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Solid-state reduction properties of carbon-bearing chromite pellets
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2. Sintering Department, Huatian Engineering and Technology Corporation, MCC, Nanjing 210019, China)

Abstract: The balling and reducing experiments of carbon-bearing chromite fines were carried out in laboratory. The
effects of reduction temperature, amount of carbon, reduction time and types of additives on the metallization of
carbon-bearing chromite pellets were investigated. The results show that the reductivity of carbon-bearing chromite pellet
is greatly influenced by the reduction temperature and C/O mole ratio. At the temperature above 1 200 , the
metallization of prereduction pellet begins to increase obviously, and /c,0=1.2 is better for the prereduction of chromite
pellet. The fast reduction of carbon-bearing chromite pellet can be achieved at high temperature (=1 300 ); but it needs
3—4 h to finish the reduction reaction at low temperature, and the reduction reaction of iron is easier than that of
chromium. The intensifying reduction of carbon-bearing chromite pellet with the help of additives was studied. The
results indicate that different additives have great difference in the influence of reduction reaction, and the catalytic
property of the same additive also has some difference at different reduction temperatures. For all involved additives in
the experiment, NaCl, Na,B,0,10H,0 and Na,COj; have excellent catalytic performance.
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Table 1 Chemical composition of chromite sample (mass
fraction, %)
Feqotal FeO Fe,0; Cr,0; SiO,
20.04 17.46 9.11 43.03 4.03
Al,O; CaO MgO MnO TiO,
(SRC) 13.91 1.06 9.15 0.086 0.76
V,05 Ni Co K,O0 Na,O
(1300 ) ( 0.37 0.027 00097 0012 0045
40~ 70% S P LOI
[7-17] 0.010 0.001 8 0.56
Fe,ow—Total iron; LOI—Loss on ignition.
2
Table 2 Size distribution of chromite sample
Size/mm Content/%
0.074 18.56
0.074-0.045 20.49
1 0.045 60.95
11
ven T (Mg, Fe)O+(Cr, Al),O4
s — (Mg, Fe)Cr,0,
* — FeO+(Cr, Al),O4
o — Fe;0,
1 2 XRD 1
XRD
(Mg, Fe)O-(Cr,A),O0; (Mg, Fe)Cr,0O4
Fe;0, FeO:(Cr,Al),O4
3 20 30 40 50 60 70 80
90% 0.074 mm 201C)
0~3 mm 1 XRD
Fig.l1 XRD pattern of chromite fines sample
3
Table 3 Industrial analysis results of coke breeze and chemical compositions of ash (mass fraction, %)
Industrial analysis of coke breeze Chemical composition of ash
fpes Fead Ay Viat My Fe,0, CaO MgO AlLO, Si0, Stotal
Coke 84.35 13.95 1.70 - 1.38 0.54 0.09 5.21 6.24 0.50
Bitumite 49.74 11.14 32.85 6.27 - 1.31 0.69 1.92 4.37 0.35

F..,.—Fixed carbon in air dried sample; 4;—Ash in air dried sample; Vy,—Volatiles in air dried sample; M,,—Moisture in air dried

sample; S—Total sulfur in air dried sample.
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3
Fig.3 Microstructures of preproduction balls of chromite ores at different temperatures: (a) 1 150

Ico=1.2,4h;(c) 1250 ,Ico=1.2,4h;(d) 1300 ,Ic0=1.2,4h;(e)1350 ,Ico=1.2,4h;(f) 1400

s Ico=1.2, 4 h; (b) 1200
,Ic0=1.2,4h
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Fig.4 Effects of C/O mole ratio on prereduction of chromite (=1300 )

pellet lh
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Fig.5 Effects of reduction time on metallization of

chromium (a), iron (b) and pellet (c)
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Fig.6 Effects of additives on metallization of chromium in

prereduction of pellet

1 150 NaCl
Na,B,0710H,0 Na,COs

1 200~1 250 Na,B,07-10H,0 Na,CO;
NaNO; NaCl NaHCO; Na,SO,; Na;PO,412H,0
NaOH 1 300 Na,B,07-10H,0
Na,CO; NaHCO; NaCl NaNO; Na,SO,

Na3PO4' 1 2H20 NaOH

[18]



1164

2011 5

NaCl NazB407' 10H20 N32CO3

1))
1 200

Ieo=1.2
(=1 300 ) (1=
1 h)
3~4h

2)

NaCl
N32B407' 1 OHzO N32CO3

REFERENCES

[1]  WEBER P, ERIC R H. The reduction of chromite in the presence
of silica flux[J]. Minerals Engineering, 2006, 19(3): 318—324.

