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Effects of can design on tensile properties of
typical powder metallurgy titanium alloys
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Abstract: Pre-alloyed powders of Ti-6Al-4V and Ti-60 were prepared through hot isostatic pressing (HIP) route. The
tensile properties of two typical powder metallurgy (PM) titanium alloys HIPped from two different kinds of cans were
tested, and the fracture surface morphology was studied by SEM. The simulation, using MSC.Marc software of
capsule/powder shrinkage during HIPping for two different can designs was presented. The numerical simulations of
Hipping experiments indicate that improper can design shows great probability of capsule failures, which is in accordance

with the experimental data. Capsule failure will deteriorate the mechanical properties of the PM alloys, and finite element

method is a useful tool for can design, especially for manufacturing near-net-shape components.
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Table 1 Chemical composition of Ti-6Al-4V pre-alloyed
powders (mass fraction, %)

Al \Y% Fe Si C Ti

6.05 4.04 0.07 0.04 0.028 Bal.

Fz2 Ti-60 WA AR ML ST
Table 2 Chemical composition of Ti-60 pre-alloyed powders
(mass fraction, %)

Al Sn Zr Mo Nb Ta Si C Ti
583 4.05 336 04 035 099 041 0.064 Bal.
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Fig. 1 Pictures of two different cans (type 1 can, type II can)
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Fig. 2 Displacement distribution in y-axis of two typical cans: (a) Type 1 can; (b) Type II can
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Fig. 3 Displacement in y-axis at different positions for two

typical cans
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Fig. 4 HIPping pressure analysis of two typical caps: (a) Type
[ can; (b) Type II can

PRI R IR . AR R (R 0 5 3 B0 AR AT
FEBUE AR i B B OB Y B N, AR, R
RIS 3 AN ) 0 S BE JEGS Ti-5A1-2.58n ELIL #il &5 4x
WMARBCEMAT IR, R REE T,
R JEL 5 [ 1) R MY, 25 5 SO I X S 3850 A g
(225, AFON R 2 1R 3803 G W] B 59 . Ti-5A1-2.5Sn
ELIL. Ti-6Al-4V Hl Ti-60 3@ ML A1 o BG4, A
1, AT PACK AR S rh A BT R AR A A R 0% B TG
B ESEN, AF s 2 PR B SR A R A i s P RS

23 BERENMAEEAERENEIT
IEREHID ) IVEF T R I A A, DI
FESHET )2 PEREMIR AL LU M. 26 3 Ik 4 B4l
g3 T AN M AEAREEF LS Ti-6A1-4V
AT Ti-60 PRI ARG G mIhhdEge . PRl R & G5

R 4 ) BB A B B A T 1T 2 A A AR AR 1
ARG (N ALA )1 SR PURE FF{K 70 MPa ¢
iy IR KRBT 50%; M, 18
Ti-6A1-4V A5 & I 3R A 113 45 4 1 A K 3T 1
WG, ARIMTPUR R 3, 350 C Ry
FRIEREKZ) 140 MPa, 400 C FHuhy s FAARL) 170
MPa. MK 5@)FTLLEH, T2 Ti-6A1-4V ¥iRKG 41
W7 1 AR AT — IR Es, AR AR RORE I R0 R
MALIRE BT AT s i T0 B0k AR 5 S W T (LI 5(b))
= s A, ToHH S FLIR .

R3 AMARCERESIAERE Ti-6Al-4V 1R
PERE
Table 3 Tensile properties of HIPped Ti-6Al-4V prepared in

two typical cans

Can type t/C Ry /MPa R./MPa  A/% Z1%

20 789 863 7.2 7.3
I 350 468 588 13.2 23.5
400 425 535 9.5 13.9
20 851 931 16.0 42
Il 350 610 725 14.0 55.5
400 585 705 13.0 62.5

R4 WPAEQEPHIS TR Ti-60 K TERE
Table 4 Tensile properties of HIPped Ti-60 prepared in two

typical cans

Can type t/C  RyMPa R,/MPa A% Z1%

20 577
I 550 - 305 - -
600 303
20 1071 1095 4.5 6.0
Il 550 602 719 6.0 8.0
600 568 667 8.4 16.4
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Fig. 5 Tensile fracture surfaces of P/M Ti-6Al-4V and Ti-60 at room temperature: (a) Ti-6Al-4V from type [ can; (b) Ti-6Al-4V
from type II can; (c) Ti-60 from type 1 can; (d) Ti-60 from type II can
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Fig. 6 Photos of Ti60 after typical heat treatment
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Table 5 Interstitial elements and Ar contents in as-HIPped
Ti-6Al-4V and Ti-60 alloys (mass fraction, %)

Alloy (0] N H Ar
Ti-6Al-4V 0.16 0.001 0.0010  <0.0005
Ti-60 0.10 0.013 0.0026 0.0035
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Fig. 7 Micro-CT photos of TiAl alloys: (a) Ar content less
than 0.0005%; (b) Ar content of 0.02%
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