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Rate of Reduction of Chromium Ore by Liquid Iron Containing Carbon and Silicon

Takamitsu NAKASUGA, Haiping SUN, Kunihiko NAKASHIMA and Katsumi MORI

Synopsis

: The rate of smelting reduction of top-added chromium ore with fluxes such as Si0,, CaO-SiO, and Na,B,0, by liquid iron containing carbon

and silicon was measured at 1400~ 1600°C under an argon atmosphere. Experiments were carried out to examine effects of initial silicon

content, temperature, kind of flux additive and amount of flux addition.

The rate of reduction increased remarkably with an increase of silicon content in liquid iron. It also increased with the addition of various

fluxes. Na,B,0, was found to have the largest promoting effect on the reduction. When fluxes were added, it was observed that they reacted

with chromium ore to form liquid slag. Therefore, it was estimated that the reduction took place mainly at the interface between slag and

metal, The initial rate of reduction is not affected by the amount of fluxes addition. However, the chromium yield increased with increased

amount of fluxes. The effect of temperature on the rate of reduction was significant. The apparent activation energies were about 217~320

kJ/mol in the case of formation of liquid slag. The reduction mechanism and the rate-controlling steps were discussed, finally.
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Table 1. Composition of chromium ore used (mass%).

Cr ore Cr203 FeO CaO  SiO2  ARO3 MgO
No addition | 44.45 2505 026 3.20 15.54 10.04
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Fig. 1. Variation of [Cr], [C] and [Si] contents by addition
of Cr ore powder with reaction time at 1600°C.
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Fig. 2. Effect of initial [Si] content on the reduction rate of
Cr ore powder in Fe—2%C—0~1%Si liquid alloys at
1600°C.
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Fig. 3. Effect of initial [Si] content on the reduction rate of
Cr,0, in slag at 1500°C.
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Fig. 4. Effect of temperature on the reduction rate of Cr
ore powder in Fe-2%C—-0.6%Si liquid alloys.
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Fig. 5. Effect of method of Si addition on the reduction
rate of Cr ore powder at 1600°C.
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Fig. 6. Effect of temperature on the reduction rate of Cr
ore powder in Fe-2%C liquid alloys.
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Fig. 7. Effect of the amount of added SiO, on the reduc-
tion rate of Cr ore powder in Fe~2%C liquid alloys
at 1500°C.
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Fig. 8. Effect of addition of various additives on the reduc-
tion rate of Cr ore powder in Fe-2%C liquid alloys

at 1500°C.
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Fig. 9. Effect of addition of various additives on the reduc-
tion rate of Cr ore powder in Fe—2%C-0.6%Si lig-
uid alloys at 1500°C.
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Fig. 10. X-ray diffraction patterns of final siag samples.
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Fig. 11. BEI of Cr ore powder added 20 mass%Na,B,0,
reduced in Fe-2%C-0.6%Si liquid alloy at
1500°C for 60 min.
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Fig. 12. Characteristic X-ray images of Cr, Fe, Ca, Si, Al and Mg.

Table 2. Cr and Fe contents of slag formed (mass%) and
Cr/Fe ratio.

Table 3. Initial reduction rate (k,, mass%/s) of Cr ore in
Fe-2%C liquid alloys.

Cr ore Slag

Fel Fe2 Fe3

(%Cr) 43.45 43.45 1.79
(%Fe) 28.33 16.11 8.06
Cr/Fe 1.53 2.52 0.22

Temp. SiO2 NazB4O7 | CaO-SiOz
< |No addition|

[§8) Smass% | 20mass% | SO0mass% | 20mass% | 20mass%
1450 | 2.30x10° - 227x10% - - .
1500 | 2.89x10° | 3.12x107* | 5.59x10™ | 4.35%10*| 9.34x10* | 8.00x10™
1600 | 2.73x10* 1.20x10°3 -

Cir/Fe ratio of Cr ore : 1.56
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M 3RO ER T — 2 L0 R/ 2RFEIZTEEL 72

Table 4. Initial reduction rate (k,, mass%f/s) of Cr ore in
Fe-2%C-0.6%Si liquid alloys and final chromi-
um content ([Cr],, mass%).

Temp. No addition 20mass%Si0z | 20mass%Na2B407 | 20mass%Ca0-SiOz
g} ki [Crle ki [Crls ki [Crl; ki {Cr)
1400 |4.86x10° 0.162 - - -
1500 {1.63x10°) 1.364 {1.06x107 1.606 [2.89x107%| 1419 [L.65x10% 1496
1600 [4.12x10% 1.490 [233x107| 1845

BTHB, kI IVCriE b U7 & 5 58K IBO T
RRERTHIEL L2 8bh 5,

Fig BIZkDT7 L= 2871y b &R$, PIHEITH
FEDX B & FERRE O EIIERBERETRL, ZOEBD
HEPSKRD /AT OBE ML AL F—-E 1L, KD XS
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(case 1) Fe-2%C, No addition : E;=465 kJ/mol
(case 2) Fe-2%C, 20 mass% SiO, : £;,=288 kJ/mol

(case 3) Fe-2%C-0.6%Si, No addition : £,=320/mol
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Fig. 13. Effect of temperature on initial reduction rate, X,
of Cr ore.

(case 4) Fe—2%C-0.6%S1i, 20 mass% SiO, : £,=217kJ/mol
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5. 8
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2 BETS v 7 ZDHEMIED 20 LGADORILE
FELELS 2D, BRCGRE S E < &35, Nay,B,0,, CaO-
Sio, DIETLIEEEH AR E W, 72, 75 9 7 2DFME
BEVEERIRCLRERIEL 55,

B) AFVHIZEIHKREILOZ T AHgGANKELTED,
70 LFAKFIZAEOEELAE & SMUIOERBETO 2/ &
DR EN T\, E72, REBBTIEICOEFEELS
W s, 2L OPDFldCrkD REMBLROT N
LEi26NS, LaL, 27 7R TIECLO,DHHEIC X
hedTneEz2o6h5,

(@) 7L ADETKRIGE, @QFB#HFDC Silzks
IO LFADEIL, (b) AT 7HIZEIT 57 2 L8ADE
TLD2DIZopT 6N, (a) DBE T 7 T LgAERIZEIT S

L& R TOLERISDRAHME, (b) DHAIZIZIER
Wi LETUAEORA R L HEE Sz,

i, ARIL, XEHARFHEEMB S () 12k
DEENZE%LL, #EFELRT.
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