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submitted for the degree of Doctor of Philosophy (PhD)
in the specialty
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Exposure to aggressive environmental factors most often leads to corrosion
of metal products and structures. Corrosion can lead not only to the deterioration
of physical and mechanical characteristics, but even to the complete destruction
of metallic materials. That is why metal corrosion is one of the important
problems of our time, especially in industrialized countries with a large number of
enterprises. For most countries in the near future one of the tasks of the economy
may be to ensure the safety of the metal stock. To solve this problem Nobel Prize
laureate K.S. Novoselov proposed to use 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 a perfect graphene film of large dimensions is difficult
to achieve on an industrial scale. Functionalized graphene nanostructures (FGNS)
can be an excellent alternative to the ideal graphene. Production of FGNS on an
industrial scale is much easier, and their properties can be almost as good as those
of graphene. 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 the coating technology.

Thesis of Tulegenova M. A. “Anticorrosion protective coatings based on graphene
nanostructures” is devoted to the theoretical and experimental studies of
anticorrosion protective coatings based on graphene nanostructures. During the
theoretical part, the computer simulation of graphene nanostructures and the
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calculation of the effectiveness of their corrosion protection properties using the
"first-principles” methods was performed. During the experimental work the
anticorrosion protective coatings based on graphene nanostructures were obtained.
The study of the anticorrosion properties of the obtained coatings by energy
dispersive X-ray spectroscopy under the influence of various external factors was
carried out. During the thesis work Tulegenova M.A. developed a specialized
Auger analyzer, which made possible the sensitive analysis to the light elements of
the thin near-surface layers of coatings based on graphene nanostructures.

Tulegenova M.A. had a scientific internship from June 15 to September 15,
2019 under my supervision at Texas State University, San Marcos, Texas, USA.
During the scientific internship Tulegenova M.A. performed experimental work on
the topic of her thesis. During the experimental part, she carried out studies of GO
samples obtained by the modified Hummers’ method. The samples were studied by
thermogravimetric analysis on the TA Discovery SDT 650 device. The GO
samples were placed inside a platinum cup and heated in a nitrogen atmosphere to
a final temperature of 900°C. The resulting TGA data showed a typical loss of
mass as a function of temperature. The mass loss was due to evaporation of
adsorbed water, removal of thermally unstable oxygen functional groups and other
various functional groups. In carrying out thermogravimetric analysis the optimal
modes of thermal treatment of GO were determined. Also Tulegenova M.A.
evaluated the interplanar distance d of obtained initial GO and GO after TGA (T-
RGO) on X-ray diffractometer Bruker D8 ADVANCE ECO A25. There was a
decrease in the interplanar distance of GO, which indicates a decrease in the
number of H,O molecules, oxygen and other functional groups after temperature
exposure in a nitrogen atmosphere.

Tulegenova M.A. perfectly coped with the tasks assigned to her. Also, during
the thesis work she showed such personal qualities as responsible attitude to work,
attentiveness and independence. The thesis research has a well-organized logical
sequence and thoughtfulness, which is confirmed by a well-structured, coherent
and complete work. According to the results we can say that anticorrosion
protective coatings based on graphene nanostructures show high efficiency, which
is of great practical interest to industrial, shipbuilding, oil and gas and other
companies.

Thesis of Tulegenova M.A. contains a significant amount of experimental
material based on a comprehensive and integrated approach to solving problems.
The results of the thesis work have been repeatedly presented at national and
international conferences, there were also published 3 articles in the 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 1 article
in an international journal.

As a scientific co-supervisor of Tulegenova M.A., given the above, I believe
that the level of results obtained in the thesis work, personal qualities of the
applicant, the thesis work of Tulegenova Malika Askarovna “Anticorrosion
protective coatings based on graphene nanostructures” meets the qualification




requirements of international standard for Ph.D. and I strongly support it for
submission to the thesis board of your university, and its author deserves a Ph.D.
degree on specialty 6D071000 — “Materials Science and Technology of New
Materials”.

