REVIEW
of thesis for a PhD degree by Yskak Laila on the theme
«Development of polymer systems and structures highly selective to cerium and
lanthanum ions» presented for the degree of Doctor of Philosophy (PhD) in the
speciality 6D060600- «Chemistry»

The purpose of the dissertation work done by 1.K. Yskak is the creation of
polymer systems that are highly selective to ions of cerium and lanthanum.,

Currently, the polymers are widely used in technologies for the extraction of
target metal ions is mainly represented by various ion exchange resins. However, ion
exchangers have a number of significant disadvantages. Firstly, ion exchangers are
aimed at extracting one ion (while product solutions usually contain scveral valuable
components), i.e. for each specific ion, a specific ion exchanger is nceded. Secondly,
the regeneration of ion exchange resins is a rather laborious process. In the Republic
of Kazakhstan, uranium is mainly cxtracted from industrial solutions using ion-
exchange resins, while the product solution contains other valuable ions (for example,
industrial solutions of NAC Kazatomprom JSC contain 17 ions of rare carth elements:
cerium, dysprosium, yttrium, scandium, etc.), goes to stock. Intergel systems based on
sparsely crosslinked acidic and basic polymeric hydrogels are also a class of polymers
with selectivity to low molecular weight ions. Intergel systems suggest a mechanisin
for the remote interaction of hydrogels. as a result of which their mutual activation
occurs and macromolecules eventually pass into a highly ionized state. In this casc.
significant changes occur in the electrochemical. volumetric, gravimetric, and
sorption properties of the initial polymer hydrogels. One of the most important
parameters of intergel systems is the abiiity to control their reactivity with respect to
various ions. Individual polymer  hydrogels  of  polyacrylic acid  (PAA),
polymethacrylic acid (PMAA), poly-4-vinyl pyridine (P4VP), poly-2-mcthyl-5-viny]
pyridine have a low degree of extraction of lanthanum ions (about 65%). In intergel
systems, there are ratios of hydrogels at which the maximum ionization of polymer
structures occurs. At these ratios, the maximum extraction of lanthanum ions by
intergel systems occurs. The results obtained ¢an be used o create a technology for

the selective extraction of rare carth wons,



The candidate chose lanthanum, cerium, and salts as the object of study. The
dissertation includes an introduction; an analytical review of the literature; a
methodical part; an experimental part: general conclusions and a bibliography. The
introduction substantiates the relevance of the research topic and outlines the structure
of the dissertation and the theoretical and practical value of the work. The first chapter
analyzes the applications described in the literature, distribution in nature, physical
and chemical properties, and technologies for obtaining such rare earth metals as
cerium and lanthanum, and also studics the interactions of integral systems for their
extraction. The second chapter describes the initial materials for experiments, research
methods and analysis describes the effect of remote interaction of hydrogels, and their
synthesis, and also provides a description of anion exchangers and cation exchangers.
The third chapter describes the creation of intergel systems with high selectivity for
lanthanum and cerium ions.

The following outcomes were obtained as a result of the conducted researches:

- synthesized and studied the physicochemical properties of PAA, PEL, P4VP,
Amberlite IR120, KU-2-8 and AV-17-8 hydrogels:;

the degree of extraction of lanthanum and cerium ions by individual
polymeric hydrogels PAK, PEI, PAVP, Amberlite IR120, KU-2-8 and AV-17-8, the
degree of binding of the polymer chain and the effective dynamic exchange capacity
of individual hydrogels PAA, PEL, P4VP, Amberlite IR120, KU-2-8 and AV-17-8
with respect to lanthanum and cerium ions;

the phenomenon of mutual activation of polymer hydrogels PAA, PEL, P4VP,
Amberlite IR120, KU-2-8 and AV-17-8 in intergel systems gPAA-gP4VP, gPMAA-
gP4VP, gPAA-gPEI, Amberlite IR120-AB-17-8 , KU-2-8 - AV-17-8. The ratios of
hydrogels at which the polymers are in a highly ionized state are determined:

