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Review of the PhD Doctoral Dissertation

prepar ed by ZHANIBEK KORKEMBAY on the Topic “Promotion of perchlorate ammonium combus-
tion by TisCz (MXone) addition” for the Degree in “8D07103 — Chemical Technology of Explosive

and Pyrotechnic Substances”.
Zhanibek Korkembal's dissertation is devoted to enhancing the combustion properties of
ammonium perchlorate through the addition of the nanomaterial Ti,C, (MXene). The research con-

carns one of the crucial issues in the field of modern energetic materials—improving combustion
efficiency and controlling reaction dynamics. The chosen topic holds significant scientific and indus-
rial relevance, particularly in relation to the safety area and performance of explosive materials.

The study investigates the catalytic properties of Ti,C; (MXene) and its influence on the
thermal decomposition of ammonium perchlorate. The study effectively employs advanced expert-
mental characterization lechniques and methods such as thermogravimetric analysis (TGA), difter-
ential scanning calorimetry (DSC), X-ray diffraction (XRD), and scanning electron microscopy
(SEM), among others, The integration of these methods demonstrates the scientific depth of the

dissertation and the candidate’s advanced experimental skills.
The resaarch is relevant to the growing demand for innovative solutions aimed at improving

the efficiency of pyrotechnic and explosive systems. The application of developed recently nano-
materials like TisC; (MXene) offers new opportunities for controlling combustion processes and may

contribute to the development of safer and more efficient energy systems in the future.
The dissertation is structured logically well, the content ls presented coherently, and the

study is well-supported with results and scientific lllustrations. The author has demonstrated a high

ievel of theoretical understanding, sclentifical originality, and research competence. The combina-
ion of fundamental scientific approaches with practical results enhances the quality of the disserta-

tion and confirms its practical significance.
| evaluate this dissertation as quite original and fully support the candidate’s admission to go

through the defense procedure wishing the candidate good luck and bright future.
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KepkemGaii Kanibexrin 8D07103 - JKapbuiFpln  3aTTap MEH MUPOTEXHHKAIBIK

wpa.rmapz{bm XHMHSJIBIK TEXHONOTHACH! JIdPEIKECiHE apHasiral « AMMOHMIA MepXx0paThbIHbIH
#aHybIH T13C2 (MXene) kochm YACTY» TakblpbIObIHA NalibIHaaran

(PhD) nokropabik auccepranusicoina nikip

Kepkembaii  aniGekrin JIMCCEPTAlMACEl  aMMOHHI  MepXJopaTbiHBIH  KaHy
chnarramManapei TisCz (MXene) HaHOMaTEepHAILIMEH MOJM(HKALMsIAY apKbUIbI KakKcapTyfa
dpHajiraH. 3epTTey Kasipri SHepreTHKATBIK XHMHAAAFH! CH MAHBI3/b] Macenenepain 61pl — xKaHy
THIMIUIIIH apTThIpy jKoHe peaxnus auHAMMKacklH Oackapy mpoOGsieMackiHa OarbITTaIFaH.

lannanran TakpIPbIMTEIR FEUTEIMH J1a, OHEPKACINTIK T€ ©3€KTUIIr JKOFaphl, 9CIPECE KAPbUIFBILI
MaTCepranIapabiH Kaylinci3airi MeH oHIMIUTITIH apTTHIPY TYPFHICBIHAH.

AKymeicra TisC, (MXene) MatepuaniapbIHbIH KaTATUTHKAIBIK KACHETTEP XKIHE 0J1ap/IbiH
AMMOHHH  TepXJIOpaThIHBIH KBUIYJIBIK ~ BIABIpayblHa ~ 9Cepl  3€pTTENreH.  ABTOP
TCPMOTpaBUMETPHSITBIK Tannay (TGA), muddepenumanas! ckanepieymi kanopumerpus (DSC),
PEHTIeHAIK qupakus (XRD), ckanepneymi anextporasl Mukpockonus (SEM) xone 6acka zia
3aMaHay ¥ QMICTEP/Ii COTTI KOJUIAHFAH. byt sxicTepain nainananbUTy bl AMCCEPTALMAHBIH JKOFaphl
FBUIBIMA JICHI€HiH XKOHE 13eHYIIHIH KCIIEPUMEHTTIK JalbIH/ILIFBIH TJe e .

3epTTeYy NMPOTEXHUKATBIK JKOHE JKAPBUIFBINI JKYHMENepaiH THIMIUINH apTThIpyFa
OarbITTallFaH  MHHOBALWSANBIK  INENIIMIEpre JereH ocim  Kele JKaTKaH — CYPaHBICThI
KaHaraTTaneIpabl. T13C2 (MXene) cHSKTHI HaHOMATEpHATAAPAB! KOJINAHY JKaHy MPOLECTEPIH
OacKapyZIbIH JKaHa MYMKIHIIKTEpiH ambIm, OojammakTa HEFyplIbIM Kayinciz opi THiMI
SHEPIreTHKAIIBIK JKYHENIEep/l xacayFa BIKIal €Tyl MYMKIH.

JInCCepTaUsHBIH KYPhUTBIMBI JIOTHKAIBIK, MOTIH Ma3MYHBI Oipi3/li, HOTHXKENIEP FHUIBIMHA
HUTIOCTPALUSUIAPMEH HETI3ZIENTEH. ABTOP TEOPUSUTBIK OLTIMIHIH JKOFapsl NEHreHiH, FBUIBIMHU
JKaHALIBIIIBIFBIH XKOHE 3EPTTEY JarAbUIapblH KopceTTl. OyHIaMEHTalIbl FRUIBIMA KO3Kapac MeH

MPAKTHKAIBIK HOTHXKEJIEPAIH Yilecyl OKYMBICTBIH camachl MEH OHBIH IPaKTHKATBIK
MaHBI3AbLIBIFBIH APTTHIPA TYCEL.

MeHn Oyt auccepTasiHbl TONBIKTAM TYITHYCKAIBIKKA e )KOHE FRUIBIMH Tajantapra caif
OPBIHIAJIFAH XKXYMBIC Jiel OaranaiMbIH. [3IeHyIiHIH qUccepTans Koprayra K10epuTy1H TOJIBIK
KOJIAUMBIH JKOHE OFaH TaObICTBUIBIK MECH JKapKbIH OO0J1aliaK TUICHMIH.
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