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1. HAVKOBE OBI' PYHTYBAHHS TA TEXHOJIOTTYHI 3ACAIIV OJIEPYKAHHS 3AJII30-XPOMUCTUX T'YBYACTUX
JUTATYP [ BUPOBHUIITBA CIIELIAJIBHMX MAPOK CTAJII TA [IOPOIIKOBMX MATEPIAJIIB

2. Scientific rationale and technological principles of obtaining iron-chromium sponge ligatures to produce special
steel grades and powder materials

Pedepar:

1. Inceprauiiina po60Ta NPUCBSIYEHA BUPIIIEHHIO BaKJIMBOI HAYKOBO-TEXHIUYHOI IP0O6IeMH siKa noJsirae y ¢pisuko-
XiMIYHOMY OOI'PYHTYBAHHIO, pO3pO01li TEXHOJIOTI{YHUX aCIIeKTiB, 11[0/10 BIIPOBA/I)KEHHS Y METaJlypriline BUPOOHULITBO
ry6uactux Fe — Cr siratyp, siKi OTpMMaHi 3a TEXHOJIOTi€I0 TBep0(Pa3HOr0 BiIHOBJIEHHS] 6PUKETOBAHOI MINXTOBOI
CyMillli 3 BUKOPUCTaHHAIM XPOMOBOI PYAY Ta XPOMOBMICHMX TEXHOT€HHUX MaTepiajliB 3 METOIO IMiIBULLEHHSA
BUJTy4€HHS [TPOBIIHNX KOMIIOHEHTIB, 3MEHIIEHHS €HEPIeTUYHNX Ta MaTePiaJIbHUX BUTPAT Ta MiJBUILIEHHS CTYIIEHS
3aCBOE€HHS XPOMY METAJIEBUM PO3ILIaBOM. [IpoBeieHO TEpMOIMHAMIYHII Ta KIHETUYHUI aHAJIi3 OKUCIIIOBAJIBHOI

ras3udikaliii Byrsielo, B 3aJI€>KHOCTI Bifj TEMIIEPATYpHU Ta CKJIaAy OKMCIIIOBaIbHOI asu. BukoHaHo ¢izuxo-ximiune



OOI'PYHTYBaHHS MO>KJIMBUX 3aXO0/iB, 1070 iHTeHCcUdiKallii npoueciB rasudikatii ByryieneBux MaTepiais Ta
OKHCJIIOBaJIbHOI KOHBepCii MeTaHy. Briepie TeopeTnyHO OOIPYHTOBAHO MeXaHi3M iHTeHcudikanii mpouecy
rasudikarii Byrienio miasxom BBEIEHHS B IUXTY FemeT.. BUKOHaHO JOCIiIKEHHS BIUIMBY JO0OABOK COJIEN JTy>KHUX
metaiis (K2CO3, Na2CO3) na kiHeTuKy razudikalii ByrjaeLneBUx MaTepialiB B pi3HMX yMOBaX. BUKOHaHO
TEOPETUYHE OOI'PYHTYBAHHS Ta €KCIIEPUMEHTAJILHO MiATBEPIyKeHa OKUCIIIOBAIbHA KOHBEPCis MPUPOLHOTO razy Ha
IIOBEPXHI BiIIHOBJIEHOTrO 3ajii3a i3 3aiy4yeHHsIM cKaagHoi razosoi ¢pasu (CO2, H20, 02). BukonaHo disuko-ximiune
JOCJIiZIPKEHHS BYTJIeLleBOTEPMIYHOTO BiIHOBJIEHHSI XPOMY B ITPOCTHUX i CKJIAJHUX CUCTeMax. BusHaueHo
TeMIIepaTypy MOYaTKy BifHOBIEeHHS (T11) XpoMy ByrjelemM 32 yMOBU 3MiHU 3arajibHOTO MapLiabHOrO TUCKY rasiB
(CO+CO2). 3a pesynpTaTaMy PO3PaxyHKy piBHOBaXXHOTO CKJIanly ra3oBoi ¢pa3u nobynosaHa fiarpama cucremu Cr —
O - C, Ta BU3HaY€eHi yMOBY iCHyBaHHS CTabiIbHMX Ta MeTacTabinbHuX ¢a3. Binnosnenns Cr203 no Cr 3Ha4yHO
I0JIETIYETHCSI [TPY PO3YMHEHHI OCTAaHHBOTO B 3aJ1i3i. [Ioka3aHo, 10 YTBOPEHHS Kapobily XpoMy CyTTEBO 3MEHILYE
TeMIIepaTypy [OYATKy NpoLecy. 3alporIoHOBAHO (Pi3NKO-XiMiYHYy MOZEJb BilHOBIEHHS XxpoMy i3 Fe(CrO2)2 ta
dopmyBaHH# ckiagHoro kap6iny (Cr,Fe)mCn. [TobynoBaHa fiarpama TeMIlepaTypHOi 3aJ1€KHOCT] piBHOBaXKHOTO
cKJIafly ra3oBoi a3y, sika MmiATBepAKye MOoCioBHE BUAHOBIIEHHS 3aj1i3a Ta XpoMy. Briepie BUKOHaHO
T€PMOJVMHAMIYHUI aHaJIi3 BiIHOBJIEHHS XPOMITY 3ajli3a B yMOBax Ae(piuuTy Byraeno. TepMoguHaMivHO
IiATBEPAKEHO MOXKJIMBICTD BiITHOBJIEHHS XPOMITY 3asliza Kapb6inom 3asniza Fe3C. Briepiie ekcriepMeHTaJIbHO
niATBEpAKEHA JBOCTaMiliHa MOJIe/Ib MeXaHi3My TBEPA0(pa3HOro BiHOBJIEHHS XpOMY ByrjeneM. JJocigkeHo
CKJIQ[IHUI XapaKTep BIJIMBY FeMeT Ha KiHeTUKY BYTJIeljeBOTEPMIYHOTO BiJHOBJIEHHS XPOMY Ta 30ibLIE€HHS IIMOUHU
BiZIHOBJIEHHS. Bniepiie, cnupaioynch Ha Pe3yJIbTaTh TEOPETUYHUX Ta €KCIIEPUMEHTAIbHUX JOCIiI)KEHb, PO3KPUTO
MexaHi3M iHTeHcnQikyto4oi Aii 3asiza Ta MarHeTUTOBOTO KOHLIEHTPATY [JINOOKOTro 36arayeHHsI Ha BiTHOBJIEHHS
XpOMY.

