REVIEW
for the forcign supervisor for the dissertation work of Malimbayeva Zamira
Bakytzhankyzy on the topic: "Experimental foundations of the technology for extracting
prascodymium and neodymium in hydrometallurgy", submitted for the degree of Doctor
of Philosophy (PhD) in the cducation program 81005301~ «Chemistry»

The dissertation work of Z.13.Malimbayeva is devoted Lo the creation of highly
selective interpolymer systems for ncodymium and prascodymium ions, the study of the
conditions for the mutual activation of hydrogels and ion exchangers, the sorption of
neodymium and prascodymium ions, and the desorption of ions sorbed from a polymeric
hydrogel matrix.

The aim of the disscriation is to crealc polymer sysiems highly selective to
neodymium and prascodymium ions and 10 study the sorption propertics of these
elements in this system.

The scientific novelty of the research is that, for the first time in world practice, for
the selective separation and production of neodymium and prascodymium ions,

fundamentally new highly sclective polymer systems based on cross-iinked
macromolecules and polymers with molecular imprints have been created that have
higher sorption properties and selectivity for neodymium and praseodymium ions.

The results obtained can be uscd to create a technology for the selective extraction
of rare earth ions. Neodymium, prascodymium, as well as their salts were chosen by the
applicant as the object of rescarch. The dissertation includes: introduction; analytical
review of literature; methodical part; cxperimental part; general conclusions and
bibliography. The introduction substantiates the relevance of the research topic, outlines
the structure of the dissertation, and the theoretical and practical value of the work. The
first chapter analyzes the areas of application described in the literature, distribution in
nature, physicochemical properties, technologies for obtaining such rare earth metals as
praseodymium and ncodymium, and also studicd the intcractions of intergel systems for
their extraction. The sccond chapter describes the initial materials for experiments,
research methods and analysis, describes the effect of remote interaction of hydrogels,
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 prascodymium and ncodymium ions.

The conducted rescarches have demonstrated the following results:

_ electrochemical and conformational changes of individual hydrogels (PAA, PMAA,
P4VP) and ion exchangers (KU-2-8, Amberlite IR120, AV-1 7-8) in an aqueous medium,
neodymium nitrate solutions, and prascodymium nitrate solutions were studied;

~ The phenomenon of mutual activation of polymer ion exchangers PAA, PMAA,
P4VP, Amberlite IR120, KU-2-8 and AV-17-8 in interpolymer systems PAA-PAVP,



PMAA-P4VP, Amberlite IR120-AV-17-8, KU-2-8-AV-17-8. The ratios of ion
exchangers at which the polymers are in a highly ionized state are determined;
~ The electrochemical and conformational properties of hydrogels and ion exchangers
PAA, PMAA, KU-2-8, Amberlite IR120, AV-17-8, P4VP in inteypolymer systems were
studied during their remote interaction in an aqueous medium, solutions of neodymium
nitrate and prascodymium; studied the degree of extraction of cations, the degree of
binding of the polymer chain;
— The optimal conditions for the maximum sorption of neodymium and praseodymium
ions were determined; the process of desorption of neodymium and prascodymium ions
from the matrix of polymer hydrogels was studied;
— The highest sorption of ncodymium ions in intergel systems was observed al the
following ratios of hydrogels: Amberlite IR120:AV-17-8 = 5:1, a significant increase in
the degree of sorption occurs over a period of 24 to 48 hours, an increase in sorption to
55.6%; hPAA: PAVP = 5:1, the degree of sorption after 24 hours of remote interaction is
86.8% respectively; PMAA: PAVP=4:2, the greatest sorption occurs after 54 hours of
interaction, degrec of sorption 76.5% respectively. The highest sorption of
praseodymium ions was observed at the following ratios of hydrogels: PAA:P4VP = 3:3,
the degree of sorption as a result of remote interaction for 48 hours is  93.6%;
PMAA:P4VP = 1:5, the greatest sorption occurs after 24 hours of interaction, degree of
sorption 63.7% respectively.
— The degree of binding of the polymer chain in intergel systems (relative to
neodymium ions) has the greatest value at the following ratios of hydrogels: Amberlite
IR120:AV-17-8 = 5:1 3.23%; PAA: PAVP=5:1 in the ratio of the degree of binding
during the interaction of 24 hours is 3.25%; PMAA:PAVP = 4:2, the degrec of binding of
the polymer chain is 2.52%. The degrec of binding of the polymer chain in intergel
systems (relative to praseodymium ions) has the greatest value at the following ratios of
hydrogels: PAA: P4VP=5:1 3.5%; PMAA:P4VP=1:5, the intense degree of binding of
the polymer chain is 2.96%.
— pseudomatrices and polymers with Nd®* molecular imprints were obtained using
ethylene glycol dimethacrylate and dicthylene glycol dimethacrylate as a crosslinking
agent. The obtained MTPs showed good sorption properties with respect to neodymium
ions contained in the studied solutions.
— the resulting complexes of polymer hydrogels with ncodymium ions were studied by
IR spectroscopy and thermogravimetric analysis.

