REVIEW

of the scientific foreign advisor on the dissertation work of Kabylkanov Sultan Kaiyrbekovich
on the topic: "Research and development of technology for smelting chromium-manganese
ligature using a complex silicon-aluminum reducing agent", submitted for the degree of Doctor
of Philosophy (Ph.D.) under the educational program 8D07202 — "Metallurgy"

The doctoral dissertation of Kabylkanov S.K. is devoted to the development and scientific
substantiation of technology for producing complex chromium-manganese ligature using non-
standard silicon-aluminum reducing agents and local mineral raw materials. The research topic
is highly relevant for modern ferrous metallurgy due to the increasing demand for energy- and
resource-efficient technologies, depletion of high-grade ores, and the necessity to utilize low-
grade and technogenic raw materials. The production of chromium-manganese ligature as a
complex alloy represents a promising technological solution that improves alloying efficiency,
reduces energy consumption, and enhances the sustainability of metallurgical processes.

The author carried out comprehensive physicochemical investigations of chromium and iron-
manganese ores using modern analytical methods, including X-ray diffraction analysis, scanning
electron microscopy, and thermal analysis. The phase composition, structural characteristics, and

high-temperature behavior of the raw materials were determined, providing a scientific basis for
their efficient metallothermic processing.

In the dissertation, the author performed comprehensive thermodynamic modeling of reduction
processes in multicomponent Fe-Cr—-Mn-Si-Al-Ca-Mg-O systems using HSC Chemistry 10
and FactSage 8.4 software. The distribution behavior of elements between metal and slag phases
was established, and optimal temperature and slag composition conditions ensuring maximum
recovery of chromium and manganese were determined. The thermodynamic modeling results
were further supported by mathematical modeling, which established quantitative relationships
between technological parameters, oxygen balance, and metal recovery degree, confirming the
reliability and scientific validity of the obtained results.

Based on thermodynamic, mathematical, and experimental investigations, the author proposed
three technological routes for producing complex chromium-manganese ligature, differing in
charge composition and type of reducing agent. These approaches enable controlled regulation
of alloy composition and improvement of metallurgical process efficiency.

Of particular scientific and practical significance is the use of non-standard complex silicon-
aluminum reducing agents, including aluminum-silicon-manganese alloys, ferrosilicoaluminum,
and technogenic ferrosilicochrome dust. These reducing agents demonstrate high reduction
capacity, contribute to additional alloying of the metal phase, and improve resource and
environmental efficiency through the utilization of technogenic materials.

Experimental studies conducted at laboratory, pilot, and pilot-industrial scales confirmed the
effectiveness and technological feasibility of the proposed technology. Technological regulations
for smelting chromium-manganese ligature in a 100 kV-A electric arc furnace were developed,
ensuring high recovery rates of chromium and manganese and stable process performance. Pilot-
scale smelting confirmed the possibility of industrial implementation of the developed
technology. Techno-economic assessment demonstrated significant economic advantages

compared to conventional ferroalloys, confirming the high practlcal ah d industrial potential
of the proposed solution. WY
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The results of the dissertation research have been widely disseminated in scientific publications.
A total of 16 scientific works has been published on the dissertation topic, including 4 articles in
peer-reviewed journals indexed in the Web of Science and Scopus databases, 4 articles in journals
recommended by the Committee for Quality Assurance in Science and Higher Education of the
Republic of Kazakhstan, 7 papers in international and national scientific conference proceedings,
and 1 patent for a utility model. This demonstrates the high scientific level, relevance, and

recognition of the research results.

The dissertation is a completed scientific work containing new scientific and practical results of
significant importance for metallurgical science and industry. The obtained results are
scientifically substantiated, reliable, and have high theoretical and practical value. Kabylkanov
S.K. has demonstrated a high level of scientific qualification, independence, and professional
competence in solving complex scientific and technological problems.

Thus, the dissertation fully meets the requirements for doctoral dissertations, is recommended
for defense, and Kabylkanov Sultan Kaiyrbekovich deserves to be awarded the degree of Doctor
of Philosophy~(Ph.D.) in Metallurgy under the educational program 8D07202 — "Metallurgy".

