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Reduction Behavior of Chromite with Carbon in Various
Atmospheres and with Flowing CO Gas

Synopsis:

Hiroshi G. KATAYAMA

Relatively pure chromite from the South Africa was reduced with graphite powder in the atmospheres of
CO, Ar; and a vacuum, and the differences in the reduction behavior were investigated. Then, the reduction
with flowing CO gas was also studied to compare with the former.

The results are as follows:

1) The reduction process of the chromite with graphite consisted of the following three stages in every

atmosphere used:

(Mg, Fe) (Cr, Al, Fe),0, — (Mg, Fe) (Cr, Al},O, — Mg(Cr, Al),0, — MgAl,O,+MgO
2) In the Ist and 2nd stages, the reduction rate was about the same for CO and Ar atmospheres, while
it was much lower in vacuum. On the contrary, in the 3rd stage the rate was the highest in vacuum, followed

by Ar, and finally by CO atmospheres.

3) Below 1 100°C, carbon deposition was observed during the reduction with graphite in the CO atmos-

phere and with flowing CO gas.

4) The amount of carbon dissolved in metal by carburization during the reduction with flowing CO gas
increased with temperatures up to 1 200 °C, but decreased above 1250 °C.

5) The reduction with the flowing CO gas was much slower with graphite. The reduction in this
process indicated a preference of the iron oxide over the chromic oxide.

1. #

BHI Y 0 AEEONERNC X 5 FHETEY? ©
HEMEZEDTHEY, TTIC ArQiPekiTs oo
<4 FORERTEEL SUCETHEIL S LE T oM
BB X UREESFSOEECOWTHE LY. LirL
EEOFHETEN O FALIE CO EREVD T Ar &
RO FE S B SEHLICFENRIG & #El 3 2 Ricid vy
V. FOHABICE VT 7024 ba CO K
mHIC TRERTT LB o BB R A, MELe £
Ar [P XU EZHOBRILER TV, FHKT
Kb BAE (Peot+Pco,) WXBHEBBTLEHD Libddb
B TRE L7

DAEDEBSEE L s ovf hOREBTIIDLL &
S BS OFIC I E L -7 2 Bk o 4% LREIERIC
CO W ZIBTTH G & Boudouard K G258 KAEE - U -CH 8

il

B HERT T 5 EHESN, LB 2ToavA hORKE
BTG R — & < BURT 51003 Zh S RS OB &
MAHUENRBB EEZBNS. X\ by Boudouard
R OWTVEER S < OIED 235D, RICHERE L3
Sl ENTWED, Zov4 b @ CO #ETH
[ERE DA MRINTE LT, ZORCHEDOEEE
TERL»TOFRPEORMTHS. T I TREETICTIH
W CO #ARTTETHEVBIGHEE, REMDS IO
REATAEL, BohiEReonT 2, 3 FEE L.

2. BAAOFeIRRE

KRD S o <24 MIHROBEMR 2 €A VEIEKRTS
D FOBIIFERIFR G E ORI Twvisy. Ll
BE—AEZNVEDWTIE FIATE BN ET — 4197
DRHBHOT, RERTIKBWTHRGRAMEEZN LT
T % & DRHRIKSI D CIROERIGIC b &P WTE)

* HEAN 50 4 10 BALHMEASKTREE B 51 £558 13 A% (Received May 13, 1976)
o S THAY4LSETEE (Dept. of Metallurgy, Muroran Institute of Technology, 27-1 Mizumoto-

cho Muroran Hokkaido 050)



% 63 &£ (1977) 25

208 % 8
SR B
/16{0 TET o N o/ 0 FERVINSINSIUPIINRDINTTITIIT o B
FesO,+4C0=3Fe+4C0, -----rrmermmvmremninnaeaa (2)
FeAl,O,+CO=Fe+ALLO;+CO;-----ee0eee--- (3)
FeCryO,+ CO=Fe+CryO3+ COyevcerrvreanianna (4)
3CryO0;3+ 17CO=2CrgCy+ 13C0; -++eereerreeieanne (5)