[2] TAKANO C, ZAMBRANO A P, NOGUEIR A E A, MOURAO
M B, IGUCHI Y. Chromites reduction reaction mechanisms in
carbon-chromites composite agglomerates at 1 773 K[J]. ISIJ
International, 2007, 47(11): 1585—1589.

[3] YANG Y D, SOMMERVILLE I D, JOHNSTON R F,
MCLEAN A. Use of solid state carbothermic reduction in
production of transition metals and their carbides[J]. J Iron &
Steel Res, 2000, 7(2): 15-22.

[4] ZHU D Q, LI I, PAN I, HE A P. Sintering behaviours of
chromite fines and the consolidation mechanism[J]. Int J Miner
Process, 2008, 86 (1/4): 58—67.

[5] . , . M]. : )
2007: 119-120.

YAN Jiang-feng, CHEN Jia-xi, HU Liang. Chromium
metallurgy[M]. Beijing: Metallurgical Industry Press, 2007:
119-120.

[6] SINGH V, MOHAN RAO S. Study the effect of chromite ore
properties on pelletisation process[J]. Int J] Miner Process, 2008,
88(1/2): 13—-17.

[77 CHEN J, ZHAO J, ZHANG M, YAN H, ZHOU J X.

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Carburization of ferrochromium metals in chromium ore fines
containing coal during voluminal reduction by microwave
heating[J]. Journal of Central South University of Technology,
2009, 16(1): 43—48.
SOYKAN O, ERIC R H, KING R P. Kinetics of the reduction of
Bushveld complex chromite ore at 1 416  [J]. Metallurgical
Transactions B, 1991, 22(6): 801-810.
SOYKAN O, ERIC R H, KING R P. Reduction mechanism of a
natural chromite at 1 416  [J]. Metallurgical Transactions B,
1991, 22(1): 53—63.
VAZARLIS H G LEKATOU A. Pelletising-sintering,
prereduction, and smelting of greek chromite ores and
concentrates[J]. Ironmaking and Steelmaking, 1993, 20(1):
42-53.
LEKATOU A, WALKER R D. Solid state reduction of chromite
concentrate: Melting of prereduced chromite[J]. Ironmaking and
Steelmaking, 1995, 22(5): 378-392.
LEKATOU A, WALKER R D. Mechanism of solid state
reduction of chromite concentrate[J]. Ironmaking and
Steelmaking, 1995, 22(5): 393—404.
HAZAR-YORUC A B. Reduction mechanism of chromite spinel
with carbon[J]. Minerals and Metallurgical Processing, 2007,
24(2): 115-120.
ATASOY A, SALE F R. An investigation on the solid state
reduction of chromite concentrates[C]//Mechatronic Systems and
Materials . Diffusion and Defect Data Part. B: Solid State
Phenomena. Switzerland: Trans Tech Publications Ltd, 2009:
752-757.
ZAMBRANO A P, TAKANO C, MOURAO M B. Enhanced
reduction of self-reducing pellet of chromites with Fe-Si addition
in the reductant[C]//TMS 2008 EPD Congress. Warrendale, PA:
Minerals, Metals & Materials Society, 2008: 449—454.
ZAMBRANO A P, TAKANO C, NOGUEIRA A E A, RIBEIRO
T R, MOURAO M B. Reduction behavior of chromite carbon
composite pellets, at temperature of 1 873 K[C]//ANNALS-Int
Meet Ironmak Int Symp Iron Ore 3rd International Meeting on
Ironmaking and 2nd International Symposium on Iron Ore.
Maranhao, Brazil: Int. Meet. Ironmak. Int. Symp. Iron Ore, 2008:
667-677.

[J]. , 1995, 20(2): 10—-14.
XU Rong-jun, NI Rui-ming, ZHANG Sheng-bi, MA Zhong-ting.
Balling and reduction experiments of carbon-bearing chromite
powder[J]. Sintering and Pelletizing, 1995, 20(2): 10—14.
DING Y L, WARNER N A. Catalytic reduction of carbon-
chromite composite pellets by lime[J]. Thermochimica Acta,

1997, 292(1/2): 85-94.



