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Review

of the foreign scientific consultant, PhD, associated -professor Florence
Vacandio for the thesis of Mrs. Raigul Jumanova titled «Obtaining nanostructured
anode material based on titanium oxide for magnesium-ion batteries» submitted for

the degree of Doctor of Philosophy (PhD) in the speciality — 8D07102-«Chemical
Engineering»

The dissertation of Raigul Jumanova is devoted to a relevant and scientifically
significant topic — the development of nanostructured anode materials based on
titanium dioxide (TiO2) for application in magnesium-ion batteries (MIB). In the
context of a global search for alternatives to lithium-ion energy sources, the
development of new materials for rechargeable magnesium-ion systems is of

particular importance.
The main objective of the research was a comprehensive study of the

morphological, structural, physicochemical, and electrochemical properties of TiOz
nanostructures obtained by various synthesis methods and an evaluation of their

applicability as anode materials for MIBs.
Three different synthesis methods were applied in the course of the work:

electrochemical anodization, hydrothermal synthesis, and solid-state synthesis. T10O2
nanotubes, nanofibers, and nanorods were obtained, with their morphology and

phase composition thoroughly characterized using modern analytical techniques.

For the first time within this dissertation, the properties of TiO2 nanotubes obtained
via anodization were investigated as anodes for MIBs, and their capability for Mg

ion intercalation was established.

Special attention was given to the synthesis of composite anodes based on
TiO2(B)/anatase phases and their investigation in hybrid electrolytes based on
MgClOs and LiCl. This approach made it possible to identify the influence of

electrolyte composition on the efficiency of magnesium-ion intercalation and
deintercalation, as well as to determine the conditions for improving the capacitive

characteristics of the anode material.
One of the most significant scientific contributions of the dissertation is the

application of two-dimensional numerical modeling using COMSOL Multiphysics
to analyze the discharge processes in T10; nanotube-based anodes. The model takes
into account real geometric and physical parameters, which enabled the
‘dentification of the kinetics of Mg?" ion intercalation, current distribution within the
anode structure, and the impact of electrode geometry on the degradation of the
active surface. This approach demonstrates a high degree of scientific novelty and

reflects the author’s strong theoretical background.




of this work are valuable for the further development of magnesium.

The results terial synthesis, electrochemica

ion batteries and related fields such as nanoma

system modeling, and energy storage optimization. } i ’
The scientific and practical significance of the work is confirmed by 13

scientific publications and abstracts presented at international and national

conferences. | . .
[ believe that the dissertation of Raigul Jumanova 18 carrlefi out az a :1%11
scientific level, meets the requirements for doctoral (PhD) dissertations, and can be

recommended for defense in the specialty 8D07102 - C'hemical Engineering.

Dr. Florence Vacandio
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PhD noxropant Jhxymanosa Paiiryns XKymaxanosna “8D07102 -
RUMMSIBIK HHOKEHEpust™ Oitim 6epy 6arnapinamacht 6oibiHiia (punocodus
tPLUIBIMIAPBINBIH 1oKTOpEI (PhD) fnopexecin anyra yesimnpuirasn “Marsuii-

MOHIBI OaTapesutap yiin Turan OKCH/[1 HET'131H/1e HAHOKYPBIIBIMIbI AHOITHIK
MaTCPHAIIIBL aly” TaKbIPBIObIHIAFb] JIUCCEPTALIUSITIBIK KYMBICHIHA IIETENIIK
FbIJIBIMU KEHECIITHEH

LIKIP BEPY

JKyManoBa Paitrynpnin nuccepranmsibik KYMBICHI ©3€KT1 9pl FBUIBIMU
MAHBI3bI 30p TaKBIPHIIKA — MarHUuu-"uOHIBIK 6aTapeﬂJIapJ_1a (MHWDb) xonpaunyra
dpHalraH nuoxkcua tutaH (TiO,) HerisiHmeri HAHOKYPBUIBIMIBI aHOITHIK
MaTepHalnapabl o3ipjeyre apHairad. JIMTHH-HOHABIK JHEPrus KesiepiHe
Oarnama i3ney oneMuik JeHreiie o3eKTi GO TYPFaH JKAFAaiia, KOnpaspsaThl
MarHMH-HOH/BIK JKYHelep VILiH jaHa MaTepHaliap )Kacay epeKiie MaHbI3Fa He.

3epPTTeYiH Heri3ri MaKcaThl — opTYpIi CHHTe3 aficTepiMeH ansiarad Ti0;

HaHOKYPBIIBIMAAPBIHBIH, MOP()OJIOTHSIBIK, KYPBUIBIMABIK, (DH3UKa-XUMHSAIIBIK
KOHE SJICKTPXUMMUSLIIBIK KACHETTEPIH JKaH-KAKThI 3epTTey >KoHe onapasiH MUB

YIUIH aHOATHIK MaTEepUall peTIHAE KOJIJaHBUTY MYMKIH/IITIH Oaraiay OOJI/IbL.