Careful analysis of the dissertation work of the candidate showed that the author
answered to research questions and successfully coped with the tasks of the study.
Besides, she presented valid and reliable through deep and thorough analysis of the date,

along with including only trustworthy publications by well-known scientific journals and
organizations, both domestic and forcign.




Having studied the dissertation work of the applicant, we can concludc 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.

Based on the results of the experimental work, I can indicate that Malimbayeva
Z.B. is diligent and precise in terms of working with details, therefore, produced
ingenious study outcome which eventually helped to draw up scientific articles and
report. I believe that the dissertation work "Experimental foundations of the technology
for extracting praseodymium and neodymium in hydrometallurgy” in terms of relevance,
scientific novelty, theoretical and practical significance of the results obtaincd meets the
requirements of the section "Rules for awarding academic degrees" of the Committee for
Quality Assurance in Education and Science of the Ministry of Education and Science
Republic of Kazakhstan, and its author Malimbayeva Zamira Bakytzhankyzy deserves to
be awarded the degree of Doctor of Philosophy (PhD) in the education program
8D05301- «Chemistry».

Reviewer:

Lviv Polytechnic National University

Department of Chemical Technology

of Plastics Processing

Head of Department

doctor of technical sciences, professor V.Y. Levytskyi
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I3nenymi 3.5.Manum6aepaubsy 8D05301-«XuMus» MaMaHBIFbl OOMBIHIIA
dunocodus noxrops (PhD) aapesxecin any yumin «'napomeTamtyprasia
Npa3eoanMILi HKOHE HEOAMUM ATy TEXHOJIOTMSCHIHBIH TOKipHOEiK HeTi3i»

TaKBIPBIOBIHAFI MCCEPTALMSITBIK KYMBICHIHA IIETETIK FRUTBIMU JKETEKIIIHIH

IIKIPI

3.b.ManumbaeBanpiy AUCCEPTALHSIBIK JXYMBICHI HEOAUM JKOHE MpPa3eOaHM
MOHJApBIHBIH  JKOFaphl CENEKTUBTI WHTEPHONMMEpTi KyHenepiH —KypyFa,
THIPOTebAEp MEH HOHAJIMACTHIPFBILTAP/BIH 03apa GeNceHuipiny XKaraahiapbiH
3epTTEyre, HEOJMM JKOHE MpaseOJUM HOHJAPBIHEIH COPOLMSIAHYBIH JKIHE
THIPOreNbIeH COpOLHsIAHFAH HOHAAPABIH 1€COPOLUACHIHA apHATIFaH.

JlnccepTalusUIbIK )KYMBICTBIH MAKCaThl HEOMMM XKOHE Npa3eoquM HOHAAphIHa
JKOFaphl CENIEKTHBTI MOMMMEPIIi XKyHenepai Kypy jKoHE OCbl XKYHEIEPMEH aTalFaH
3JIEMEHTTEP/IH COPOUHUSIIBIK KACUETTEPiH 3epTTeY.

3epTTey/IiH FHUIBIME JKAHATBIFBI ANIEMJIIK TOKIPHOEE AFalll PET HEOMM KIHE
NpPa3’eoJHM HMOHIAPbIHA KATHICTHI COPOUMAIBIK KACHETTEpi MEH CYPBINTHUIBIFBI
YOFapBI, HEOIMM KOHE [IPA3e0IMM HOH/IAPbIH ipiKTem GeJy >KoHe aly YIIiH e3apa
OTKI3rimITiKKe He MAKpOMOJEKyJanap MEH MOJEKYJalblK TaHOanbl IOIMMEpIep
HeTi3iH/Ie KaHa JKOFaphl CYPBINTHI MOTUMEPIiK JKyHeNIepiH JKacalybIH .

