October 22, 2024

Evaluation of the PhD dissertation titled
“Nanostructured catalysts for hydrogenation of hydrocarbons”
submitted by Aizat N. Aitugan

It is a pleasure to submit an evaluation of the progress of Aizat Aitugan for her work at Al-
Farabi Kazakh National University and Istanbul Technical University. During this period,
Aizat has mastered all theoretical courses under the PhD program and executed all planned
aspects of her research. She is very well motivated to pursue research, has her own original
ideas, and takes the necessary initiatives.

Aizat Aitugan completed her PhD research at the Institute of Combustion Problems
(Kazakhstan), complemented by two extended visits of totally about 4 months at my
laboratory in Istanbul Technical University. Her good English and Turkish language skills did
help him to adapt easily while working in ITU, to get in contact with the laboratory staff, and
to successfully solve the problems.

The selective hydrogenation of acetylene to ethylene is a crucial process in petrochemical
production, as acetylene impurities negatively affect polymerization catalysts. Developing
efficient, selective, and durable catalysts is essential for improving industrial processes. A.N.
Aitugan’s research focuses on carbonized cobalt nanostructured catalysts supported on nitric
acid-activated clay, offering innovative solutions for this key technological challenge. This
work aligns with current trends in nanomaterials and holds both scientific and industrial
significance.

The thesis makes several noteworthy scientific contributions:

« The research introduces novel cobalt nanostructured catalysts supported on nitric acid-
activated clay, contributing to advances in selective hydrogenation technologies.

o The effect of chemical activation of clay carriers on the catalytic performance and stability
was systematically investigated.

e The carbonized cobalt structures exhibited enhanced stability and selectivity,
demonstrating potential for long-term industrial application.

e The study prow;ides valuable insights into optimizing catalyst design for acetylene
hydrogenation.

The innovative synthesis methods and characterization techniques used in the study contribute
to the growing body of knowledge in the field of nanomaterials.

The research outcomes are directly applicable to the petrochemical industry, where ethylene
is a critical feedstock for polymer production. The use of nitric acid-activated clay as a catalyst
support offers a cost-effective and environmentally friendly alternative, contributing to
process efficiency. The improved stability and selectivity of the catalysts can help reduce
operational costs and increase productivity in industrial applications.

The dissertation is well-organized, with a clear structure that guides the reader through the
research objectives, methods, results, and conclusions. The experimental work is rigorous,
utilizing state-of-the-art techniques such as electron microscopy, X-ray diffraction, and
surface area analysis. The results are thoroughly analyzed, and the conclusions are well-
supported by the data. Aitugan has demonstrated a deep understanding of the subject matter
and the ability to conduct independent research at a high level. ‘
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Aizat N. Aitugan has shown excellent research skills throughout the project. The candidate
was responsible for all aspects of the research, from catalyst synthesis to experimental
evaluation and data analysis. The author’s findings have been presented at international
conferences and published in reputable journals, reflecting both the quality and relevance of
the work.

The dissertation titled “Nanostructured catalysts for hydrogenation of hydrocarbons” by Aizat
N. Aitugan is a significant contribution to the field of nanomaterials and nanotechnology. The
research meets the international standards for a PhD dissertation and addresses both
fundamental and applied aspects of catalyst development.

In my opinion, the candidate has successfully fulfilled the requirements for the degree of
Doctor of Philosophy (PhD) in the specialty 6D074000-Nanomaterials and Nanotechnologies.

I fully endorse the awarding of the PhD degree to Aizat N. Aitugan and believe that the
research findings will make a meaningful impact in the field of nanotechnology and catalysis.

"~ Nalan KGC
iTU Kimya-Metalurji Fakiltesi
Fakiilte Sekreteri
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Aiizar H. Aiityrannbin «Kemipcyrexrepni THAPJIeY NPOLecCiHe apHA/IFAH
HAHOKYPBUIBIMIBI KATAIH3aTOPIAP)» TAKBIPBIOBIHIAFEI THCCEPTALMSIBIK KYMBICHIHA

ITIKIP

Aiizar AliTyraunbiH On-®apabu atsmnars Kazak YATTBIK yHHBEpCHTETI MeH CramOyin
TeXHHKAJILIK YHUBEPCHTETIH/CT] JKYMBICH YIIiH yirepimine 6ara Gepy MeH yin YJ/IKEH KyaHBIIII,
Ocer kesenne Aiizar PhD 6Garnapnamace Goifsiuma GapiIbIK TEOPHSIIBIK KypCTapasl MeHrepil,
3CPTTCY JKYMBICHIHBIH OaplbIK XKOCTapiaHFaH acleKTiepin opbiHxagsl. O 3epTTEY KYprizyre
©Te BIHTAJIBI, 631HIK THIH HAesIapkl 6ap, 6acTaMarusut TYJIFa.

