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Yerlanuly Yerassyl's doctoral thesis focuses on cutting-edge research in
nanotechnology, specifically the synthesis of carbon nanowalls (CNWs) and the
manipulation of their morphology by the variation of plasma parameters.

The research has yielded several key findings includes great ones that deserve the
special mention.

1. A novel and energy-efficient plasma-chemical method has been successfully
developed for synthesizing CNWs.

2. The CNW formation process was systematically investigated across various
plasma parameters, resulting in the development of a comprehensive process map.

3. The influence of substrate type on CNW growth was explored, offering
valuable insights into the interaction between different substrates and the resulting
CNW surface.

4. Experimental work involved the deposition of CNWs on a quartz substrate
using the inductively coupled plasma-plasma enhanced chemical vapor deposition
(ICP-PECVD) method, with a focus on understanding how synthesis time affects the
deposition process. Extensive studies were conducted to determine the impact of CNW
synthesis time on the physicochemical properties of the material.

5. Experimental work extended to the synthesis of CNWs on a nanoporous
aluminum oxide membrane using the radical injection-plasma enhanced chemical
vapor deposition (RI-PECVD) method. Notably, an inverse relationship between
membrane thickness and CNW height was established.

6. The synthesis of CNWs with specified morphology on the surface of a
nanoporous alumina membrane was achieved through two distinct methods:
capacitively coupled plasma-plasma enhanced chemical vapor deposition (CCP-
PECVD) and RI-PECVD. The research revealed a correlation between the
reproducibility of membrane morphology and CNW structures and the synthesis time,
particularly in the CCP-PECVD method.

Collectively, these findings contribute to the advancement of our understanding
of CNW synthesis, providing insights into optimizing parameters for controlled growth
and tailoring material properties.



The obtained results hold substantial value in advancing both fundamental and
applied aspects across various scientific disciplines, including plasma physics,
materials science, nanotechnology, and nanomaterials. Specifically, these findings play
a crucial role in establishing the scientific foundations necessary for obtaining CNWs
through contemporary plasma technologies, with a dedicated focus on practical
applications. This research lays the groundwork for the development of innovative and
efficient methods for synthesizing CNWs, thereby facilitating their utilization in real-
world applications.

The synthesis of CNWs through the RI-PECVD method and the subsequent
investigation of their properties were conducted during a scientific internship at our
research center for low-temperature plasma sciences at Nagoya University (Nagoya,
Japan). I was always impressed to see Yerlanuly Yerassyl working so diligently on his
research during his stay. As a result, Yerlanuly Yerassyl demonstrated exceptional
dedication and diligence while engaging in collaborative research efforts. His rigorous
work produced notably intriguing and scientifically significant results, which were
subsequently published in prestigious scientific journals. This accomplishment serves
as a testament to Yerlanuly Yerassyl's high qualifications and commendable
contributions as a young and promising scientist.

Furthermore, the research outcomes of Yerlanuly Yerassyl have been
disseminated through a total of 27 publications, including 11 articles featured in
journals with impact factors, incorporated into the esteemed international information
resources such as Web of Knowledge (Web of Science, USA) and Scopus (Elsevier,
Netherlands). The impact of Yerlanuly Yerassyl's PhD thesis is evident in its
widespread recognition and citation within the scientific community. According to the
Scopus database, his articles have amassed an impressive 1 13 references, contributing
to an H-index of 7 — clear indication of the substantial influence and relevance of his
scholarly contributions.

I am thoroughly pleased with Yerlanuly Yerassyl's exceptional achievements and
contributions throughout his PhD program. His substantial research work not only
reflects his unwavering dedication and expertise but also positions him as highly
qualified for the successful completion of his PhD, warranting the conferral of the
degree of Doctor of Philosophy (PhD).

e

Masaru Hori, Ph.D.
Former Director of the Center for Low-temperature Plasma Sciences,
Professor Emeritus and Specially Appointed Professor, Nagoya University
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PexoMenaaTe/ibHOE MUCHLMO (0T3bIB) HA TUCCEPTALMIO HA COMCKAHME YYeHON CTeNeH! 10KTopa
durocodpun (PhD) no cneunaasnoctn 6D074000 - HanomaTepuaibl H HAHOTEXHOJOTHH —
"CHUHTe3 YIJepoaHbIX HAHOCTEH H HecJeJ0BaHie X CBOHCTB',
npeacTasieHnyio Epiaanyasl Epacein

JlokTopckas muccepTauus Epnanyisi Epachiia mocBsiieHa MepeoBEIM HCCISI0BaHHAM B 0071aCTH
HAHOTEXHOJIOTHH, B YACTHOCTH CHMHTE3y YIJIEepoAHBIX HaHocTeH (mo Tekcty 'CNWs") wu
MaHUTTYJIHPOBAHHUIO X MOP(OIOTHEH TyTeM H3MEHEHUS TapaMeTPOB TI1a3MBbl.