AJIBIHFAH HOTHIKENEP CHPEK XKeP HOH/IAPbIH ipIKTEM aly TEXHOIOTHSCHIH KYPY
yIIiH naifanaHsLTybl MYMKiH. 3€pTTEy HbICaHbI peTiHae HeoauM, Ipa3eoiuM
Ty3/71apbl TaHAQIABL. J{MCCEPTALMANBIK JKYMBIC MbIHazai OesiMaepai KaMTHIbL:
kipicre, o1e6u 1Oy, TOKipUOeiK GoJiiM, alIbIHFaH HATIKENEepAl Tanaay Gesimi,
JKanbl KOPBITBIHABLIAD MEH 6ubmmorpadus. Kipicnene 3eprrey TakbIpbIOBIHBIH
o3eKTUIiri  Herizmenin, JUCCepTAlMAIBIK JKYMBICTBIH KYPBUIBIMBI, JKYMBICTBIH
TEOPHAIBIK HKIHE TMPAKTHKAIBIK KYH/BUIBIFI xepceriireH. bipinmi Tapayja cupex
JKep METaIIapbIHBIH KOJIaHy caiajiapbl, taburaTtra Tapasybl, (GU3MKAIBIK JKOHE
XUMHSTBIK KACHETTEPI, IPA3COIHM JKIHE HEOIUM CHAKThI CUPEK XKep MCTaJllapblH
ally TEXHONOTMSIAPH TAlAaHA[Bl, COHBIMEH KaTap —ONApisl - aly YIiH
WHTEpoNMMEp JKYHenepiHiH e3apa Gencenipinyi seprreneni. Exinmi Tapayna
Toxipubesik MaTepuanjapbl, 3€pTTCY OKOHE Talnay o/licTepi cUMaTTaNFaH,
ruiporesbaep MEH MOHUTTEP/IH KALIBIKTBIKTAH OPEKETTECYiHiH acepi, oJapabIH
CHHTE3l CHNATTAJIFAH, COHBIMEH Karap aHHOH  AIMACTBIPFBIITAp  MCH
KATMOHAJIMACTHIPFBIITAPABIH  CHIIATTaMallaphl Gepinred. Yminmi Tapayja
Npa3eoiuM JKOHE HEOJUM HOHIApEI YIIiH JKOFapbl CEJNEKTHBTI MHTEPONHMEp
Kyiienep/in KacueTTepi CHIaTTalra .

JKyprizinren 3epTreyiep KeJieci HoTIKeNepi KopeeTTi:



— Xexe runporensaepain (ITAK, IIMAK, IT4BIT) jxoHe HOH aIMACTBIPFbIIITAPIBIH
(KY-2-8, Amberlite IR120, AB-17-8) cynsl opramarkl, HEOAMM HHUTPAThl
epiTIHAIEPIHACTi  XOHE  MNpaseoAuM  HMTPATHIHBIH  epiTiHAiIepiHAeri
3NEKTPOXUMHSIIBIK )KIHE KOH(DOPMALMSIIBIK ©3repicTepi 3epTTeNi;

— TTAK-TI4BII, TIMAK-TI4BII, Amberlite IR120-AB-17-8, KV-2-8-AB-17-8
MHTEPIOJMMEDI XKYHeCiHIeri MOH alIMacTHIPFBIITAPABIH ©3apa OEeHCEHAIpiILy
KyObUIbICH 3epTTenai. [lonuMepnep skorapsl woHAanFaH Kyine OonaTblH HOH
AJIMACTBIPFBILITAPBIH KATHIHACH! AHBIKTAJIJIBI;

— lupporensaep IAK, IIMAK, IT4BI1 men norutrep KVY-2-8, Amberlite IR120,
AB-17-8  uHTepmonumepni  oky#demepaeri  WMOH  aIMacCTBIPFBIUTAPIBIH
3NEKTPOXUMHUSIIBIK JKOHE KOH(OPMAUMSUIBIK KAaCHETTEepi ONapiblH CyJbl OpTaja,
HEOJUM J>KOHE MpPa3eoJMM HHUTpPAThl EpiTiHALIEPiHAE KAIUIBIKTHIKTAH OPCKETTECY
Ke3iHjge 3epTTenai; copOuus Iopexeci koHe mmonumep Tiz0eriHiH OadaHbICy
JIOpEsKeCi 3epTTeni;

