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Influential Factors in the Solid Carbothermic Reduction of Chromite
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Abstract Chromite is one kind of national strategic resources in the all countries of the world. It is widely used in various fields, such
as metallurgy, refractory, and chemical industry, etc. However the large amount of chromite power that is generated by the process of
mining is difficult to effectively utilization. In order to solve the problem, researchers put forward the technology of solid carbothermic
reduction of chromite. By directly placing the mixed material that contains chromite fines and solid carbon into the high temperature
furnace for reduction reaction. In this process, iron oxides are able to be selectively reduced from chromite; therefore higher rate of
chromic oxide —ferrous oxide to chromite fines could be obtained. The mechanism and influence factors for the solid carbothermic
reduction of chromite are concluded. The influential factors include reduction temperature, reduction time, types of reductant, gas flow
rate, size of particle and pellet, and additive species. This research would offer guidance for efficient utilization of low grade chromite
fines. The research suggests that the influence of majority factors on the solid carbothemic reduction of chromite is nonlinear, and
optimum values are always able to be obtained. For this reason, choosing optimum process conditions is significant for improving product
quality and reducing product costs.
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Fig. 1 Effect of temperature on reduction degree
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Fig. 2 Effect of volatile on reduction degree
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Fig. 3 Cost analysis on high carbon ferrochromium

4 HZRERE

i PL S8 AT RUA A - 350 8 B BT [ A ik 2R S5
Ak T2, H A OO0 28 3w B A i R L, R TR
JEE 2 W A ASUAT R SR A W) A A DS B e L X, O3 i i Y
S 7 I (] 25 - B ik B 2R A Rl RIRIEBRE H Y,
AT LAV B O TR R 24 A A AR AR i i BE X TR P
IRIEL X HEAT , 33X R il BE A% 3k S 5 S AL ) 1) Dt ad 1R R 2 ek
AR

2 3% X #f (References)

[1] WL, BRANA, W158. SR M]. Jb At i & Tl i, 2007: 9.
Yan Jiangfeng, Chen Jiaxi, Hu Liang. Chrome metallurgy [M]. Beijing:
Metallurgical Industry Press, 2007: 9.

[2] Huang Y Q, Hu S Z. Notes on the judgement of isomorphism and
polymorphism[J]. Journal of Structural Chemistry. 1998, 17(3): 205-208.

[3] st A=, v, BR R, 1 5% R A ofe (i A FA 5 0 5 BOR 23 T[],
HiL T AR A5 M, 2005, 20(3): 215-217.

Zhang Fusheng, Gao Peng, Chen Jiabin. Contributions of Geology and
Mineral Resource Research, 2005, 20(3): 215-217.

[4] XU TTAR. V4 5K Bk 98 U8 45 BT SR AN A 2] B e bkt S
A, 1996(5): 9-13.

Liu Yuangen. Metal Mine Design & Construction, 1996(5): 9-13.

[5] Zhu D Q, Li J, Pan J, et al. Sintering behaviours of chromite fines and
the consolidation mechanism [J]. International Journal of Mineral Process-
ing, 2008, 86(1/4): 58-67.

[6] Soykan O, Eric R H, King R P. Kinetics of the reduction of bBushveld
complex chromite ore at 1416°C [J]. Metallurgical and Materials Transactions
B, 1991, 22(6): 801-810.

(7] JTHE. 8B IR S5 e T Z 9285 D] TR BH: AR B, 2012.

Qi Jie. Study on the reduction roasting process of chromites [D].

Shenyang: Northeastern University, 2012.



] jcmik

#4 S 2013,31(5-6)

T WL (Special Issues) ﬁ\

[8] Perry K P D, Finn C W P, King R P. An ionic diffusion mechanism of
chromite reduction [J]. Metallurgical and Materials Transactions B, 1988,
19B: 677-684.

[9] Lekatou A, Walker R D. Mechanism of solid state reduction of chromite
concentrate|J]. Iron and Steelmaking, 1995, 22(5): 393-404.

[10] SundarMurti N S, Seshadri V. Kinetics of reduction of synthetic
chromite with carbon [J]. Transactions of the Iron and Steel Institute of
Japan, 1982, 22: 925-33.

[11] Chakraborty D, Ranganathan S, Sinha S N. Influence of temperature and
particle size on reduction of chromite ore [J/OL]. [2012-09-15]. http:/
www.pyrometallurgy.co.za/InfaconX1/014.pdf.

[12] BEIE K, W22, SKRAF, A6, 5 i i L Bk o L B JRURe PRI 52 ). 2
DURHE: K228 4z, 2004, 27(1): 1-3.

Xue Zhengliang, Hu Huijun, Zhang Youping, et al. Journal of Wuhan
University of Science and Technology, 2004, 27(1): 1-3.

[13] Pang J] M, Guo P M, Zhao P. Reduction of 1-3 mm iron ore by CO on
fluidized bed[J]. Journal of Iron and Steel Research, 2011, 18(3): 1-5.

[14] Lin Q, Liu R, Chen N. Kinetics of direct reduction for chrome iron ore
[J]. Journal of Thermal Analysis and Calorimetry, 1999, 58(2): 317-322.