Aiizar Avityran XKany npoGnemanapsr MHCTUTYThIHAA (KasakcTtan) mOKTOpIIBIK
AUCCEPTALMACHIH asKTam, oHbl CTamOy/l TeXHHKAIBIK YHHBEPCHTETIiHIEri MeHiH 3epTXaHamaa
KaJmbl Y3aKTBIFBI 4 aifra JXyblK €Ki y3aK camapMeH TONBIKTBIPABL. AFBUINIBIH KOHE TYpPIK
TinAepiH JkeTik MeHrepyi oram CTY-ne KYMBIC icTeyre oHaif Gelimumenyre, 3eprxana
KbI3METKepJiepiMeH OaliflaHBIC OpHATyFa >KoHe TancChIpManapably COTTI Iemimin Tabyra
KOMEKTECTI. _

ANLCTHICHAI STUJEHTre JeifiH CeneKTHBTI rmupiey MYHai-XUMHS OHIipiciHmeri ey
MaHBI3NEL  [pouecc OGonbmm  TaGbUlagbl, eWTKeHI aueTHICH KOCHANaphl MoTUMepIIey
KaTanu3aTopyiapelHa Tepic ocep eremi. ©OHmipictik mpomecrepa KaKcapTy YIOiH THIMII,
CENIeKTHBTI XKOHE JKYMBIC Xacay yaKbITHI Y3aK KaTaJIM3aTop/apAbl XKacay/slH MaHbI3EL OTe 30p.
AH. AWTyraHHBIH 3epTTey >KYMBICHI OCHI HETi3ri TEXHOJIOTHSIIBIK Macellere HHHOBALIUAJIBIK
LIEIIM/Iep YCBIHATHIH, a30T KBIMIKBUIEI KOMETiMeH OescennipinreH ca3 Herizingeri kemiprenren
KOOQIET HAHOKYPBUIBIMIBI ~KaTalM3aTopiapra apHAIFaH. Byn xympic HanoMmarepumannap
CallaChIH]ArEI 3aMaHay ¥ TCHCHIUATAPFa COMKeC KeMeJli XaHe FRUIBIMU 9pi OHIpICTIK MoHTe He.

Huccepranus 6ipkarap MaHBI3bI FEUTBIMH JKAHATBIKTAPE! KAMTHIIBL:

- 3eprTey JKYMBICHIHZIA 30T KBINIKBUIBIMEH Ge/ICeHipiaren ca3 Herisimieri JKaHa
KOBAIBTTEl HAHOKYPBUIBIMABI ~KAaTaIM3aTOpIap YCHIHBLIFAH, ONap CENIEKTHBTI THIpIey
TEXHOJIOTHAJIAPEIH JaMBITYFa BIKIIAJ €Te.

- Caszel TachIMaNIay MBLIAPABIH XMMUSUTBIK aKTHBTEHY HiH KaTaJIMTHKAJIBIK OHIMIiTIKKe
JKOHE TYPAKTBLIBIKKa dcepi xKyHesni Typae seprreni.

- KemiprekTi koGanbT KypsUIBIMIAPE TYPAKTBUILIK NIEH CEJICKTHBTLIKTIH )KOFapbliaybIH
KOPCeTTi, GyJ1 0ap/IbIH y3aK Mep3imMJIi eHepKacinTik KOJLJaHy MYMKIHZITiH KepceTesi.

- 3epTTey aneTuneHai ruApiey mpoueciHe KONIAHbLIATHIH KaTaJIM3aTopJIapIblH KypaMbIH
OHTaHNIaHIBIPY YIIiH KYH/bI aKapar Gepei.

3epTreyne KOJJAaHBUIATBIH MHHOBALMAIBIK CHHTE3 ojicTepi MeH cumartay oamicrepi
HaHOMaTepuajiap canachlHIarel Oi1iM KOPBIHEIH KEHeHyiHe BIKIAI eTe.

