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Isothermal Kinetics of Iron in Vacuum Carbothermal
Reduction of Ilmenite Concentrate

Zhao Shifan Huang Run” Lu Xiaodong Wu Qinzhi Wu Qinghui Zhang Jinzhu
( School of Materials and Metallurgy Guizhou University Guiyang 550025 China)

Abstract The kinetics of Fe in vacuum carbonthermal reduction of ( Panzhihua) ilmenite concentrate was
studied. The influence of the reduction temperature /time on the extraction/growth of Fe-clusters via reduction of Fe;
0, was investigated with X—<ay diffraction scanning electron microcopy and energy dispersive spectroscopy. The re—
sults show that the reduction temperature and time had a major impact. For example as the reduction temperature
and time increased the reduction rate of Fe;O, increased accompanied by increasing accumulation and growth of
Fe—clusters. Initially reduced at 11004250°C for 30 min only surface/interfacial reduction happened with apparent
activation energy of 207. 92 kJ/mol; but later reduced at 11004200°C for 30 min ~90 min strong bulk reduction
dominated with apparent activation energy of 521. 47 kJ/mol because of thermal diffusion of the contents involved.
We suggest that the reduction sequence be FeTiO;—Fe, TiO,— FeTi,0;—Ti,0;.
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Tab.1 Contents of theilmenite Concentrate
TiO2 FeO Fez 03 Sloz Mg() SO3 Ca0O Al2 03 MnO Naz 0 Vz 05 Total
45. 64 36. 45 6.53 3.65 3.22 1.20 1.12 1.02 0. 86 0.20 <0.10 99.99
2
Tab.2 Contents of the coke
FC S Volatile P Ash Ash
Fe, 0, Ca0 AL O, MgO $i0,
83. 66 0.65 2.22 0.12 14.12
8.91 6.01 22.26 2.16 47.79
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Fig.1 XRD spectrum of ilmenite concentrate
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Fig.2 Schematic diagram of the vacuum carbonthermal reduction furnace

100 - 100"
—— - —® ——
/ v g
B 80 |
S 80 S < —m— 11000
2 S —e— 11500
E 60 F ﬁ 60 + —a— 120001
=} =}
K= 2 L
= =
g 40 + g 40 +
[ 8
g g
8 i 20 | —v— 12500
+*—13000J
0F 1 1 1 1 1 ] 0 1 1 1 1 1 1 1]
1100 1150 1200 1250 1300 0 10 20 30 60 90
/0 t/min
(a) redution temperature (b) time
(13 RGBS [ R Sl B %o 3 S e 4 R Ak 114 52 1
Fig.3 Effect of the reduction temperature and time on the metallization rate
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Fig.5 Data fitted dynamic equations
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6 Tab.3 Kinetic parameters and Control models in different reac—
3 0 1100 ~ 1250°C tion stages
0~30min  1-(1-a)"” -kt /min /C o AlsT' E/K)/mol
0-30 1100 -1250 1.60x10°  207.92
30-90 1100 -1200 5.87 x10'°  521.47
207.92 kJ/mol; 1100 : 60
~1200C 30 ~90 min 1 -2a/3 - XRD 7 :
(1-a)” =kt 1100°C Fe, TiO,  MgTiO, o
1200°C Ti, O Fe
: 1250°C MgTi, O.FeTi,O5  Ti, O
(5)
2FeTiO; + C =Fe + FeTi, 05 + CO (5)
521. 47 kJ/mol.
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Fig.7 XRD spectra of the sample reduced at different

temperatures after holding for 60 min
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Fig.8 EDS and SEM images of the reduced samples
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Tab.4 Contents of the slug reduced under different conditions

1%
Fe 93. 68
1200°C42% 60 min
Si 0.03
Fe 90. 87
1300°C42% 60 min
Si 3.10
3
(1)
Fe3 04 o
(2)
. FeTiO,—Fe, TiO,—FeTi,0,—Ti,0; .
(3) 1100 ~ 1250°C
0 ~30min

207.92 kJ/mol; 1100 ~1200°C

30 ~90 min
521.47 kJ/mol.

2018 39(04) :41 -47

2 Ranganathan S Bhattacharyya K K Ray A K Godiwalla K
M. Investigations on the Reduction and Growth of Parti—
cles of Iron From Ilmenite Ore J . Mineral Processing
and Extractive Metallurgy 2012 121( 1) : 55 -63

3 Chen Y Hwang T Marsh M et al. Mechanically Activated
Carbothermic Reduction of Ilmenite J . Metallurgical and
Materials Transactions 1997 A28(5): 1115 -1121

4 LV Wei LVXuewei XIANG Junyi WANG Jinsheng LV
Xueming BAI Chenguang SONG Bing. Effect of Ore-Oxi—
dation on the Carbothermic Reduction of Ilmenite Concen—

trate Powder J . International Journal of Mineral Process—

ing 2017 169(169) : 176 - 184

I 2016 26(07) :21 -25



442 40
6  WANG Yuming YUAN Zhangfu GUO Zhancheng et al. 2017 61(5-6):511 -516
Reduction Mechanism of Natural Ilmenite with Graphite 9  GOU Haipeng ZHANG Guohua ZHOU Guozhi. Phase E—
J . Transactions of Nonferrous Metals Society of China volution During the Carbothermic Reduction Process of 11—
2008 18(4) :962 —968 menite Concentrate J . Metallurgical and Materials
7 . Transactions 2015 46( 1) : 48 - 56
J. 2019 42(04) :56 -62 10 D .
8 HUANG Run LIUPengsheng ZHANG Jinzhu et al. 2016
Effects of Temperature on Vacuum Carbothermic Reduc— 11 .
tion of Panzhihua Ilmenite Concentrate J . Metallurgist J . 1999 (01):52 -53 +31



