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Abstract

In this study, mechanical grinding using a planetary ball mill was performed under various conditions to evaluate its effect on
the crystal structure of vanadium titanium magnetite (VTM) ore from the Kwain Mine in South Korea. The crystal structure of
the activated product was also evaluated. Magnetite and ilmenite were identified as the main types of VIM ore used in the
Kwain Mine, and the main types of gangue minerals were iron-based silicate minerals. According to the mechanical activation
results, the crystallinity and crystal size decreased as the size of the grinding media (balls) decreased, and the amorphization of
the sample/ball filling was significant as the amount of the sample was reduced. In addition, as the grinding speed and time
increased, the crystal structure significantly changed, proving that these two parameters had a greater effect on the crystal
structure than the ball size and sample/ball filling ratio.
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Fig. 1. X-ray diffraction (XRD) pattern and mineral phase composition result by EVA and TOPAS program of the raw VITM

ore used in this study.
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Fig. 2. Particle size distributions of the vanadium concent-
rates prepared from milled VTM samples used in
this study: volume fraction percentage (red circle
line) and cumulative distribution percentage (blue
circle line).
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Fig. 3. XRD patterns of the activated VIM samples by
planetary ball mill according to the various ball size:
activating time=10 h, ball/sample ratio=0.4 and rpm
speed=500 rpm.
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Table 1. Crystallinity and crystal size of the activating
VTM samples by planetary ball mill according to
the various ball size

Conditions TN .
(ball size, mm) Crystallinity (%) | Crystal size (nm)
Feed (raw VIM) 100 850
2 33 67
3 62 217
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10 92 588
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Fig. 4. XRD patterns of the activated VIM samples by
planetary ball mill according to the various the
sample/ball ratio: activating time=10 h, ball size=
3mm and rpm speed=500 rpm.
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Table 2. Crystallinity and crystal size of the activating
VTM samples by planetary ball mill according to
the various sample/ball ratio

(sani:)lg;t;lﬁ?ztio) Crystallinity (%) | Crystal size (nm)
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Fig. 5. XRD patterns of the activated VTM samples by
planetary ball mill according to the various the rpm
speed: activating time=10h, ball/sample ratio=0.4
and ball size=3 mm.

Table 3. Crystallinity and crystal size of the activating VITM
samples by planetary ball mill according to the

rpm speed
Conditions (rpm) | Crystallinity (%) | Crystal size (nm)
Feed (raw VIM) 100 850
300 94 775
500 63 365
700 39 120
50h
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Fig. 6. XRD patterns of the activated VTM samples by
planetary ball mill according to the various the
activating time: ball size=3 mm, ball/sample ratio=
0.4 and rpm speed=500 rpm.
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Table 4. Crystallinity and crystal size of the activating VITM
samples by planetary ball mill according to the
activating time

Conditions (hour) | Crystallinity (%) | Crystal size (nm)
Feed (raw VIM) 100 850
1 96 788
2 91 524
5 79 285
10 55 124
20 25 58
50 12 45
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