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Smelting Reduction Mechanism of Chromium Ore Sinter by Solid Carbon
Shin FUKAGAWA and Teruhisa SHIMODA
Synopsis :

Experiments were carried out to investigate the smelting reduction mechanism of chromium ore sinter by

graphite.
serpentine.
The following results were obtained :

Chromium ore sinter was made from chromium ore and fluxes such as lime stone, silica sand and

1) Chromium ore particles were dispersed in molten slag until they were entirely dissolved at the ter-

minal stage of the reduction.

2) The reduction rate is controlled by the step (ii ) of the following steps :

(1) the dissolution of chromium ore particles into molten slag

(ii) the reduction of chromium and iron oxide in the slag at the slag-graphite interface

3) The contents of Al,0; and MgO in molten slag increase as the reduction proceeds with the dissolution

of chromium ore particles.

4) The reduction rate seems to be decreased by this change in slag composition.
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Table 1. Properties of chromium ore.
Chemical composition (wt%)

T.Cr T.Fe Al,O3 MgO Si02
30.5 20.5 14.6 9.2 1.4
Size distribution (wt %)
0.5~1.0 mm 0.3~0.5 0.125~0.3 —0.125
5.1 29.8 53.4 11.7

"mmH % 7213 95 ¢X 115 ¢X 200 mmH) % ERE L 7.
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Table 2. Characteristics of chromium ore sinter.
Kind Chemical composition (wt%) Ca0 Flux (kg/t-ore) Ore size
Crz03 FeO Ca0 Si0s Al,03 MgO Si0; Ca0 Si0, MgO (mm)
A 32.0 20.2 13.9 14.3 10.9 7.0 0.97 188 179 —_ <1.0
B 32.1 19.4 9.7 16.3 11.2 7.0 0.60 136 214 — <1.0
C 31.8 19.1 12.6 ' 16.2 10.9 6.9 0.78 174 208 —_— <1.0
D 31.3 20.3 15.4 11.6 11.0 7.0 1.33 209 143 —_— <1.0
E 33.0 19.5 16.1 9.9 10.9 7.0 1.68 216 118 _— <1.0
F 34.4 20.7 11.4 10.0 11.9 7.4 1.14 142 111 —_— <1.0
G 30.3 18.3 17.6 14.6 10.5 6.6 1.20 255 199 e <1.0
H 29.8 20.2 13.8 12.7 10.2 10.3 1.09 207 | 175 59 <1.0
I 31.0 20.7 11.3 10.6 10.6 14.3 1.07 161 136 112 <1.0
J 31.8 20.4 14.3 14.4 10.9 6.9 0.99 193 181 —_— 0.3~0.5
K 31.7 20.5 13.9 14.6 10.8 6.8 0.95 188 184 —_ 0.15~0.3
L 31.7 20.4 14.0 14.3 10.8 6.8 0.98 190 180 —_— 0.125~0.15
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Fig. 2. Experimental reactor.
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Fig. 3. Effect of Cr-ore size on reduction rate.
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Fig. 4. Estimation of measurement method of
reaction interface area assured by the experiments
in which sample amount or crucible size is changed.
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Fig. 5. Effect of CaO/SiO; on reduction rate.
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Fig. 6. Effect of (CaO+ SiO;) amount on reduc-
tion rate.
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Fig. 7. Effect of MgO addition on reduction rate.
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Fig. 9. EPMA analysis of slag phase.
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BRLZ S Z7HPICEE L TCWA 2 0 a8 5BA LR
EL, BRI 7P 2 o LB biErE EPMA S¥HE
((Cry03),,,) 76 7 0 LBTH (Re,, /) KR I2LD
BrEL-bDTHS.
Reri = Rees — Wy X (Cry05)5./(CT,05),
WOLQ)  veeeveereereesttteiiiotiietiiiitciianns (7)
Wsi = (Ca0) + (Si0;)y + Rre:/100 X
((A10s)s + (Mg0)o)l/(100 — (Cr;05)s,)

ot

(Ca0)q, (Si02)o, (MgO)y :
SiO,, MgO SFHE (wt%)
ERMEIC X BEHEME (Bh) 3ESEME (i) &3
L TBY, FILOPICBVTIRER X 5 7P
U ASART AR L 2 O ABRLYIRE p D
CHS, TOM, BT AZHEBRILYIERL»IETS R
OB OBLEKITT Dbl o7t EL bR
5.