JKyMbIC ~ OappICBIHIA CHHTE3MIH VIO Typii oA;ici  KOJJAaHBUIIBL:
JJICKTPXUMHUSIIBIK aHOATAY, THUAPOTEPMHSJIBIK >KoHE KaTThI(a3ajblK CHHTES.
Hotmxecinge TiO, HaHOTYTIKTEpi, HAHOTAJIIBIKTAPHI YKOHE HAHOTASKIIAIAPE]
QJIBIHABI, OJIApABIH MOP(QOJOTHICE MEH (Da3anblK KypaMbl 3aMaHayd Tallay
OMICTEPIMEH MYKHSAT CUIIATTaNbl. ATanraH AUCCEPTALMSIIBIK 3€PTTEY asChIH/A
ajFall peT aHonaray aaiciMeH ansiraH 110, HaHOTyTiKTepiHIH MUDB yiiin anon
peTiHae KacHeTTepi 3epTTeNill, OChl KYPBUIBIMIApAbIH Mg** uoHmapsIH
HHTEPKAJISIUsIayFa KaOlJIeTTUIII aHBIKTaJIBI.

Epexme Hazap TiOx(B)/anaras (asamapsl Heri3iHAer: KOMITO3UTTIK
agonTapasl cuaTesaeyre skoHe onapael MgClO, men LiCl merisinneri ruGpunri
JIEKTPONUTTEPAE 3eprreyre aynapbuiipl.  MyHIOaW ToCLI  3JIEKTPOIIUT
KYpaMbIHBIH MarHuu - MOHJAPBIHBIR HHTepKanﬂuH%cm MEH
JIeMHTePKAISIMACBIHBIH THIMIUTINIHE BIKIAJIIH aHBIKTAYFa, COHNAH-AK AHOATBIK
MaTepraiblH CHIABIMIBUIBIK CUIIATTaMaJIapblH apTTRIPyFa MYMKIHAIK OeperiH

sKaFaafmapbl aiKpIHay¥Fa JKOJ allThl. |
JKyMBICTBIH ~©H MAaHBI3/(bl  FHUIBIMH  HOTHXeNepiHiH Oipt —  Ti0s

HaHOTYTiKTEpi HEri3iHAeri aHOATAFbl Pa3spANTBIK yAepicTepi Talay YILiH
COMSOL, Multiphysics opTachiH/ia €Kl eJIemM/l CAH/bIK MOICTIBICYAL KOAAHY
Mojienib  HAKTBI T'€OMETPUSIIBIK  KOHE  (DH3HKAJIBIK
mapamerpiepai  eckepim, Mg’ HOHIAPBIHBIH  HHTEPKAJIHMSCEIHBI
3AHJIBUIBIKTAPBIH, AHOJ KYPbITTBIMBI 6OI7'II)I.HL[I.a TOKTBIF TapaybiH XKoHe Oescenl
GeTTiH JerpajaluachiH aHbIKTayFa MyMKIHALK 6epai. MyHzail TOCUIIIH FHUTBIMH

6onpil  TAOBLIAJIBI,
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OTAPhL niapesiemen “PEKIIeNeHei kane apro
g;ﬂaﬂpjg’“ bIHBIH KOrapsI nenreitiy AKBIH Kopcete);

Chbl  JIUCCePTa '

‘aKKyMYJIHTOPJIaPHIE (])1 H: O RYMBICTLIR  Hominkeriepi  arnmii-HoMmBIK
A3H - dp1 ambiryra, COHJIal-aK HaHOMATEpUATAAD/Ib!
~ CHHTC3ACY,  DICKTPXUMMSIITLI ' . ;

K\ MoJenbiey skome omeprus KUHAKTAYILIB]

- Kyienepi OHTAWIAHBIPYFa Gaij |
AWIAHBICTBI  1presie |
B 0311 65 ina preyiec OarpiTTap VIiH KYH/IbI

PIBIH  TEOPHAIBIK

OasHIamMa T€3UCTEP1 APKBLITE] pacTrajiray.

MeHiH oiibIMIna, Paiiryns  Jhxymanosanpix JIUCCEPTALMSIIBIK JKYMBICEI
AROTAPDL FRUIBIMU IEHTeHNIe OpbIHAaiFaH, JOKTOPIBIK muccepratpsiapra (PhD)
~ KOUBIIATBIH TaNanTapra TONBIK coiikec kefeni xane 8D07102 — «XAMHAIBIK
UHKCHEPUSD) MaMaHIbIFbl OoMbIHIIA (umocodus poktopsl (PhD) Feurbivu
~ Iopexecid Oepyre mafipik,

PhD, ®nopenc Bakannuo
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