the degree of extraction of lanthanum and cerium ions of the intergel systems
gPAA-gP4VP, gPMAA-gP4VP, gPAA-gPEL Amberlite IR120-AV-17-8, KU-2-8 -
AV-17-8, the degree of binding of the pelymer chain and effective dynamic exchange
capacity of intergel systems gPAA-gP4VP, gPMAA-gP4VP, ¢gPAA-gPEI, Amberlite
IR120-AV-17-8, KU-2-8 - AV-17-8 with respect to lanthanum and cerium ions. The
ratios of hydrogels at which the maximum extraction of lanthanum and cerium ions

occurs are determined;



complexes of polymeric hydrogels PAA, PEL P4VP. Amberlite IR120, KU-
2.8 and AV-17-8 with lanthanum and cerium ions were studied. 1t has been shown by
[R spectroscopy that lanthanum and cerium ions arc adsorbed by polymeric
hydrogels:

- the polymers with molecular imprints for the extraction of lanthanum jons are
synthesized.

[aving studied the dissertation work of the candidate. we can conclude that the
author has successfully coped with the tasks of the study, where the reliability and
validity of the results can be determined by the analytical and statistical information
used, published by well-known scientific organizations and publications, both
domestic and foreign.

In the process of the w ork. Yskak 1.K. proved 10 be a responsible, proactive
and diligent employec, based on the results of the experimental work, summarized
and drew up scientific articles and reports. She is able 0 work with scientific
literature, owns the methods of electronic search. She fully completed the curriculum,
and successfully passed the state exams.

| believe that the dissertation work "Development of polymer systems and
structures highly selective to cerium and lanthanum jons" in terms of relevance,
scientific novelty, and theoretical and practical significance of the obtained results
meets the requirements of the section "Rules for awarding academic degrees" of the
Committee for Quality Assurance in [ducation and Science of the Ministry of
Education and science of the Republic of Kazakhstan, and its author Yskak Laila
deserves to be awarded the degree of Doctor of Philosophy (PhD) in the speciality
"6D060600-Chemistry”.

Reviewer:

Lviv Polytechnic National University
Department of Chemical Technology
of Plastics Processing

Head of Department

Doctor of technical scicnces. Professor evytskyl
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«6D060600 — Xumus» MamMasabiFsl Goitsiama @unocodus goxrops! (PhD)
JopesKeciH aily yIIiH ychiHbLTFaH «Llepuil xoHe JaHTaH HOH/aphl YILiH KOFapbl
CeJIeKTHBTI MOJTMMEPIIIK XKyiienep MeH KYpBUIBIMAApIbI KYPY» TaKbIPBIObIH/1F bl

blekak Jloiiia KMHA3KBI3BIHBIH JIHCCEPTAIIAACHIHA

HIKIP

blckak Jloitnma KUHSA3KBI3BIHBIH IUCCEPTALMSIIBIK JKYMBICBIHBIH MaKCaThbl
LepHii MeH JaHTAH HOHJAPBIHA JKOFaphl CeNEKTHBTI MOJIUMEDPITIK JKYHenep MEH
KyphUIBIMIAApABI KYPY OOJBIT TaOblIa/bl.

