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for the doctoral dissertation of Kadir Meruyert Fazylkhankyzy on the topic:
“Structural features of multifunctional nanoporous membranes of metal oxides and
nanofibers based on them”, submitted for the degree of Doctor of Philosophy (PhD) in
the educational program 8D07112 — Nanomaterials and Nanotechnologies

The dissertation work of M.F. Kadir is devoted to the urgent and interesting
subject of synthesis and investigation of properties of nanostructured multifunctional
porous and fibrous materials based on TiO; and Al,O; with regular and controlled
nanoscale geometry. In this work, the properties and structural features of metal-oxide
porous layers as well as their potential applications are investigated.

The aim of this thesis work is to synthesize and study the structural features of
metal oxide multifunctional nanoporous membranes and nanograss (nanofibers) based
on them.

Relevance of the work. Recently, anodic aluminum oxide and titanium dioxide
nanostructures have attracted increasing interest due to the diversity of their functional
properties and structural features. These nanostructures have a wide range of
applications as template nanomaterials, photocatalysts for water purification and
splitting, electrodes in lithium-ion batteries, active electrodes in dye-sensitized solar
cells, in gas sensors and for targeted drug delivery, in materials for supercapacitors, and
as a material for surface-enhanced Raman scattering (SERS) and creation of self-
cleaning surfaces.

Scientific significance and novelty of the conducted research. The
dependences of structural parameters and morphology of porous/tubular/grass oxides
of titanium and aluminum on the main parameters of the anodization process have been
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determined. For the first time substrates based on silver-modified TiO, nanofibers
(SERS substrates) were created, allowing to detect Raman signal of methylene blue
(MB) dye at concentrations down to 10712 M. Also, the enhancement factors of SERS
substrates were compared when different reference materials were chosen. In addition,
hydrophilic through membranes with fibrous layer based on aluminum oxide were
tested as a filter, the efficiency of which was demonstrated on the example of water
purification from methylene blue dye.

Main research objectives. To realize the specified aims, the following tasks were
performed:

- development of the method of obtaining nanoporous and nanofiber structures on
the basis of titanium and aluminum oxides;

- study of the influence of the main parameters of the electrochemical anodization
process on the structural features and morphology of nanoporous materials;

- study of silver-modified TiO, nanotubes and nanofibers for use as SERS
substrates;

- preparation of aluminum oxide-based through membranes and study of their
hydrophilic properties and filtering ability.

Results of the thesis research and practical significance. The possibility of
controlling at the nanoscale the geometrical parameters of samples synthesized by the
electrochemical anodization process on large area surfaces increases their practical
significance. Anodic metal oxides consisting of hierarchical nanostructures in the form
of nanotubes, nanopores, and nanofibers can exhibit both superhydrophobicity and
superhydrophilicity, which can be used in waterproof or self-cleaning surfaces, systems
of water purification and splitting.

Modification of metal oxides with plasmonic silver nanoparticles can provide
them with new functionalities, particularly as SERS-active substrates, photocatalysts,
electrodes in lithium-ion batteries, active electrodes in dye-sensitized solar cells, gas
sensors, and in medicine for targeted drug delivery and biomedical devices as an
effective antibacterial material with corrosion resistance and high biocompatibility.

The dissertation of M.F. Kadir meets high scientific standards. The dissertant has
performed a substantial work, all samples studied in the thesis were obtained personally
by the author. Refinement of the methodology and optimization of anodization
parameters were carried out by the author independently. Evaluation of the filtering
ability of aluminum oxide membranes, as well as modification of titanium oxide
nanostructures with silver were carried out by the dissertant independently. Processing
and analysis of obtained data were done by the author independently.
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The obtained results possess both scientific and practical novelty, and provide
ample opportunities for application in further research and development in various
fields.

According to the results of the dissertation work 10 printed works have been
published, including 2 articles in international peer-reviewed scientific journals
included in Q2 and Q3 quartiles, according to Journal Citation Reports of Clarivate
Analytics and/or having CiteScore percentile in Scopus database, 4 articles in journals
recommended by the Committee for Control of Higher Education and Science, 4 papers
in proceedings of scientific and practical international conferences, 2 of them are
included in Scopus database.

It is very important that Meruyert Kadir is a corresponding author in several
publications. This indicates her active participation in the research work and the
significance of her contribution. In addition, the fact that some of the articles were
published in high ranked journals (Q2, Q3) emphasizes the significance of her research
and its recognition in the scientific community.

