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VkpaiHcokull depxcasHuli yHigepcumem HAayKu i mexHosoziti, M. /IHinpo, YkpaiHna

Beryn. Ilepepo6ka MiHepaqbHOI CHMPOBMHM Ta TeXHOT€HHMX BigXomiB 3a
IIOTIOMOrol0  TBepA0Gha3HOTO BiJHOBJIEHHSI [OO3BOJISIE 30iMBLUIUTU  BUIYUYEHHS
JIETYI0UMX eJIeMeHTiB, pery/Jl0BaTy BJIACTUBOCTI KiHIIEBOTO MPOAYKTY Ta TUM CAMUM
3HAUYHO CKOPOTUTM MaTepiajbHI Ta e€HepreTuuHi BuTpatu. MeTow [aHOro
IOCJiIKeHHST € aHali3 (Pi3aMKo-XiMiYHMX 3aKOHOMipHOCTEeN Mpollecy BiTHOBJIEHHS
3aJ1i30XpOMMCTOI MIMXTH, 10 3a6€3eUyI0Th 3HVDKEHHSI BMiCTY BYIJIEI[IO Y TBEPAOMY
MMPOAYKTi.

OcHOoBHMIT Marepias. VY TexHiuHiii JiTepaTypi MOOCUTb [eTaJbHO
MPOaHa/Ii30BaHO Pi3HOMAaHITHI TEXHOJIOTIUHI acIIeKTM OTPUMMAaHHS Pi3HUX I'y04acTUX
agiratryp ("amp. [1]). a8 KOMIUIEKCHOTO BUpIlleHHSI IIOCTaBJIEHOTO 3aBJAaHHS
HeoOXimHO  BM3HAUMTM  (i3MKO-XiMiuHi  yMOBM, 3a  JOMNOMOTOI0  SIKMX
MOXKHA PeryaloBaT BMICT BYIJIEI}0 B KiHIIEBOMY MPOAYKTi TBepmoda3HOro
BiJHOB/IEHHS MIUXTU. Y 3B'SI3KY 3 IIMM € IepPCIIeKTUBHMMM IBa HAIPSIMKU TONITYKY
pPO3B'sSI3aHHS 3a/aui: ONTMMIi3allisl TapamMeTpiB BYIJIELIEBOTEPMIUYHOTO BiJlHOBJIEHHS
CKJIQHOI IIMXTM 3a [JOIMomMoroxn ¢GakTOPHOTO aHali3dy, a TaKoX OlliHKa
TepMOAMHAMIUHMX i KiHETMUHMX acIleKTiB IIpollecy 3aayyeHHs KapOimHoi dasu y
BiTHOBJIeHHSI. BMKOHaHI HamMM [OCTiIKEHHS TO3BOJISIOTH BMOpATM OITMMAbHI
YMOBM, $IKi 3abe3meuaTb CYTTE€Be 3HMKEHHS BYIJIEI}0 B KiHI[EBOMY IPOIYKTI,
BUKOPUCTOBYIOUM OTpMMaHe piBHSHHSI perpecii. OgHaK IIi HaNpsSMKM OOMeKeHi
TeMIlepaTypHMMM paMKaMu TBepao¢da3HOro BigHOBJEHHS, IO He Ja€ 3MOTU
3HU3UTU BYIJIellb MeHII 2,5%.

BomHouac 3anmyueHHS KapOimiB y Iipoliec BigHOB/IeHHS € e(QeKTUBHUM
criocobom 3HIDKeHHS Byriemio. AHami3 piarpamyu Cr-O-C [03BoOJISIE BU3HAUUTHU
TepMOAMHAMIUHI TapaMeTpM ydacTi KapOimiB y mpolieci BimHOBIeHHS, 006jacTi
CTaJoro icHyBaHHS pisHux a3, TemmepatypHi Mexi. Ciii Takoxk BpaxoBYBaTU
KiHeTMYHi 0COGIMBOCTI yyacTi Kapb6ifiB y mporecax BiZHOBIIEHHS Ta BIUIMBY Feyer.

OTpuMaHi ekcrepuMMeHTa/IbHI JaHi [2] cBiguaTh MpoO Te, IO XapaKTep BIUIUBY
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nm00aBOK Feyer Ha KiHeTUKY BimHOBIeHHS Cr;Os BibHUM ByTjeneM i Kapoigom CrsC,
MpSIMO MPOTWIEXKHUI. 3HauHe IIPUCKOPEHHS IMpPollecy B OCTAaHHbOMY BUMAIKY
BKa3y€ Ha JOJATKOBI MOKIMBOCTI TBEpPIOTO MPOAYKTY SIK 32 PaXyHOK PO3BeIeHHS
Ji0ro 3aj1i30M, TakK i IIJISIXOM IMOCMJIEHOTO 3aJlydeHHsS KapOimHoi ¢asyu BimHOBIEHHS
OKCUIY XPOMY.

BBeneHHS Feyer Y IIMXTY CYTTEBO 3MiHIOE KiHETMUHY KapTUHY Iipoliecy. [lepi
3a BCe, IIPUBEPTAE yBary TOi (akT, 10 MPUCYTHICTb Feyer 3a0e3Mmeuye BiTHOBIEHHS

Cr;0s kap6igom CrsC, Bxke rmpu Temmepartypi 1473 K (puc. 1).
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Pucynok 1 — Kinetuka BigHoBmeHHs1 Cr203 Kapbimom CrzCy 6e3 106aBoK (2,4) Ta'y
MPUCYTHOCTiI MeTasieBOro 3aiisa (1, 3, 5) mpu aTOMHOMY CITiBBigHOIIEHHi
Fe/Cr=1: 1 - 1473K; 2,3 - 1573K; 4,5 — 1673K

[Migiiom mo 1573 K ¢dopcyBaB mpoliec, a BBeOeHHS 3aji3a 30iJabIIyBaio
MBUIAKICTh y ~1,3 pasiB. CTyIiHb BiAHOBJIEHHS 3pa3Ka, IO [OCSITAETHCS 3a
0,5 roguuu, cknana 70 %. Ilomi6Hi 3pylileHHS y IPUCYTHOCTI 3aji3a Main Miclie i 3a
1673 K, a ctymniab BigHoBieHHS mpoTsarom 20 xB mocsrana 80 %. Takuit ramboKumit
PO3BUTOK Tipoliecy npu 1573 i 1673 K cBigumTh Mpo MOSIBY TBEPHOrO MPOIYKTY Ha
6a3i HiK4oro Kapoimy xpomy CrasCe.

