2212 B ¢ W

% 74 4F (1988) #E 115

© 1988 1SI3

111711111111111111
.'# =5
[ (=]

T

EEDEIF

[Efk7 o< A b &3 % Fe-Cr-C

B e B OE M

x H —

Thermodynamics of Fe-Cr-C Alloy in Equilibrium with Solid Chromite

Synopsis:

Kazuki MORITA and Nobuo SANO

The equilibrium between chromite and Fe-Cr-C alloy under CO atmosphere was studied at 1 500-
1650°C. Higher temperature and lower Pco were found to be favorable for the reduction of chromite.
Experimental results demonstrated that 1 wt%C-18 wt%Cr crude stainless steel may be directly produced

under Pco =1 atm at 1 600°C on smelting reduction.

In case of using chromium ore as chromite, the results were almost same as those with MgO-Cr,0; satu-
rated with MgO. This indicates that the latter can be used in thermodynamic simulation of the reduction of

chromium ore.
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HERAON TS 70 A ADBEMBRIT 7O 2T
2, BROIT-7 2L BETABLURIFELE L TGS
e, EERTAHE&E 3LRMIITIEFRERMIEY
Fe-Cr-C (wt% C=6~7) &€& % 5. L2LEOD
VOD #% AOD Fic X Ak TR COAME*ERT 5
Tedicit, RERBEDO XV Fe-Cr-C 84 DB
¥2F Lv, KIFECRBEMETCTRKESESIFTEERE
TELPE»LOBNFHTNEE LB TA5ENT, CO
FEATCTOEMKZu< A b & Fe-Cr-C &4 B DF
, ThbbEEPORFREL 7 a0 LBEORKREHN
EL7.

EEO 27 0 2gG51213 FeO % ALO; & IhTH
D, FOgEWHF I (Fe, Mg)O-(Cr, Al, Fe),0; &
FEshz), BLARCTEBRLEOEEBT ICEY
MﬂMCmADﬁSﬁE&T%.::fu,%ﬂ%%&
BEHLYRBICTLEDIC7u< 4 PELTEI
MgO-Cr,0; (—ECId KR 7 U A 86) %8 e L7,
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2-1 REREFIE

B Fe-Cr-C 84 L ANLWICHER L-2 0~ A b
MgO-Cr,0; ¥ 72 id KK 7 0 A8/ & % MgO %23
COFZHATT (1) RIH>THFHH, &P

FiBEL 70 LiBEEOBBRERN.
MgO-Crz03(s)+ 3 C(s)=

MgO(s)+2Q(s)+3CO(g) .................. ( 1 )
CIT_ BEXORRVEBHEPICHLILERT. 72,
sua<A PO Mg iZ—# Fe CTE#BE X CTWA RN
1H 52, KEBRO XS ZBILEEEKAT Tk FeO Dff
Bl <, (Fl2iF 1600°C, Peo=1atm, gc=0.02
THi Fe L P35 FeO DEE qreo=0.02) 7 0=
4 FHRTHD Fe DHEEIZERICANZ DT
2-2 B#

a4 b+ MgO-Cr,03 IZiHfLEBERE LD 20% 8
FI ORI MgO & RFE Cr,05 & #BWEALTHERLZS
D%k, RIRZJULGAICWRET 7Y HEE Table 1 ® %
DEHWE. SBIUP 7O LCRERREL, Y977
AYCRERMETZT 774 70y 2 OYHIF/E R
7=
2-3 EBREESHLIUERRME

L2l MgO # o b o (44F 20 mm, HFE 16 mm,
S 30mm 3 4AME 10 mm, AR 7mm, & S 40 mm)
RV, SiA AV —EOEETIE AlLO; 521 (4}

Table 1. Composition of chromium ore in South
Africa (wt%).
T.Cr T.Fe MgO AlO3 Si0g Ca0O P S

30.48 20.68  9.56 16.50  2.08 0.42 0.002  0.004

FEF1 63 4 2 A 3 H5f+ (Received Feb. 3, 1988)
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Ehk7 a<A b &FHET D Fe-Cr-C §&DENF 2213