7Cr;03+33CO =2Cr;C3+27C0; 1o vevverveennnn (6)

3MgCr,O4+ 17CO =2CryC,+3Mg0O +13CO, (7)

7MgCr,04+33C0=2Cr,C; 4+ 7MgO +27CO, (8)
ek, Cr0s X MgCr,Oy @ BRI WL (B)
~(8) RDiIFH CryCs KIVEE I v o BERTER
JGbhH X ONDEDBEEROEMT TRHRY T VOTH
B L7z

IO DRSO Peo,/Peo Hevd Fig. 1 kiR
# A0 LE latm i 3 1) 5 BERTIBEE
i, FHNENOFEM Poo,/Peo Itihif & Boudouard [
& (ee=1) XL DREETHY, FeOy FeAlO,,
FeCr,0,, MgCr,0y DIHICETCIN TV I Lo
5. %7 Cr,0; 35 X0 MgCr,0, ORI BV TIE
& (5) & (6), K= (7) & (8) @ Fiism Erihfins
TN 1220°C B XUT1280°C it BWTRDL2T
BD, LK o2TIhboBERREWIC LTERRR TR
CryCy, WRMAITIE CrrCy 23K LT 0

T

0\_\-
(2)

log {Pco.!Pca)

~4.0

800 1000 1200 1400
Temperature (°C)

Fig. 1. Equilibrium Pgo,/Pco ratio for reactions
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Table 1. Chemical compositions of chromite used for reduction with graphite.

CrO, | FeO

i Fezog Si Oz

Al O,

MnO CaO MgO TiO, Ig. loss*

53.83 | 15.33

|
3.99 0.69 |

12.31 ]

0.27 w | szj 0.63 0.21

* At 900°C in Ar flow.
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Fig. 2. Reduction curves of chromite with gra-
phite in atmospheres of CO, Ar and
vacuum.
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Fig. 3. Temperature dependence of reduction
degree of chromite with graphite in atmo-
spheres of CO, Ar and vacuum.
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Fig. 4. Variation in total pressure during reduc-
tion of chromite with graphite under
vacuum,
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Fig. 5. Variation in weight loss with tempera-
tures during reduction of chromite with
grapbite in CO atmosphere.
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Table 2. Results of X-ray diffraction of chromite reduced with graphite.

Temp. Chromite MgAl,O, a-Fe (Cr, Fe);Cy
) Ar CO Vac. Ar 6{0] Vac. Ar CO Vac. Ar cO Vac.
1050 O O O O O O
1100 O @) O O O O O O ?
1200 O O O O O @) ?
1300 O O O O O O O O O
1400 | O O @) O O O @)

Reduction time : 120 min.
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Table 3. Chemical compositions of chromite used for CO reduction.

Cr0;, | FeO { Fe,O4 Si0,

AlL,O4

CaO MgO “ Ig. loss*

, L
54.62 14.82 | 3.67 i 0.35 |

11.11

| MnO ;

0.27 0.13 | 13.18 0.24

1

® At 900°C in Ar flow.
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Fig. 8. Experimental apparatus for CO reduction.
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Fig. 9. Weight loss curves during reduction of
chromite with CO gas.
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Fig. 10, X-ray diffraction patterns of chromite
reduced with CO gas at 1000° and
1 300°C.

iz LTSRS, Txbb LO0°CLITORET
ERDETTIC X D EEVSBAT 5B RIGCHIIC 5 L34
oMz R Y. THERIGEBCREBEOWH S 72
DTHD, EFORETED ST Ly FO LD %
BORESHER L Tz, —7F 1100°C LLEDRE T
BBV TIRRCHEE G EREOHE LD
bhindoic.

