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Preparation and Microstructural Characteristics of Ti Nanopowder
by Ball Milling and Dehydrogenation of TiH, Powder
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This study analyzed the influence of ball size and process control agents on the refinement and dehy-
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drogenation behavior of TiH, powder. Powders milled using ZrO, balls with diameters of 0.1 mm, 0.3

mm, and 0.3+0.5+1 mm exhibited a bimodal particle size distribution, of which the first mode had the
smallest size of 0.23 um for the 0.3 mm balls. Using ethanol and/or stearic acid as process control
agents was effective in particle refinement. Thermogravimetric analysis showed that dehydrogenation
of the milled powder started at a relatively low temperature compared to the raw powder, which is in-
terpreted to have resulted from a decrease in particle size and an increase in defects. The dehydroge-
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nation kinetics of the TiH, powder were evaluated by the magnitude of peak shift with heating rates
using thermogravimetric analysis. The activation energy of the dehydrogenation reaction, calculated
from the slope of the Kissinger plot, was measured to be 228.6 kJ/mol for the raw powder and 194.5
kJ/mol for the milled powder. TEM analysis revealed that both the milled and dehydrogenated powders

showed an angular shape with a size of about 200 nm.
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2. Experimental
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3. Results and Discussion
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Fig. 1. Particle size distribution of raw and ball-milled powders
prepared for 5 h with different ball size combinations.
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Fig. 2. SEM images of TiH, powder prepared by milling for 5 h at 500 rpm using (a) 0.3 mm and (b) 0.3+0.5+1 mm diameter balls.
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Fig. 3. Effect of process control agents on the particle diameter of
ball-milled powders processed for 5 h.
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Fig. 4. Differential TGAcurves at different heating rates for (a) raw and (b) ball-milled TiH, powders in an Ar atmosphere.
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Fig. 5. XRD profiles of the ball-milled powders, heat-treated at
different temperatures in an Ar atmosphere.

of Yyt 2ol ujA|2A] AP eZ 9F 200 nm A7|E ZH= 49
chu BAS YEhdeh 117 7(b) R (09F Zol E54st At

T FARSE 3718 Yehfe SAED 2423 Ti ¥ TiO, A°]
MH%}E 2 5= Stk ol 7129 =RollA] EaH vie} Zol[17,
18], Tio] §4H & AAaote] w2 ¥heACE EdEH TiO,
mjuto] FAHE 7] HECE APt

4., Conclusion
£ 7oA TiH, £20] nl4se] n]xls 2 37] 9 334

olA|9] AL BAslY G54t AFS sjAsth 4 0.1
mm, 0.3 mm % 0.3+0.5+1 mm Z7]9] ZrO, & Ak&sto] 2

J Powder Mater 2024;31(4):324-328

-9
B Raw powder
® Milled powder
. -10r-
P
=3
<ot}
d
e
=
12k [ ]
1.0 1.1 1.2 1.3 1.4

1T_(10°K™)

Fig. 6. Kissinger plots for the dehydrogenation of TiH, powders.
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Fig. 7. TEM image of (a) ball-milled and (b) dehydrogenated powder, and (c) SAED pattern of the dehydrogenated powder.
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