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Effect of mechanical activation on
hydrochloric acid leaching ilmenite at atomospheric pressure

WU Ling, CHEN Jia-bin, ZHONG Sheng-kui, ZHANG Xiao-ping, LIU Jie-qun

(School of Iron and Steel, Soochow University, Suzhou 215021, China)

Abstract: The elements of ilmenite were selectively leached by mechanical activation and hydrochloric acid leaching at
atmospheric pressure, the effect of mechanical actuation on the microstructure, morphology, size and leaching results was
studied. The results show that mechanical activation can refine the grain size and increase the surface roughness of
ilmenite particles, which result in the increase of the specific surface area. The mechanical activation can also disrupt the
integrity of ilmenite crystal grains, and induce the formation of a large number of lattice defects, which lead to the lattice
expansion. All the above actions can strengthen the leaching of ilmenite. The optimal leaching conditions are as follows:
hydrochloric acid of 20% in mass fraction, reaction temperature of 100 ‘C, hydrochloric acid/ilmenite mass ratio of 1.2:1,
and mechanical activation time of 2 h. Under the optimal conditions, the leaching ratios of Ti and Fe are 1.07% and
95.5%, respectively. As a result, Ti and Si are still in the slag, and the other elements are enriched in the lixivium. In
addition, the synthetic rutile with the grade of over 90% is obtained by calcinating the above titanium-slag.
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Table 1 Chemical composition of ilmenite (Mass fraction, %)
TiO, Fer FeO Fe0O3 MgO SiO, ALO; CaO MnO,
47.60 30.57 32.81 7.25 5.64 335 1.66 0.70 0.663
Fer: Total Fe.
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Fig. 1 SEM images of ilmenite activated for 2 h with ball/ilmenite mass ratio of 10:1 (a), 20:1 (b), 30:1 (c) and 40:1 (d)
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Fig. 2 Particle size distribution of ilmenite activated for 2 h

with different ball/ilmenite ratio
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Fig. 3 XRD patterns of ilmenite activated for different times

VNI 20 ViR IN G E RS K7 NOR TR A b A T
XEFE il RS 5RO T THG 18, g LI 4. th
Kl 4 T, SEAITEN T 1 b, HURRE AL B
AR AL ¢ 42K, 1T a B ALK 0.0787%);
MAE 2 h LU, S E e M1 e 942K, Hoa 4L



214 A G

20154F 1 H

HEHSERAT co BEHIHUEE AL B JE 12020 ¢ 4
JITEEAT, AREFER I T WIAE a HhAT ¢ BhiR N 3EAT .

0.5095
= — Lattice parameter a
*— Lattice parameter ¢ P1.404
g O
3 0.5090 £
8 11403 5
a Q
s 0.5085 3
5 11402 g
£ $
< <
- 3
0.5080 {1401

0 3|0 6IO 9|0 1|20 15IO 180
Activation time/min

B4 AR h H S AL R 1R A2 A fth £k

Fig. 4 Changing curves of lattice parameters of ilmenite with

activation time
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Fig. 5 SEM images of ilmenite activated for 0 min (a), 15 min (b), 30 min (c), 60 min (d), 120 min (e) and 180 min (f)
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Fig. 6 Particle size distribution of ilmenite activated for

different times
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Fig. 7 Changing curves of medium diameter (Dsp) and

specific surface area of ilmenite with activation time
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Fig. 9 XRD patterns of calcined slags obtained from ilmenite
activated for 0 min (a), 15 min (b), 30 min (c), 60 min (d), 120
min (e) and 180 min (f)
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Fig. 10 Effect of hydrochloric acid mass fraction and reaction

time on leaching rate of Fe (a) and Ti (b)
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Table 2 Effect of hydrochloric acid concentration on main

chemical compositions of rutile

w(HC1)/% w(Fe,05)/% w(Ti02)/%
15 19.50 70.4
20 2.21 90.8
25 1.78 91.3
30 1.55 92.0
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Fig. 11 Effect of reaction temperature on leaching rate of Ti
and Fe
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Table 3 Effect of reaction temperature on main chemical

compositions of rutile

Reaction temperature/‘C w(Fe,03)/% w(Ti02)/%
80 15.80 74.7
90 7.46 85.6
100 2.21 90.8
110 1.46 91.6
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Table 4 Effect of mass ratio of hydrochloric acid/ilmenite on

main chemical compositions of rutile

Mass ratio of hydrochloric

Acid to ilmenite WEeO)% WL
0.9:1 16.86 73.2
1.2:1 2.21 90.8
1.46:1 1.56 91.6
1.8:1 1.15 92.9
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