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Uranium is a critical mineral resource, as both metallic uranium and its compounds serve
as nuclear fuel for power generation. Kazakhstan is the leading global producer of uranium:
according to the World Nuclear Association, the country accounted for 21.8 thousand tons. or
45.1% of the world’s uranium output in 2023, The sustainable and safe management of radioactive
waste from uranium production demands effective and economically feasible technological
solutions.

In his dissertation, Mr. Abdikerim proposes the use of natural inorganic sorbents such as
zeolites and shungite for the treatment of radioactive wastewater and contaminated natural waters.
While these minerals are known for their ability to remove radionuclides, they typically exhibit
losv sorption capacity. To enhance their performance, the author suggests modifying them with pre-
activated phosphorus slag. whose main component—wollastonite—is known for its favorable
sorption properties. The dissertation describes the mechanism for activating phosphorus slag in
carbonate and chloride media. It was found that modification with phosphorus slag significantly
improves the porous structure of the sorbents, increasing their uranium sorption capacity from 0.2
mg/e 1o 38 my/g.

A key strength of the work is the originality of the proposed approach. The author
developed various impregnation techniques and implemented combined modifications using
polyacrylamide and organic extractants. He also investigated uranium desorption using SOdiL{l]‘l
carbonate (Na2COs), achieving a desorption rate of up to 70%. A technological scheme for
modifying zeolite and shungite was developed, and the practical applicability of the sorbents for
uranium removal from industrial solutions was demonstrated—directly addressing issues of
radiation and environmental safety.

Mr. Abdikerim has demonstrated a high level of theoretical knowledge. confidence in
experimental techniques, and the ability to communicate scientific concepts clearly and
persuasively. His fluency in English has enabled effective collaboration with international advisors
and contributed o sound interpretation of research results. He has distinguished himselfas a highly
competent and responsible researcher with strong professional ethics. His intellectual curiosity,
openness to collaboration, and capacity for independent research highlight his significant potential
for continued academic contributions at the international level.

The dissertation presents original scientific contributions, a solid experimental foundation,
and well-justified engineering solutions. The results make a valuable contribution to the
advancement of uranium processing technologies.
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In my professional opinion, the dissertation “Development of Modified Sorbents Based on
Natural Raw Materials for Uranium Extraction” fully meets the standards required for the PhD
degree. | strongly support awarding Mr. Bekzat Abdikerim the degree of Doctor of Philosophy
(PhD) in Metallurgical Engineering (8D07204).

Sincerely,

A ML,

Brajendra Mishra

International Scientific Advisor, Ph.D.
Professor & Director, Metal Processing Institute
Worcester Polytechnic Institute

Worcester, MA, USA
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OT3bIB

HAYYHOrO KOHCYILTAHTA HA AMccepTanMonnyio pabory Ibaikepim bexiara Epybaiyin
«Ioayuenne MONHPHUMPOBAHHBIX COPOEHTOB HA OCHOBE IPHPOIHOIO CHIPbH AW
H3BJEYEHHS YPAHA, NPEACTAB/IEHHYI0O HA COMCKAaHHE CTENEHH 10KTOpa $puaocodpun PhD
Mo CHelHAIbHOCTH
8D07204 — «MeTa/urypru4eckan HHAXEHEPHA

Vpas npeacTasiset cob0# CTpaTernyecKn BaKHbIH MAHEPAIbH Bl pECYpC. MOCKOJIbKY KaK
B MeTannuueckoll GopMe, TaK H B BHIE COCIAMHEHHH OH HCMONB3YETCH B KAUCCTBC SIIEPHOIO
TOMUIHBA /IS TPOM3BOACTBA 31eKTposHeprun. Kasaxcrad 3aHMMaeT THIMPYIOUAE NO3MUKH B
mupe 1o o6béMaM Ho6bYH ypaHa: 1o JaHHbM BeemupHoit saeproii acconnarmu, B 2023 roay Ha
JOMTIO CTPaHbl PULLIOCH 21,8 ThIC. TOHH, YTO COCTABIACT 45.1% ot obmero MupoBoro oonema. B
9TUX YCIOBHAX 0CODYIO aKTyallbHOCTD npuobperaeT ycToiuuBoe U HesonacHoe obpaluenne ¢
paIMOAKTHBHBIMH OTX0AaMH, 00pa3yloLIMMHCH B MpOLECcce noGbuu M nepepaboTKH ypaHa, 4To
TpeGyet BHeApeHus SPPEKTHBHBIX H HKOHOMUHECKH Lenecoobpa3HbIX  TEXHOOTHUECKHUX
peLIeHnH.