— HeomuM jxoHE Npa3eoaMM HOHIAPHIHBIH MaKCHMaJAbl COpPOLMAIAHYBIHBIH
OHTAMIBI MIAPTTAPl AHBIKTAJIBIN, MOJMMEpPIED MAaTPHUACBIHAH HEOAMM JKOHE
TIpa3e0lMM HOHJAPbIHBIH JeCOPOLHIaHy POLEC 3epPTTEN;

— WHTepnonumep sKyienepinjae HEOAWM HOH/APBIHBIH €H JKOFAapbl COPOLMUSCHI
VOHHUTTEpAiH Keseci KaTblHachiHIa Oaiikanmel: Amberlite IR120-AB-17-8=5:1

KATBIHACBIHA COpOLMs JopexXeciHiH alTapibIKTail jxOFapsulaybl 24 caratrad 48

caratka Jjeiin, copbuusHsiH 55,6%-ra nmedin apramge;; [TAK:TI4BIT=5:1

KaThIHAChIHAA 24 caraT KalIbIKTBIKTaH 9pPEKETTeCY/IeH KeHiHri copOuus napexeci

coiikecinme 86,8% kypaiiasr; [IMAK:T14BI1=4:2 KaThiHaCbIH/A €H YJKEH COPOLHs

54 carar opeKeTTeCy/IeH Keilin Galikanran, copbuus gapexeci caikecinme 76,5%.

IlpaseosuM MOHAAPHIHBIH €H JKOFapbl COPOUMSCHI TMAPOreNbIACPIIH  Keneci

kaTeinaceiaaa 6aiikanast: [TAK:TI4BIT = 3:3 karbinachinja 48 caraT KalIbIKTBIKTaH

opeKeTTeCy HOTHKECIHAE COpOLHs napexeci 93,6% xyparan; [IMAK:TI4BI1=1:5

KaTHIHACHIH/A €H XKOFapsl copOLMs 24 caraT opekeTTeCy/1eH Kelin 6onran, copOums

nopesxkeci coiikecinme 63,7%.

— MWutepnonumep OKyienepinperi nomuMep TisOerinin Gainanbicy nopexeci

(HEOIMM HOHIAPbIHA KATHICTBI) KeJieci KaTblHacTap/a €H YJIKeH MoHre ue: Amberlite

IR120-AB-17-8=5:1 karsiHaceinia 3,23%; ITAK-T14BI1=5:1 kateinaceinna 3,25%;

[IMAK-I14BI1=4:2 karsiHaceinja 2,52%. MaTepnonumep xKyiienepinzeri nojaumep

Ti36erinin OaiimaHpicy Jgopexeci (npa3eoaMM MOHAApbIHA KATBICTBI) Keneci

KarpiHactapaa e yiaken monre ue: [TAK-TI4BI1=5:1 karemaceipa 3,5%; [IMAK-

[14BI1=1:5 kaTeiHacbInaa 2,96%.

v Tirymi areHT perinze ITUJICHITTUKOJIB/IHMETAKPUIIAT HeH

MOTHIICHIIMKO b IUMETAKPHIATEIH KoJtaHy apkbutsl Nd** Monekynainsik TanGanst

monuMepiep MeH MceBjaoMarpuuanap anemiel. Anbiran MTIL seprrenetin



epiTiHAVIEPAIH KYPaMBIHtaFsI HEOJIUM HOH

. . JapbIHa KAaTBICTBI XKAKCHI COPOIMSIIBIK
KACHETTEP/ KOPCETTi. K P

— HEOJAHM HOHJA o
et DB M HOHATIMACTBIPFBIITAD HETi3iHe AIBIHFAH KOMILIEKCTED

Bl -CIl
Kypam .I/[K CKTPOCKOMHS  jKoHe TEPMOrPAaBUMETPUSUIBIK TaNgay —apKbUIBI
3epTTeNi.

I3ICHYIIHIK  MCCEPTAUMANBIK KYMBICHIH JKaH-KAKTbl TATIAY ABTOPABIH
3cpTTCY CYPAKTapElHa skayan Gepim, 3eprrey MimmeTTepin COTTi OpBIHAGFAHBIH
xopcerti. CoHbMen KATap, OIl JONeINZICHIEH, HAKThl HOTHXEED YCHIHBI HKOHE
OTaH/IBIK )K:;Hfa l.ne'renmx FBUIBIMH Ky pHAJIApa eHOEKTEPiH JKapUsIAIBL.

