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Abstract Using the titanium hydride powder directly as the starting material to manufacture the titanium and titanium alloy is a method
that goes beyond the traditional powder metallurgy technology. Dehydrogenation and shrinkage of TiH, powders with different particle
sizes are studied using thermogravimetric and dilatometric techniques. The process factors such as the sintering temperature,, the
sintering time, the heating rate,, the compaction density,, the compaction methods, and the alloy system, would affect the sintering
densification of TiH, powders and TiH,~Al-V alloy powder. It is shown that the dehydrogenation temperature of the starting and ending
of the ball milling TiH, is lower than that of the coarse TiH, powders, the finer the TiH, powder, the lower the temperature. The
densification of TiH, powders is easy because of the combination of dehydrogenation and shrinkage of a=Ti in one process, which creates
the fresh dehydrided titanium uniform during sintering, thus leads to rapid densification and very high sintereing relative density, higher
than 99%. In contrast, it is difficult to achieve a full densification of TiH,~Al-V alloy powder during sintering, which requires dissolution
of alloy elements during sintering above its beta transformation temperature. The sintered microstructure of Ti—-6Al-4V shows the typical
lamellar shaped a+8 characteristics,with a uniform alloy element distribution.
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Fig. 1 TGA weight loss curves as a function of
temperature for TiH, of different particle sizes
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Fig. 2 Rate of shrinkage of micron-TiH, and nano-TiH, as a function of temperature
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Table 1 Sintered densities of TiH, milled in 30min
heating to 1500C at 10, 20, 30, 40°C/min

THE A/ BRESFTE R BRAHIA BesS R/ RRE A M

(“C+min™) (g em™) X % BE 1% (grem™) X% BE 1%
10 2.43 62.15 4.57 101.55
20 2.43 62.15 4.55 101.10
30 2.43 62.15 4.51 100.20
40 2.43 62.15 4.42 98.15

E R AR AR FE KT 100% A K IR £ PTE,

Note: The relative sintered density greater than 100% is due to test error.
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WA TR, MBS THE I I, bash % 8 R,
2 NBELE RS XA A E RS L, TR
AR ZE SR M) B B G bE 25 I B T, el R
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B, e 4 IR I A B, 800°CHE 4G | H X %% & {\ak 5] 91.33%,

®2 TH, ARG ERABDBRETRENEZET K
(TiH.,30min, t=0)
Table 2 Densities of TiH, milled 30min sintered
at different temperatures

RRES I BRESHI W) BRAHIA RASEE R REEH

C (g-cm™) X% (grem™) X /%

800 2.48 63.50 4.12 91.33
1000 2.48 63.50 4.41 97.76
1200 2.48 63.50 4.48 99.36
1500 2.48 63.50 4.51 100.00
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Table 3 Sintering densities of TiH, at different processing condicions

P T R S e ah &1 %éﬁﬁﬁﬁj %%ﬁﬁ*ﬁﬁ Hﬂ@%f‘}ﬁ ] %SE*HN f}éé*%
(C,h) FE /(g cm™) W% /(g em™) W EE % R/

1 TiH, 7 Bk % CIP 1200,4 3.37 86.50 442 98.20 4.24
2 Ti-6A1-4V CIP 1200,4 3.38 86.75 431 97.50 3.80
3 TiH, Bk & 30min DP 1200,4 2.54 65.00 443 98.3
4 TiH, 7 Bk % DP 1200,4 3.14 80.10 4.46 98.9
5 Ti—-6A1-4V DP 1200,4 3.45 88.55 424 95.94
6 TiH, 7 B B DP 1200,4 3.40 87.40 451 100.01
7 Ti—-6A1-4V DP 1200,4 3.39 86.90 431 97.60
8 Ti-6A1-4V DP 1200,6 3.08 79.00 424 95.94
9 Ti-6A1-4V DP 1400,4 3.08 79.00 432 97.50

E LT 6 A T WA SRR 2 A . T=400°C ,1=0.5h ; T=500°C ,t=0.5h ; T=650°C , =1.0h ; T=1000°C , =0.5h ; T=1200°C , ;=4h, CIP % % # /& ,DP A )%
Notes: Sintering process of number 6.7 samples is: T=400°C ,:=0.5h;7=500C ,¢=0.5h;7=650"C ,1=1.0h ;7=1000°C ,:=0.5h ; T=1200°C ,t=4h, CIP is iso-

static processing, DP is molding.
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