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Improvement of Mechanical Properties of Ti-15V-3Cr-3Sn-3Al TIG
Weldment by High-low Two-step Aging

Naotake NIwA and Takateru UMEDA

Synopsis :

High-low two-step aging treatment was applied to a Ti-15V-3Cr-3Sn-3Al alloy TIG weldment in order
to improve the mechanical properties of it. Strength of a fusion zone and base metal is rather different af-
ter aging at a single temperature because of aging enhancement in the fusion zone. In the first high
temperature aging of the two-step aging, coarse alpha particles which strengthen little and suppress streng-
thening by fine alpha precipitation in following low temperature re-aging, precipitate in the fusion zone
more than in base metal because of the enhancement of aging in the fusion zone. Hence, strengthening of
the fusion zone in re-aging is less than in the base metal and comparable strength between the fusion zone
and the base metal is obtained through the two-step aging. Bi-modal microstructure of coarse and fine
alpha precipitates in beta matrix produced by this aging treatment improves the fracture toughness of the
fusion zone of the weldment.

Key words: Ti alloy; heat-treatment; weldment; TIG; strength; fracture toughness; microstructure

control ; bi-modal microstructure ; step aging.
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Table 1.
Ti-15V-3Cr-3Sn-3Al alloy TIG weldment.

Outline of the effect of high-low two-step aging on the strength and fracture toughness of a

First aging at high temperature

Second aging at low temperature After high-low two-step aging

Strengthening Fusion zone > Base metal

Fusion zone < Base metal Fusion zone = Base metal

Size of alpha precipitates

Strengthening effect
Coarse alpha € Fine alpha

Bi-modal microstructure

Amount of alpha precipitates Fusion zone > Base metal

Improvement of fracture toughness

Fusion zone < Base metal

Table 2. Chemical composition of Ti-15V-3Cr-3Sn-3Al alloy (mass% ).

\' Cr Sn Al Fe

N H 0 C Ti

15.29 3.18 3.24 2.87 0.03

0.0137 0.0248 0.09 0.010 Bal.
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Photo. 1. Macroscopic aspect of a Ti-15V-3Cr-
3Sn-3Al alloy TIG weldment after aging at 873K
for 3.6 ks.

Fig. 1. Schematic diagram of four parts(Z1, Z2,
73 and Z4) in the Ti-15V-3Cr-3Sn-3Al alloy TIG
weldment on the basis of the macroscopic observa-
tion of the weldment shown in Photo. 1.
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Fig. 2. Variation of micro-hardness with distance
(L) from the center of the fusion zone of the weld-
ment to the base metal after welding.
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Fig. 3. Variations of hardness in the four parts of
the weldment shown in Fig. 1 with aging time in ag-
ing at 773 K.
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Fig. 4. Variations of hardness in the four parts of
the weldment shown in Fig. 1 with aging time in
re-aging at 723K. The specimens were aged at
873K for 10.8ks(a) and 923K for 10.8ks(b) be-

fore re-aging respectively.
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Photo. 2. Microscopic - aspects
of the fusion zone of the weld-
ment after welding. ' Precipitates
observed in (a) were proved to
be tin precipitates by the line
analysis of EPMA shown in (b).

(a) Coarse alpha precipitates by aging at 873K for 10.8 ks

(b) Bi-medal microstructure of coarse and fine alpha precipitates by re-aging at 723 K for 360 ks after aging at 873 K for 10.8ks

Photo. 3. Aged microstructures of the fusion zone of the weldment.
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Table 3. Outline and names (Al ~ D6) of aging
treatments after welding.

Tl/K tl/ks TZ/K . tg/ks
723 36 Al
STA 108 A2
360 A3
873 10.8 723 108 D1
923 %8 '2 38% D3
: 1 D3
STDA 10.8 360 D4
873 3.6 ‘ 360 D5
923 3.6 360 D6

STA : Aging at T for 4
STDA : Re-aging at T; for t, affer aging at T for ¢
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ZTREE DR & b & WITEE A RT3+ 5 @M 55 A
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(a) : STDA(DS5)
Photo. 4. Fracture surfaces ahead of fatigue precrack of compact tension specimens.
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B : Base metal F': Fusion zone
Fig. 5. Relation between the reduction of area
(RA) and the ultimate tensile strength (o) of the
fusion zones and the base metals as influenced by
the aging conditions listed in Table 3.
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Fig. 6. Relation between the plane strain fracture
toughness (K;c) and the 0.2% proof stress (op.2)
of the fusion zone as influenced by the aging condi-
tions listed in Table 3.
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