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Khmersen Khuangul's dissertation aims to create high-quality sorbents for scandium
based on the "remote interaction effect" of acidic and basic macromolecular structures.

The research aims to synthesize rare-crosslinked polyacids, polybases and intergel systems based
on them to study their initial electrochemical and conformational properties and sorption
properties for scandium ions.

Currently, technologies for concentrating and extracting rare earth elements in
hydrometallurgy are based on ion exchange resins. Currently, ion exchange resins of companies
such as Dowex, Ambersep, Amberlite, Paragon, Lewatit, Purolite, Purotech, and Jupiter are
widely used. However, the range of selective ion exchange resins for rare earth metals is limited.
It should also be noted that ion exchange resins aim to select one metal, while industnal
solutions usually contain many valuable components.

The dissertation proposes using interpolymeric systems based on ion exchange resins as
an alternative to existing sorption methods. Interpolymer systems are based on the “remote
interaction effect” of polymers (Jumadilov effect). The effect of remote interaction of low -
crosslinked polymers in interpolymer systems leads to significant changes in their
electrochemical, volume-gravimetric and sorption properties. As a result of studying the initial
properties of interpolymer systems based on macromolecular polymers, the following
conclusions were made:

Rare-crosslinked macromolecular polymers undergo ionization in aqueous media. As a
result. there is an increase in specific electrical conductivity values, a change in pH, and the
degree of swelling during the entire period of the interaction of polymers with an aqueous
environment. The change in pH is directly related to the nature of the polymers.

The mutual activation of polymers Lewatit, Amberlite IR 120, AB-17-8 in interpolymer
systems significantly changes their electrochemical and polymer properties. It was found that
with an increase in the weight of the second component in the interpolymer pairs, a significant
increase in the degree of swelling of the first polymer occurs
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The doctoral thesis presented for the defense shows the novelty of this research work, and
the description of the main results is high and shows the current level.

The research results were published in 4 abstracts of international scientific conferences,
2 articles in the journal included in the Scopus database, and 4 articles in publications
recommended by the sectoral quality assurance committee of the Ministry of Education and
Science of the Republic of Kazakhstan. In addition, 1 patent for a utility model of the Republic
of Kazakhstan was obtained. She completed a research internship at the Polymer Technology
Department of the Gdansk University of Technology during her doctoral studies.

The Ph.D. student showed that she is a hardworking researcher who constantly improves

her professional skills while performing the work and can solve complex problems of basic and
applied polymer science.

The scientific level of Khimresen Khuangul's thesis on "Creation of highly selective
modern sorbents for scandium extraction from technological solutions" meets all the Education

and Science Control Committee requirements. Khimresen Khuangul deserves to be awarded the
Doctor of Philosophy (Ph.D.) degree in the specialty 8D05301 - "Chemistry".
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Iereatix ruuabivm sketexmi, npodeccop 103ed Xanomoktin Xumapeon
Xyanrymain 8D05301 — «Xumus» Giaim Gepy Harmapiramacs! GolibiHma punocodun
AokTopel (PhD) mapexecin aay ymin yermbiaran « TexHOTOrHSUIBIK epiTinaiaepaen

CKARAMILL Doain any ymin sorapb! cyphINThI 3aMaHAYH COPOEHTEP KYpY»

TAKBIPBIOBIHAAFbI IHCCEPTANHACHIHA
ITIKIPI

XUMIPCOH  Xyaurynjin  gmccepratscsl  TAGHFATEI KBIUKBUIABIK JKOHE HETi3fiK
MAKPOMOICKY TATTHIK KyPBUILIMAAP/RIH «KAIUBIKTAH OpeKeTTecy acepi» HeTisiHie cKaHmmire
JKOFAphb! CYPBINITEI COPOEHTTEp KypyFra OarbITTanFaH.