The dissertation work prepared by M.F. Kadir meets all the requirements of the
Ministry of Higher Education and Science of the Republic of Kazakhstan and is
recommended for awarding the degree of Doctor of Philosophy (PhD) in the
educational program 8D07112- Nanomaterials and Nanotechnologies.
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8D07112 — HanomaTepuaiiiap koHe HaHOTEXHOJOTUsIIap O11iM 6epy
Oarnapiamacel OoibiHIIa Grocodus qokTopsl (PhD) FeimbiMu nopexecin anyra
yceiabuIFal Kaaip Mepyept ®a3buixanKbI3bIHBIH "MeTamn OKCUITEepiHIH
KoM yHKIIMOHAJII HAHOKEYEKT1 MeMOpaHasapbl )KoHE OJlapFa HEeT13/IereH
HAaHOTAIIIBIKTAPIBIH KYPBUIBIMIIBIK €PEKIICTIKTEP1" TaKbIPHIOBIHIAFBI
JTOKTOPJIBIK JTUCCEPTAIIASICHIHA
HIeTeJAIK FhUIBIMHA KeHeCIIiIeH

HIKIP

Kazip M.®. auccepTausuibiK )KYMBICHI KYPBUIBIMBIH O0ackapyra 6onaTteiH T10;
woHe AlyOs; HeriziHaeri HaHOKYPBUIBIMIBI KOT(YHKIIMOHAIIBI KEYEKTI KOHE
TaNIIBIKTBl MaTepUaNJiapblH CHUHTE3JIEy KOHE KAaCHETTEpiH 3epTTey OO0JbI
TaOBUIATHIH ©3€KTI OHE KbI3BIKTHI TaKbIPHIObIHA apHAIFaH. 3epTTey >KYMBICHIH/A
METaJUIOKCHJITI KEYEeKTI KaOaTTaphlHBIH KYPBUIBIMABIK EpPEKIICNIKTepl MEH
KAacHeTTepl, COHJIali-aK oJap bl KOJJaHy MYMKIHIIKTEP1 3epTTEIrEH.

JlnccepTansuibIK KYMBICTBIH MAaKCaThl - METAJUIOKCUATI KOT(PYHKIIHOHAIIBI
HAHOKEYEKTI MeMOpaHaiap MEH OJIap/IbIH HET131H1€T1 HAHOTAJIIBIKTap/bl CUHTE3/ICY
YKOHE KYPBUIBIMJIBIK €PEKILIETIKTEPIH 3€PTTEY.

3eprrey KYMBICHIHBIH 03eKTiJIiri. COHFbl yakbITTa aHOATHI ATIOMUHHUI MEH
TUTaH OKCUATEPIHIH HAHOKYPBLIBIMIAPHI 0JIApAbIH (DYHKIIMOHAIABIK KACHETTEPl MEH
KYPBUIBIMJIBIK ~€pPEKIIENIKTePIHIH OpPTYPIUIIriHe OaiaHbICThl 3€pTTEYLIUICPIIH
KBI3BIFYIIBUIBIFBIH  apTTHIpyAa. ATanfaH HAaHOKYPBUIBIMABI MaTepHaigap CyAbl
TazapTyFa apHaIFaH (QoToKaTalIu3aTopiap, JUTUNA-UOHABI AKKyMYJSITOpJIaparsl
AJIEKTPOATAP, OOSIFBIMINCH CEHCHOWIM3ANMUIAHFAaH KYH OJJIEeMEHTTEpiHIe, Ta3
JTATYUKTEPIHAC, JOpi-IOPMEKTI IKETKI3y MAaKCaThIHAAFbl MaTepuajjap YIIiH,
CYTIepKOHJIEHCATOpJIapFa apHaIFaH MaTepuaiiapaa, CoHaai-aK OeTTIK KYIICUTIITeH
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pamaH mambipaybl yirH matepuan petiaae (SERS) >xoHe e3iH-631 TazapTaThiH
OeTTepi kacay YIIiH KeH KOJIJIaHbICKA He.