mmaEtfhic ot CuKe #ic X b XBEH2TR D
Foo TORFEFE LT Fig. 10 i 1000° F X0 1300°
C T Sh B LREORFREZTRT. 2a<4 b
DEFE—~ 7 ETIRED ERIC & 7o TREICEL
5 EEDTEFDORE WL SAEAERIBENT 5.
ERWOEIFE— 213 20=44°60" (HEICED HSNERE
BIALED I v ABITRRELZELALELMREL /2.
(Cr,Fe)2Cs X TX (Fe, Cr),C wvwdFhoziilicksny
ThgTEL»o0h, 1250°C Ll EosgEIeatE ¢t
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Table 4. Results of chemical analysis of chromite reduced with GO gas.

| Content (%)

Metallization degree (%) | Oxygen removed

Temp. Time | | (%)
(°C) (min) | mFe | MCr . C | Me C Me | Mg H R, | Rw
‘ , |

1000 = 120 2.99 0.08 = 0.413 ' 16.26 | 0.07 450 4.16 6.53
| 300 3.60 0.03 | 1.042 | 2556 | 0.07 | 7.05 | 6.47 9.83
1050 | 300 551 ¢ 0.1 | 0701 ! 3911 | 030 | 10092 - 923 | 11.08
1100 | 18 . 5.05 ° 007  02% ' 358 | 018 | 9.95 853 | 1211
# . 360 . 6.66 - 0.57 . 0482 | 47.23 | 1.52 . 14.04 . 11.72 | 16.24
1150 300 | 7.04 | 1.22 | 0518 | 4998 | 3.28 16.06 | 13.32 | 17.58
1200 | 180 | 7.19 | 054 | 0.380 | 51.06 | 1.43 15.01 : 12,07 | 17.68
P 300 789 | 1.58 | 0622 | 5598 | 4.24 1841 | 1517 | 20.45
1 250 300 8.90 i 235 | 0551 | 63.14 | 6.28 21.86 | 18.06 | 22.88
1 300 180 8.28 0.88 0.353 | 58.80 | 2.36 17.81 | 14.21 | 20.03
P 300 | 10090 | 2.87 E 0.284 = 73.80 | 7.67 2578 | 21.08 | 27.04

§

(Cr, Fe),Cy &Bbh H[EHTE ~ 25 fEE MK 5D 5
nyz.

WIGETTAFHC DWW CTRBRSIT 2T L L b, &
B#kE XU o s gilEm LT Thog&BbRE K
Wiz, ThLOERI—FELT Table 4 iy, KE
DEF#VE 1300°C OFEEFRE—TETRHE & D
N 5. ThiCH UUREIC X 3 REROZE( LT
MTdhHb, 1100°C FTREAT 525, 1100°~1200°C
flclimL, 1200°Cx#E x5 /TR T5. 1100
°C XNERRCTRRESITHL, TORBMEREES W
DIIFTR DB N F AR T A LEHICHEETE 5. 1100°
CLlbDRTRBORFIZER LEBORRICLS D
DTHY, TOEES IR X 5Lt >nwTil,
BTHETS.

BFoEELE (Mre) WBEIE, REHOETIRERE
{7 b, 1300°C, 300min @ R®IGTIE 70% Ll iz
5. TRIZH LT v aD&ELER (Mor) 13L&
Th 7% RThHD, 1050°CLITTRITLALRTE N
TWitv.

Table 4Tk JRFILH HHIE Lo iR Hifeb iz
iBILE (Rw) L4hgk (M.Te) XU o4 (M.Cr)
DA H IR OHLE D H:kDIETE (Ra) B
RLTHD. WTFNDBITEGC HWTdh Ry 1T Ry
XOE 2Tk, LoXRFERIT M.Fek XU M.
Cr OERBRETHD EBDNS.

