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Property Enhancement of a-# Titanium Alloys by Microstructure-
controllable New Blended Elemental P/M Method

Masuo HAGIWARA, Yoshinari KAIEDA, Yoshikuni KAWABE,
Koji YAMAGUCHI, Masuo SHIMODAIRA and Shin MIURA

Synopsis:

A variety of e-£ titanium alloys were produced by the microstructure-controllable new Blended
Elemental (BE) P/M method, in which as-sintered material is water-quenched from the £ -phase region
prior to HIP'ing, with emphasis on relating composition/processing/microstructure to mechanical prop-
erties. Alloy composition was found to have a strong effect on the microstructure. In near a type a-£
alloys such as Ti-6A1-2Sn-4Zr-2Mo, the new BE method created a fine two phase structure in a relatively
small £ grain with lower aspect ratio a-platelets. This microstructure resulted in improved high cycle
fatigue strength compared to those for conventional BE alloy. In contrast, in f-rich e-£ alloys such as
Ti-5A1-2Cr-1Fe, a massive a phase was formed on prior 8 grain boundaries. In this case poor improve-
ment in fatigue strength was obtained because of the presence of this massive @. High temperature me-
chanical tests done on near a type alloys revealed that both creep resistance and low cycle fatigue strength
were superior in new BE material than in conventional BE material. These findings demonstrated that the
new BE method applied to near a type a-@ alloys can give rise to better balance of mechanical properties
compared with that of ingot metallurgy.

Key words : titanium alloy; powder metallurgy; blended elemental method; near o alloy; microstructure;
fatigue ; creep.
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Table 1. Summary of room temperature mechanical properties of extra low chlorine blended elemental
a-f titanium alloys.
" 0.2% YS urs El | RA | oat10]
Alloy Method (ket/mm®) | (kgf/mm®) | (%) | (%) | (Kgt/mn?):
@ Ti-5.5A1-3.5Sn-3Zr-0.3Mo-1Nb-0.3Si(IMI 829) P (;md S+930°C HIP i 96 104 4 8
' P and S+HT+930°C HIP 98 106 9 | 23
@ Ti-6A1-5Zr-0.5Mo-0.25Si(IMI685) P and S+930°C HIP 93 102 14 24
P and S+HT+930°C HIP 99 108 12 25
@ Ti-6A1-2Sn-4Zr-2Mo P and S-+930°C HIP 91 100 15 | 31 42
P and S+HT+930°C HIP 101 111 15 26 66
@ Ti-6A1-2Sn-4Zr-2Mo-0.1Si P and $+930°C HIP 99 108 18 27
P and S+HT+930°C HIP 104 114 13 18
® Ti-6Al-4V P and S+930°C HIP 85 94 14 36 42
P and S+HT+930°C HIP 88 97 15 42 60
Ti-6A1-4V(Ingot Met.) HT+930°C HIP 88 99 13 24 61
® Ti-5A1-2Cr-1Fe P and S+930°C HIP 96 102 18 | 40
P and S+HT+930°C HIP 97 105 19 42 56
@ Ti-4.5A1-5Mo-1.5Cr (Corona 5) P and S+930°C HIP 94 103 19 40
P and S+HT+930°C HIP 95 104 20 45 56
Ti-5A1-2.5Fe P and S+930°C HIP 90 99 18 35 45
P and S+HT+930°C HIP 103 109 17 36 60

HT : Water quenching of sintered preform from the beta phase region
P and S : Press and sinter
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a, b : Ti-6A1-5Zr-0.5Mo-0.25Si (IMI 685)

e, f: Ti-5Al-2Cr-1Fe

fio7e. #ABRES A 7 VKRB, B 4mm,
FATES 8 mm AR Y, ERmIEAR,
R —1 DFEMHTRARTIT > 72,

3. £ B B B

31 &S

- REBE LT, @IMI 685, @Ti-6Al-2Sn-4Zr-2Mo,
C@Ti-SAl-ZCr‘lFe B L U@DCorona 5 DEEMAE %
Photo. 1 IR ¥. RETHELHAICE, &S
£h, R (GB) KA FREBIAET GB a 75,
FRMPNUCIRERD o HATBRICES L2V b w2 T
Do PFEL BN, HuEBHETHD. R
BB vz, HIP B RERICIRILOES LT
ThHY, oL hHWEBHAKIESRERZOGHLE
BB L 2EABE 70 IS BV L0TH
AY,