WcceneoBanue MO3BONMIO CHENATh HECKOIBKO KIFOUEBBIX BBIBOJIOB, B TOM YHCJIE M Te, KOTOPHIC
3aCITy)KHBAIOT 0COOOr0 yIIOMHHAHHUS.

1. YcmemwHo pa3paboTaH HOBBIH M 3Hepro3hQeKTHBHBIN MIa3MOXMMHYECKMH METOA CHHTE3a
YTJIEPOIHBIX HAHOCTEH.

2. Tlporecc 00pa3oBaHUs YIIIEPOJHBIX HAHOCTEH OBbUT CUCTEMATUYECKH WCCIIEI0BaH € YHETOM
Pa3MYHBIX MapaMEeTPOB IUIA3Mbl, YTO IPUBEIO K pa3paboTke BCEOOBEMIIOIIEH TEXHOIOIHYECKOH
KapThl.

3. BuIo MccneoBaHO BIMSHME THUMA cyOcTpaTa Ha poCT YrJIEpPOJHBIX HAHOCTEH, YTO TO3BOIHIO
MOJYYHTE UHEHHYI0O WHPOPMAIMI0 O B3aUMOACHCTBHM MEXIY pPa3IHYHBIMK CcyOcTpaTaMH W
pe3yabTUpYoLIeit noBepxHocThi0o CNW.

4. DKcriepuMeHTalbHas paboTa BKIIIoYaia OCaKACHUE YIIIEpPOIHbIX HAHOCTEH Ha KBAPLEBYIO MOTI0XKKY
METOJIOM XMMMYECKOr0 OCaKJIeHHs W3 MapoBoil (asbl ¢ WHIyKTHBHO-CBA3aHHOH mnmasmoit (ICP-
PECVD), ¢ aKieHTOM Ha IIOHHMaHHE TOr0, KaK BpeMs CHHTEe3a BIMAET Ha IPOLECC OCaxaeHus. bbuu
NpoBeIeHBl OOLIMPHBIE HCCISA0BAHMUS UL OTPEICIICHUS BIUSHUSA BpeMeHn cuHTe3a CNW Ha ¢usuko-
XMMHYECKUE CBOMCTBA MaTepHaa.

5. DKcrepuMeHTaNbHas paboTa Gbina paciuipeHa 10 CHHTE3a YTrIIepOIHBIX HAHOCTEH Ha HAHOMOPHUCTOH
MeMOpaHe W3 OKCHJa aTFOMHHHMA METOI0M PaIMKaIbHOIO MHKEKIMOHHO-TIA3MEHHOTO XMMHYECKOT0
ocaxknenus u3 naposoil ¢asel (RI-PECVD). Beura ycranoBineHa oOpaTHas 3aBUCHMOCTb MEXIY
TOJIIMHOW MeMOpaHb! ¥ BHICOTOH YII€POIHBIX HAHOCTEH.

6. CuHTe3 YIJIEpOAHBIX HAHOCTEH C 3aJaHHOi Mopdosorueil Ha IOBEPXHOCTH HAHOMOPUCTOM
aTFOMOOKCHIHOH MeMOpaHbl ObUT OCYLIECTBISH ABYMS Pa3IMUHBIMH METOJAMU: EMKOCTHO-CBSI3aHHBIM
M/1a3MEHHO-yCHJIEHHBIM XMMHUYECKHM ocaxaeHnem u3 naposoii dassl (CCP- PECVD) u RI-PECVD.
WUccnenoBaHye BHISBUIIO CBSI3b MEKAY BOCTIPOM3BOANMOCTBIO MOP(OIOrHH MEMOpPAHEI M CTPYKTYPHI
YIJIEpPOAHBIX HAHOCTEH M BpeMeHeM CHHTe3a, ocobenHo B meToae CCP-PECVD.

B COBOKYITHOCTH 3TH pe3yNbTaThl CrOCOOCTBYIOT YIIyOJEHWIO Hallero MOHWMAaHWS CHHTE3a
YIIEPOAHBIX HAHOCTEH, IMO3BOJIAS ONTHMM3MPOBATH MapaMeTphl JUIA KOHTPOJIMPYEMOrO pocTa M
HaCTPOMKH CBOMCTB MaTe€pHaoB.