4.3 & =

vevA FPDORALRIVERS E UTEKRSE LM
BREBHZEIDVWAWAEZLNDH, ZZ Tk Table 5
ZRLAA Bo2oo#HAadrd Tl Tad
5. ARRGEBRILIEZ BRIt WECHEARbYE
BETHIHHRY S IR OZBEZFHATORE ST
KBWTRZOEGETLEND E LTI w4 FOET
EEEZBILHMATH T N TE, 7= 4. N. Morozov

Table 5. Spinel compositions of chromite and
reduction degree of its respective spinels.

] A B
Spinels Content R Content R
(%) (%) (%) (%)

Fe Oy 5.32 6.79 5.32 6.79
FeAl,O, 0 0 18.94 8.04
FeCr,0, 41.03 | 54.18 16.64 | 21.98
MgCr,O, 33.86 | 39.03 | 54.81 63.19
MgAl,O, 15.50 0 0 0

WL FEHROMARE LTw5b. L L CO FETD
Batd FeCr,O, fir ORI (R>6.79%) iT % W
Th Mo BIEH NI {BILEBELETTT 2HERY
m L7z

BIIRHR OB #HMEHC b L3 E A A VEKRDR
TD LR T ETDEIEINLAZLDOTHY, chitksd &
FeyO4 3 XU FeAl, O, sk 4y i@ (14.83%) % Tk
BELERDMEANNT T LGS T LW 7e 0 ERE R 23
FHPTES., X LIOE/R AR LHEB91C X
X ALO; BT BT Th B, X FERK XY
ZOWHEBRHEENRT, £ hicfts Cno; HEED 5
highofe. Thdpxhbiso<w4 MPZEIFLT
W5 EEBR, &<t ALO; 132 €2 S D r-ALO,
E LTHEIS LT B AEMEMIEV. FHE, @BFD AlO,
ZEBE LI oA FBIEIBL, ¥7- MgALO, thiz%
20 ALO; BRBTHZ EHMON TV,
PEXD CO #FRBITICEWTIE FeaOf iS5 DiETT
KT 5l T FeCrO4 gk FeO & CrOy D[F
BRETESER I 5D Tl <, 7 FeO OETAETL
% DIREEDS FeAl,O; k4t MET 5 IREUTIe>T
5% Cr0p PHETLLIBLDBZ EDbh5. Itk
REZETEEWTH LD X S5TBBBey B h E
SHDOFEMUARIILCH ST, SEOMEEH T
BHVH, CO H2AETIC U REBRBRIT TR GMED
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Fig. 1. Composition of metals produced by CO
reduction plotted on isothermal section
of Fe-Cr-C phase diagram at 1150°C.

Pco,/Pco HEDMEVWD T FeO & CryOy 2[ERRICIETL S
B ATREMEVI R & U

WIETTIC X D ERT 5 &EOMRELIT DWW TiRE
T %. Fig. 11 13 Fe-Cr-C FRIKFER D 1150°C DR
Wit e e Table 4 D547 ED» HkDIZEREBED
MkE ey bLchDOTHD. HPFORMRIIR—EE
R WVCRERIC X B HURZ L E R L, ERRE R R
DWTIBEI X 5HRELOREEZRT. Lk TOIKEE
RIBERRELD &, SHREORRERIBEITHDT,
1150°C PISti@ IR oL & ORIEL R T H DT
. EETHARINREPIc vt 5B
BT 0 OHEEIIIETD. 72 & 21 1200°C 0FETT
AEHI XREITC XD 7 EHAARS OIS IT XD AR
U7z a BER LT & leh270d, & 5T (Fe, Cr);
CHAERLTVWE I EBHEINS.
EEPORFEDIRE (C%) 13 1200°C LT OIRET
VRTREM S X ONBE & L bic L/ T 525, 1250°C Ll
FCREIETTS. 1200°C LLTOREILKITS5C%
DOZELTAR Lic&BORRSRIR, RREIZEEST
DEFATHENTES. —FH 1250°CLLEDRER
FWUERE EC%BET T 5 OEILHERE 5 HRE)E
WCDIZRFD Pco,/Peo LEMEE DIZKMSEI DITL
{lebidtE2HN%. Lrl, ZOFRRIC X5 &
1300°C =3\ T 180 min @55 X ¥ 300 min JBTLOH
BCLHDARBELTRHIRE S DI WEEEFPBTER.
T D DI B REZ kb R SV B EREROKR

