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Improvement of Mechanical Properties of Blended Elemental
Ti-6A1-4V Alloy Through Microstructural Modification

Masuo HAGIWARA, Yoshinari KAIEDA and Yoshikuni KAWABE

Synopsis :

Despite the attractiveness of high strength—to—weight ratio of titanium alloys, cost problems limit their
use in various industrial applications.

Blended elemental (BE) titanium powder metallurgy, which uses both press and sinter technique and
hot isostatic pressing (HIP) for further densification, offers the greatest cost-saving potential, but mechanical
properties, particularly fatigue, are inferior to those of prealloyed powder metallurgy and ingot metal-
lurgy materials due to the formation of large alpha—platelet colonies and massive grain boundary alpha
phase.

In the present study, an attempt was made to improve mechanical properties of BE Ti-6Al1-4V alloy
through microstructural modification. The results of investigation show that the beta solution treatment
and water quenching ,prior to HIP’ing in the alpha+beta region have a strong effect on the structure
modification. This new BE method results in relatively small prior beta grains and produces finear and

lower aspect ratio alpha plate structure without formation of grain boundary alpha phase. The resultant
mechanical properties are markedly improved over those for conventional BE material, and fatigue strength

is as good as prealloyed material.
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Fig. 1. Processing steps for blended elemental titanium powder metallurgy.
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Table 1. Chemical analysis (wt%).

Al \4 Fe Si Cl Mn N Mg C H (0]
Titanium powder 0.17
Al-V powder 0.18
As P&S 0. 26
P&S+HIP 6. 17 3.53 0.022 0. 014 0. 020 0. 002 0. 011 0.001 0.012 1.5 i)pm 0.30
P&S+HT+HIP 0.25
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(a) AsP&S, (b) P& S+HIP, (c¢) P & S+HT+HIP, and (d) REP+HIP,
Photo. 1. Microstructures of blended elemental and prealloyed Ti-6Al1-4V alloy.

Table 2. A summary of mechanical tests.

Test temp. (K) 0.2%YS (kgf/mm?) UTS (kgf/mm?) Elong. (%) RA (%) Kic(kgl/mm¥?) oy at 107 (kgf/mm?)

As P&S 293 80 89 10 15 126 (Kq) ~20[7]
77 130 140 5 7 181

wo B & iR % *

P&S+HT+HIP 293 o 102 17 40 210 (Ko) 50

REP+HIP K ¥ 155 5 % e o]
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(2) As P & S, (b) P & S+HIP, (c) P & S+HT-+HIP,
Photo. 2. Surface appearances of blended elemental Ti-6Al-4V tensile test specimens
tested at 293K.
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Fig. 2. Load-displacement records at 293 K and
77K for blended elemental Ti-6Al-4V alloy.
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(a) AsP & S, (b) P & S+HIP, and (c) P & S+HT+HIP.
In all cases, the crack propagation is running from left to right.

Photo. 3. Fast fracture regions just ahead of precrack front of blended elemental Ti-6Al1-4V
fracture toughness test specimens tested at 293K and 77K.
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Fig. 3. Smooth fatigue data for blended
elemental Ti-6Al-4V alloy.
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(a) P & S+HIP, and (b) P & S+HT-+HIP.
Photo. 4. Fracture initiation sites of blended elemental Ti-6Al1-4V smooth
fatigue test specimens.
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Photo. 5. Microstructural feature of a phase.
elemental Ti-6A1-4V alloy quenched from 1050°C and annealed at 930°C for 3h.

(b) High and (c) low magnification of microstructure of wrought Ti-6Al-4V alloy
quenched from 1050°C and HIP’ed.
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