NI
WEST

University of the West of Scotland
School of Computing, Engineering and
Physical Sciences

Paisley, PA1 2BE.,

Scotland, UK
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This is the review of Dr. Mojtaba Mirzaeian from the School of Computing,
Engineering and Physical Sciences, University of the West of Scotland as the Foreign
Scientific Supervisor on the thesis (dissertation) of Miss Nurbolat Shyryn
Tanyrbergenkyzy entitled as “Electrode composites for supercapacitors based on
carbon materials and metal oxides™, presented for the degree of Doctor of Philosophy
on a speciality 8D07110-Materials science and technology of new materials.

Supercapacitors play an important role in a future clean-energy landscape to meet the
challenges of existing energy-storage/delivery systems. They suffer from low energy
density and are mainly used for the storage/delivery of electrical energy in high power
demands. However, improvement of their energy density is vital for the development
of energy storage systems that can respond to the energy demands of emerging
technologies requiring a wider energy/power spectrum. Therefore, the choice of
research interest and related methods in this area is important and appropriate for a
high-level PhD thesis.

As part of her PhD studies, Miss Nurbolat Shyryn Tanyrbergenkyzy attended my
Energy Storage Research Laboratory in the School of Computing, Engineering and
Physical Sciences at University of the West of Scotland, for a period of 75 days from
Ist April to 14th June 2022. During her internship, she conducted a wide range of
experiments on the preparation of functional electrode materials for supercapacitor
applications. She produced a range of cobalt doped carbon composites through the
synthesis of cobalt-loaded resorcinol formaldehyde polymeric gels followed by the
pyrolysis of the gels at elevated temperature of 800 “C under nitrogen atmosphere, and
activation of the resultant composite carbon at 800 "C under CO,. The obtained
materials consisting of synthesized cobalt oxide loaded activated carbons were later
used as electrode materials to improve the energy storage performance of
supercapacitors. The results of her studies have shown that the capacity of the Co@AC
composites used as the electroactive material in electrode formulation at positive
voltages can be monotonously controlled over a wide range by choosing the
composition of the composite, which is determined by the composition of the precursors
during the gelation process; indicating that optimization of a symmetrical capacitor for
a variety of applications is possible. A symmetrical capacitor made from the



synthesized Co@AC composite showed a high capacitance and high-rate capability and
exhibited high capacitance retention after 10,000-cycle testing, mainly as a result of the
strong binding of cobalt species into a carbon matrix.

In addition to these results, the other part of her research work shows the preparation of
C0304 nanoparticles by different synthesis routes such as pyrolysis of aerosol, and
chemical deposition. The electrochemical activity and specific capacity of Co0304
nanoparticles were compared before and after the reduction treatment of the material,
and a new effect of a significant increase in the electrochemical activity of reduced
Co304 electrodes is demonstrated.

This dissertation is a comprehensive work which contains a significant number of
experimental results and includes an integrated approach to solving research problems.

In closing, as detailed above and based on my experience working with her, I can
unreservedly recommend Miss Nurbolat Shyryn Tanyrbergenkyzy to be awarded a PhD
degree.

Yours sincerely,

Dr Mojtaba Mirzaeian
M. pliZaeca—"

Associate Professor in Chemical Engineering

School of Computing, Engineering and Physical Sciences
University of the West of Scotland

Paisley, PA1 2BE

Scotland, UK

University of the West of Scotlan
School of Computing, Engineering gnd
Physical Sciences
High Street
Paisley
PA1 2BE



batwic Wlornanus YHHBEPCHTETI
Ecentey Texnukacer, HHKCHEPHS KaHe
bu3nka reUTBIMIapE MeKTEG

[eficnn kanacei, PA1 2BE,
[otnanams, YariGpuranns

AUCCEPTAIUSIT A TIIKIP

Byn - barbic Iotnanaus YHHUBEpcHTeTiHiH Ecenrey Texuukach, HHKeHepHS KaHe
$u3nKa  FRUTBIMAApB!  (aKybTeTiHiK Aoktopel  Momktaba Mupsosuusin  HypGosar
Ilsipern  TaHBIPOEpreHKBI3BIHBIR 8D07110-Marepuanrany xone skana MaTepHa1iap
TEXHOJIOTHACKI MAMAH/BIFE! OofibiHma (utocopus moxtopsr PhD reumsmvu JIDPEKECIH
amyra  ycwiHran  «KemiprekTi MaTepHalZap MeH META/UT OKCHATEpI  Heri3iHie
CYUCPKOHICHCATOPNIApFa apHANFaH 3/ICKTPOATHI KOMIO3ZHTTEP» aTThli AMCCEPTAIMACHIHA
IeTe/AIK FBUTBIMM JKETEKIII peTiHzeri miKipi.