Kazipri yakpITTa MeTall HOHIAPbIH aly TEXHONOIMACKIHIA KeHIHEeH
KOIIAHBIIATHIH TOMMMEpTIEp KJIachl HEri3iHeH OpTYpili MOH aiMacy IIaHBIpTIapsl
Goibl  TabGbllambl. Aunaiiia, MOH aIMacTHIPFBIIUTAp/BIH Oipkatap MaHBI3IbI
kemuriniktepi Gap. BipinuiizeH, nonuTTep G6ip HOHIBI alyra GarbITTaNIFaH (91eTTe
OyHaii epitinninepze GipHelle KyH/bI KOMIIOHEHTTEP Gomnapl), srHE opOip Genrii
6ip won yumiin Genrini 6ip HOHHT KaxeT. EXiHIIIICH, HOH anvacy HIaiBIpIapbIHBIH
pereHepalUsAChl ©Te KOl  yaKBITThl ~ KaXeT ererin mnponecc. KasakcTaH
PecryGuKackiHAA HeTi3iHEH OHEPKACINTIK epiTiHiIep/ieH HOH aIMacThIPFBII
aiBIpIapAblH KOMETIMeH ypaH eHAipineni, OYI peTTe KypambIHIa Oacka na
Garajqbl MOHAAp 6ap ©HEpKACINTiK epiTiHzinep (MbICATIbI, «KazaTomMeHepkacin»
YAK AK-HBIH 0HEpKaCiNTIK epiTiH/ilepiHIe CHpeK JKep JIeMEeHTTepiHIH 17 HOHbI
Gap: 1iepwii, JUCIIPO3UI, UTTPUH, CKaHIUN XKOHE 1.0.) epiTiHIie Kajbll KOAMIBI.
KBIIKBUIIBIK ~ JKOHE HErisri CHIarTarbl CHPEK TOpJaHFaH MOJIMMEpJICpre
Heri3ereH resbIiK JKyhenep /e TOMEH MOJIEKyJ1allbl HOHIapFa ceJIeKTUBTLIIrI 6ap
rmojEMepIiep Kiachl 0ojibin Tabbimaibl. MHTeprembAik jKyHenep KAalIBIKTHIKTAH
@3apa opeKeTTecyre KaThICaibl, HOTHKECIHIE ONap[blH o3apa aKTHBTEHY1 JKOHE
MaKpoMoJTeKynanap Gemcenni Kylre eremi. byn »karmaiina OacTanksl MOIUMEpP
KYPBIUTBIMIAPBIHBIH ~ 9JIEKTPOXUMHUANBIK, KOJIeMIIK - TPaBUMETPHSIBIK OKoHE
COpBLISITBIK KAaCHeTTepiHe alTapIbIKTall e3repicTep OPBIH ajlajbl. WnTteprenbik
JKyifenep/iiH MaHbI3/[bl KacHeTTepiHiH Oipi-omapbiH OpTYpJi MOHAApFa KaThICThI
peakiusFa KabineTTinirin 6ackapy MyMKIiHZITI. [TOMMAKPAIT KbIIKBLUIBIHEIH (ITAK),
monumeTtakpul  KelkKeUisiHbH  (TTMAK), nonmu-4-puHuanupuauasiy - (I14BIT),
Homi-2 - MeTHI-5-BUHWINMPHAMHHEIN JKeKe MOTMMepIi TIMApOTrelNbJepi JaHTaH
MOHIApHIH  anyIblH TOMeH JeHreiline ue (mamameH 65%). WuTeprenbaik
Kylienepae MOJHMep  KYPbUIBIMJAPBIHBIH —MaKCHMallbl HOH/Aybl GonarelH
ruaporensaiK KareiHacTap Gap. by karsiHacTapja JaHTaH HOHIAPbIHBIH reqbIiK
Kylienepmes MaxcuManibl GaiiaHbICybl JKYPeAl. AJIBIHFaH HOTHXENEp CHPEK Xep
3J€MEHTTEpIHIH HMOHIapblH  IpIKTeN  amy  TEeXHOJIOTHACHIH  JKacay YILIH
HaliaadaHbUTybl MYyMKIH.

3epTTey HbICaHsl peTiHIe i3JeHyINi JIaHTaH, LEpUi, COHJAH-aK ONapJbIH
Ty31apBIH TaHAasl. JuccepTains ToMeHneri 6emmuepai KaMTHIBL: Kipicre; onebu
modty; Toxipubesik Genim: HaTxenep jKoHe oJapibl Taay, oaeduerrep Ti3IMi.
Kipicriesie 3eprrey TaxsipsiOnissis  ©3eKTIIIrN, JUCCepPTALUAHBIH KYPBUIBIMBIL,
JKYMBICTBIH TEOPHSJIBIK ASHE NPAXTHKATBIK KYHIBUIBIFBI KepceTiireH. bBipinmi
Tapayna ofe6MeTTe CHNATTAIFaE xoiiaxy, TadurarTa Tapaily, (H3HKa-XHMHAIBIK