Prof. Dr. Onuralp Yiicel ey -;.1;;; o
Metallurgy and Materials Engineering Department, s
Istanbul Technical University, Istanbul, Turkey



[leTenaik FhIILIMH KEHECLIIHIH MIKIPI

Kabvinkanos Cynman Kativipbexosuumity «Keutenoi kpemnuil anomunuini
MOMbIKCHI30aHObIPELIUL KOTOAHbIN, XPOM-MAP2aHel Iu2amypacit 6anksimy
MEXHONOZUACLIH 3epmmey JIcane 23ipaey» maKsipbibbIH0azbl QUCCEPMAYUANBLK
orcymoicer 8D07202 — « Memannypzusy 6inim bepy bazoapramacet bousiHua
¢unocogpus dokmoper (Ph.D.) dapeoicecin any yulin YColHblIEAH.

C.K. KaOGbUIKaHOBTHIH JOKTOPJBIK JUCCEpPTALMACHl CTaHAAPTTBI EMEC
KPEMHHM aJIOMHHHUINI TOTBIKCHI3AaHABIPFBILITAp bl NlaiaaHy apKblIbl KelleH1
XPOM-MapraHell JIMTaTypacklH OHIipy TEXHONOTHACHIH d3ipJieyre JKoHE FRUIBIMH
Heriszeyre apHATIFaH. By 3epTTey 3HEprHs JKoHe pecypc yHeMZIeyIlli 3aMaHayH
TEXHOJIOTHsLIap YLIiH, JOFaphl canaibl KeHJIepiH CapKbUIybl XKarJaibIHIa, TOMEH
CODPTTBI SHE TeXHOTeH/iK LIMKI3aTTHl NaiilanaHy KaXeTTimirine OaiIaHbICTEI
e3ekTi Oonein Tabeutagel. KemeHni KOphITIa METaJLTyprUsIBbIK Ypmcrepne
SHEPrHs TYTHIHY/bl TOMEH/ETYTe JKoHEe THIMALTIKTI apTThIpyFa MyMKIiHIK GepeTiH
TMePCIIEKTHBTI TEXHOIOTHIBIK, [IEMIiM GOIBIN TabblIaIbL.

AKymsicra XPOM JKoHE MapraHell KeHJIepiHe KelleHAl (U3MKa-XUMUSIBIK
3epTTeyiep Kyprisinmi. PeHTreHmik AMQpakUUANBIK —Talljay, CKaHepJiey1i
3JIEKTPOHABIK MUKPOCKOIHS JKOHE TEpMHUSUIBIK Tajliay CHUSAKTBI 3aMaHayH Tajlaay
smicrepi KonmaHeUiasl. Pa3aiblK KypaM aHBIKTAJIbII, JKOFapbl TEMIIEpATypalarbl
MiHEe3-KYJIBIK 3epTTenpi, Oy THiMAiI MeTaUTyprHsUIBIK YPAICTI KalbITaCTBIPY
YLUiH FBUIBIMH HeTi3 6epeni.

Jlucceprauusna asrop HSC  Chemistry 10 xeme FactSage 8.4
HargapraMaiblK KaMTaMachl3 eTynepu{ naiipanada otelpbin Fe—Cr—Mn-Si—-Al-
Ca-Mg—O KenKOMIIOHEHTTI xqmenepmnen TOTBIKCHI3[IaHy YpAICTepiHe KelIeH/l
TepMOJMHAMHUKANIBIK MOJIENbAey JKYprisai. Meramn ioHE KOX (azanapsl
apachlHIarbl SJEMEHTTEpHiH Tapalybl aHbIKTanibl. XpoM MeH MapraHeuTiH
MAKCUMaJIJBI IIBIFBIMBIH KAaMTaMachl3 €TETIH OHTAaWJIbl TEMIIePATYpPaJbIK JKOHE
KOKIBIK KaFaaiiiap Genrinesi.

