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Corrosion of metallic materials is a great economic and environmental
problem of our time. When metallic materials and products are exposed to
aggressive environmental factors, their performance characteristics deteriorate or
even collapse occurs, which can lead to large economic losses. Also in the process
of destruction, metal corrosion products contaminate the environment. Proper use
of the world's metal stock and prevention of corrosion can be a solution to these
economic and environmental problems. To solve this problem Nobel Prize winner
K.S. Novoselov proposed the use of graphene nanostructures as a very effective
ultrathin anticorrosion coating. Graphene nanostructures show excellent protective
properties due to their chemical inertness and impermeability to standard gases,
including even helium.

However, obtaining the perfect graphene film of large sizes on an industrial
scale has certain unresolved technological problems. These problems can be
circumvented by replacing graphene with functionalized graphene nanostructures
(FGNS). Production of FGNS on an industrial scale is much easier, and their
physical and mechanical properties can be close to those of graphene, which is an
incentive for further research in this direction. One of the most prominent
representatives of FGNS is graphene oxide (GO), which is easily enough applied to
various surfaces, which is a great advantage in coating technologies.

Thesis work of Tulegenova M.A. “Anticorrosion protective coatings based on
graphene nanostructures” is devoted to theoretical and experimental studies of the
coatings. The theoretical part includes the computer simulation of graphene
nanostructures, as well as calculating the effectiveness of their anticorrosion
properties using the "first-principles" methods. During the experimental part, the
anticorrosion protective coatings based on graphene nanostructures were obtained.
The method of chemical vapor deposition (CVD) and the method of obtaining the
graphene coating by carbon diffusion through nickel were chosen as the optimal
methods for growing graphene coatings on the surfaces of copper and nickel.
According to the results of energy dispersive X-ray spectroscopy it was found that
graphene grown directly on the surface of copper and nickel by CVD method has a
high resistance to corrosion, which agrees well with the quantum-mechanical
calculations. When performing the thesis work Tulegenova M.A. developed a
specialized Auger analyzer, which has a significant novelty in the presented work.




Thesis research of Tulegenova M.A. is a well-structured, coherent and
complete work. According to the results it was determined that the anticorrosion
protective coatings based on graphene nanostructures show high efficiency, which
1s of great practical interest for industrial, shipbuilding, oil and gas and other
companies. The specialized Auger analyzer developed in the process of the thesis
work has an important scientific and practical significance. Thanks to this method,
the sensitive analysis to the light elements of thin near-surface layers of not only
the coatings based on graphene nanostructures, but also other materials became
possible.

Results of the thesis work of Tulegenova M.A. are reflected in 11 scientific
publications, 4 of which were published in the proceedings of national and
international conferences, 3 articles in journals recommended by the Committee
for Control of Education and Science of the Ministry of Education and Science of
the Republic of Kazakhstan, 3 articles in international peer-reviewed journals
included in the Scopus database and one article in an international journal.

Tulegenova M.A. showed -curiosity, responsibility, diligence and
independence during the performing thesis work. Her demonstrated personal
qualities have contributed to the successful accomplishment of her tasks, which
shows her to be a qualified specialist in her field. Tulegenova M.A. is able to
independently conduct theoretical and experimental studies of anticorrosion
protective coatings based on graphene nanostructures. She also completed a
scientific internship from June 15 to September 15, 2019 under the guidance of Dr.
G.W. Beall at Texas State University in San Marcos, Texas, USA.

