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ABSTRACT The Ti powder forming is more difficult through traditional pressing methods due
to inductile and high hardening rate of Ti. Some advanced forming methods, although, are effective
for increasing the green density, such as hot–pressing and isothermal–statistic pressing, they are too
expensive. In our previous research, it has been demonstrated that compacting high green density of
Ti powders would be achieved by high velocity compaction (HVC) which seems to be an attractive
candidate that has an excellent balance between performance and cost in forming Ti powders. In this
paper, the four Ti powders with average particle size of 150, 75, 48 and 38 μm, namely A, B, C, and
D powder, were separately pressed by HVC technology. The influences of particle size on the green
density, the maximum impact force and withdraw force in compacting were investigated. The com-
pactability features of the four powders in HVC and the properties of sintered samples were studied.
The results show that the green density of compacts obtained by HVC method is related with both
particle size and apparent density. At relatively small impact energy, the green density of compacts
is mainly determined by the apparent density of powders. While at larger impact energy, it is mainly
determined by the particle size. For powders pressed at impact energy lower than 761 J, the highest
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green density is obtained for compacts made of B powders which has maximum apparent density. With
higher impact energy, the highest green density is obtained for compacts made of A powder which has
maximum particle size. It is found that the influence of particle size on the maximum impact force is
similar to those on the green density, and for the four powders the relationships between the maximum
impact force and the green density all comply with Huang Pei–yun equation. Particle size shows no
observable influence on withdraw force. The sintered density increases with decreasing particle size
of powders, accompanying with grain growth of different degrees. After vacuum sintering at 1250 !,
nearly fully dense samples can be prepared for the compacts of four powders.
KEY WORDS high velocity compaction, Ti powder, particle size, density, Huang Pei–yun equation
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Table 1 Characteristics of Ti powders

Powder type Average particle size D10 D50 D90 Apparent density Oxygen content,

µm µm µm µm g/cm3 mass fraction, %

A 150 31.4 78.54 198.19 1.15 0.18

B 75 17.43 36.12 62.69 1.21 0.25

C 48 12.94 25.76 53.06 1.08 0.34

D 38 13.97 25.31 41.48 1.07 0.45

Note: D10, D50 and D90 represent particle diameters at 10%, 50% and 90% points on an accumulation

curve of a particle size distribution when the total weight is 100%
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Fig.1 SEM images of four Ti powders

(a) A powder (b) B powder (c) C powder (d) D powder
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Fig.2 Relationship between green density and impact en-

ergy
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Fig.3 Relationship between max impact force and impact
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Fig.4 Relationship between max withdraw force and im-

pact energy

� 5 4 � Ti ���������
Fig.5 Huang Pei–yun equation of four titanium powders

(a) A powder (b) B powder (c) C powder (d) D powder
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Table 2 Values of m and M of fit lines in Fig.5

Powder type m M , MPa R

A 1.837 88.09 0.99908

B 1.961 80.96 0.99872

C 1.805 94.06 0.99943

D 1.762 101.45 0.99958

� 6 4 ���"�����
Fig.6 Sintered density of four green compacts

YACEqfu α E, jS^li, arvK6vl. E
L7 A 14*NOYY, .u 3 5YY*^UZ[N+,
A 14YY*^UZ[?+, aE 31.9 μm, B, C & D
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x*. N?j_, L7>:U"*14, ÆTS@Q=Y2
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� 7 4 ����"�c`�d
Fig.7 OM images of four sintered samples

(a) A powder (b) B powder

(c) C powder (d) D powder
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(1) %-A1*A;%"D14UV&d\%"*

b. DG'FN+O, A;%"ACiA7d\%", 0
DG'FN%O, ;ACiA714UV. \DG'F
≤761 J O, $*?+d\%"* B 14*A;%"?
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(2) 14UVLA;%"&?+A1Z*efE<,

014UVDQ8Z>HjS^bl.
(3)>:UV14/%-A1EB]*?+A1ZD

A;%">HHo#prmA14B.
(4) Ti 1%-A1;\*NO%"X14UV*d

+0U3, :OsX>:B"*^Uq+. A, B, C & D
4 514A;*NO6%"s]E 98.7%, 99.2%, 99.5%
& 99.7%; ^UZ[s]E 31.9, 74.1, 79.0 & 62.3 μm.
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