TepMOIMHaMHKaIIBIK MOJETBALY HOTHIKEJIEPI MaTeMaTHKAJIBIK MOJCNBALY
apKBUIBI KOCHIMILA PacTallbl, COHBIH HETi3iH[e TEeXHOJOTHAIBIK NapaMeTpiep,
orreri 6ajaHChl K9HE METAJBIH ILIBIFBIM ,uapemem apachbIHJarbl CaHJBIK
Tayenninimep AHBIKTAN/IB], OYJ1 AIbIHFAH HOTHXENEPHIiH CEHIMAUIIT MEH FBLIBIMH
Heri3Ainiriy gesenaeni.

TepMOAMHAMHUKANIBIK, MATEMATHKANBIK JKOHE 3KCIIEPUMEHTTIK 3epTTeynep
Herisiuze aBTOp KeIIEH[i XpOM-MapraHel JIHraTypachlH —aiy YLIH YL
TeXHONOTMSUIBIK ~ OaFblT  YCBIHABL, ~ OJap  IIMXTa  KYpamblH  JKOHE
TOTBIKCHI3JAHABIPFBILI TYPIH ©3repTyre gerizzenred. By Tocliaep KoOphiTha
KypaMbIH Oackapyra MOHE MeTAJUTYprUsUIBIK YPAICTIH THIMIUIITIH apTThIpyFa

MyMKiHziK 6epei. :
Aﬁpbﬂ(ma FEUTBIMH JKOHE TIPAKTHKAJIBIK MaHBI3bl CTAHAAPTTBI EMEC KCLICHAL

erMHPIPIJ'Il _aJIFOMUHMI TOTBIKCHI3aH/IbIPFBILITAP/BI KOIAAHY Gouiblll TAOBLIAMIBI,
COHBIH ilIiHJE aTIOMOCHIMKOMAapraHel KOpBITIIAJIApH, (eppOCHIIMKOATIOMHHHH
JKOHE TeXHOTeHIIK (PeppOCHIMKOXPOM IHAHBL. Byl TOTBIKCBI3AHBIPFRILITAD



KOFapbl TOTHIKCHI3AAHY JIOpeKeciH KepceTe/li KoHe MeTaill (ha3achlH KOChIMIlA
seripneyre bIKMal eTelli, COHgaH-aK TEXHOTEHAIK MaTepHanaap/bl naiaanany
apKbUIBl pecypeTapiibl YHEMIEyHi aHe 9KOMOrHAJIBIK THIMALAIKTI apTTRIPY AL
KaMTaMachl3 eTefi. .

3epTXaHAIBIK, ipi 3€PTXAHAILIK KOHE @HEPKACIMTIK Macur-raﬁ-.rap{xa
JKYPTi3iireH 3KCIepUMEHTTIK 3epTTeyJiep YChIHbUIFaH TeXHONOrUAHBIH THIMALTITIH
JKAHE TEXHOJNOTHANBIK JKy3ere achpbuly MYMKiHAIriH pacTaibl. KyaTThUIbIFBI
100 KB-A oneKkTp AOFANEl NeuNHAe KeMIeHIi XPOM-Maprateil JHrarypachld
GaNKLITY YLIH TEXHONOrMs 23ipleHAl, 0N XpoM MeH MapraHeuTiH KoFapei
WBIFBIMBIH 7KOHE YPAICTIH TYPaKThUIBIFEIH KaMTaMacki3 eTel. lpl-3CPTX3H§ﬂbgl<
MacIITaGTaFsl GAIKBITY HOTHKeNepi 93ipieHreH TEXHOJOMHAHBI OHEPKICITIK
€Hri3y MYMKIHAIMH pacTajbl. TexHHKO-3KOHOMHKAIBIK faranay JaCTYpi
(eppoKopEITIaTapMeH  CANbICTHIPFaHAa afiTapibiKTail  IKOHOMHKAIIBIK
apTHIKIIBUIBIKTAP/B! KOpeerTi, Oy YCeIHbIIFaH meliMHIH JKOFapsl NPAKTHKABIK
KYH/IBUTBIFBI MEH OHEPKACINTIK d/eyeTid pacTaiisl. _