Cynepkonnencatopnap — JHeprusiHbl  CaKTayIbIH/KCTKI3yAiH  KONZAHBICTAFBI
KylenepiHin mpoGreManapbin Welly YIIiH Taza JHEPrHsSHbIH GOJAlIArbl YINiH MaHBI3Ib!
pen arkapanbl. Omap a3 oSHeprus THIFBI3ALIFBIHAH 3apian lleredi KaHe Heri3iHen
SHEPIUsHBIH JKOFaphl KaKETTUTIKTEPi Ke3iHjae 3eKTp IHepPrusiChiH CaKTay/KeTKi3y yuliH
naiiiananbuianbl. Anaiia CynepKOHAEHCATOPIIAp/AblH IHEPIHsl THIFBI3ALIFBIH ApTTHIpY
SHEPrUsHBI CcakTay KyiienepiH a3ipiey YIIIH ©Te MaHbI3Jbl, O] SHCPrUSHBIH/KYaTThil
HEFYPNIBIM KeH CIIEeKTPiH Tajan eTeTiH jKaHa TEeXHOJOIM/IApIbIH JHEpPrHAra /ercH
KaKeTTINirH KanaraTTanabipa atafael. COHABIKTAH OCBl Canajarbl 3eprreyre JiercH
KbI3BIFYIIBUTLIKTBI JKOHE osiapMeH GaillaHbICTBl diCTEpi Taaay Korapel AeHreiiieri
JOKTOPJBIK JUCCEPTAIMS YIIIH MAHBI3/bl KOHE OPBIH/IBL.

O3iHiH JOKTOPJBIK 3epTTeyjepi ajdchiHia Hyp6onar Ieipein TaneipOepreHKbi3b
Barsic llotnanus yrusepcuteTinin «Ecentey, HHKEHEPIK koHe (H3HKA FhUTLIMAAPLD
MeKTeGingeri MeHiH SHeprHsHbl cakTay 3epTxaHamza 2022 HEUUILIE 1 cayipinen 14
MaychiMpiHA geiiin 75 kyH OGoiibl Gonmel. TareuibIMiamMa Ke3iHae CyncepKoHaeHcarop
peringe Konmamy ymwiH (YHKUHOHAUIBIK OMIEKTPOATH  MATCPHANIAP/ILI Aaiibinaay
Goiibinma ken crnekTpii Toxipubenep sxyprisai. On K06aann<?f1 AeripieHred pe3sopunH-
dbopmansaernaTi moaMMepITiK refibAepai CHHTE3/CY KOJIBIMEH Oipkarap KOG(L"]LT qKoc;.mmu
KOMIpTeKTi KOMMO3HTTEp/i onaipai, KeiliHHeH a30T atmocdepacsinaa 800 “C ;Kpmrjl,f
Temneparypaza rembaepai mupomsiey kome COz  amvocgepacemina '30” C
TeMrepaTypaza KOMIO3HTTI KOMipTeKTi 6ence'Hl.11Py >K¥M51.CT3PH” Kyprisai. Kypameinaa
KoGanbT okeumi Gap cuHTesgesreH GenCeHIPUITEH KOMIPICH dkacairad MaTephaniap
KeifilHen cyrnepkOHIEHCATOP/IAPABIH OHEPris KHHAKTAY KACHCTIH apTTRIpY yullH
31eKTPOITHl MaTepHasap peTiHie naiiaianbUIAbL. (.)HBIH 3eprTey l'{QTH)KC.'ICpl KepHey JliH
Ol MSHiH}.IC 3ueKTp011T8p mequna 3J'ICKTPORKTHBTI MaTepHall peTIHIe naiiaTaHbUIaTLIH

Co@AC koMmo3uTTEepiHiH ChIiBIMIBUTBIFBIH reJib TY3UTy MPOUECiHIe alIbINFbI KypaMmMeH

AHBIKTANATLIH KOMIIO3HT KypaMblH TAHIay apKbUIbI Gakbutayra 60JIaTBIHLIH KOPCETTI; ATHH




KOJAAHY MAKCaTLIHA Kapaii cpyye
MYMKIH €KCHIUTIH Kopcerri, CHure
CHMMETPHAJILL  KOHAeHCATOp 10

TPHSIbL KOHZleHCaTOp/Ibl  OHTalIaHIABIPY
3aearen Co@AC kommnosuTiHeH KacairaH
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< IH, CAdylip apTKaHbl KepceTiIi.
I)\'ﬂ_ AMCEPTALMS IKCNePUMEHTTiK HITHIKeIep/liH e/1oyp CaHbIH KAaMTHTBIH
REICHAL AYMEIC Gonbin TaBbinamb Kone 3CPTTeY MIHJACTTEPIH LISy 1iH
BRI . KOJIapbIH ’ KaMTHIbI.
KopbITbiHAbLAi KEJIE, JKOrapbia erkeii-rerkeiini cunartairaniail Kaie
MEHIH OHBIMEH JKYMBIC 1cTey Toxipubemuin nerisinae men HypGonar LLIbipbin
TanpipOepreHKbI3bIH - punocodus AOKTOPBI JIdpeXKECiH anyra C€o3ci3 ychiHa
aJaMblH.
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