2. Dissertation for the degree of Doctor of Technical Sciences in speciality 05.16.02 - "Metallurgy of ferrous metals
and special alloys" - Ukrainian State University of Science and Technology, Ministry of Education and Science of
Ukraine, Dnipro, 2024. The dissertation is devoted to solving an important scientific and technical problem, which
consists in the physicochemical substantiation and development of technological aspects for the use in
metallurgical production of sponge Fe-Cr ligatures obtained by the technology of solid-phase reduction of
briquetted charge mixture using chrome ore and chrome-containing technogenic materials in order to increase
the recovery of leading components, reduce energy and material costs and increase the degree of chromium
absorption by the metal melt. The thermodynamic and kinetic analysis of oxidative gasification of carbon
depending on the temperature and composition of the oxidation phase was carried out. A physicochemical
substantiation of possible measures to intensify the processes of gasification of carbonaceous materials and
oxidative conversion of methane was performed. For the first time, the mechanism of intensification of the carbon
gasification process by introducing Femet into the charge was theoretically substantiated. The influence of
additions of alkali metal salts (K2CO3, Na2CO3) on the kinetics of carbonaceous materials gasification under
different conditions was studied. The oxidative conversion of natural gas on the surface of reduced iron with the
involvement of a complex gas phase (CO2, H20, O2) was theoretically substantiated and experimentally confirmed.
A physicochemical study of the carbon-thermal reduction of chromium in simple and complex systems has been
carried out. The temperature of the beginning of chromium reduction (Ts) by carbon was determined under the
condition of changing the total partial pressure of gases (CO + CO2). Based on the results of calculating the
equilibrium composition of the gas phase, a diagram of the Cr - O - C system was developed, and the conditions
for the existence of stable and metastable phases were determined. The reduction of Cr203 to Cr is greatly
facilitated by the dissolution of the latter in iron. It is shown that the formation of chromium carbide significantly
reduces the temperature of the process. A physicochemical model of the reduction of chromium from Fe(CrO2)2
and the formation of complex carbide (Cr,Fe)mCn is proposed. A diagram of the temperature dependence of the
equilibrium composition of the gas phase was constructed, which confirms the sequential extraction of iron and
chromium. For the first time, a thermodynamic analysis of the reduction of ferric chromite under carbon
deficiency conditions was performed. The possibility of reducing ferric chromite with Fe3C iron carbide was
confirmed thermodynamically. For the first time, a two-stage model of the mechanism of solid-phase reduction of



chromium by carbon was experimentally confirmed. The complex nature of Femet influence on the kinetics of
carbon-thermal reduction of chromium and the increase in the depth of reduction was investigated. For the first
time, based on the results of theoretical and experimental studies, the mechanism of the intensifying effect of iron
and deep-enriched magnetite concentrate on the reduction of chromium was revealed.
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