Z10mm, WE6mm, =& 40mm) fEHL -,

AT EMB c & L7 Fe-Cr-C €WK 5g (£ 71
2g) BXUru<A4 b 1lg(F7130.2g) 2 LiEn3s
DIFICAN, TAVIFHORNT—ICEE LR, RE
BEICRANA Y = BICEAL, COTXTiR
CO-Ar BE&H 2% 70ml/min i L % A5 15h 483 L
7z, AREBICBVTE(1 )ROeH I BER L 5
TOBKBIGAS R S 1, e % 82 CPHEHE & iR
HILETELLPDD, AF NV 5g ¥ HVI-ERTIE,
12h DEBRTHOA I LEO Cri&FE L CREELD
BfRAT C-Cr 75 7 EC1ROBITITIFPE L 20T,
()Xo 15h THSFHFICHEFEL WL DL
Ex RBEEWO L Ar PR ZIREFIT ARG L4,
BEOMBESWMEIT O/, &b, yusfiAYHVTIT
DIZEBRD—E T, ERBROI AT OSHTR XHE
iz X 5Bt HOFEE T2 7.

3. RBRERBIUEE

3-1 COFRSKTT/OYA b MgO-Cr,0, % AL F-

ES 2

1550°C, 1600°C, 1650°C T CO1 ®EM b & THF
D7 EBHRE Fig. 1 IURT. AP 0ORFBREOH
meebilruBEIHEMLTWA., £, ALzu
AL NN ERDLODILEZRERBEIERIZIELLZTYT
o rbbhs, FliiE, 18wt% Cr HM% 1600°C,
CO1RETHEL DI, REREEIH 1.OW% T
BB EIIn. EROY O LAGAHDERMETIZB
T, A7 7HOBREIPIRKEVOTRITOEGIZIA T
TSN Z A NVRELOPLE DR a— A-25 57
RETHETTLEEZONTWAS, 2T, 2T -1
VX VREERAMICEEL TR ydhofgtr o
QX ABREEIRESCL I ENTENEI Y RE
BEMMEVZT VL ZHFAIEB O D EEI LR
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Fig. 1. Relationship between carbon and chromium
contents in molten iron equilibrated with
MgO-Cr,03 (MgO satd.) under Pcop = 1 atm.

5.

7, KPR ICHEREEEE IR TRLERL . &R
ETOEMIZIERSR L HBHL C—T L TWw 525,
1600°C, 1650°C @& Cr i#E#iP (wt% Cr>10) T
BHEGBHBEEIVEKCr (FH C) filicFhTtns, Zh
BHEATHIHETCHVWL Cr, COFEF— 5
1540°C DD THY, ZOREWEEZ L TWhWnED
LEzonD, BRitERDTOX )70, AEER
TREGR(1)ROKICAFHIFZELTBY, Z0OFH
EiF(2)RTHELLNS.

K, = amgo* GCrz'Pco3/( AMgO- Cry0;° ac3) """ (2 )
T, RiERY TR 7z MgO(s) + Cry05(s) = MgO-
Cry03(s) AERHEHBE T FVF— (AG = — 126 800
+47.3 T(J/mol)) B & U Cr,05(s), CO(g) DT H#e A
BREHZALF—295(1)ROHHT A VF—- AG",
rkon e, (3) A HLNL,

AG’y =— RTIn K, = 893700 — 551.9 T (J/mol)

F7, (2)RI2BVT amgo = AMgo-croy = Pco =1
DT, FRET(4)X~(6)RoBBRIB/LNS.

acz = 1664 acs (1 550°C) eoevnennnnnannraes (4)
ac:’ = 8033 g (1 600°C) srreerererernsannnns (5)
A2 =35710 @c® (1 650°C) ererroreraseenannns (6)

70 LDEREEDFEBIPREOEREKTS T 7 74 +
HEDHFEFRBICIKREYD 1540°C TOREME % AW
T, (4)R~(6)R%2FWRTAH LD % [wth C] & [wt%
Cr] L DB ERD 7.

Ricuarnson 522X % CO1 KET T Cr,05 & Ff+
HERHP DT 0 LREERFERE E OBFRD 1600°C T
DR ERER%E, Fig 2 CRERKER L B L T— 58
MTRY. MEOER, HODOERTR aero, =1 T
HBDIHL, REBTHE Gmgo-cro; =1, Qmgo =1
XD Gcro,=0.088VTH B Z LICERT S, RERE
REPD Qero, =1 DHEETFHLFESER L KPS

BIT/RT A%, T & RicuarpsoNn H DOEIZIZIF—FH LT
w5,
30
[ ]
8201 A
o / —e— Present work
Y --—after Richardson
L /" ) ------ Calculation from the
vt present work for Ocrpos=1
0 1 i 1 J 1 - 1 1 1
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wi% C

Fig. 2. Comparison between present work (equili-
brated with MgO-Cr,0; and MgO) and the data of
Ricuarpson (equilibrated with Cr,03).
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Fig. 3. Relationship between carbon and chromium
contents in molten iron equilibrated with
MgO:Cr;03; (MgO satd.) under Pco = 0.5 atm at
1600°C.
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Fig. 4. Relationship between carbon and chromium
contents in molten iron equilibrated with chromium
ore under Pco = 1 atm at 1 600°C.