KacueTTepi, Liepuil >KoHE JTaHTAH CHPEK JKep MeTaJJapblH aly TeXHOIOTHsIaphI
TaJIaH/Ibl, COHBIMEH KaTap ojapibl aty YIIiH WHTeprenblik KyHenepiiH esapa
apexertecyi 3eprrenni. ExiHmi Tapayaa 3KCIepHMEHTTEpre apHajraH 0acTanksl
MaTepHaiap, 3epTrey oficTepi MeH Tanaay CHMaTTalFaH, THApOreNbaepAiH
KAIIBIKTBIKTAH ©3apa opeKeTTeCyiHiH acepi, OJapAblH CHHTE3l CHUIATTAJFaH,
AHHOHUTTED MEH KATHOHMTTEPiH CHMaTTamachl KelTipiareH. YIIHImI Tapayzna
JaHTaH MeH IlepHil MOHJApbIHA JKOFaphl CENEeKTHBTLNI Oap HMHTeprelbAiK
JKYHENep/IiE, KypbUIybl CHTATTanraH. JKyMbICTBI OpBIHAAY HOTIDKeCiHJe Kelecl
HOTHIKENEp aIbIHIBI:

— rTIAK-rIT4BII, rIIMAK-rI14BI1, rITAK-rTIoH, KY2-8-AB-17-8, Amberlite
IR120-AB-17 unteprensaik xyitenepaeri [TAK, TIMAK, I14BII, 19U, KY2-
8, AB-17-8, Amberlite IR120, AB-17-8 nonumep:ni ruaporebiepain e3apa
GesceHaipaeHy KyObUIBICHI 3€PTTENI;

— Tlepuit ’koHe NAHTAH MOHIAPBIHBIH OONIM aTy Iopekeci, IOJMMEpIiK
Ti30ekTiH OaiiIaHbICy Hopexeci )oHEe Iepui, JaHTaH HOHApblHa KaTbICTBI
[TAK, TIMAK, TI4BII, II2U, Amberlite IR120 rupporensaepi kKoHe
noHanmacteiprbiln  maieipnap (KY2-8-AB-17-8) kemeriMeH KypbuIFaH
MHTEpre/ibAiK JKyHelnepaiH THIMAI AHHAMHKAJIBIK ajiMacy ChIMBIMIIBUIBIFBI
nomuMepni  Ti3bekTiH OailnaHbicy Adpexeci, KONeMJIK ChIHBIMABUIBIK,
Gencenpipiiired JkoHe OeJCeHipAMEreH rUaporensAepAis Oemin amy
nopexeci 3eprrengi. llepuit ’xoHe JaHTaH HMOHIAPBIHBIH MaKCUMAIIIBI
copOLUs KYPETiH IHAPOTebIepAiH KaTbIHACKI 3ePTTEN I,

— JlanTaH MOHIAPHIH CiHIpyre apHaJIFaH MOIEKYNAJBIK TaHOAIBl MOJHMeprep
CUHTE3IENIM, 3epTTeIi;

— WunykTuBTI OGaityiaHbICKaH IIa3MallblK aTOM/IBI-OMHUCCHUSIIBIK CIIEKTPOCKOIINA
omiciMeH copOuus Ke3imzeri Lepuil )oHE JaHTAH HOHIAPBIHBIH MOIIIepi
3epTTENII,

— TIAK, II4BII, IIMAK, IIDHU, AB 17-8, KY 2-8 kemeriMeH KypBUIFaH
MHTEpreNblik JKyienep Lepudl jKoHE IlaHTaH Ty3Japbl epiTiHAiIepiHze
aIBIHFAH HOTHIKEJEp/iH HeriziHze copOuusra IeHiHri jxoHe KeHiHri jKeke-
JKeKe THApOresbIepiH JKaraaibl (H3UKO-XUMHSUIBIK 3eprrey omici MK-
CIIEKTPOCKOIIHS KOMeTiMeH JayeieH 1.