[15] 2 B B ™ [ 25 38 Ji 1) Bl B HG o AL RBF5E (D). Kvb: hEg R
%, 2010.

Li Jianchen. Fundamentals and intensifying techniques of solid -state
reduction of chromite ores [D]. Changsha: Central South University,
2010.

[16] ZE 58T, M 2%, ARSI, A5, VR Bk & SR ER T AE IR 8) ) 27 ).
ZRALK 224, 1991, 12(6): 566-572.

Li Jiaxin, Xiao Xingguo, Zou Zongshu, et al. Journal of Northeastern
University, 1991, 12(6): 566-572.

[17] Nafziger R H, Tress J E, Paige J 1. Carbothermic reduction of domestic
chromites [J]. Metallurgical and Materials Transactions B, 1979, 10(1):
5-14.

[18] Chakraborty D, Ranganathan S, Sinha S N. Investigations on the
carbothermic reduction of chromite ores [J]. Metallurgical and Materials
Transactions B, 2005, 36(4): 437-444.

[19] Chakraborty D, Ranganathan S, Sinha S N. Carbothermic reduction of
chromite ore under different flow rates of inert gas[J]. Metallurgical and
Materials Transactions B, 2010, 41(1): 10-18.

[20] Mehrotra S P, Srinivasan V. Extraction of nickel from an Indian laterite
by segregation roasting [J]. Transactions of the Institution of Mining and
Metallurgy, 1994, 33: 97-104.

[21] Yastreboff M, Ostrovski O, Ganguly S. Effect of gas composition on the
carbothermic reduction of manganese oxide [J]. ISIJ International, 2003,
43(2): 161-165.

[22] Xiao Y, Schuffeneger C, Reuter M, et al. Solid state reduction of

Tk

SCIENCE & TECHNOLOGY REVIEW

SCIESCE & TECHROLOGY REVIER

chromite with CO[J/OL]. [2012-09-15]. http://www.pyrometallurgy.co.za/
InfaconX/026.pdf.

[23] Shen S B, Hao X F, Yang G W. Kinetics of selective removal of iron
from chromite by carbochlorination in the presence of sodium chloride
|J]. Journal of Alloys and Compounds, 2009, 476(1/2): 653-661.

[24] TEFRALL, L0 T0. B PLHERE IS4 4 1 Y MRS 6 40 O IFAR ). 449K 4,
2001, 22(3): 5-8.

Zhang Fengshan, Ni Hongwei. A study on smelting stainless steel with
direct reducing and alloying of chromium ore[J]. Special Steel, 2001, 22
(3): 5-8.

[25] 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.

[26] Ding Y L, Warner N A. Reduction of carbon—chromite composite pellets
with silica flux[J]. Ironmaking and Steelmaking, 1997, 24(4): 283-287.

[27] Weber P, Eric R H. The reduction mechanism of chromite in the presence
of a silica flux []J]. Metallurgical and Materials Transactions B, 1993, 24
(6): 987-995.

[28] Ding Y I, Warner N A. Catalytic reduction of carbon—chromite composite
pellets by lime[J]. Thermochimica Acta, 1997, 292(1/2): 85-94.

[29] Rao Y K, Han H G. Catalysis by alkali carbonates of carbothermic
reduction of magnetitite concentrates [J]. Ironmaking and Steelmaking,
1984, 11(6): 308-318.

[30] Van Deventer J S J. The effect of additives on the reduction of chromite
by graphite: an isothermal kinetic study [J]. Thermochimica Acta, 1988,
127: 25-35.

[31] F il i, . BRI AR R4 4% BT B ARG T Y 12 0 VR R .
Bkt 4z, 1987(3): 34-41.

Yoshihiro K, et al. Bi Chuantai, trans. Facilitation of borate addition to
the carbothermic reduction of chromite[J]. Ferro-Alloys, 1987(3): 34-41.

[32] %5 [ 5, RAE, IREE . 3 B 0 RS 0 A g 5 B ik fE
W] B &4, 1990(1): 4-8.

Jiang Guochang, Xu Jianlun, Xu Kuangdi. Ferro-Alloys, 1990(1): 4-8.

[33] T Z A6, AR B0 0f M B B 4 MO B BOK T2 Jeile 4%, Pl N
101538629[P]. 2009-09-23.

Ding Jiawel. Smelting process and equipment of ferrochrome and
chrome —containing hot metal using chromite ore fine, China: CN
101538629[P]. 2009-09-23.

[34] P 2. BEAT E O 52 A R 2R BRI 5 Bkt e T A all SR W SR 19 3 R [D).
Lty L AR, 2011
Tao Xin. The research of effect factor on chromite pricing and revelation
of chromite purchase strategy for the enterprice in China [D]. Shanghai:

Shanghai Jiao Tong University, 2011.
(FHEmE 2FE)

(RHE S R) 58 5 "1 BIE

“BEEEBAREE I ATEAFRELRPE IRR R
REXHAEAR FH ARFHREL S HFHRAEFTAL R
HME BELEEANANG IR FERA T, A2 B kR L%,
L2000 F,F et F RS FRAH  TAERA S L8 F L,
# #5145 44 : kjdbbjb@cast.org.cn,

43 Im