B cpoeii juccepramuu r-H OOmiKepiM NpeanaracT HMCHONL30BATh  TPHPOAHBIC
Heopranuueckue COpOEHTHI TAKHE KaK LEOJNMTHI M UIYHTHT, UL OHHCTKH pa/iMOaKTHBHBIX
CTOYHBIX BOA M 3arpa3HEHHBIX NPHPONHBIX BOA. XOTA 3TH MHHEpaibl H3BECTHLI cBoe#
CcnocOoBGHOCTHIO YAAIATh PATHOHYK/IHBI, OHM, KaK IMpPaBHIO, 061aal0T HHU3KOH COPOLIHOHHOM
EMKocTbio. C 1enbio noBsileHus uX 3Q(GEKTHBHOCTH aBTOP NpEATIaracT MOJH(PULMPOBATH HX C
OMOIIBIO NPEIBAPHTENBHO AKTUBMPOBAHHOrO (ocOopHOTO LIIaKa, OCHOBHLIM KOMITOHEHTOM
KOTOPOr0 #BISETCA BO/UIACTOHMT, HM3BECTHBIH CBOMMH OIarompHATHEIMH COpOLHOHHBIMH
CBOWCTBaMH. B IHCCEpTALMM PACKPHIT MEXAHW3M aKTHBALMHA (HOCHOpHOro 1aka B kapOoHATHOH
W XJIOPH/IHOM cpeax. Y CTaHoB/IEeHO, 4TO MomudHKalKs ¢ HCTONB30BaHHeM (OCHOPHOTro liaKa

3HAYMTENBHO YITy4IliaeT MOPUCTYIO CTPYKTYpY COPOEHTOB, MOBBIIIAA HX CIOCOGHOCTH K COPOLLHH
ypana ¢ 0.2 mr/r 10 38 mr/r.

LlenTp no BoCCTaHOBNEHHK M nepepaboTke pecypcos
LleHTp nepeaoesx TeXHONOrHiH TepMHdeckor obpaboTiu
Byctepckuii nonuTexHuyeckuit HHCTHTYT (WPI)
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Ocobo cieayer OTMETHTH OPUIMHAILHOCTH NPEATOKCHHOIO MOAXOIA: COMCKATEneM
pa3pafoTaHel cnocolel aNmMpPeTHpPOBAHMA, MPHMEHEHO KOMIIeKCHOe MoaudHimMpoBante
HCTIOJIb30BAHMEM MOJIHAKPANIAMUJA H OPraHWYeCKHX SKCTPAareHTOE [0 THIY TBepAodhazHbIX
SKCTPareHToB. ABTOPOM TaKKe WCCACIOBAH MEXaHM3M AecOpOLMM ypaHa C [pUMEHEHHEM
xapbonara uatpus (Na2COs), nocturayra crenens aecopbuuu mo 70 %, uro NpeBbiLIaeT
M3BECTHBIE 3HAYECHHS I NPUPOJHBIX copOeHTOB. PaszpaboTana TexHonoruueckas cxema Obiia
pa3paboTaHa TEXHONOrHA MONMGOHKALMY LEOJIMTA W LIYHTHTA, 4 TAKKe MPOJEMOHCTPUPOBAHA
NpaKkTHYECKast IPUMEHUMOCTE COPOCHTOB /1Sl y IAIEHHA yPaHa W3 POMBILILIEHHBIX PACTBOPOB —
HTO HAMpAMYIO CBA3aHO C PEINEHHEM 3a/1a4 PAJIMALIMOHHON M IKOTOTHYECcKoi Be20macHoCTy.

[-H O6xiKepiM [EMOHCTPHpYeT BHICOKHH YPOBEHb TEOPETHYECKOH TOATOTOBKH,
VYBEPEHHOE Ri1aaeHue IKCTIEPHMEHTAJIELHBIMH METOIaMH U CBOﬁOﬂ_HOe 3HAHHE aHTIIHACKOro ABBIKA,
9TO M03BOJIHIO eMy 3((EKTHBHO B3aHMOIEHCTBOBATE ¢ 3apyOEKHBIM HayYHbIM KOHCYIBTAHTOM
MpH ODCYAKACHMM M MHTEPIPETALMM [ONYHYCHHBIX AAHHBIX, YMEHHE HCHO M YOEAUTEIbHO
H3jlararh Hay4HBIC MACH CTA10 B&KHBIM MPEHMYLIECTBOM B XO/E€ HAILUEr0 COTPYAHHYECTBA.
Couckarenb nposBui ceGf Kak BIYMYHBBIA M OTBETCTBEHHBIH MCCIENOBATENb C BBICOKHM
YpoBHeM npodeccHonanbHOK THKH. Ero uHTeNIeKTYANbHAA M0603HATEIBHOCTD, OTKPBITOCTD K
3aMEYaHHAM H CIOCOOHOCTD K CaMOCTOSTENbHOMH HAayYHOM paboTe CBHACTENBLCTBYIOT O GOIbIIOM
MOTEHUMANE IS NaTbHEHINEro Pa3BUTHA Ha MEXKIYHAPOIHOM aKkaIeMuHueckoit apeHe.

