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Recommendation letter (Review)
of the thesis for the of Doctor of Philosophy (PhD) in
“8D07112 — Nanomaterials and Nanotechnologies” titled
“Investigation of carbon nanowall properties for electronic device
development”
submitted by Zhumadilov Rakhymzhan

Rakhymzhan Zhumadilov's doctoral thesis focuses on the complex
investigation of carbon nanowall’s (CNWs) properties and development of
gas sensors, self-adaptive photodiodes and electrochemical sensors.

The first key achievement of the work is the development and
comparative analysis of two types of gas sensors fabricated based on CNWs
for carbon dioxide detection. The obtained data confirmed that the difference
in the morphology of the CNWs in two different sensors significantly affect
their sensitivity to gases, as well as their response and recovery time. Raman
spectra analysis showed that the structural features of the CNW films also
affect to their performance, which is important for optimizing the fabrication
process of sensor devices.

The second significant result is the study of the ionizing radiation
effect on the properties of CNWs and their application in photodiode
structures. The complex studies aimed at investigating the effects of ionizing
radiation by electrons and protons on the morphological, structural, electrical,
and optical properties of CNWs have been conducted. Based on the findings,
self-adaptive photodiodes were developed. The development of a self-
adaptive photodiode using CNWs/CdZnTe showed improved performance
after proton irradiation, representing an important achievement in the ficld
of radiation-resistant photodetectors.

The third key result of this work is the development of electrochemical
sensors for hydrogen peroxide detection using nitrogen-doped CNWs.
Nitrogen doping of CNWs significantly increased their sensitivity and
improved the kinetics of electron transfer, which makes them promising for
application in electrochemical systems.



In gencral, this work represents an important cont'rlbu[m'n t.o thc
development of sensor technologies based on CNWs and t.hCIF HPP“C““OP In
various ficlds. The obtained results have high scientific zmq practical
significance and can be used in further research and development in the ﬁ.c]d
of fabrication of new sensor devices and photodiodes based on nanomaterials.

During his scientific internship at the Centre for Low Temperature
Plasma Science, Nagoya University (Nagoya, Japan), quhymzhan
Zhumadilov engaged in the synthesis of nitrogen-doped CNWs with varying
nitrogen flow rates using the RI-PECVD method. His elcvat.cc'i leyel of
dedication and diligence was demonstrated by his active participation in
collaborative research. He was also able to work collaboratively with many
staff members and students, and it is worth mentioning not only his high
research skills but also his excellent personality. Ultimately, his hard work
produced results of great interest and scientific significance. These results
were subsequently published in prestigious scientific journals.

I am extremely impressed by Rakhymzhan Zhumadilov's outstanding
achievements and contributions throughout his PhD program. He has
published four scientific papers in high impact factor journals. He has also
pioneered new aspects of CNWs as sensors, and I considered to have made
a significant academic and industrial contribution. His significant research
work reflects both his continued pursuit of research and his advanced
preparation for the successful completion of his PhD program and is worthy

of the degree of Doctor of Philosophy.

Sincerely yours
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Masaru Hori
Designated Professor and former Director
of Center for Low- temperature Plasma Sciences (cLPS), Nagoya

University, Japan
Professor Emeritus, Nagoya University, Japan



HATOHCKHI YVHUBEPCHTET

Perovenaareannoe nesmo (013nin) na JMCCEPTAINI0 HA CONCKANNE YUeHOIT CTenenn 10KTopa
Guaocodun (PhD) no enennansnoern 8D07112 - Hanomarepuaant n HanoTexnognorum, na remy:
" Hecaeaosanme eBoiiers yriaepoansix nanocren ais pazpaboTrn WieKTPonnLIX yerpoiicrs'’,
npeacrasiaennyio XKymaamaossiv Paxsivkanom

Jlokropekas auccepranms Paxbivkara JKymannnosa nocpsieHa KOMIUIEKCHOMY HCCIIE/I0BAHHIO
CBOHCTB  YIIICPOAHBIX HAHOCTCH (ranee no Ttekery "CNWs") u pa3paboTke Tra3oBbIX CEHCOPOB,
CaMOANANTHBHPYIOWNXCS (OTONMONOB H 3NEKTPOXHMHUYECKHX CCHCOPOB

TTepBbIM KITIOUEBBIM HOCTHIKEHHEM paGoThl sBnseTes pazpaboTka W CPaBHUTE/BHBIA aHATH3 JBYX
THIIOB TA30BBIX JATYHKOB, M3rOTOBJIEHHBIX Ha ocHoBe CNWSs s obHapyKeHusd YIJIEKUCIIOro rasa.
[Tonyuennvie nanubie TOATBEPAMIIH, 4TO pasuuua B Mopdosornn CNWs B [ABYyX pazHbIX daTyMKax
CYIWECTBEHHO BAMSCT HA UX 4YBCTBUTEIILHOCTB K ra3zaM, a TAKKe Ha UX OTKIHK U BPEMS! BOCCTaHOBJIEHHUS.
AHANN3 CNEKTPOB KOMOHHAMOHHOTO paccesiHusl CBeTa roKasai, 4To CTPYKTypHbIE 0COOEHHOCTH TIEHOK
CNWs Takke BAMAIOT Ha WX OKCIUTyaTallMOHHbBIE XapPaKTEPUCTUKH, YTO BAKHO JUIA ONTUMH3ALMK
NpoLeCea H3rOTOBICHHS CEHCOPHBIX YCTPOICTB.

