidation and brittleness leads to completely
dehydrated materials, becoming ready for use as an adsorbent.

Characterization. To characterize the adsorbents various analyses were
performed. X-ray diffractometric (XRD) analysis were carried out on an
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automated DRON - 3 diffractometer with Cu, -radiation and a B-filter. Conditions
for shooting diffractograms were U=35 kV; [=20 mA; shooting 0-20; detector 2
deg/min.Fourier Transform Infrared Spectroscopy (FT-IR) was performed on a
spectrometer INFRASPEC FSM2202. The IR spectra of all compounds were
recorded in solid form in KBr tablets. The results on elemental composition of
the natural clays were obtained by EMP analysis. The iron content in the samples
was determined by atomic absorption using the AAS-3 spectrophotometer. The
apparent volume of the sediment was measured in 25 mL measuring tubes with
a division of 0.1 mL.

The concentration of Ni(Il) was determined by AES. All measurements were
carried out using the Agilent 4200 MP-AES fitted with the Agilent 4107 Nitrogen
Generator. The sample introduction system consisted of a double pass cyclonic
spray chamber, one Neb nebulizer, Solvaflex pump tube (orange/green) and
an Easy-fit torch to introduce the sample. Multi-element calibration standards
containing Ni(II) with a concentration of 50 mg/L were used. The standards were
prepared in a 5% HNO,/0.2% HF (v/v) medium (Made in USA).

The textural properties of the materials were determined from N, adsorption—
desorption isotherms at 77 K, obtained in a Quantachrome NOVATOUCH
XL* adsorption analyser, following the same procedure as reported Briefly,
the degasification of the samples was conducted at 120°C during 16 h and then
BET and Langmuir specific surface area (S, SLangmuir) were determined using
BET and Langmuir methods, respectively. The total pore volume (V. ) was
determined at p/p° = 0.98. Calculations of those methods were done by using
TouchWin™ software v1.21.

Results and discussion. 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. The results obtained are shown in
Figure 3. The quantitative ratios of the crystal phases were determined. The
interpretation of the diffractograms was carried out using data from the ICDD
card file: the PDF2 Powder diffraction data base (Powder Diffraction File) and
diffractograms of minerals free of impurities. Shooting conditions were DRON
diffractometer-3.0, accelerating voltage-35 kV and anode current = 20mA.

The result of the analysis established that the sample of the studied Zhetisay
clay belongs to the group of layered silicates-kaolinite Al (Si,0,)(OH), and
mixed-layer clay minerals (MCM) K-Na-Al-Si-O-(OH) (Table 1).

Table 1. Results of semi-quantitative x-ray phase analysis of Zhetisay natural
clay

Mineral Formula Concentration(%)
Quartz Sio, 52.9
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Kaolinite Al(S1,0,)(OH), 22.1
MCM K-Na-Al-Si-O-(OH) 19.7
Mica KAI(AISi,0,))(OH), 5.3
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Figure 3. Diffractogram of the Zhetisay natural clay.

The analysis of the IR spectra of the Zhetisay clay is shown in Figure 4a,
revealing that the main bands in the natural clay are related to the valence bonds
of silicon with oxygen and hydrogen with oxygen. The spectra of the Zhetisay
clay is quite complex, the intensity and position of the IR absorption bands
depend on the conditions of the formation of the mineral and on the presence of
various ions-impurity elements (Mg, Ca, Fe) in the crystal lattice of the mineral.
With an increase in the ionic radius of the cation in the mineral, the peaks shift
to a longer wavelength region. By comparison of the infrared spectra of various
modifications of clay minerals it is possible to identify and evaluate the influence
of the structure of minerals on the pattern of these spectra. The most diagnostic
bands of the Zhetisay clay studied in our work are those appearing at 3701 cm
', 3616 cm™ and 3605 cm'for kaolinite (AL(Si,0,)(OH),), and the absorption
bands at 2713cm"and 2021cm™ that allow identifying mica in the clay (Kal,
(AIS1,0,)(OH),), which is also confirmed by X-ray phase analysis. In the clay
samples, absorption bands of 457 cm™, 794cm™, 1035¢cm™! and 3695cm™! are
observed, which, according to the database, corresponds to MCM (K-Na-Al-
Si-O- (OH)) and quartz SiO,.
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b)

Figure 4. FTIR spectrum of a) Zhetisay natural clay, b) MnFe, O, /Zhetisay.

Table 2 shows the content of elements in the natural clay, obtained by
elemental analysis. As noted, in the clay sample, Zhetisay is rich in aluminum
(11.5%) and silicium (28.9%).