Given the above, I believe that the level of results obtained in the thesis work,
the personal qualities of the applicant, the thesis of Tulegenova Malika Askarovna
“Anticorrosion protective coatings based on graphene nanostructures” consistent
with the qualification requirements for the thesis for the degree of PhD, and
Tulegenova M.A. deserves a PhD in the specialty 6D071000 — “Materials Science
and Technology of New Materials”.
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Ha AHccepTauuonnyio padory Tymnerenopoii Majiuku ACKapoOBHBI

«AHTHKOPPO3HOHHBIE 3aIMTHbIE MOKPBITHSI HA 0CHOBE IpageHoBbIX
HAHOCTPYKTYpP» NPeACTABJIEHHYIO HA COHCKAHUe CTeNeHu 10KTopa ¢pusocopuu
(PhD) no cnennaIbHOCTH

6D071000 — «MaTepunaJjioBeleHHe H TEXHOJIOTHsI HOBbIX MaTepHAJIOB»

Koppo3usi ~ MeTayIM4ecKHX  MarTepualoB  NpeJcTaBiseT  coboi  Oounbliyio
SKOHOMMHYECKYI0 U OKOJOTHYEeCKylo IpobieMy coBpeMeHHOCTH. [lpu BO3/eHcTBUM
arpecCHMBHBIX (DAaKTOpPOB BHEIIHEH cpejibl Ha METa/NIM4YeCKue MaTepuallbl W H3JeJIHs
IIPOUCXOJUT YXYAIICHHE MX DKCIUTyaTallMOHHBIX XapaKTePUCTHK WUJIM JlaXKe paspylIeHHe,
KOTOpOE MOXKET MPUBECTH K OOJBIINM IKOHOMHYECKMM MoTepsm. Taioke B mpouecce
paspylleHns: MPOUCXOJUT 3arpsi3HeHHE OKpYXKalollel Cpelibl TPOJYKTaMH KOPPO3HH
MeTanna. [ paMOTHOE  MCIOJNB30BAaHHE  MHPOBOrO  MeTajau4eckoro  Qonma o
pejoTBpallleHe KOPPO3UM MOXKET CTaTh pEUIEHHEM JaHHbIX OSKOHOMHYECKHX U
3KOJIOrMueckux npobem. Jlis peuienus 3Toil mpodiaeMsl naypear HobeneBckoi mpemMnu
K.C. HoBocenoB MpeuloKuil KMCIOIb30BaTh IpadeHOBbIE HAHOCTPYKTYpPhl B KauecTBe
oueHb 3(P(EKTUBHOrO YyIBTPATOHKOrO AHTHKOPPO3HMOHHOIO TMOKPBITHA. ['padeHoBbie
HAHOCTPYKTYpbl ~IMOKa3bIBAlOT OTJIMYHbIE 3alIMTHbIE CBOMCTBa Ojarojapsi CBOCH
XMMHUYECKOW WHEPTHOCTH W HEMPOHHUIIAEMOCTH K CTaHJapTHBIM ra3am, BKJIOYas Jaxe
TeJIUH.

OnHako, TMOJIydeHHE UeaTbHONH TrpadeHOBONM IUIEHKHM OOJbIIMX pa3MepoB B
IPOMBILIJIEHHBIX MaciiTadax MMeeT OIpe/ejieHHble HepPEeleHHbIe TEeXHOJIOTHYeCKHe
npobnembl.  JlaHHble ~ mpoGiemMbl  MOXHO ~ 00OHTH,  3aMeHWB  TrpaeH  Ha
(GyHkuronanusuposannble rpaderonbie HaHOCTPYKTYpbl (PI'HC). Tlonyyenne ®I'HC B
MPOMBILIUIEHHBIX ~MacuITadax 3HAYMTENbHO Tpolle, a M0 (U3MKO-MEXaHUYECKUM
CBOWCTBAM OHHM MOI'YT OBITh OJM3KM K CBOMCTBaM rpadeHa, YTO CTAaHOBUTCS CTHUMYJIOM
JUIS JajbHEHIIUMX MCCiIeOBaHki B 3TOM HarpaBieHHMH. OJHMM u3 Haubojee SpKHX
npeacrasutened ®IHC sBasiercss oxeupa rpadena (OI7), KOTOphI 10CTaTOYHO JIETKO
HAHOCUTCS Ha pa3lIMYHble IMOBEPXHOCTH, 4YTO SBJsieTCs OOJIBLIIMM IPEUMYLIECTBOM B
TCEXHOJIOI'UsX [MOKPbITHH.