JKyprizisiren 3eprreyiepaiH FbUIBIMH KYHIBUIBIFBI MEH SKAHAJBIFBI.
KeyeKkTi/TyTiKIe i/ TaIIbIKThI TUTaH JKOHE ATIOMUHUA OKCHUJTEPiHIH
MOPGOIOTHUACH MEH KYPBUIBIMJIBIK TapaMeTpiepiHiH aHOJTay IPOIECIHIH HEri3ri
napaMeTpiepiHe Toyeiniri ansikTanasl. 10°2M nelfinri KOHLEHTpanyUaaa METUIIEH
koK (MK) OosrpIbIHBIH PamMaH cUrHabIH aHBIKTayFa MYMKIHJIK O€peTiH KyMiCTieH
moaudukanusianran  TiO, HaHOTamIIBIKTapel Herizinge toceHimrep (SERS
TeceHimTepi) anFam per okacauiapl. COHBIMEH KaTrap, op TYpJli OTaJlOH
MarepuaigjgapbiHa KatbicThl SERS  TeceHimnHiH  Kymedty Ko3¢dUIMEHTIHE
CAJIBICTRIPY KYPri3unmi. AJIOMHHHM OKCHII HeETi3iHaeri Tuapowibai eTneni
TaJIIBIKTBl MEMOpAHAJIAp CY3T1 PETIHAE ChIHAIABI, OHBIH TUIMJLUIIT METUJIEH KOK
OOSAFBIIIBIHAH CY/Ibl Ta3aPTy MbICAJIBIHIA KOPCETUIII.

3epTTeyaiH Heri3ri TancbipMagapbl. ATalfaH MaKCaTThI )KY3€re achblpy YUIH
KeJIeCl MIHJIETTEP OPBIHIAJAbIL:

- TUTaH >KOHE QJIIOMUHUN OKCHUJTEpPIHE HETI3[ACITeH HAHOKEYEKT1 >KOHE
HAaHOTATIIBIKTHI KYPBUTBIMAAPIBI Ty 9/IICIH MEHTEPY;

- JIEKTPOXUMHUSUIBIK aHOJITAy MIPOIIECIHIH HET13T1 apaMeTpJiepiHiH HAHOKEYEKTI
MaTepHaIapAblH KYPBUIBIMIBIK €pEKIIETIKTepl MEH MOp(OIOrHsChIHA OCEepPiH
3epTTey;

- SERS TteceHimTepi peTiHe naiiagaHy yiIiH KyMmicrieH MoauduKanusianral
Ti0, HaHOTYTIKIIIETIEP1 MEH HAHOTAJIIIBIKTAPBIH 3€PTTEY;

- QJIIOMUHMMA OKCHUJIIHIH HET131HJEe OTIeNl MeMOpaHaIapabl ally KoHE OJlapIbIH
ruApoPuIibal KACUETTEP1 MEH CY3Tijiey KaOiJIeTiH 3epTTey.

JAucceprauMsiyiblK  3epTTEYMiH  HITHIKeJIepi  KOHe  NPAKTHKAJBIK
MAaHBI3ABUIBIFbI.  ODJCKTPOXHMHUSIIBIK ~ aHOATAY  TPOIECIHIH  HOTWXKECIHJE
CUHTE3/ICITCH YATUIEPiH TeOMETPUSIIBIK MMapaMeTpiIepiH HaHOIUAaIa30H1a 0ackapa
ally MYMKIHJIIT JKOHE YJIKEeH OeTTIK ayAaHfa ue OOJybl OJIapAblH MPaKTHUKAJIBIK
MaHBI3IBUTBIFBIH  apTThIpaAbl. HaHOTyTiKIIenep, HaHOKEYEKTep, HaHOTAIIILIKTAP
TYPIHAETI HEPapXUSUIBIK HAHOKYPBUIBIMAAPJAH TYPaThIH aHOITHI MeTajjaap
OKCUJTEPIH ©31H-031 Ta3apTaThlH OeTTepjie, CyIsl 0oy KyHenepiHae KOoJIaHyFa
0omaThIH cynepruipogoOThI Aa, Cynepruapoduibal ae OeTTep peTiHae Ae KOJIaHyFa
OoJIaabl.

Merannap OKCHUJTEPIH MJIa3MOH/IbI KyMicC HaHOOOIIIEKTEPIMEH
MoauduKaMsIIay ojiapabl kaHa (YHKIUSIIADMEH KaMTamachl3 €T€ aajbl, aTall
aiTkanga, SERS Oencenmi TeceHimTep, ¢oToKaTaau3aTopiap, JATHH-UOHJIBI
OaTapesiiaparbl AJIEKTPOATAp, OOSIFBITIT ceHCUOUIM3aIvsJIaHFaH KYH
OaTapesiiapblHIaFbl O€JICEH/II DJIEKTPOJI, a3 JaTuYMKTEpl, COHJaN-aK MeAUIMHAIa
TOpi-TopMeK TachIMaiay MEH OMOMEIUIIMHAIIBIK KYPBIIFbLIap/1a KOPPO3HsFa