¢, d : Ti-6Al-2Sn-4Zr-2Mo

g, h: Ti-4.5A1-5Mo-1.5Cr (Corona 5)

Photo. 1. Microstructures of a-# titanium alloys produced by the conventional BE method
(top photographs) and microstructure-controllable new BE method (bottom photographs).
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Fig. 1. Relationship between ultimate tensile
strength and elongation for ¢-f# titanium alloys
listed in Table 1 produced by the conventional
BE method (open circles) and the microstructure-
controllable new BE method (closed circles).
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Fig. 2. Smooth fatigue data for Ti-6A1-2Sn-4Zr-
2Mo produced by the conventional BE method
(open circles) and the microstructure-controllahle
new BE method (closed circles). "
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Fig. 3. Smooth fatigue data for Ti-5AI-2Cr-1Fe
produced by the microstructure-controllable new
BE method.
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Fig. 4. Smooth fatigue data for Ti-4.5A1-5Mo-
1.5Cr (Corona 5) produced by the microstruc-
ture-controllahle new BE method.
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Fig. 5. High temperature ultimate tensile strength
(UTS) for a-£ titanium alloys produced by the
microstructure-controllable new BE method.
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Fig. 6. Relationship between ultimate tensile

strength (UTS) and Al equivalent for a-@ titanium
alloys produced by the conventional BE method
(open circles) and the microstructure-controllable
new BE method (closed circles).

Fig. 7 &, ®Ti-6A1-4V %400°C » —FiREIZ B »
T—%E7 50 kgf/mm?® CEF LA E ED 7 ) — T
Thhb MEEEEEED, JoRBLHETIE, BRY
J=7, BEIZV—TRONE? ) — 7 D EZBEREHHE
WKHROLNE, EF 27— TEEIR, FNEAKHNEESS
DHEBEL, EREEEDH 1/3 THAH. Fig 812,
@ Ti-6Al-2Sn-4Zr-2Mo @ 500°C 12 BT 5 7 V) — 7T
TI-HERRORKRERYT. AEETH, RERHEES
S0V RFEFEECHERIL Twa. PLEFNAL XSS,
AAERRIEE X 0 BB A0 4 stk o £ B M,
HREEED IO —HBEL D LEN ) — THME
Bol B2 THD, REEHIHESE BN

16 T . '
Ti-6Al-4V

12} 400°C,55kg/mm? .
c
@ 8t /, ]
N /

4 8 ,’1/ ~

O 1 1 1

0 1000 2000 3000

Time, hr

Fig. 7. Creep curves of Ti-6Al-4V produced by
the conventional BE method (broken line) and the
microstructure-controllable new BE method (solid
line).
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Fig. 8. Creep stress versus rupture data at
500°C for -Ti-6Al-2Sn-4Zr-2Mo produced by the
conventional BE method (open circles) and the
microstructure-controllable new BE  method
(closed circles). '
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Fig. 9. Strain-controlled, low cycle fatigue data
at 500°C for Ti-6Al-2Sn-4Zr-2Mo produced by the
conventional BE method (open circles) and the
microstructure-controllable new BE  method
(closed circles) as compared with Fe-based heat-
resistant alloys.
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a) Near @ alloy such as Ti-6A1-2Sn-4Zr-2Mo
b) Highly 8 -stabilized alloy such as Ti-5A1-2Cr-1Fe

Fig. 10. Schematic  transformation  diagrams
showing the difference in kinetics of hetero-
geneously nucleated grain boundary (GB) ¢ and
uniformly nucleated a.
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Fig. 11. Relationship between fatigue ratio at 107
cycles and Mo equivalent for a-# titanium alloys
produced by the conventional BE method (open
circles) and the microstructure-controllable new
BE method (closed circles).
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