JluccepraunonHas pabora TynerenoBoit M.A. Ha TeMy «AHTHKOPPO3HOHHBIC
3alMTHBIE TOKPBITHS HAa OCHOBE TpaeHOBBIX HAHOCTPYKTYP» MOCBSIIEHA TEOPETUYECKUM
M DKCIIEPUMEHTABHBIM HCCIIeIOBAaHUSM MOKpPbITHH. TeopeTudyeckas 4acTh BKIIOYACT B
cebsi KOMIIBIOTEPHOE MOJIeJIUpOBaHue TIpaeHOBBIX HAHOCTPYKTYp, a TaKkKe pacyer
5 PEeKTUBHOCTH UX aHTUKOPPO3UOHHBIX CBOMCTB C UCIOJIb30BAHMEM METOOB «U3 MEPBBIX
NPUHLMUIOB». [IpH  BBIMOJIHEHHH OSKCHEPUMEHTAlbHOM 4acTW ObUIM  MOJy4eHBI
AHTMKOPPO3HWOHHBIE 3AIIUTHBIE MOKPBITUS Ha OCHOBE IpadeHOBBIX HAHOCTPYKTYp. MeTon
napodasznoro xumudeckoro ocaxiaerus (CVD) m Meron mnonyudenus rpapeHOBOrO
MOKPBITUsS. NyTeM anddy3un yriepoja vepe3 HHUKelb ObUIM BBIOpaHbI ONTHMAaIbHBIMHU
croco0amMu Mo BhIpaAIIMBaHUIO I'PadeHOBBIX MOKPBITUM HA IOBEPXHOCTAX MEJIU U HUKEJIS.
[To pesynsTaraM 3SHEProJUCIIEPCHOHHON CIEKTPOCKOIUU BBISCHUIIOCH, YTO TIpadeH,




BBIPAIIEHHBIM HEMOCPEJICTBEHHO Ha TMOBEPXHOCTH MeAM M HuKens mertoaom CVD
00J1a/1aeT BBICOKOH YCTOHYMBOCTBIO K KOPPO3MH, YTO XOPOIIIO COIJIACYeTCs ¢ KBAaHTOBO-
MEXaHHYEeCKMMHU pacueTaMu. [Ipy BBINOJIHEHUH AMCCEPTALMOHHON paboThl TysereHoBoH
M.A. 6bin paszpaboraH crenuanu3upoBaHHblii Oxe-aHaIM3aTop, KOTOPBIA 00najaet
CYIIECTBEHHON HOBU3HOM B IpeJICTaBlIeHHON padoTe.

JluccepranuoHHoe uccienoBanne TynereHoBoit M.A. mpeacTaBiseT co0OH XOpOLIO
CTPYKTYPHUPOBAHHYIO, IEJIOCTHYIO M 3aKOHYeHHYI0 paboTry. CoriiacHO MOJy4YeHHbIM
pe3ylbTaTaM ObLIO ONpeIesIeHO, YTO aHTUKOPPO3UOHHBIE 3allUTHIE ITOKPBITHS HAa OCHOBE
rpad)eHOBBIX HAHOCTPYKTYP IMOKA3bIBAIOT BBICOKYIO 3((EKTUBHOCTb, YTO MNPEACTaBJIsET
OONbLIOKW  INpPaKTUYECKUH  MHTEpec  JUls  NPOMBILIUICHHBIX,  CY/JIOCTPOMUTEIBHBIX,
HedTera3oBelx M Jpyrux KommnaHud. PaspaboraHHBIH B IIpolecce BBIMOJHEHHUS
JUCCEPTAllMOHHON paboThl CrelMaTn3upoOBaHHbIl Oxe-aHanu3artop o0janaeT BaKHOH
HAy4YHO-TIPAaKTUYECKON 3HAauyMMOCThbiO. biiarogaps JaHHOMY MeETOAY CTajl BO3MOXEH
YyBCTBUTEJIbHBIM aHaIU3 K JIETKMM 3JIEMEHTaM TOHKHX IIPUIIOBEPXHOCTHBIX CJIOEB HE
TOJIBKO MOKPBITUM Ha OCHOBE Ipa)eHOBbIX HAHOCTPYKTYP, HO ¥ APYTHX MaTrepuasos.