7 0 ABEEELE CaO,
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Slog phase (CaO+Si02)_ I

(FeO)

(Crz03)
(MgO)
(A2203)

o Cr—ore parncle
(Fe Mg)O(Cr,AlZ)zA'

As reduction proceeds :
1; Decrease of size of Cr-ore

Reaction steps :

1; Dissolution of Cr-ore
particles into  slag particles by dissolution
phase 2 ; Increase of MgO and Al0O3

2 ; Reduction of (FeO) and
(Cr203) by solid carbon

2 ; Rate controlling

Fig. 14. Concept of smelting reduction mecha-
nism.

4-7 BRBRTRICHE
FEEEER ISR S T OB SHTRER DS 7 10 L8
EHOBERSEITEEIL Fig WITRTXIKEZILR
L. Thbb, BILIZKHILT
(1)7 0 AGRERFOBEBMA T THR\OER
(Fe, Mg)(Cr, Al,O,=(FeO)+ (MgO)
+ (Cr203) + (Alez) .............................. ( 9 )
(2)BRA S 7-BEFHEICBITA 2058 XU
1L D& T

content in slag phase
3 ; Decrease of reduction rate

(CrO)+ C=Cr + CO (g) -rereereerreee (10)
(Cr:04) + 3C = 2Cr + 3CO (g) ++-eevee (11)
(FeO)+ C=Fe + CO (g) -eerreeveemeeees (12)

O2BREBETHITT A, BILNGEED 7 0 L8A
KRR 2V (Fig. 3) 226, (2) OB H
FEEELEZONS. (10), ID)RRIFHR (BEXRT
YT N) KO RT IR0 s u B OBRILESRE
AW ZEERLTVS

ﬁﬁﬁmﬁﬁmﬁﬁﬁf’¢WMKﬁTT%@W%%
L7-. EPMA 4#riZ BILHFEL IR 7 O L8]
AR T A1 &kmﬁiék% Bz r#db o

Al,03, MgO BEEASHRIEMT 5 2 L PR S .
EPMA S#Tic & % &, BILETICHEVE#MZ 7 7/
b 7 O ABALYIEE GERIET $ A BT AR b,
8 51 13 Ca0-Si0,-Al,03-MgO (Ca0/Si0,=1.0)
RATT~Dr O ABILYBHEREY 1600°C, KX
BERSICBVTHIEL, AlLO; B XU MgO E 0B
XD BMERESEECKTIAZE2HELTY
5. COERA T VMBI R (704

B E ISR, WEBERESE) X0 SEEN
BEAETEAbDOLEZLNS,

BICRIS A A 5 7 i E R 2 5 HE SUCEE A D
RISEIZRI L Cid, BIOBEN R 7 ZHBICKE AKET
BIEPLATHRAREDOAEERENLDTIERWE
WEESNDD, SHBOBHEETS.

5 & 8

70 LR CEEH CRIKA, TWYH, BR80E) iR
POUBERG L7z 27 0 2Bk 2 3B e L CERMIC KD ER
BIEER% 1650°C I2BWVWTITY, FORICHEIEICS
WTDTomR %572,

(1) 7 7 HRICIRERO 7 0 LEERTA5TE
LT, BIUKBICHET 5.

(2)BRRTIUOE, (1)7 9 agBEDBEMA 7 7H
~NDOER, ()BT 7-BHRAETO Cr KU Fe
BIALWOBBLE V) BEIBECETTALOLEZLN
%705, (i) DERFEPEET 5.

(3)BICHEATITHEV 2 O AEADEA HRL, Bt
25 7P D Al,03 RO MgO BEF LA T 5.

(4)Z ORER, FUCREF#HRET T2 LE1605.
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