BTopbiM BakHbIM pesysnbTaToM sBaseTcs U3YYCHHE BJIMSIHUS MOHHM3MUPYIOILETO H3IY4YEeHHA Ha
ceoiictBa CNWs u ux npuMeHeHre B (POTOAMOAHBIX CTPYKTYpaX. BbLIM MpoBeeHbl KOMILIEKCHbIE
HCC/ICOBAHMS, HANpPABICHHbIE HA M3YYCHHE BIMAHHA WMOHM3MPYIOLIETO H3JyUYCHHA OJIEKTPOHOE M
TPOTOHOB Ha MOP(OIOrHUECKHe, CTPYKTYPHBIE, JIEKTPHUECKHE U ONTHYECKHe CBOHCTBA HaHoYacTHLL. Ha
OCHOBE  TIONYYCHHBIX  pe3ysibTaToB  ObiM  pa3paGoTaHbl  camoaanTUBUpYIOWMecs  (OTOMMOIBI.
PaspaGorka camoananTtusupyiomerocs doromona ¢ wucrnonbzopanmem CNWs/CdZnTe nokaszana
YAYHUICHHYIO  MPOM3BOAMTENBHOCTh  MOCAE  MPOTOHHOTO  OOJy4YEHHMS, UTO ABJIAETCS  BaKHBIM
AOCTHIKCHHUEM B OOJIACTH PaIHALIMOHHO-CTOMKHX (POTOAETEKTOPOB.

Tperbum  KkioueBbIM pesynbTatoM 31Ol paGoThl  ABAAETCA paspaboTka 3J1eKTPOXHMHUYECKHX
CEHCOPOB Ul OGHApysKeHHs NEPOKCHAA BOAOPOAa ¢ uenonb3osaHneM CNWSs, TerHpoBaHHBIX a30TOM.
Jleruposanne CNWs a30TOM 3HAQYMTENBHO TMOBBICHIO MX UyBCTBUTENBHOCTb H YIAYYLIWIO KHHETHKY
NepeHoca SJEKTPOHOB, YTO JeJAeT HMX MEPCEeKTHBHBIMU JUIS NPHUMEHEHUS B JJIEKTPOXHMHMUECKHX
cHCTeMaXx.

B nenom nannas paGora npencTaBnser coGoi BakHbIH BKIaJ B Pa3BUTHE CEHCOPHBIX TEXHOJOTHI
Ha ocHoBe CNWs 1 UX NpUMEeHeHHe B pa3NHuHbIX 06macTaX. [lonyueHHble pe3yabTaThl MEIOT BBICOKYIO
HAyYHYIO W MPaKTHYECKYIO 3HAYMMOCTb U MOTYT ObITh HCIONIb30BaHBI B JAJBHEHIINX UCCIEIOBAHHAX U
paspaboTkax B OOMAaCTH CO3JaHMA HOBBIX CEHCOPHBIX YCTPOHCTB M (DOTOAMOZOB HAa OCHOBE
HAaHOMAaTKPHAJIOB.

Bo Bpemsa HayuHo# cTaxcuponky B LleHTpe H3yueHus HU3KOTeMMepaTypHoit niasmsl Haroiickoro
ynusepeuteta (Haros, Slnonuns) Paxpivikan JymanuioB 3aHHMAICS CHHTE30M JIETMPOBAHHBIX a30TOM
CNWs ¢ pa3siH4HbIMH CKOPOCTAMM MOTOKA a30Ta ¢ ucnonab3oBaniem Metoaa RI-PECVD. Ero Bbicokuii
YPOBEHb MPEAaHHOCTH ey M ycepaus OblLl MPOAEMOHCTPHPOBAH AaKTHBHBIM YYAacTHEM B COBMECTHBIX
uccnenopanuax. OH TakKe ymesn COTPYAHMYATh CO MHOTMMM COTPYAHMKAMH M CTYJGHTAMH, H CTOMT
OTMETHTB HE TOJILKO €r0 BBICOKHE HCCIIe10BATEbCKHE HABBIKH, HO M NPEKPACHbIE JIMYHOCTHBIE KAYECTBA.
B KOHEUHOM WTOre ero HamnpsbkeHHas paGoTa NpvBena K pesysbTaTaM, HPeACTABISIOUIMM OOJbLIOH
yHTepec M MMelowMM  GoJiblIOe  HAayyHOE 3HAuYeHWe. OTH  pe3y/bTaThl ObUIM  BIOCIEACTBHU
onyGIMKOBaHbI B MPECTHIKHBIX HAYYHBIX JKYpHaJIaXx.

51 upe3BbIYAiHO BIIEYAT/IEH BBIAAIOLIMMHCS AOCTHKEHHAMM U BKIanoM Paxsivokana XKymamwiosa
Ha MPOTSAKEHHH BCEH €ro JOKTOpckoil mporpammbl. OH OMyGaMKOBAN 4eThbipe HayuHble paboThl B
JKypHasax ¢ BbICOKMM MMMakT-akTopoM. OH Taloke CTad MEpPBOOTKPHIBATENEM HOBBIX ACTIEKTOR
ucnonb3osanns CNWs B KauecTBe CEHCOPOB, H 5 CUHTALD, YTO OH BHEC 3HAYHTENBHBIN aKaIeMUUYCCKHUTT 1
npombilieHHbli BkaA. Ero sHaunTenbHas Hayunas paboTa OTPakaeT Kak ero MocTOSHHOE CTPeMIeHHE

K MCCeJoBaHMAM, TAK W €ro MepeoByIo MOAroTOBKY K yCHEWHOMY 3aBepLIeHHIO nporpamyel PhD 1
J10CTOMHA cTenenn 0KTopa PUIocodHHu.

C yBasKeHHEM,

/Moanucs umeerca/ /Ievats umeercs/



Macapn Xopu, Ph.D.
Hasnavennwiit Iipodeccop, Guisumii
Haroiexuit ynunepenrer, Slnonus

[ouernuiit npodeccop, Haroiickuii yHusepeurer, Snonus
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