Pabora ornmyaeTca HayuHOW HOBH3HOM, BCECTOPOHHEH dKCrepuUMeHTaTbHOH Gasoil u
0BOCHOBAHHBIMM MH)KEHEPHBIMH pelueHHAMH. [loyuenHbie pesynbTaTsi [peACTaBAAOT coboi
BKlal B Da3BUTHE TEXHOJOTHH MEPepabOTKM yPaHCOAEPKAIMX PAacTBOPOB M MOrYT GhITh
HCIIOMB30BaHLI Ha IMpaKTHKE.

[lo  moemy  mpodeccHOHANbHOMY — MHEHMIO,  JMCCEpTallUsA «ITomyyenne
MOIH(QULUHPOBAHHBIX COPOEHTOB HA OCHOBE MPUPOLHOTO ChIpbS [N H3BIEYEHHS YpaHa» B
MOJHOH MEpE COOTBETCTBYET TpeGOBaHHSAM, MpeAbABAAEMbIM K crenenn PhD. I nomswocTsio
NOJUIEPKHBAIO NpUCYKieHHe r-Hy bekzary O6zikepiMy yué€Hoi crenenu aoktopa Gpunocodun
(PhD) no cneunansHocTH « Metamwmyprusy» (8D07204).

3apybeanblii HayYHBIN KOHCYILTAHT

AHCCePTAUHOHHOH paboThi,

poxktop PhD., npodeccop,

anpexktop Hucruryra 06paboTku MeTaiios,

Bycrepckoro noMTeXHHYECKOro HHCTHTYTA,

r. Bycrep, CLIA b. Mumpa

LleHTp no BoccTanoBnenHio U nepepaboTke pecypeos
LenTp nepenoseix TexHoNOr K TEPMUUECKOH 06paGOTKH
Bycrepckuit noautexnuveckuit uucturyt (WPI)
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Pecrybiuka Kazaxcran, ropon Anmarsl.

L{ecsrroe HIOHA JBC TbhICAYH ABaAlLIATh IATOIO roja.

Tekcr-nepeBon  J0KyMeHTa € aHIVIMACKOIO S3bIKa HA DPYCCKMH S3bIK  BBINONHEH
tepesoiunkom KypibibaeBoi |'yiaHas MyxamenaineBHOMU, BTOPOro Mas ThiCAYa JAEBATLCOT
CEMBAECAT CEABMOr0 Trolia pOXIEHUs, ypomeHka AnmatuHckod obnacty, UWUH
770502401865, mnepesoguuk MIT  «I'mobyc» (CBUAETENBCTBO O  rOCYAapCTBEHHOI
peructpauun cepus 6004 Ne 0009662 ot 06 susaps 2004 roja).
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locTuimK Pecrrybivkn KasaxcraH, CBHICTENBCTBYIO MOMLIMHHOCTE MOAMHCH MEPEBOIYMKA
Kypreibaesoit [ynnas MyxamenanneBHOR. JIMUHOCTH — NEpeBOaUMKA YCTaHOBJIEHA,
JIeecrocobHOCTE W MONHOMOYMA nposepensl. Coraacho, cratbe 79 m.2 3axkona PK «O
HOTapHaTe». HOT&pHYC CBUACTCIBCTBYET MOQTHHHOCTE TNOIMHCH [ICPCBOISHHGE .
YAOCTOBEPAET ClJaK'I‘OB, HU3/I0XKEHHBIX B OJOKYMEHTE, a JIMUIE NOATBEPKIACT I8l

cle/laHa OMNpeAeICHHBIM JTHLIOM. S

PeciryGimnka Kasaxcran, ropoa AiMatsl, T |
JecaToe MIOHA 1BE ThICAYM ABAJLIATH MATOrO FOJA. g
A, baxwitbex HKyane;s, Hotapuyc ropona AJiMaThl, JEHCTBYIOIIMH HA OCHOBAHWH g
['ocy napcTerHoi muensuu Ne 22006963 or 13.04.2022 roaa, BrLAaHHON MHHHCTEPCTBOM Z
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3aperncTpupoBaHo B peectpe 3a No785
B3pickaHo: 118 Tenre rocromuina + 1 966 Tenre yc
€XHHYECKOr0 PaBOBOro Xapakrepa
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