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Mechanical Ptroperties of Cold-worked and High-Low Temperature Duplex

Aged Ti-15V-3Cr-3Sn-3Al Alloy

Naotake N1wA, Akira ARAL Hideo TAKATORI and Kunio ITO

Synopsis :

Mechanical properties were studied by tensile test of Ti-15V-3Cr-3Sn-3Al alloy obtained by duplex-
aging after cold-swaging, i.e. aging at higher temperatures followed by reaging at a lower temperature.
Combinations of short-time aging at 823K, 873K and 923 K and reaging at 673 K have improved strength-
ductility balance of this alloy greatly, realizing high strength of about 1.8 GPa with tensile elongation of
5%. This duplex aging process further diminishes the influence of reduction of cold-swaging on mechanical

properties after aging.

Key words : beta titanium alloy; Ti-15V-3Cr-3Sn-3Al; cold-working; aging; mechanical properties;

duplex-aging.
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Table 1. Chemical composition (mass% ).

\' Cr Sn Al Fe 0 C N H Ti

15.1 3.36 3.04 3.37 0.17 0.14 0.004 0.008 0.0061 bal.
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Fig. 2. Hardness as a function of aging time and
temperature for specimens aged after cold-swaging
with 83% and 30% reduction.
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a : Reaged at 673K for 108 ks after aging at 873 K for 600s
¢ : Reaged at 673 K for 108 ks after aging at 973K for 600's

Photo. 1.
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Fig. 3. Variation of hardness with time of reaging
at 673K as influenced by conditions of the first
aging in the duplex-aging treatment.
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b : Reaged at 673 K for 360 ks after aging at 923 K for 36 ks

Optical microphotographs of specimens duplex-aged after cold-swaging.

a : Coarse precipitates produced during aging at 873K for 180s
b : Fine precipitates produced during the second stage of the
duplex aging

Photo. 2. Dark-field
alpha-phase precipitates in the heat-treatment of
aging at 873K for 180s and reaging at 673K for
360 ks.

electron micrographs of
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Fig. 4. Variation of ultimate tensile strength (og),
reduction of area (RA) and elongation (El) with
time and temperature of aging for specimens aged
after cold-swaging with 83% reduction.

2.0
Aged at 873K
A 180s
) ® 600s
18 g 1.8ks
O 10.8ks
1-6"‘ ///
. .7
////—’
1.4} EE#_A:_’_ .

( GPa)

Os
N

El (%)
o o
T T

o o 9

N4 !
v 1
I\ 1
AR |
VA N

L
10 100
Aging Time (ks)

Fig. 5. Variation of ultimate tensile strength (op)
and elongation ( E/) with time of the second aging
for specimens reaged at 673 K after aging at 873K
for 180s, 600 s, 1.8 ks and 10.8 ks.
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Fig. 6. Effect of reduction of cold-swaging on the
variation of hardness during reaging at 673 K after
aging at 873 K and 973 K for 600 s.
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Fig. 7. Influence of reduction of cold-swaging on

the relation between ultimate tensile strength (op)
and reduction in area (RA) of specimens reaged at
673K for Oks to 108 ks after aging for 600 s at 823
K, 873K and 973 K.
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CWA : Aged between 973K and 823K after cold-swaging
CWDA : Reaged at 673K after CWA

Straight line indicates the relation between reduction of area and
ultimate tensile strength obtained in the aging after solution-
treatmentﬁ).

Fig. 8. Variation of the relation between reduc-
tion of area (RA) and ultimate tensile strength
(og) with aging conditions.
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a:Aged at 673K for 36ks b:Reaged at 673K for 108ks
after aging at 873K for 600 s

Photo. 3. Scanning electron micrographs of

deformation trace around notch of the specimens
deformed in SEM.
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Fig. 9. Relation between increase of 0.2% proof
stress ( Ady,) with reaging at 673K in the duplex
aging and D/q (Mean distance of adjacent particles
(D) divided by a coefficient dependent on distribu-
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