3eprTeyain Makcath CHPEK TITUITeH MOJTHKBIIIKBIIAAP, MOAMHENI3AEp XaHE OJapAbiH
HETI3IH/e KYPBUIFAH HHTCPIOTHMEDI KyHenepii cHHTe3 ey, GACTAITKE JTEKTPOXHMHSITEIK KAHE
KOH(pOPMAMHATEIK KACHETTEPIH HoHE CKAHM HOHIAPbIHA KATHICTBI COPOUMATBIK KACHETTEPIH
3eprrey.

K@3ipri yakerrra rugpoMeranayprusza cnpex mep 2MeMEHTTEpiH HIOFBIPIAH/BIPY HKIHE
ATy TEXHOJOTHAIAPEI HOH aIMACTHIPFRINI MAHBIpAapasl KonqaHyra Herizaearen. Kasipri taria
Dowex, Ambersep, Amberlite, Paragon, Lewatit, Purolite, Purotech, Jupiter crAKTHI
KOMITAHHATAP/IBIH HOH amMacThIPFBIN [TAHBIPIaphl KOl KOJIaHbLIaAbL Alaiia cHpex xep
METaJIaphl YIUIH CENEKTHBTI HOH A;TMACTBIPFBIII maikIpIapblK ayKeiMb! eTe wekteyni. Connaii-
aK, HOH aIMacTeIPFRINT MaHbIpaapae! nafizanany 6ip mertanmel TaHaan amtyra OarbITTATFAHBH
CCKEpY KepeK, a1 eHEPKICINTIK epiTiHjiicple, a1eTTe, KONTereH KYH/BI KOMITOHEHTTEp Bap.

Iuccepranmsaga KOTIAHRICTAFEI copOuMsTBIK  amicTepre  Oanama  perinze
HOHAIMACTRIDFRINI  [aHbIp/iap HETI3IHAC KYPhUIFAH HHTeproiuMeplli Kyilelepai nafinanany
yCBIHbLIFaH. MHTeprnonumepiik skylienep nonmmepiepitin «KalIKbITaH APEKeTTECY aJCepiHe)
merisaenrer  (Jhxkymanunos  adekrici). Hutepnommmep KYWENepiHaerl CcHpeK Tirlren
[1OJIMMED]Il THAPOTEIICPAIH KAWLIKTAH apeKeTTeCy acepi OIap/IBIH HIEKTPOXHMHSLUIBIK, KOJIEeMITIK-
rPaBHMCTPHAIBIK JKIHE COpOUMSAIBIK KACHETTEPIHIH eneyli esrepicTepine axenmeni. Cupex
TirlIreH MaKkpoMOJIEKy TATLIK [TOIMMEpIIEp Herisinaeri HHTEPIOIHMEPIIK XyHenepain dacranksl
KACHETTEPIH 3ePTTEY HATHKCCIHAE Keleci KOPhITEIHIBUIAP KACATFaN:

Crpek ririren MakpoMosieKy1aIbIK NOJMMEPIIEP CyNbl OpPTAia HOHIAHYFA YUIBIPAHTTEL.
HaTHKECIHAC NONTUMEPIIEPAiH Cylibl OpTaMeH OPEKETTECYIHIH OapiiblK YAKBITHIHAA MEHIIIKTI
HICKTP OTKI3FITIK MaHAEPiHin soraprutaysl, pH esrepyi skane iciny nopexeci Gaiikananst. pH
e3repici nomumeprepin raburarsina Tikenel Gaiinansicrsl.

Murepnomamepni skyfienepreri Lewatit CNP LF, Amberlite IR 120, AB-17-8
rOJIMMEPIICDIHIH 63apa AKTHBTEHY] 0JAPUBLIH AIEKTPOXHMHSUILIK HAHE NOJIMMEP.Ti KACHETTEPIHIN
aiTapiIBIKTal oarepyine axenel. MHTEPHOIMMED HKyIITaphiHAGFE! eKIHIT KOMIOHEHTTIH yitec
ca/IMArbIHEI - korappiiayniMen  Gipiniul - noaumepain  iciny  aopewecinin  alTapisicrail
HCOTAPBUIAY Bl OPLIH ANATLIHEL AHLIKTAIIL],