Pe3ynbTaThl BBIMOJHEHHOU AMccepTallMOHHOM padoThl TynerenoBoit M.A. oTpakeHbl
B 11 mHayyHbIx myOnukamusx, 4 W3 KOTOpPBIX ObulM OMyOJIMKOBaHBl B TpyJax
HallMOHAJIBHBIX W MEXKIyHapoJIHbIX KOH(epeHLMH, 3 cTaTbd B IKypHajax,
pEKOMEeHI0BaHHbIX KoMHTETOM 110 KOHTpoto B cdepe oOpa3oBaHMs W HayKu
MunuctepcTBa obpazoBanusi U Hayku PK, 3 cTtatbu B MeXIyHapOAHBIX PEIEH3HPYEMBIX
JKypHajax, BXOAIIUX B 0a3y JaHHbIX Scopus U | cTaThs B MEXAYHapOIHOM XXypHalle.

TynerenoBa M.A. 1pd BBINOJHEHUH JUCCEPTALMOHHOW pabOThl MpOsIBUIIA
JM10003HATENIbHOCTh, OTBETCTBEHHOCTD, TPY/10JIIO0HE U caMOCTOSITeIbHOCTD. [IposiBiieHHbIE
JIMYHBIE KayecTBa IMOCHOCOOCTBOBAIM YCIEUIHOMY BBIIOJHEHUIO [OCTABIEHHBIX 3a]ad4,
4TO TOKa3bIBaeT €€ KBAJIMIMPOBAHHBIM CIELUAJIMCTOM B cBoeil obnactu. TynereHosa
M.A. crnocoOHa caMOCTOSITEJIbHO MPOBOJUTH TEOPETHUYECKUE U DIKCIIEpUMEHTAJIbHbIE
MCCIIEIOBAaHUSI aHTUKOPPO3MOHHBIX 3alllUTHBIX TOKPBITUM Ha OCHOBe TIpad)eHOBbIX
HAHOCTPYKTYp. Takke oHa MpOXOAuJia HAyYHYIO CTaXKUPOBKY B repuoi ¢ 15 utons no 15
centsiops 2019 roma mox pykosojactBom Dr. G.W. Beall B Texacckom rocynapcTBeHHOM
yuuBepcutete r. Can Mapkoc, mrat Texac, CILIA.

Y4uuThiBash BBIIIE CKa3aHHOE, CYMTAlO, 4YTO [0 YPOBHIO IIOJYYEHHBIX B
JUCCEPTAIMOHHON paboTe pe3ynbTaTOB, JUYHBIX KaueCTB COUCKATE/s, UCCepTallMOHHAs
pabora TynereHoBoit Manuku AckapoBHbBI « AHTUKOPPO3UOHHBIE 3allIUTHbIE MIOKPBITHUS Ha
ocHOBe rpaeHOBBIX HAHOCTPYKTYP», COOTBETCTBYET KBAJIU(PUKAIIMOHHBIM TpeOOBaHUSIM,
NpeabABIIEMBIM K JIUCCEPTALIMSIM Ha COMCKaHHe CTeneHH naokropa ¢uinocopuu PhD, u
TynerenoBa M.A. 3acinyxuBaeT cTerneHu Jaokrtopa ¢uiocopun PhD no cnenmansroctn
6D071000 — «MaTepuanoBeileHUE U TEXHOJIOTUsI HOBBIX MaTepPHAJIOBY.
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