OIS MBAT 5 2 EXTERDI DI

Kz CO ¥ RFNEEH CO FRHEKPDRFEET
HEIDFELLSEP ORI EEDOVWTRITLTAS.
HAGRTLE B WTIBE®7 CO H#20D Peo,/Pco Ht
131073 LT & BAE S 1 150°C LIF ¢4 Boudouard
FEOFESER X VBT, L5 CO ¥ RET
HEOLFBREL ST Bbhs. Ll CO HF2
BRI BWTIERER Lz CO, HHEENC X b s iz ke
XN AEENEETH D, it D. H DownNING 53
N. A. Barcza LOHET OFMICEWTIEHLTWD
X 31T Peo,/Peo EEBEWIEEICIBIERIC ST V. —F
REBTLEWTII Y v My BARABELTYL
HiedER Lic CO, OYEEIEEREN S < E L CO T
BEaEnhs, #BH CO yagmrisyvail, sRo
Pco,/Pco HEAEBTIE dHLAHADZ LEBIEEVTD
REBILOBEL VBV DIORETEEME D L5
zZbhb.

5. &

FMRIFED 2 m <4 k% CO R XU Ar &ifith7e 5O
CEERIC TREET LR X 2880 MmEr
FAELI. DWT CO FRZCXDBTERD TV R
FRICE B, BET L BOhHREENTO LS
IERDES>THB.

(1) Zo=4 PRIVThORARICENTHRET
IV BXTROSEMBERCETINS.

(Mg, Fe) (Cr, Al, Fe) ,0,— (Mg, Fe) (Cr, Al),O,
——Mg(Cr, Al),0,—MgAl,O,+MgO
R | OFBITERDIELE LTEBSRTH D, KIS
2 D5 vx (Cr, Fe),Cy MK T 5. F7z (Fe, Cr)C i
EXBE | O 02 LERPE 2 DD ATTERTH X 5T
H5b-

(2) EEB 1R XU 20BEILEEIX CO BZXU AT K
WhTRBLFELT S, Zhbict LEZEGRTRE
L BF o7 BRRE3 CIic BZerh o8 T B A i
HEL, PWT Ar, CO DlaTH Y, &<k COKM
hORTTRESME, DO TOEHRE LTEE I 5L T
2ORGEEE LTKHBEZ N LTETT 50 TEEYXE
VIE EEVAS, EREE 3 TRREIMEIEAIASEE T 5 O T
EEMEVITE, Tibb Pco,/Peo EBMEWVIZE RIS
BELRDL LD EHEE L.

(3) CO KimhoEEETT T 1100°C LLIF, CO
HARILTIE 1050°C LIF it W TREOITHAHES
hiz.

(4) CO #ARTILK I B2EREBHOREDIRE

i
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T 1200°C ETIHIBE L EDITERET S, Z0iBES
TRBEETF L

(5) CO FRTXHBITEEZ, RERTCHLE
LL &2 Thit CO FRBRITTIE AR LAIRE
Eo CO, oSN~ sLl, BRAB RO
Pco,/Pco D REBEBILDLANIZHRTEL LD L
HEINIS. E-REO Bhick ) CO FRETTIR
BRILY o 20T 2B LD BERETE VDX SEFTL
7.

FbhT, XMEOER SV BELELT VAW
TEWIRHNELER, HPREEZES X CaESEmEE
HIRTELS BILF L LT 5 & L ERITIB I
e, BRINBE—0OmBIHE*ETS
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