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Effect of Ball Milling Conditions on the Microstructure and
Dehydrogenation Behavior of TiH, Powder

Ji Young Kim, Eui Seon Lee, Ji Won Choi, Youngmin Kim, Sung-Tag Oh'

Department of Materials Science and Engineering, Seoul National University of Science and Technology, Seoul 01811, Republic of Korea

This study investigated the effects of revolution speed and ball size in planetary milling on the
microstructure and dehydrogenation behavior of TiH, powder. The particle size analysis showed that the
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large particles present in the raw powder were effectively refined as the revolution speed increased, and

when milled at 500 rpm, the median particle size was 1.47 um. Milling with a mixture of balls of two or
three sizes was more effective in refining the raw powder than milling with balls of a single size. A
mixture of 3 mm and 5 mm diameter balls was the optimal condition for particle refinement, and the
measured median particle size was 0.71 um. The dependence of particle size on revolution speed and
ball size was explained by changes in input energy and the number of contact points of the balls. In the
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milled powder, the endothermic peak measured using differential thermal analysis was observed at a
relatively low temperature. This finding was interpreted as the activation of a dehydrogenation reaction,
mainly due to the increase in the specific surface area and the concentration of lattice defects.
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2. Experimental Procedure
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Fig. 1. Scanning electron a scanning electron micrograph of the TiH,
powders used in this study.
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3. Results and Discussion
A YO SIHSE7F YR ELO] ujAglo u)AE IS B
Ha71908) BYG B 2719 Azke] 204 WAL AFste
2 =

(e}
o ¥ 2k dolAsd How 24T AT/ Bl

Table 1. Combinations of ball sizes used in this study

Combinations Mixing ratio of different-size balls (by number)

of ball sizes 3 mm 5mm 10 mm

3mm 1 0 0

3+5mm 0.83 0.17 0

3+5+10 mm 0.78 0.16 0.06
8
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Fig. 2. Particle size distributions of raw and ball-milled powder for
5 hours at various revolution speeds using 3 mm diameter balls.
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Fig. 3. Scanning electron micrographs of TiH, powders produced by milling for 5 hours at different revolution speeds: (a) 300, (b) 400, and (c)

500 rpm.
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Fig. 4. Particle size distributions of ball-milled powder with
different ball size combinations.

Table 2. Particle size and span values for powders ball-milled with
different ball size combinations

Combinations of ball sizes Particle size (ym) S

dy, d, Gly (dsg-dio)/ds
3 mm 0.71 4.98 8.70 1.60
3+5mm 0.53 0.71 1.28 1.06
3+5+10 mm 0.40 1.88 4.33 2.10

SO HFSRE span #& Altste] 3t 20 UERHSITE 345
mm 719 £& AT BF FAEE 0.71 pm, span 1.062
2 02 2743} v|wste] AiFog 7P 22379 FUT Y&
EEE YEHS & 5 QU olHe Aiks SEMO® WEdt 11
59 2R FASH, 53] 17 19] deedd viud uf A&
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Fig. 5. Scanning electron micrographs of TiH, powders prepared by milling for 5 hours at 500 rpm with different ball sizes: (a) 3 mm, (b) 3

and 5 mm, and (c) 3, 5, and 10 mm.
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Fig. 6. Differential thermal analysis curves for raw and ball-milled
samples.
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Fig. 7. X-ray diffraction patterns for (a) milled and (b) dehydr-
ogenated powder.
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4., Conclusion
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