KIZ Peo=0.5atm, 1600°C THrD - EBRER%,
Peo =1atm DA & B L T Fig. 3 12787, 18wt%
Cr 8% 1B35 70 LELKRFIRERZ, Pco=1atm
DOPE 1wt% THho7=DIx L, Peo=0.5atm DI
S5 0.7wt% THAHI b s, KB Fig. 1
IR L7z 1600°C, Peo = 1atm (2B 5 A7 O EER
HEISEBONT g’ & ac’ PBIOBEREYFIC X S
2% Peo=0.5atm OBE LM L TRD - T
RBThsH FEBRERELTFUFEFHREBI—ELT
Wi,

3-2 COFHKRTTCRAI/OLERAZAWL-ER
1600°C, CO1 RHET TRk a~<A b & LTRRY
OAgATHWREBRERE Fig.4 IZRT.
MgO-Cr,0; 2 HW/ABA L BIFFRLCMEHEICED T
5. fFETAH 7028 AF D Cry03 OEEAHETB O
0.088 % M x 723 A 1213 MgO 2T & e L T
MgO-Cr,03 Z M L Cry,0; DOIEEAT 0.088 ¥ T A
HUEEENHBHDT, ZORBOFEEIET H 72012
03 RSO RERED % v Al,03 5213 % —F 0
EBRTHW. Zhid, MgO A2 v HW/2FE, %52
(TR E T MgO-Cr 03 254K T AT EHAFD acryo,

BERLNLETFTHINLZDTHDL, EBRICE Fig. 4
DEBNDLEZODIEFHICEILEERIED LT,
MgO-Cr,0; PEFBEFRR 2T iwvnh o LYl L
7-.

B, HeaY? R &M 7 u A 80 REREITT LIEE,
1600°C T 1.2wt% C-30wt% Cr B E o5 &
FEIEBEREARLTBY, ZACINEARAEBRER
(1.7wt%) FOERFZFBREORGEIFHELLL I LIIE
5. AT DO MgO-Cr,05, MgO-AlLO; DAY
FNERIE RS HEES 2 T5 LREL T 55, EBR
BRIV OHERE RO L B HEBREGrOACREE L
EEkx 2 50T, D Mg0O+Cr,0; DifFEDHEEE
DBEDFREBRER DXL 2O THEN-L O LHEFT
25,

37, EBBOFATOBILSGFRIZLALETLINT
BY, XHBEFEOEREHLG O LERBIF L7 0~ A
F ik MgO:(Cr, Al),0; THAHZ LA bhD7. 70
<4 FHIZ AlLLO; A5iR A L MgO-Cry,05 OiHEA T A
DTWAILLLb 6T, MKk MgO-Cr,0; V7
BALIZERUERPESLR TS DI, MgO 52103
PHWCHEED 7O PO MgO OIEFEH 1133E
LTwZWwaT MgO 29365 2354512~ T Crp0s
DEEHF LA, R E LT MgO & MgO-Cry,0; 73t
35 31 0BG EREL Cr0s DIEEOE (0.083)
ol EMNTE S,

4. =

EfkZ a<A b & Fe-Cr-C 64RO % CO FXPH
AT 1550~1650°C CTilsg L7z#/R, COmEZT
BRICTAIEE Y 0 LA0@TKISEHEITL, 1600°C,
Peo =1 atm, MgO fafilod MgO-Cr,03 7T T, KHE
TEREAS 1wt% LT 18 wt% Cr Ml % BrlRICICK YD
HES AL MTRES * 2L Iz L 7.

7, KRR 08 /%D Cry0; DifiEIE MgO T
R0 L 72 MgO-Cr,0; f1d 24 (0.088) L IZIFFEL W
I b0 l0T, EEOHA ORI % R
KRBT AHIGE, HigOSR 7oA P e HRTHLInE
W TES.
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