Ocob6mmBocTi BININBY Feyer Ha KiHeTUKY BimHoBeHHS Cr,Os Byrenem i 3MiHM

MeXaHi3My IIbOTO BIIMBY HAOUHO LJTIOCTPYETHCSI PUCYHKOM 2.
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Pucynok 2 — Kinetuka BigHoB/neHHs Cr,03 rpaditom npu 1573 K mpu aToMHOMY
criBBigHouieHHi Fe/Cr=1 ta C/0=0,5: 1 — 6e3 Feyer; 2 — 3 106aBKOIO Feyer
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BBeneHHs y cuCTeMy 3ajli3a 3HWXKYE aKTMBHICTh XPOMY 3a JOIMOMOIOI OTO
pPO3UMHEHHS y 3aji3i, 10 y KIHIEeBOMY pe3y/bTaTi 3HMUXXYE BYyIJIelb Y CUCTEMI.
OTpuMMaHi TepMOAMHAMIiuHI [aHi OJHO3HAYHO CBiguaThb MpPO 3HAYHE 3HMKEHHS
BYTJIEIIIO 32 pPaXYHOK BBEJIEHHS Y BiTHOBJIEHHS KapOimiB.

3 ypaxyBaHHSIM BMK/IQAeHOro IIpOAHaji30BaHO IMOBipHiICHUII MeXaHi3M
BIUIMBY Feyer HA KiHeTUKY ByTjieleBoTepMiuHOro BimHOBIeHHS Cr;0s. Beryn CrsCs y
BigHOB/NeHHS Cr;Os 3MiHIOE XapakTep BIUIMBY Feyer Ha KiHETUMKY mpoliecy.
[Tepexkpucranizauisi CrsC; y Cr;Cs BigKpuBa€ MOXJIMBICTb YTBOpPEHHS 3MilllaHOTO
Kkap6imy (Cr,Fe);Cs. OcTaHHiii MOXXHA PO3IISIAATU SIK MIPAKTUYHO ileaqTbHMIT PO3UMH
XpOMY i 3aji3a B peIliTIli 3aMillleHHs CIiIbHOro Kap6imy [5]. YTBOpeHHSI Takoro
PO3UMHY CIIPUSIE PO3BUTKY peaKilii

3Cr,05 + 11/7CO = 2/21Cr:Cs + 9/7C0O2 i 7/5Cr35C; + CO; = 3/5Cr;Cs + 2CO

BHACJIIOK 3MEHIIeHHSI aKTMBHOCTiI KapOimHoi dasu, 10 3'SBaSE€TbCI. Tomy
npuckoproerbest peaxuist 1/3Cr,0s + 9/5CrsC; = 213/15Cr;Cs + CO, mo omucye
BigHOB/eHHS Cr,03 B 11i10My, ase i3 3amiHow Cr;Cs Ha (Cr,Fe);Cs.

BucHoBOK. Haii6inbin eheKTUBHMM METOIOM 3HMKEHHSI BYIJIELI0 MOXKe OyTu
IopobKa TPOAYKTY TBepAodasHOro BiJHOBJIEHHSI 3a [OOMOMOTOI OKMCHOTO
padinyBaHHs [2] ab0 HUISIXOM BUKOPUCTAHHS OTPUMAHOTO IMPOAYKTY SIK TBepIuit
BiZHOBHUK [3]. OTKe, TEXHOJIOTIUHO MPOLeC CKIALAETHCS 3 IBOX €TalliB: OTPUMMAaHHS
BYTJIEe1IeBOTO HAITiBIIPOIYKTY Ta MOAAjbIia ioro gopooka.
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PHYSICO-CHEMICAL BASIS FOR OBTAINING LOW-CARBON SPONGE ALLOYS
Grishin Oleksandr, Nadtochij Anzhela, Petrenko Vitaliy, Kyrychok Vladyslav

Abstract. The alloying materials obtained by the technology of solid-phase
reduction have higher physical and chemical parameters in comparison with
traditional ferroalloys. A thermodynamic analysis of the Cr-O-C system in the
temperature range of 1273-1673K was carried out, which makes it possible to clarify
the possible ways of developing carbothermic reduction of Cr,Os with the formation
of stable and unstable solid products at various C/O ratios in the charge. The
thermodynamic and structural shifts caused by the presence of iron in the reacting
system are analyzed. The available possibilities for reducing the carbon
concentration in solid reduction products are considered. A regression equation was
obtained using the factor analysis method, which determines the influence of
various parameters on the carbon content in the product.

The kinetics of reduction of Cr;Os in the presence of iron has been
experimentally studied. The features of the effect of iron introduced into the charge
mixture in the metallic form and in the form of oxide on the development of the
process at different temperatures and at individual stages of Cr,Os reduction are
revealed. Ideas about the mechanism of the influence of Fe on the rate regularities
and the depth of chromium reduction from the oxide phase are developed.

Keywords: solid-phase reduction, spongy alloying materials, regression
equation, iron, kinetics.
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