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Vacuum carbothermal solid phase reduction of Panzhihua ilmenite concentrate

HUANG Run, LYU Xiaodong . WU Qinghui, LI Yulian, ZHANG Jinzhu
(School of Materials and Metallurgy, Guizhou University, Guiyang 550025, P. R. China)

Abstract; The phase transformation and reduction process of vacuum carbothermal reduction ilmenite
concentrate at the temperature from 1 000 °C to 1 400 ‘C were studied by using FactSage, XRD and BSE-
EDS. The results showed that reduction temperature promoted the reduction reaction and the nucleation
and growth of the metallic iron. The reaction was most intense at the temperature from 1 200 C to
1300 C. At 1 350 °C, silicon entered the iron phase region. Except for a small amount of Fe, TiO, =
FeTiO; at the initial stage, the reduction process of ilmenite concentrate was basically carried out along the
FeTiO;—>FeTi; O;—>Ti; O; > Ti, O;. Iron oxides were reduced to metallic iron and aggregated and grown, while
titanium oxides changed from high valence to low valence. Finally, the main phases of the reduction were Ti, O; and
metallic iron. A solid solution of (Fe, Mg) TiO; and M;0O; was formed during the reduction process, which
restrained the reduction effect of iron.

Keywords: vacuum carbothermal reduction; ilmenite concentrate; phase transformation; reduction process

BEVG M DAY 4= 5 A BUBR L B 9 R 7 S UL B IR RO £ 5 SO T A R v R AT S A B B BRORS B
SRR R I JEORE  ELBRORT T LA B BE L A AR G R R T R T A e M R L e LA S )
BRKE B 1 3 RCHE ORI T i T 2 BEBK I 6 L (H T 12 S SR AR BR AR BT Y 25 B L AN RE B T T A Ufk s A

Yo #s B #A :2019-01-09

ESWE HREARFAEETH (51404080,51664003) , 5N A B2 R FE T H GRS LH 52201617459 5.
Supported by the National Natural Science Foundation of China(51404080, and 51664003), and the Foundation of
Science &. Technology Department of Guizhou Province, China(# %4 LH 52[2016]7459 5.

TEE B A 8 (1984, 5, SN KA B 1 AR R0, 2 B0 A 3 98 9 2% 45 LD B 0BT 2 R BF 5, (E-maail) rhuang @
gzu.edu.cn,

BIRAEE kA B, SN R JO W 2L S0 AT & 5 & Jm MR AL 27 T 5% (E-maiD) jzzhang@ gzu.edu.cn,



% 4 ¥ HE.F . BHAHT AT RAB LR 57

PRER T . R T R R IR ok R B A B AR BT OR  ELBE AR R L A R Dl R AR R R B K PR S e, BRAS
W e A I B B 4 U™ R T BV M XK R I £ A R L R e S 0 AR o B ERORE B P I 4
B 2% TR R ) R BRI 2 G R 1 O R T A

AN, VR 222 3 BT S BRRORS B 3 Ak AR v ) R AR AR RN TR AR T HEAT T RS IR AE AR B s
FN 1T FN NG S AR BRORE B A HR AT A7 4 i Ak A TR B R T A T — R A ST, DA K RE—
E T B bR AL BORS 1 WEE&T%%F&%E%&I“HTI&H P BRI S AR R T2 AR AN RE AT 8K
Mo R PRESEE SR AR . Huang 55177 45 4 S N SE 50 BF 5T, $2 B 25 ik ARG JRUBRORS 7 ) 4% ven b 067 BRI 19 7 T
2T AR E R 1 500 C,Eaﬁi)%i@? 12 90 B o A A0 Hb 2 o 805 8 45 4% 01, 459 BI04 o 67 1Y K v (93 %6
Ti0, ,CaO+MgO<0.45%) , SR 2B T. 2038 Jad A2 v 1% 990 A A8 Ak B I 1 R0 7 B2k — A4 T, Rt
B A Xt B2 Bl ARG TR ARSI A v o O R BT T2 R BORS T A R S R b ) A AR A AT IR S R B LR
J 5 R Shy B2 e PR T BRORS 0 ) & oo i 0 B BT TS SR R e

1 3CI§

L1 E#REE
S B FHBRORS A0 AR R 4 B T A AR Aol A SE O A 1R 2 BoR . BORS BT Y XRD &3 4n
1R RO B (1) S 2 AR O BBk T R A i R REBR AT . BRORS B AN AR AR /N T 75
R KKTHETUEES (URESLOT) %

Table 1 Chemical composition of the ilmenite concentrate

TiO, FeO Fe, O, CaO MnO MgO SiO, Al, O, SO, Na, O V,0; Total
45.64 36.45 6.53 1.12 0.86 3.22 3.65 1.02 1.20 0.20 <<0.10 99.99
x2 ExLERS (URESHIT) %
Table 2 Chemical composition of the dried coke
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Fig. 1 XRD diagram of ilmenite concentrate
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Fig. 2 Schematic diagram of vacuum carbon tube furnace
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Fig. 3 Effect of reduction temperature on the mass loss rate and micromorphology of the sample
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Fig. 4 XRD diagram of the reduced samples at different temperatures
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Fig. 5 Relationships between Gibbs free energy AG and temperature ¢ of the reduction reactions at 10 Pa
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Fig. 6 Microstructure of reduced samples at different temperatures

®3 AERBEDS TERFEHLMENE %
Table 3 The average atomic percentage of EDS elements at different areas

X 3k C O Mg Al Si S Ca Ti Mn Fe
a 4.84 57.09 3.63 0.43 0.03 0.03 0.09 17.90 0.30 15.69
b 6.67 56.15 5.89 0.17 0.04 0.02 0.02 18.59 0.58 11.86
c 4.28 59.62 4.70 0.94 0.13 0.00 0.07 24.58 0.16 5.53
d 4.93 58.08 3.70 1.13 0.06 0.03 0.05 30.69 0.05 0.38
e 3.95 59.31 5.78 0.74 0.05 0.03 0.06 29.69 0.10 0.32
f 11.60 2.17 0.00 0.25 0.06 0.01 0.02 1.55 0.08 84.26
f, 9.84 1.26 0.00 0.09 2.04 0.03 0.00 2.26 0.18 84.30
f; 9.63 2.68 0.14 0.08 4.95 0.02 0.07 1.18 0.05 81.21
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