Sincerely yours,

A foreign scientific advisor
Doctor of physical-chemistry
Professor
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OT3bIB
3apy0esKHOr0 HAYTHOTO KOHCYJIbTAHTA JOKTOPA (PH3HKO-XHMHYECKHX
Hayk, mpopeccop G.W. Beall
Ha AuccepTannonHyo padory TyaereHoBoii Maanku AcKapoBHBI
CAHTHKOPPO3HOHHbIE 3all{HTHbIE OKPHITH HA OCHOBE MPadeHoBbIX
HAHOCTPYKTYP» MPeJCTABJICHHYIO HA COHCKAHNE CTENEeHH T0KTopa
pusiocopuu (PhD) no cnenuaibHOCTH
6D071000 — «MaTepuajioBeeHHe H TEXHOJIOIHs HOBBIX MATEPHAJIOBY

Bo3neiicTBrie arpecCHBHBIX (PAKTOPOB BHEIIHEH CpeAbl dailie BCETO
HOPUBOJMT K KOPPO3UM METAJUTMUECKUX H3eNuii M KoHCTpyKuuii. Kopposus
MOXKET IPHBECTH HE TONBKO K YXy[NMICHHIO (H3HKO-MEXaHHIECKUX
XapaKTepUCTAK, HO W JaXe K I[OJHOMY DaspylIeHHI0 MEeTaTHIeCKUX
MaTepuaioB. VIMEHHO TO03TOMY KOPPO3Ms META/lJIOB SBJSAETCA ONHHM U3
HEMAJIOBa)XHBIX IIPOOJIEM COBPEMEHHOCTH, OCOOCHHO B IIPOMBIIIJIEHHO Pa3BUTHIX
CTpaHax, HMEIOIHX GONbInoe KomndecTBo npennpuaTuil. Iepen GoNpIIMHCTBOM
CTpaH B HemajekoMm OyaymieM OJHOM K3 3a4a4 JKOHOMHKH MOXET CTarh
obecrieyeHrne COXPAHHOCTH MeTaIndeckoro (oraa. s pelneHus 3TOM
npobiembl saypear HoOenerckoit mpemumm K.C. HoBocenos mpemmoxui
KCIOJIb30BaTh I'pad)eHOBbIE HAHOCTPYKTYPHI B KadeCTBe O4eHb 3(PEKTUBHOIO
yIBTPATOHKOTO AHTHKOPPO3MOHHOTO MOKPHITHA. ' padeHoBble HAHOCTPYKTYPHI
MOKa3bIBAIOT OTJWYHBIE 3alIWTHHIE CBOWCTBa Onaromaps CBOEH XMMWYECKOU
MHEPTHOCTH ¥ HEMPOHUIIAEMOCTH K CTaHIAPTHBIM ra3aM, BKIIOYas NaXe Ieluu.

TeM He MeHee, IONydeHWE WACATPHOM TpadeHOBOM MNIEHKH OOIBIINX
pa3mepoB TPYZIHOJOCTHXIAMO B TTPOMBIIIITIEHHBIX MacmTadax.
OyHKIHOHANM3KPOBaHHbie rpaderoBrie HaHOCTPYKTYphl (PI'HC) moryT crath
OTJIMYHON aJbTepHATHBOM wupeansHoMy rpageny. Ilomyuenme @OI'HC B
IPOMBIIUIEHHBIX MaciTabax 3HAYMTENBHO MPOINE, a II0 CBOWCTBAM OHM MOTYT
MPaKTHYeCKH He ycTynaTh rpadeny. OqHuM u3 Haubonee ApKUX NPeACTaBUTENEH
OI'HC sBnsiercst okcup rpadena (OI), KOTOPBIN JOCTATOYHO JIETKO HAHOCUTCS Ha
pa3NUYHBIe TIOBEPXHOCTH, UTO sBIfeTCS OONBIIUM IPEMMYIIECTBOM B
TEXHOJIOTUAX MOKPBITHH. [luccepTanmonHas pabota Tynerenosoi M.A. Ha Temy
«AHTHKOPPO3MOHHBIE  3aIMATHBIE TMOKPHITHS HAa OCHOBE TI'pa(eHOBBIX
HAHOCTPYKTYp»  IOCBSIIEHA  TCOPETHHYECKMM W  3KCIIEpUMEHTaIbHBIM
WCCIIEIOBaHUSIM AaHTUKOPPO3MOHHBIX
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3aIIMTHEIX TIOKPHITUH Ha OCHOBE TpadeHOBBIX HAHOCTPYKTYp. Bo Bpems
BBIIIOJTHEHHSI ~ TCOPCTUYECKOM 9YacTu  OBUIO  BEIMONHEHO  KOMITBIOTEPHOE
MOJEIMPOBaHKE rPa(EeHOBEIX  HAHOCTPYKTYP ¥  IPOU3BEHCHBI  PACYETHI
5 (QEKTMBHOCTH X aHTHKOPPO3MOHHBIX CBOMCTB C MCHOIBb30BAHUEM METO/IOB (U3
IEPBRIX MPUHIMIOB». Bo Bpems skcrepuMeHTanbHON paGoTsl OBUIM IOy 9EHE
AHTHKOPPO3MOHHBIC 3aLUTHBIC TIOKPHITHS HA OCHOBE TPa(peHOBEIX HAHOCTPYKTYD.
BBIIO NPOBENEHO HCCIENOBAHUE AHTUKOPPOSMOHHBIX CBOWCTB MOMYYaeMBIX
HOKPBITAN METOJIOM 3HEPrOJUCIIEPCHOHHON CHEKTPOCKONMU MOJ BO3HEHCTBHEM
PasIMIHEIX BHEIHMX (pakTopoB. IIpy BBINIONHEHHM IMCCEPTALMOHHON paGOTHI
TynercuoBoit M.A. Obul pa3spaboTaH CHENHAIN3UPOBAHHEI Odke-aHAIM3aTOop,
Onaromaps KOTOPOMY CTail BO3MO)KEH YyBCTBHTENBHBIH aHAIM3 K JIETKHM
SJICMEHTaM TOHKHX NPHIOBEPXHOCTHBIX CIIOEB IOKPHITHI Ha OCHOBE IPad)eHOBBIX
HaHOCTPYKTYD.