3epTTey HOTHXeNepi STHIEH NONHMEP OHIIpiCi YUIH MAHBIBAB IIHKI3AT GOJBII
TabbUIaTbIH MYHaif-XHMHs OHEPKACiGiHae TiKelell KoMIaHbLIALbL. Karanusarop perinze azor
KBIIIKBLTEIMEH OeJICeHAIpINreH ca3apl naiinanany mpouece THiMIITIriH apTTBIPyFa KOMEKTECETIH
YHEMZi JKoHE OJKONOTMSUIBIK Ta3a Oanama GOMbIN TaGBLUIAMbL Ketinaipinren karanusarop
TYPAKTBUIBIFEl MEH CEIEKTHBTLII ONEePalMsIIBIK IBIFBIHAAPAL a3aliTyFa JKoHe OHepKacinTeri
OHIMIIITIKTI apTTEIpyFa KOMeKTece i,

Jucceprauus xyieni yHbIMAACTBIPEUTFAH, OKBIPMAHIET 3epTTey MakcaTTapel, djicTepi,
HOTHXXEJIEP1 MEH KOPBITHIHBLIAPHI APKBUTBI JKETENEHTIH HAKTI KYPBUIBIMFA He.

Toxipubenix MyMbiC 21€KTPOHABI MHKPOCKOIHS, PEHTrenzik audpakuus xoHe GeTki
KabarThl Tanjay CHSKTBI 3aMaHayH dAiCTEp/Ii KOIaHy apKbLTBT MYKHST opbiHaanasl. Hotmxkenep
MYKHAT TaJIIAHBI, KOPBITHIHABLIAD NEPEKTEPMEH JKyifeni Typae pacTaiiisl A.H.Ajlityran
TaKpIPBIITEI TEPEH, TYCIHIIL, IepOec 3epTTey KYMBICHIH XKOFaphl AeHrele Kyprize Ginzi.

A.H.Alityran xo06a Gapsicelma y3mik 3ePTTEYINUIK JaFAbLIaphlH  KepceTTi. O
KaTanu3aTop CHHTE3iHeH SKCIIEPUMEHTTIK Garanay MeH JepexTepui Tajnayra nedinri seprreymin



OapibIK acrexTijiepine xayanTel OOMIbI. ABTOPABIH XYMBICHIHBIH HOTHXENEpi XalbIKapasbiK
xoH(epeHIuAIapaa YCHIHBUTBI, OelerIi XKypHalIapaa KapHsIanisl, Gy )KYMBICTEIH Carackl
MEH ©3€KTiJliriH KepceTei.

A.H.Atiryrannsiy «KeMipcyTekTepai IHap/iey NMpoOLECCiHe apHANFaH HAHOKYPBUIBIMIbI
KaTallu3aTopiiapy TaKbIPIOBIHAAFEl IUCCEPTAIMACH HAHOMATepHaIap MEH HAHOTEXHOIOTHsIap
cajachlHa KOCBUIFaH eneym yinec Ooabim  Tabbutagsl. 3epTrey KYMBICHI  JOKTOPJBIK
JHCCEpTallMslap YINIH KaKEeTTI MHTepaKkTHBTI CTaHAApTTapra ColiKec Keleai IKoHe
KaTaJIM3aTop/Ib! d3ipiey i iprei sxoHe KOJIAaHOaIbI ACIIEKTiIEPIH KapacTIPaIbl.

Menin ofipiMina, ymitkep «6D074000 - Hanomatepuanap jxoHe HaHOTEXHOJIOTHAIAD)
MamaH/IpIFbl OoMbIHIIA (bHIOCO(HS FRUIBIMIApbHBIH N0KTOopsl (PhD) mopexecine KoHBLIATBHIH
TaJlanTapsl COTTI OPBIHIAIbI.

Men A.H. Alityranra ¢unocodus FUIBIMIAPBIHBIH JOKTOPEI JOPEKECiH Gepy/i TOJbIK
MaKyIIaiMbIH JKOHE OHBIH 3€PTTEYJIEPiHiH HOTHXXelepi HAHOTEXHONOTHs KoHE KaTalu3
cajiajapblHa aifTapiaeIKTal acep eTeli Jern ecenTedMiH.

I3ri HueTIEH,

/Komnsl/

ITpodeccop, noxrop Onypann FOmken

CramOyn TeXHMKaBIK yHUBEPCHTETI

XHMHs )KOHE XHUMHSIIBIK TEXHOJIOTHS (aKyIbTeTi
XUMHATBIK (PH3HKa XOHE MaTepHaNTaHy Kadeapacs
Macnak, blcran6y, Typkus

/Konbl/

Hanan Kou

XHMHA KIHE XUMHUSUIBIK TEXHONOTUS (DaKyJIbTETiHIH XaTIIBICHI
/Ynueepcumemmiy pecmu mopi KotivLnowl/
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