[ToyueHHbIe pe3yIbTaThl HMEIOT CYIIECTBEHHOE 3HAUSHME TS Pa3BUTHS KakK (QyHIaMEHTANIbHBIX,
TaK M MPHUKIAAHBIX AaCNEKTOB pPA3MYHBIX HAYYHBIX AMCLMIUIMH, BKIIOYas QU3MKY ILI1a3Mbl,
MaTepHaroBeICHHE, HAHOTEXHOJIOTMH W HaHOMAaTepuaael. B 4acTHOCTH, 3TH DPE3yNbTaThl HIPAIOT
PEIIAONIYIO POJIb B CO3AaHMH HAYUHBIX OCHOB, HEOOXOIMMBIX JUIS TIOJIyYEHHUs YIIIEPOJHBIX HAHOCTCH
C TIOMOIIBIO COBPEMEHHBIX TTA3MEHHBIX TEXHOJIOTHI C YIIOPOM Ha TPaKTHYECKOEe TIPUMEHEHHE. DTH
MCCIIE/IOBAHMS 3aKJIAJBIBAIOT OCHOBY JUIS pa3pabOTKH MHHOBAUMOHHBIX M d()(QEKTUBHBIX METOJIOB
CHHTE3a YIIIepOIHBIX HAHOCTEH, YTO 00seryaeT UX UCIOIb30BaHUE B PEaIbHBIX MPUIIOKCHUX.

CunTe3 yriepoaHbix HaHocTeH MeTooM RI-PECVD u nocnenytoniee ucciaenoBaHue UX CBOHCTB
OBITH TIPOBEJCHBI BO BpPEMsl HAYYHOH CTaXHMPOBKH B HAalIEM HCCJIEAOBATEILCKOM LEHTPE HAYK O
HU3KOTEMIIEpaTypHOii r1azme B YHuBepcurete Haron (Haros, AAnonus). Mens Bcera BreyaTiisiio, 4o
Epnanyisr Epaceur tak ycepaHo paboral Haa CBOMMH HMCCICAOBAaHUSAMH BO BpeMs NpeObIBAHMA B
yHuBepcutete. B pesynbrate Epnanynsl Epaceln npoaeMoHCTpUpOBal HCKIIIOUUTENBHYIO TPEAaHHOCTh
U ycepaue, y4acTBYsl B COBMECTHBIX HccieoBaHusAX. Ero kponomimBas padoTta Mo3BOJIMIA TTOJYYUTD
BECbMa HHTEPECHBIC U HAYYHO 3HAYMMBIE PE3yIbTAThl, KOTOPbIE BIOCIEACTBUM ObLIH OMYyOIHKOBAaHEI B
IPECTHKHBIX HAYYHBIX XKYpHATaX. DTO JOCTHIKEHHE CITYXKUT CBUACTEIbCTBOM BBICOKOH KBaIMPUKALIMK
Epnanysel Epacbiia 1 ero 10cToiHOro BK/1ada Kak MOJIOAOrO M MEPCHEKTUBHOTO YUEHOTO.



Kpome TOrO, pesylbTaThl ucenenopanyii Epmanyisl Epaceuia GBI PACTIPOCTPAHEHBI B 27
yOIMKaLMsX, BKIIOIas 11 cTaTeit, OTyONIMKOBAHHBIX B XKypHaIax € MMTIAKT-(aKTOpaMu, BKITOICHHBIX
B TAKWE aBTOPUTETHBIE MEXKITYHAPO/IHEIC yH}OPMAIIMOHHBIE PECYPCEL, xak “Web of Knowledge” (“Web
of Science”, CIIA) u “Scopus” (“Elsevier”, Huzpepnausl). BiuaHAC JIOKTOPCKON tcCepTalliii
Epnanyisl Epaceuia MIPOABIIACTCS B €C LIMPOKOM NpU3HAHMY M [IHTHPOBAHNH B HAyYHOM COOOIIECTBE.
CoryiacHo 0a3e AaHHBIX “Scopus”, €ro cTaTb! coOpaiy BIieUaT/IAIOUIEe KOJNMYECTBO CCHUIOK - 113, 4TO
[03BOAMNO ey noxyuuTh H-HHACKC 7 - SBHOE CBMICTE/IBLCTBO 3HAYMTENLHOrO BIUAHUA U
AKTYaIBHOCTH €0 HaY4YHOro BIJIA/A.

§ oueHb IOBOJICH HCKIIOUMTCIIBHBIMH JOCTH/KEHUAMU M BKJIAIOM Epnanynbl Epacbia B
nporpammy PhD. Ero 3HauMTeNbHAS KCCIIE0BATEbCKAS paGoTa He TOJIBKO OTpakaCT ero HEM3MEHHYIO
MpeaHHOCTb Jeiy W OIBIT, HO i obecriednBacT €My BBICOKYIO KBanH(UKALUIO UL YCHCLIHOro
3aBepllICHUs JIOKTOPCKOH JMcCepTalliy, 4TO ONpaB/bIBACT npucyk/eHHE €My CTCTeHH JIOKTOpa
dunocoduu (PhD).

C yBa)KCHHEM,

/Tloxnuchk uMeeTcs/

Macapy X0pH, Ph.D.

BriBimit gupekTop LleHTpa HAYK O HH3KOTEMIIEpATYpPHO# IIasMe,
[oueTHBIH mpodeccop U creunanrbHo HasHaueHHBIN podeccop,
VuusepcuteT Harou



