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To Whom It May Concern,

Being the Ph.D. supervisor of Mr. Arman Yeszhanov, | am pleased to say that he worked very
hard and skillfully carried out numerous experiments during the course of his Ph.D. work. The
subject of research is based on the surface modification of poly(ethylene terephthalate) track-
etched membranes (PET TeMs) for use in water purification from salts, pesticides and low-level
liquid radioactive wastes. The title of this thesis is “Hydrophobization of track-etched membranes
based on poly(ethylene terephthalate) for water treatment by membrane distillation”.

Arman performed his research activities in the laboratory engineering profile of the
L.N.Gumilyov Eurasian National University and Technological Laboratory of track-etched
membranes in Astana branch of the Institute of Nuclear Physics of the Republic of Kazakhstan.
The scientific and technical infrastructure of these laboratories are adequately equipped with all
the necessary instruments to pursue his experimental work. During his Ph.D. studies, Arman
Yeszhanov learned working with such devices as Fourier Transform Infrared Spectrometer
(ATR-FTIR), UV-vis spectroscopy, goniometer for contact angle measuring. Moreover, for the
surface characterization of the obtained samples, scanning electron microscopy (SEM), atomic
force microscopy (AFM), X-ray photoelectron microscopy (XPS) and other methods were used
by him.

His Ph.D. thesis was comprised of several stages:

e lrradiation of PET film using the DC-60 accelerator at the Astana branch of the
Institute of Nuclear Physics of the Republic of Kazakhstan with 84Kr®* jons,
followed by sensitization and chemical etching.

e Modification of PET TeMs by covalent bonding with various agents (silanes and
fluorine-containing  agents),  photoinitiated  graft  copolymerization  of
triethoxyvinylsilane (TEVS), styrene and covering of the membranes with
hydrophobic nanoparticles.

e Characterization of the obtained hydrophobic samples by using FTIR spectroscopy,
SEM, EDX, XPS, as well as measurements of water the contact angle.
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e At the last stage of the PhD thesis, modified samples were tested in the water
treatment from salts, low-level liquid radioactive wastes and pesticides by membrane
distillation.

Based on the results obtained during his Ph.D. work, several articles (including a review) were
published in international peer-reviewed journals that are included in the Scopus and Web of
Science databases:

1. A.B.Yeszhanov, 1.V.Korolkov, S.S.Dosmagambetova, M.V.Zdorovets, O. Giliven “Recent
progress in the membrane distillation and impact of track-etched membranes”. Polymers. 13(15)
(2021)

2. M.V.Zdorovets, A.B.Yeszhanov, I.V.Korolkov, Y.G.Gorin “Liquid low-level radioactive
wastes treatment by using hydrophobized track-etched membrane”, Prog. Nucl. Energy
118(2020)

3. A.B.Yeszhanov, 1.V.Korolkov, Y.G.Gorin “Membrane distillation of pesticide solutions using
hydrophobic track-etched membranes”. Chem. Pap. 74, 3445-3453 (2020)

4. 1.V.Korolkov, A.Kuandykova, A.B.Yeszhanov, O.Given, Y.G.Gorin, M.V.Zdorovets
“Modification of PET lon-Track Membranes by Silica Nanoparticles for Direct Contact
Membrane Distillation of Salt Solutions”. Membranes. 2020; 10(11):322.

5. L.V.Korolkov, A.B.Yeszhanov, M.V.Zdorovets “Modification of PET ion track membranes for
membrane distillation of low-level liquid radioactive wastes and salt solutions”, Sep. Purif.
Technol. 227(2019).

The frame of Ph.D. research of Arman Yeszhanov is logically constructed according to the
calendar plan, and the target goal was achieved.

Based on my decades long professional experience (supervising 37 Ph.D. and 41 M.Sc.Thesis,
more than 380 peer-reviewed scientific papers) | can very confidently say that the PhD
dissertation of Arman Yeszhanov “Hydrophobization of track-etched membranes based on
poly(ethylene terephthalate) for water treatment by membrane distillation” is a complete
scientific work satisfying the requirements of a Ph.D. thesis on international level.

He undoubtedly deserves to be awarded the degree of Ph.D.in the specialty 6D060600-Chemistry.
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YHuBepcurer Xaxerremne
DakyabTeT XUMHHU

7 okts0ps 2021 roxa

Jlig ipeAbABIICHUS 110 MECTY TpeOOBaHUS,

Bynyun HaydyHbIM KOHCYyIbTaHTOM ApMaHa EcikaHOBa, JOJKEH OTMETUTh, YTO OH MPOJEIIa
OTJIMYHYI0 pPabOTy MpH HaNMCaHUU CBOEr0 JUCCEPTALMOHHOIO HccienoBaHus. Tema
UCCIIeIOBaHUsl OCHOBAHA Ha MOAU(PUIMPOBAHUU MOBEpXHOCTH [IDTD TpekoBrix mMemOpaH ams
WCIOJIb30BAHMS UX B pa3JIeJIeHMH BOJHOM OT COJiel, MEeCTUIMIOB U KUIKUX PaJuOaKTUBHBIX
OTXOJIOB. Ha3panne pgaHHOM  auccepramuu  ObUIO  3aIUIAHUPOBAHO  CIEAYIOIIEE:
«'mapodoOuzanmsi TPEeKOBBIX MeMOpaH Ha OCHOBE MONMATUIEHTepedTanaTa A OUYMCTKU
BOJHBIX CpeJl METOJOM MEMOPaHHON JUCTHILISLIUNY.