Tynerenosa M.A. npoxofuiia Hay9HYIO CTEXXHPOBKY B IEPUOJ ¢ 15 HIOHS 1O
15 cenrsabps 2019 roza mox MouM pyKoBoACTBOM B TeXacckoM roCy[apCTBEHHOM
ynusepcurere r. Cam Mapkoc, mrar Texac, CIIHA. Bo Bpems uayuHoii
craxupoBku Tynerenosa M.A. BEHINOIHANA KCIEPHUMEHTAIBHBIE PaGOTHI IO TEME
auccepTamuu. B Xo/ie BHIIONHEHMS SKCIEPUMEHTAILHONW YacTH OHA TPOBONMIA
uccaenopanust  o0pasuos OI, HONyYEeHHBIX MOAMQPUIEPOBAHHEIM METOIOM
Xammepca. O6pasisl OBIIN HCCHIENOBAHEI TEPMOTPABUMETPUYECKAM AHAIM30M HA
npubope TA Discovery SDT 650. O6pasusr OI' momelnany BHYTPh ILIATHHOBOM
YAIIKY ¥ NPOM3BOJMIY HAarpeB B arMoc(epe a30Ta 0 KOHEYHON TEMIIEpATyphl
900°C. Tlosmy4ennbie namsbie TI'A nokasaiu TUNHYHYIO ITOTEPIO MAcChl B
3aBUCAMOCTH  OT Temriepatypel. IloTeps Maccel cBs3aHA C  HMCHAPEHHEM
aJICOpOUPOBAHHON BOMBI, YIANECHUEM TEPMUYCCKH HECTAGHMIBHBIX KHCIOPOIHBIX
(yHKUMOHANBHBIX TPYNI M JPYrUX PasiuuHBX (yHKIMOHATBHBIX Tpymm. Ilpu
MPOBEICHNH TEPMOIPABUMETPUIECKOIO aHAIM3a OBUTH OIPEACIICHE! OIITUMAIBHEIE
pexuMel tepmudeckoi o6pabotku OI'. Tawxe Tynerenosa M.A. onerHuBana
MEXIUTOCKOCTHOE paccrosHue d nmoaydensoro ucxognoro OI' u O mocie TTA
(T-RGO) ma pentrenosckom muppaxromerpe Bruker D8 ADVANCE ECO A25.
llponsonuio  yMeHBIIEHHE  MEKIUIOCKOCTHOro  paccrosame O,  uro
CBUJIETENLCTBYET 00 yMEHbIIEHUM KoiudecTBa Modexyl H,O, KucropomHsx u
ApYTuX (QYHKIMOHANBHEIX IPYII [IOCIAE TEMIEPATYPHOTO BO3ICHCTBUS B
arMocgepe a3oTa.