JlHCCepTALMAIBIK 3epTTey HOTHIKENEpi FhUIBIMH KapuANaHBIMIapJa KeHIHEH
wapusanasrad. bapnsirsl 16 FeUIBIMH enbex JkapusiaHFaH, OHbIH IIIIHAS 4 Maxkana
Web of Science xamHe Scopus JiepeKKOp/IaphIHa HHIASKCTEAreH peLEH3HANIAHATHIH
xypHannapaa, 4 Makaza Kasakcras Pecry6nukacel BillM  JKSHE  FBUIBIM

canacelHAarsl camaHbl KaMTaMachl3 €Ty KOMHTETI YCBIHFaH XypHamaapaa, 7

GagugamMa  XamblKapalblk  JKeHE  YATTHIK  FBUIBIMM KOH@)gpenunanap
MaTepHanapbia xaHe | marent Gap. By 3eprTey HOTIMEIEPIHIE KOFaphl

FLUTBIMH JeHreiiid, e3eKTiMITIH JKoHe TaHBUTYbIH KepceTei.
JluccepTals KaHa FHUIBIMH KOHE NPAKTHKANBIK HATHKCIEPAl KAMTHTBIH

AAKTANFAH FHUIBIMH #yMbIc 6oaBInm TabbUlabl, ONap METALIYPIUA FHUILIMEL MeH
eHepkacibi yLIiH MaHbI3[bl MOHIC HE. AJIBIHFaH HOTHXKeJiep FBUIBIMH TYPFbIAaH
Herisaenres, CeHiM/I /KoHe KOFaphl TEOPHANLIK api NPaKTHKANIBIK KYHABUIBIKKA He.
C.K. KaBpuIKaHOB FeUILIMM GLTIKTINIKTIH JKOFaphl JeHreHiH, HepOecTirii xoue
KYpAei FEUIBIMH-TEXHONOTHAJIBIK Macestenepai wewy kabineTin KepcerTi.
Ocpinajinma, AHCCEpTalMA  JOKTOPIBIK AMCCepTallMAsiapra  KOWBLIATHIH
TananTapra TOMBIK CaHKeC KeJle/li, KOpFayFa YChIHbLIabl, an Kabsuikanos Cynran
Kaiteipbexosuy 8D07202 — «MeTtannypris» 6inim Gepy Oarnapnamacs! 6oiibiHIIA
dunocodus goktopst (Ph.D.) JIapeseciH anyFa JIaibIK JIen ecenTenei.

Mep:  /blemambyn  Texnuxanvy; — Ynueepcumemi, — Xumus-memannypus
haxyromemi, haxyavmem xamuwicvl/

/xonsy/

FBiIBIMH KeHecLi,

ITpotpeccop, nokrop Onypann KOmxen

MeTamtyprus JKaHe Matepyantany Kadeupacol,

blcramGyn Texnnkaneik Yuupepenteri, bleramyn k., Typkus.
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Pecny6nuka Kazaxcran, Kaparanauackas obiaacts ropos Kaparanza.

JIBaguaTh TpeThe anpeis ABe THICAYH BaJLaTh ILECTOro roaa

51, PeimxaHoB bomatr PeiMKaHOBHY, HOTapuyC HOTapHajbHOrO OKpyra
KaparanauHcKkod obnactu, rocymapcrBenHas jmuensus Ne 23011680 Bbiaana
24.05.2023 roma MuHHMCTEPCTBOM  IOCTHLMH  Pecmybiuku KazaxcraH,
CBH/IETENLCTBYIO IOJIMHHOCTh NOANMMCHM mepeBogunka @onbmep EneHbl
[laBnoBHBEL ~ JIMYHOCTE TEpeBOAYMKA  YCTAaHOBIEHa, JEeCTOCOOGHOCTh U
MOJIHOMOYHS IIPOBEPEHBI.

3aperucTpupoBaHo B peectpe 3a No 1182
B3bickano: 2292 TeHre
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HorapuarTeik ic-apekertin Gipereii nemipi / YHUKAABHBIA HOMEP HOTAPHAABHOIO ACHCTBUA