Koprayra yeumbuman 10KT0pI/IBIK AMCCOPTAIIA OCBI JEPTTRY MYMBICBIHBIH KAHATLIFBIH
KOPCETE/, ail Herisri HaTHmKeACpUIH CHUATTAMACK WILIHFAH MAJIIMETTEPAIH KOFAPRI IKIHE
saManayH aenrefiin kopeereil,

3epriey HaTHAKENEPI XANBIKAPWILK FRUILIMK  KOH(EpeHUManapasK 4 TesncTepinge,
Scopus Jepexrep Gasachina eHrisbiren Kypuamnia 2 makanata, KP BFM Ginim skoHE FRUTBIM
cAJIANTBIK CATIAHB] KAMTAMACKI3 €Ty KOMHTET] Yeunran GackuisiMaap/ia 4 Makaiaaa JKapysian s,
ConbiMeH  karap, Kasakcran PecnyGankaceiibii nafigiumt  yiarire 1 naredri  aimbIRIBL
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Noxtopartypana oKy OGapwicsiHaa [1aHECK TEXHONOTHSIBIK YHHBEPCHTETIHIH moaHMepiep
TEXHONOTHACK KadeIPackiHia FRUTEIMH TarbUIBIMIAMAIAH OTTi.

JIMCCEPTaNT HKYMBICTHI OPBIRAAY BAPHICHIHAA O3iHIR KaciO GLTIKTIMIIIH yHeMi KeTitipin
OTBIPATHIH, iprefi XKaHe KoAaHbab! MOHMEP FRUTBIMBIHBIR KYPACT MaceNeAepiH MCIe ATaThiH
eHOEKKOP 3epTTeyI eKEHIH KOPCeTTI.

Xumopean Xyauryamin « TeXHOTOrHANbIK epiTiHainepaeH cKanmil Genin aty yuliH
AOFAPB! CYPHINTHI 3aManayH COPOEHTED KYPY» TaKbIPhIOBIHAAFs! AHCCEPTALMACHIHBIH FhUILIMM
AeHTeiti Korapsl, BLtiM kaHe reUsIM canackiiaars GaKeuiay KOMHTETIHIR 6apibiK TananTapbiHa
skayan Gepemi. Xumopearn Xyanryn 8D05301 — «Xumusy» Mamarmbirsl Golsmina driocodns
aoxtopsl (PhD) napexkecin 6epyre naiibix.

Hletenmik reUTbIMHA KEHECHTICH:
Jozef Tadeusz Haponiuk
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Kasakcran PecnyGnkachl, AMaThi Kanachl, €Ki MbIH XHBIPMa TOPTIHUI XKbUIFbI OH TOPTiHInj
mamsip. KyoKaTTeiH arbUTIsiH TUTIHEH Ka3ak TiniHe MaTiH-ayJapMachiH OphbIHIaraH aylapMaii
Axmerosa Acem Amanasikosna, 18.08.1989 seuist Tysuran, JKCH 890818401550.

Kasakctan PecryGHRachl, AsiMaThi Kanachl, €Ki MbIH KHBIPMA TOPTIHINI HKBUIFbI OH TOPTIHII
mambip. Men, Ocer Marupa, Kasakeran PecryGmixacebi Otier Munnerpairi 2022 xsuisi 13
minnene Gepres Ne22012975 MeMIeKeTTiK THIEHINSA HETI3iHIE JpeKeT eTy i AMaTh! KATaChIHLIH
HOTAPHYCEI, ayxapmambel  AxmeroBa AceM  AMaHIBIKOBHAHBIH KOABUIFAH  KOJIBIHEIH
TYIHYCKAIBUIBIFBIH  PACTAHMBIH. AYAapPMAIIBIHEH TYJIFaibifbl AHBIKTALNBL, KaOlleTi Men
@KLIeTTir TeKcepingi.
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