[371eHy WIHIK AHCCEPTAUMSIBIK KYMBICHH 3epaeneit kene, aBTOPABIH FbUIBIMA-
3¢pTTCY TAlCBIPMANAPBIH CITTI OPBIHAAFAHABIFEI TYpalbl KOPHITHIHABI JKacayra
Gonajbl, MYH/Ia AJIBIHFAH HOTHXKENEPAiH CEHiMAUIIri MeH HEri3AiMiriH OTaHIbIK
KOHE IIETENNIK OENrim FhUIMA yHBIMIap MeH GachUIBIMAApIA JKAPHSIAHFAH
QHAJIMTUKAJIBIK JKOHE CTATUCTHKAJIBIK aKNapaTTap apKbLIbsl aHBIKTayFa 00ma/pl.

3epTTey KYMBICHIHBIH HOTHXKeC GoiibHma Manuvbaesa 3.5. YKbINThUIBIKIIEH,
ayanKepIIUTIKIeH 3epTTey XKYpri3resid Oaiikayra Oonansl.
«MApOMETATYPrUsiia MNpa3eofrM JKOHE HEOOMMAI ally TEXHOJNOTHSACHIHBIH
TOKIpHOETiK HEri3i» TaKbIPHIOBIHIAFEl JUCCEPTALMSIIBIK JKYMBICHI ©3€KTiri,
FBUIBIMA JKQHAJIBIFBl, AIBIHFAH HOTIDKENEPHiH TEOPUSUIBIK JKOHE IPAKTUKAIIBIK
MaHbI3ABUIBIFE!  JKarblHaH Kasakcran PecmyOnukackl bBimiM - )koHE  FBUIBIM
MHUHHCTPAIri canaceiniarsl Oakpuiay KomurteriniH «FputbiMH mopexenep Oepy
KaruJaJapbiHBIHY TananTapbiHa coiikec keneni. Conppikran Manumbaesa 3.b.
8D05301-«Xumus» » Oinim Gepy Garaapnamacsl 60ibIHIIAa GUIOCODHS TOKTOPBI
(PhD) FBUTBIMH JIOPEKECIH ATy Fa JIAHBIK.

[Tixip 6epywi

«JIbBOB MOJUTEXHUKA» YJITTHIK YHUBEPCHTETI

XUMHS JKIHE XUMHUSIIBIK TEXHOJIOTHsIIap HHCTUTY ThI

[TnacTMaccaHs! KaiiTa OHIeYy AiH XMMHUSIIBIK

TEXHOJIOTUACH! KadeapachHbIH

MeHrepymici: T.F.A., npodeccop B.E.JIeBuuxuii
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Kasaxcran Pecny6imkacel, AMathl Kajlachl.
Exi MBIH XHBIpMa GeciHmi XbUT aKIaHHbIH KHBIPMa CET
Byt KyoKaTThl aFbUIIIBIH TUIEH Ka3ak Tijre ayfapMackl

(OKCH 940504401357) xacaipl.
T/ W%M %L/%% /%Mf%a‘

Kasaxcréi Pecny6nukacsl, AJMaThl Kalacel.

Exi MBIH XHbIpMa GeCiHII XKBLT aKIaHHbIH XHbIPMa cerisi. ;
Men, AJMaThl KalackiHBIH HOTaphychl Erembepa anrap Teperenaiyisr Kasakcran

Pecniy6nukace! Opiner MuHECTpAIriHiH Xasblkka KYKBIKTBIK KOMEK >XK9HE 3aHrepilkK KBBM?T
Kxepcetyni yitsimaacTeipy Kommteri 26.12.2006 SKBUIBI Gepren Ne 0000703 MeMIIEKETTiK
JMUEH3US HETi3iHAe OpeKeTTeHe OTHIpHIN, ©3iM¢  TaHBIMAl layxap MaparoBHa
I1lapanaTAWHOBAHBIE MEHIH Ke3iMue KOHFaH KONTaHO2 TYIHYCKABIFBIH Kyo/IaHABIPAMBIH.
KyxaTka KoJ KOIOWIBIHBIH JKeKe 0achl aHBIKTaIbII, IPCKCT KabinerTiiri, OUIIKTINI MeH

YoKiNeTTiIri TeKcepinmi.
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