Table 2. Elemental composition of the Zhetisay natural clay and of MnFe,O,/

Zhetisay.
Weight of the element (%)
Clay , .
O Na Mg Al Si K Ca Ti Mn | Fe
Zhetisay natural clay 53.7 0.1 0.8 11.5 | 289 | 2.5 0.1 0.5 0.0 1.9
MnFe,0,/ Zhetisay 442 0.2 0.5 68 [18.7] 15 | 0.2 0.3 8.0 | 19.6
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The results show that in the modified MnFe O, /Zhetisay, the Fe content
increases in comparison with the natural clay, which indicates the exchange
and fixation of intercalating metals in the interlayer space, with corresponding
reduction of Al and Si contents. In the MnFe, O, /Zhetisay, Fe amounts to 19,6%
and the Mn content also reached 8.0% (Table 2).

The results of elemental composition of the natural and modified clays were
obtained using EMP analysis (Figure 5).

Figure 5. Elemental analysis of a) Zhetisay natural clay, b) MnFe O, /Zhetisay.

Textural properties of the clays. Figure 6 shows theN, adsorption isotherms
at 77 K of the prepared materials. As observed, the modified MnFe O,/Zhetisay
has a higher N, adsorption than the Zhetisay source precursor used. Comparison
of the adsorption behavior of both materials becomes more understandable from
the calculated textural properties (Jose, 2018), (Jose et al. 2021) given in Table
3. As can be seen, MnFe,O,/Zhetisay shows the highest specific surface area
(S...=89m?/g, S = 95m%/g, S_ =89 m?*g) and total pore volume showed a

BET Langmuir
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value of 1.59 cm?/g.Thus, Zhetisay natural clay is promising for the production
of porous materials.
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Figure 6. N, adsorption isotherms at 77 K of the materials.

Table 3.
Textural properties of the materials.
SBET Langmuir ext mic total
Clay () | (e ) | ey | (emy)
Zhetisay natural clay 89 95 89 0 1.59
MnFe,O /Zhetisay 22 24 22 0 4.46

Ni(I) adsorption performance. The efficiency of adsorption when using the
same adsorbent depends on the initial concentration of the solution, temperature,
pH of the solution, residence time, dose of adsorbent and dimensional parameters
of the adsorbent.

When water sourcesare treated from heavy metals by adsorption, the pH
value of thesolution significantly affects the degree of purification. In this work,
the dependence of the degree of adsorption of Ni(Il) ions with an increase in the
pH of the solution along adsorption time was considered. The results obtained
are gathered in Table 4. The adsorption was carried out for 8 h, samples for
analysis were taken at intervals of 15-30 minutes and 1-2 hours. The results are
also shown in Fig. 7.

At pH 3, the degree of purification of metal ions by adsorption was small (55-
65%) and at pH 6, the adsorption was effective.
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Table 4. Effect of contact time and pH on the adsorption of Ni(II) on the clays

(Volume =25 mL and [adsorbent] =1 g/L.

Adsorbent

Timeofadsorption (h)

pH

[Ni (II)], mg/L-25

Zhetisaynaturalclay

0

0.25

0.5

50

29,75

32,75

30

30,75

27,25

30,25

29

MnFe,0,/ Zhetisay

50

46,5

33,5

37,25

34,25

29

23,5

28,5

MnFe,0,/ Zhetisay

50

15

11,5

12,75

12,25

8

9,5

6,25

Figure 7. Effect of contact time and of pH on the removal of Ni (II) by
adsorption with the Zhetisay natural clay and with the MnFe,O,/Zhetisay PILC
(Operating conditions: initial concentration of Ni (II) = 50 mg/L, 2.5 g/L of

adsorbent).
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Conclusions. A method for obtaining MnFe O, /clay composites with
iron particles characterized by high magnetic properties has been developed.
Studies of the elemental composition and the XRD determination method have
established that the content of magnetite in the composites is determined by
the cation exchange capacity of the adsorbent to iron ions, which is due to the
chemisorption process.

It is shown that the use of composites containing Fe,O, makes possible to
obtain materials with pronounced magnetic properties at a low iron content,
which is explained by the presence of particles.The introduction of magnetite
particles into the structure of the natural clay leads to a decrease in the stability
of the hydro-suspensions of composites and to a decrease in the size of the
composites, which is due to an increase in the density of clay particles and to a
decrease in their swelling when magnetite is introduced.

The synthesis and application of MnFe,O,/Zhetisay clay in water and
wastewater treatment have been well studied and have been used in various ways
to control water containing the heavymetal Ni(II). The research work showed
that the inclusion of functional MNPs in clay structures led to the production
of stable adsorbents that have increased recoverability and stability during
processing. The adsorption capacity is related to the pH of the solution, pH = 6
is better than 3.
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