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Smelting Reduction Behavior of Prereduced Chromite Ore

Hiroshi G. Katavama, Katsuyuki Mivaucrl, Naoki Dexkura, Tadashi Momono and Shinji Hiral

Synopsis : Chromite ores prereduced to various stages of reduction were reduced by carbon at 1550 and 1600°C in the presence

of molten slag of CaO-MgO-Al,0,;-SiO, system.

Chromium became liable to dissolve in the form of Cr?* rather than Cr3®* in slag during the smelting reduction of

chromite ores prereduced at 1200°C or above, even when the ores had higher iron content.

This seemed to be mainly

attributed to the fact that the dissociation oxygen pressure of chromite was decreased by preferential reduction of iron

oxide in prereduction stage.

Metal produced in prereduction stage melted and flowed out to liquid droplets in the vicinity of chromite grain during

the smelting reduction.
respectively.

The rate of smelting reduction increased with increasing the degree of reduction in prereduction stage.

As a result, indentations and pores were formed on the surface and inside of chromite grain,

This seemed

to be attributed to the increases in number and size of the indentations and pores as well as the change of oxidation

state of chromium from Cr®* to Cr?*.

Key words : ironmaking ; steelmaking ; smelting reduction ; prereduced chromite ore ; dissolution in silicate slag ; reduction mecha-

nism ; oxidation state of chromium.
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Table 1. Chemical composition of chromite ore used.
(Wt%)

Si0:

1.72
6.38
3.76

Cr.0s

45.91
47.42
52.57

FeO

20.72
1.71
13.14

Fe20s

6.13
16.01
2.82

AlOs

14.47
14.38
11.11

MgO

10.90
10.05
15.24

CaO Ig. loss

0.14
3.93
1.36

Chromite ore

S. African
Indian T
Philippine R

0.56
0.56

Table 2. Reduction degree of chromite ore prereduced
at various temperatures.

Chromite ore 1000°C 1200°C 1350°C
S.African 20.1~218% | 41.9~465% | 61.0~65.0%
Indian T 27.9~29.99% | 43.3~48.6% | 60.4~62.5%
Philippine R 35.4~36.1%

Table 3. Chemical composition and liquidus temperature
: of slag used.

Slag Wt Liquidus
SiO: Al:Os CaO MgO temperature
A 45 15 40 0 a. 1350°C
B 45 15 20 20 a. 14200C
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Fig. 1. CO generation curves when South African
ore prereduced at various temperatures was
reduced at 1550°C in slag A.
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Fig. 2. Smelting reduction curves at 1550°C in slags
A (a) and B (b) for South African ore pre-
reduced at various temperatures.
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Fig. 3. Smelting reduction curves at 1550°C in slags
A (a) and B (b) for Indian T ore prereduced
at various temperatures.
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Fig. 4. Smelting reduction curves at 1550°C in slags
A and B for Philippine R ore and its pre-
reduction product at 1200°C.
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Table 4. Slag phase formed after smelting reduction

Dark gray : slag or resin

at 1550C
Chromite ore Prereduction Salg A Slag B
temperature | 60 min |120 min| 60 min |120 min

Unreduced 11 11 1,11 1,11

. 1000°C II 11 1,1 I

S. African | 1500 Il m* I 1

1350°C 11 Inm* I I

30 min

Unreduced — 1,0 — 1,11
Indian T 1000°C 1,11 II — I,1I
1200°C 1,11 > — 1,1
1350°C — o> -— n*

1’ : Only a small portion of green slag
* Chromite grain disappeared

I : Green slag
II : Blue slag
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b) Without prereduction. After smelting reduction in slag A.
¢) Prereduced at1000°C and then smelted in slag A.
d) Prereduced at1000°C and then smelted in slag B.
e) Prereduced at1200°C and then smelted in slag A.
f) Prereduced at1350°C and then smelted in slag B.

Fig. 5. Photomicrograph of South African ore and its prereduction product after smelting reduction for 60 min

at 1550°C in slag A or B.
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Fig. 6. Photomicrograph of Philippine R ore which
was prereduced at 1200°C and then reduced
at 1550°C for 120 min in slags A (a) and B (b).

10 e
Metal Chromite grain A
) i\
| Al PP
_ 5+ (Y ~ — - -
) . v < ==
= f !
. : ] Cr =
b - ] s
2 : i =
=] H o —5 .—
= ok : Si ‘ -
;) % : a" H x =
Ze ' i ! x T
= & j i ! n =
@ 5F 'l ', ! Fe ! ;
o= ' [N '
1 o
o IS . W S |
20pm
5_
%
x Mg
00
=
O A

Fig. 7. Line analysis by EPMA for South African
ore which was prereduced at 1200°C and then
reduced at 1550°C for 60 min in slag A.
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Fig. 8. Comparison of dissociation oxygen pressure
of various chromites with activity of CrO
g:épable of existing in solution in slag at 1550

Table 5. Reduction degree of each reduction stage.

(%)
Chromite ore R: R2 Rs
S.African 11.7 76.4(88.1) 11.9(100)
Philippine R 5.5 51.9(57.4) 42.6(100)
Ry, Rz, Rs : Reduction degree of stage I, II and IIl, respectively.
( ) : Cumulative reduction degree.
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