Tynerenoa M.A. OTIMYHO CHPaBUIACh C IIOCTABIEHHBIME IEpen Heil
3agadamy. Taxke BO Bpems BHITONHEHUS JMCCEPTALMOHHON pabOTHl OHa
OpOsIBUJIA TaKUE JIMYHBIC KAa9YeCTBA, KAK OTBETCTBEHHOE OTHOLICHHME K paboTe,
BHUMATENBHOCTE M CaMOCTOSITC/IBHOCTh.  BBINOJHEHHOE  JUCCEPTAlMOHHOE
HCCIIEIOBAHUE UMEET I'PAMOTHO BEICTPOEHHOKO JIOTHYECKYIO MOCIIEN0BATENBHOCTh
M TPOAYMAaHHOCTb, YTO TIOATBEPXKIAAETCA XOPOIUOH CTPYKTYPUPOBAHOCTBIO,
[IEJIOCTHOCTBIO ¥ 3aKOHYCHHOCTHIO paboTel. COIrIACHO MOJYUSHHBIM PE3yIETATAM
MOXHO CKa3aTh, YTO AHTHKOPPO3MOHHBIC 3alllUTHBIC IIOKPHITAS HA OCHOBE
rpaQeHoBEIX  HAHOCTPYKIYP IIOKa3bIBAIOT BHICOKYI0 A((EKTHBHOCTH, 9TO
OpejcTaBIsieT  OONBIIOH — NPakTWIeCKWd  WHTepec s  [POMBIILICHHBIX,
CYJIOCTPOUTCIILHBIX, HEPTEra30BhIX U APYIHX KOMIIAHHIA.




Huccepranus TynereHoBoit M.A. CONEPXHT 3HAYUTENHHOE KOJIMYECTBO
SKCIEPHUMEHTAIBHOIO MaTepyalla, OCHOBaHHOIO Ha BCECTOPOHHEM M KOMITJIEKCHOM
NOAXOAE K PEUICHUIO IIOCTaBJICHHBIX 3a4ad. Pe3yipTaTsl JucCepTalOHHON
paboTel  OBUIM ~ HEOJHOKPATHO  MPEJACTAaBICHH HAa  HAMOHANBHEIX U
MEXIYHAPOIHEIX KOH(MEPEHIUIX, TakXKe OpUId OmyONUMKOBaHBI 3 CTarkd B
XKypHallax, peKOMEHJIOBaHHBIX KOMHUTETOM 110 KOHTPOIIO B cepe 00pasoBaHus 1
Hayku Munucrepersa oOpasosanus u Hayku PK, 3 crateu B MeXIyHApOIHBIX
PELIEH3UPYEMBIX JKypHalaX, BXOAANMX B 0a3zy NaHHBIX Scopus W 1 crarhd B
MEXKTy HapOTHOM Ky pHaJIe.

Kak mayumeiii co pyxoBomgurens Tynerenosodt M.A., y4uTwIBas BBIIIE
CKa3aHHOE, CYMTAI0, YTO 110 YPOBHIO IIOJYYEHHBIX B JMCCEPTAlMOHHON paboTe
pe3yJIbTaTOB, JIMYHBIX  KAyecTB  COMCKAaTels, IUCCepTalMoHHas  pabora
TynerenoBoit Manuku AckapoBHBI «AHTHKOPPO3UOHHEBIE 3aIUTHEIE TIOKPHITAS HA
OCHOBE TIpaeHOBBIX HAHOCTPYKTYP», COOTBETCTBYET KBANM(PHUKALMOHHEIM
TpeOOBaHUAM MEXKIYHAPOJHOTO CTaHAapTa Jyis NOoKTopa ¢unocodmu Ph.D. u s
PEIIUTENBHO NOJCPXKUBAI0 3TO JJIA NPENCTABICHUS B JAUCCEPTAMOHHLINA COBET
BAIIETO YHUBEPCHUTETA, & €r0 aBTODP 3aCIly’KMBAeT CTEIEHM AOKTOpa ¢miiocobun

Ph.D. o cnenuansaoct 6D071000 — «MartepranoBeeHre W TEXHOIOTHS HOBBIX
MaTEpUAIOBY.

3apyGexHbIi HAYIHBINA KOHCYTETAHT
JIOKTOp (PU3UKO-XUMUIECKIX HAyK
[Tpodeccop /
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