BrinonHenue auccepTalMOHHOTO MCCIIEIOBaHUSI BeJIoCh Ha 0a3e ACTaHMHCKOro (uinalia
WNuctutyra simepHOM  (U3MKM  TEXHOJOTMYECKOW J1TabopaTOpUM TPEKOBBIX MeMOpaH U
JlaGopatopun uHKeHepHOro mpoduis EBpasuiickoro HaUMOHAIBHOTO YHUBEPCUTETa WM.
JLH.I'ymuneBa. Hayuno-texnmueckass 06aza AD WMAD ocHameHa BceMU H3MEPUTEIbHBIMU
npubopaMu, KOTOpble HEOOXOIMMBI OBUTM JUIS MPOBEACHHS JKCIEPUMEHTaIbHBIX pabor. B
TeyeHUN oO0yuyeHusi B JokTopaHType EcikaHoB ApmaH OBlajiesl HaBBIKAMU B MPUMEHEHUH TaKHX
npubopoB, kak MK-criekTpockomnus HapyIIEHHOTO MOJHOTO0 BHYTPEHHEro oTpaxeHus ¢ dypbe-
npeoOpa3oBaHUEM, CKaAaHUPYIOUIUN AJIEKTPOHHBIM MHUKPOCKOI, Y®D-CHeKTPOCKONHs, TOHUOMETP
JUISI '3BMEPEHUSI KOHTAKTHOTO YIJIa CMAauMBaHUS U T.JI.

PhD Auccepranus EcxanoBa ApMaHa COCTOHUT U3 HCCKOJIbBKHMX 3TaIlOB:

e OOGnyuenne [IDTD mnenku c¢ nomompbio yckopurens [I[-60 B ActanuHCKOM
¢unuane MucturyTta snepHoil ¢usuku Pecnyonuku Kasaxcran monamm $4Krl®* ¢
MOCIEAYIONUM CEHCUOMITN3UPOBAHNEM U XUMHUECKUM TPaBJICHUEM.

o Momuduramus [IOTD TpexkoBbIXx MeMOpaH IMyTeM KOBAJICHTHOTO CBSI3BIBAHUS
pa3IMYHBIMU ~ areHTamMu (KpeMHUH ©u  ¢TopcoaepKaluMd  MOHOMEpamH),
(OTOMHUIIMMPYEMON TMPUBUBOYHOM (CO)MOTMMEPHU3AIUU TPUITOKCHBUHUICHIIAHA
(TBBC), ctupona, a Takxke mokpeitTue [I9T® TM kpeMHHUEBBIMI HAaHOYACTHUITAMH.

e XapaKTepHCTHKa MOJYYEeHHBIX TUAPOPOOHBIX 00pasinoB myteM npumenenus MK-
CHEKTPOCKONUM HAPYIIEHHOTO IMOJHOTO BHYTpPEHHEro oTpaxkeHus ¢ Dypbe-
nmpeoOpa3oBaHUeM, CKaHUPYIOMIETO 3JIEKTPOHHOrO Mukpockoma, DA, PDOC, a
TaK)Ke U3MEPEHUI KOHTAKTHOTO yTJia CMAaYHBaHUSI.
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e Ha mnocnemnem srane PhD amccepranmm HE0OXOAMMO OBLIO IMPOTECTUPOBATH
MOU(UITMPOBAHHBIE 00pa3Ibl B OYUCTKE BOJBI OT COJICH, JKUIAKUX PaJTNOAKTHBHBIX
OTXOJIOB ¥ MIECTHIIMOB METOIOM MEMOPAHHON AUCTUILIISIINH.

I[To pesynpTaTam ero AUCCEPTAMOHHON paOdOThI OBLTH OMYOJIMKOBAHBI HECKOJIBKHX CTaTeH (B TOM
qrciie 0030pHas) B MEXIYHAPOIHBIX PEIEH3UPYEMBIX JKypHalaX, BXOISIIUX B 0a3y JaHHBIX
Scopus u Web of Science:

1. A.B.Yeszhanov, |.V.Korolkov, S.S.Dosmagambetova, M.V.Zdorovets, Giiven O. Recent
progress in the membrane distillation and impact of track-etched membranes. Polymers. 13(15)
(2021)

2. 1.V.Korolkov, A.B.Yeszhanov, M.V.Zdorovets Modification of PET ion track membranes for
membrane distillation of low-level liquid radioactive wastes and salt solutions, Sep. Purif.
Technol. 227(2019).

3. M.V.Zdorovets, A.B.Yeszhanov, I.V.Korolkov, Y.G.Gorin Liquid low-level radioactive wastes
treatment by using hydrophobized track-etched membrane, Prog. Nucl. Energy 118(2020)

4. A.B.Yeszhanov, I.V.Korolkov, Y.G.Gorin Membrane distillation of pesticide solutions using
hydrophobic track-etched membranes. Chem. Pap. 74, 3445-3453 (2020)

5.1.V.Korolkov, A.Kuandykova, A.B.Yeszhanov, O.Gilven, Y.G.Gorin, M.V.Zdorovets
Modification of PET lon-Track Membranes by Silica Nanoparticles for Direct Contact Membrane
Distillation of Salt Solutions. Membranes. 2020; 10(11):322.

I[HCCGpTaI_[I/IOHHOC uccieaoBanue EckaHoBa ApMaHa JIOTHYHO BBICTPOCHO II0 KAJICHAAPHOMY
IJIaHy, B XOAC BBIIIOJIHCHUA pa6OTBI JOCTHUTHYyTa 0003HaUYCHHAs OCJb UCCIICIOBAHUA.

YA

[Ipodeccop, noxrop OnryH ['toBeH
®dakynbTeT XUMHHU
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