[3MeHyIIiHIH JAMCCepPTAlMANBIK JKYMBICBIH Kapai OTBIPHIT, aBTOp 3epTTEyMiH
MiHJIETTepiH COTTI OpBIHJAABI JIeTeH KOPBITBIHABI Jkacayra Oomaiasl, MyHZa
HOTIKEJIEPIiH CEHIMIIIIi MeH IYphICTBIFBIH O€Nril FBUIBIMHA YHBIMZAD MEH
OTaHABIK JKOHE IIeTeNaiKk OachlIbIMIAp KapHslaraH aHaJIMTUKablK JKOHE
CTaTUCTHKAIIBIK aKITapaTieH aHblKTayra 0o1abl.

JKymbictel opeiay Gapsicsiiga JI. K. blckak €3iH FRUIBIMM Makamaaap MeH
ecenTepili KUHAKTayFa JKoHE peciMzeyre KabinerTTi, )kayanTbl, OacTaMallbll JKoHe
OpBIHAYIIbI KbI3METKEp peTiHze KopceTTi. FuibiMu o/ie6HeTTepMen JKyMBIC icTel
anabl, SIEKTPOHABI i31ey omictepin MeHrepai. On OKy KOCHApbIH TOJBIFBEIMEH
OpPBIHIAI, MEMJIEKETTIK eMTHXaHIAP/bl COTTI TAICHIPALI. AJIBIHFAH HOTHIKENEPIIH
©3EKTIIIr, FBIIBIMUA KAHAJBIFB], TEOPUSIBIK JKOHE NMPAKTUKAJIBIK MaHBI3BIIBIFbI
GoitpiHina «llepuii JKoHe JTaHTAH MOHAAPHI YIIIH JKOFaphl CEJEKTHBTI MOIMMEPIIK
Kylenep MeH KypbUIBIMAAPABI Kypy» JIHCCEPTAIMsIBIK KyMbIChl KazakcTas



PecniyGnukackr BiniM jxoHe FBUIBIM MHUHHUCTPJIIT BiiM yKoHe FBIIBIM CalachIHIars!
caraHbl Kamramace3 ety KomureriniH «FsuibIME gopexenep Oepy Karupanapbb»
OemniMiHIH TajanTapbelHa colikec Kejel, aja oHbIH aBTopsl blckak Jloina Kuus3KE3E!
«6D060600-Xumusy» mMamaHasFel OoltbiHIIa punocodus goxkropsl (PhD) reuabivu
Japeskecin Oepyre JaubIK.

IMikip Gepyuri

«JIbBOB NMOJIHTEXHHKA» YITTHIK YHHBEPCHTETI

XHMHS 7K9HEe XHMHSIBIK TEXHOJOTHSIJIAP HHCTHTYThI

IInacTmaccansl KaiiTa oHAEYAIH XHMHSIBIK

TeXHo.10rusichl kKadeapa MeHrepyuici: T.¥.1., npogeccop B.E.JIeBuuxuii



Kasakcran PecriyOaukacel, AiMaThbl Kajlachl.

BipiHiili HaypbI3 €Ki MbIH JKHbIPMa YLIIHILI Kb

KyxaTThl arbUIIIBIH TUTIHEH Ka3aK TijliHe ayJapFaH ayJlapMamibl
GﬁinnaWamaT Oninxanynsl (MUH 931225300505).
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Mes, ﬁuﬁepnnena Canpyram KapHMGaeBHa Kasalqcraﬁ Pecny6nuxace! 9iner
MHHHUCTPIITIHIH 3aH KOMEriH YHBIMIACTBIPY XKHe XaJbIKKa 3aH KBI3METIH KepceTy
komuTeTiHiH 2006 *XbputFbl 26 xentokcanma Oepren Ne 0000704 memiekeTTik
JIMIEH3WACHl  HETi3iHIe opekeT erymi AJMarbl KaJlaChlHbIH HOTApHYCHI,
ayfblpMambl - O0ingaeB  AzamMarT OAUIXaHYIBl  KOJBIHBIH — TYNMHYCKAJIBIFBIH
KyoNnaHAbIpaMbIH. AyJapMallbIHBIH XeKe 6achl aHbIKTal/Ibl, dpeKeT KabineTTimiiri
MEH OKIJIETTIri TeKcepiiLi.
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