H23BH 12
Vol.23 No.12

TERERERFIR

The Chinese Journal of Nonferrous Metals

2013412 H
Dec. 2013

TEHES: 1004-0609(2013)12-3423-07

)

ERRELRNRGKY RESHEESIBSIER

B3, SR, 4EAL, FEF, THF
(R BRI e & S BRI IS0 %, Bifg 200072)

B E. MRS REST R BT, SEM Al XRD 2 AN FIEJ5 44 T Bkl (FeTiO,) ik
SR A RFIIC R AT WO AR, B Sl MR R o o &S A AL 4 TR Y
MAERNL . 855K EASGERUIRE T & mETT N Z R, IR SRR BRI Rl T 2 0 R AR TE B0
2 & SRR SR ASTE AH R B 25, 4 mk LAAH /INSTRDIR IR 38 ST # 2 AR AR R0k N 5, RN Bt 3557 th
Iy BT AEA R PR oAb, E SRR CO BETE & JEEk MR Y i — 8 R iR, JFEEF HyO 4> T HE ik
JRER, e TSR S i B i R 2

KHEIE: BRERET: R WA HESRE: MG RN

hEHES: TFS23 NERRERD: A

Hydrogen-rich gas reduction of ilmenite and
coupling reaction of gaseous compositions
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(Shanghai Key Laboratory of Modern Metallurgy and Materials Processing, Shanghai University,
Shanghai 200072, China)

Abstract: Thermogravimetric analyzer, mass spectrometer, carbon analyzer, SEM and XRD were utilized to study the
reduction product of ilmenite (FeTiOs). The mass loss, distribution of titanium and magnesium, micromorphology and
phase transitions were investigated. The coupling reaction between different components of hydrogen-rich gas was also
discussed. The results show that a dense layer forms inside ilmenite particle with the beneficiation of metal iron, titanium,
and magnesium in the hydrogen reduction process. Unlike the hydrogen direct reduction, the dense layer can not form in
the hydrogen-rich gaseous reduction. The metal iron in the form of granule type distributes evenly in the body of the
particle, and titanium and magnesium also distribute in all particles. In addition, the CO in hydrogen-rich gas can be

dissociated on the surface of metal iron which plays the role of catalyst. The surface carbon which is formed by the

dissociation of CO can reduce H,O molecule again, so that the utilization of hydrogen can be elevated.
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Table 1 Main chemical composition of ilmenite concentrate

(mass fraction, %)

TIOZ TFe FeO F€203 A1203 CaO MgO SIOZ

40.21 2938 3238 6.03 241 210 6.17 7.85
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Fig. 1 XRD pattern of Panzhihua ilmenite concentrate
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Fig. 2 Schematic diagram of thermogravimetric analyzer
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Fig. 3 TG plots of hydrogen reduction at different

temperatures
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Fig. 4 TG plots of ilmenite reduced by hydrogen-rich gas

with different compositions at 1 000 ‘C

2.2 SURARE RS IR TR R
B 5 P A [l s TR L aE IR BT ¥ XRD
e WS AR A, BT S T

= — Jron
* — Rutile
+ — Ilmenite

¢ — Hemtaite
v — Pseudobrookite
solide solution

(d)

u t}L ()
1 L I ) MR (@

20 30 40 50 60 70 80
260/(°)
5 1000 CHEIRAA AR MR TR SRR B 1)
YA K
Fig. 5 XRD patterns of ilmenite of hydrogen-rich gas with

different compositions at 1 000 ‘C: (a) Initial ilmenite; (b)
20%H,+80%CO; (c) 50%H,+50%CO; (d) 80%H,+20%CO
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Fig. 6 Morphologies and EDS maps of cross section of ilmenite particle after hydrogen direct reduction: (a) Optical photograph;

(b) Backscattered electron image; (c) EDS map of titanium; (d) EDS map of magnesium
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Fig. 7 Schematic diagram for hydrogen reduction of ilmenite
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Fig. 8 Morphologies and EDS maps of cross section of ilmenite particle after hydrogen-rich gaseous reduction: (a) Optical

photograph; (b) SEM image; (c) EDS map of titanium; (d) EDS map of magnesium
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Fig. 9 CO change curves of tail gas detected by mass

spectrometer at different temperatures
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Table 2 Carbon contents of reduced products at different

temperatures for 12 min

Mass fraction/%

Reduction agent
900 C 1000 C 1100 C 1200 C

Pure hydrogen 0.0073 0.0069  0.0071  0.006 7

80%H,+20%CO 0.0544 0.0192  0.0093  0.007 1
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