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Aging Behavior and Effect of Heat Treatment on High Temperature
Mechanical Properties in Ti-15V-3Al-3Cr-3Sn
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Abstract Titanium alloys are the one of promising candidate materials for medium high temperature parts
in the aircraft, automobile, petrochemistry and electrochemistry because of their high strength with low density
in medium high temperature. In this study, the effects of aging and heat treatments on the mechanical
properties of Ti-15-3 alloy in medium high temperature, which was 400°C, were studied. Solid solution
treatment was performed at 800°C of § phase region for 1 h and the alloy was quenched in water. The alloy

was aged at 500°C of o and 8 two-phase region for 1, 2, 4, 8,

... and 100 h to increase the mechanical property.

The f single phase was observed at all parts of specimens in Ti-15-3 alloy after ST. As the aging at 500°C,
fine precipitates of a phase was generated from matrix of § phase and the microstructure was consisted of
weaving structure such as Widmanstéitten o phase. The most suitable aging time is 24 h in 400°C. At this
time, strength is 1164 MPa and elongation is about 12%. In room temperature, elongation of Ti-15-3 alloy aged
at 500°C for 16 h is poor (=3%) in spite of high tensile strength (1458 MPa).
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Fig. 1. Phase diagram of Ti alloy along the content of 8
stabilizer.
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Fig. 2. OM micrographs of Ti-15-3 alloy specimens after (a) as quenched, aging for (b) 1h, (c) 4h and (d) 24 h at S00C and
SEM micrographs after aging for (¢) 48 h and (f) 100 h at 500°C

Table 1. The chemical composition of Ti-15-3 alloy in wt%

comp. Ti v Cr

Al Sn Fe C N

Ti-15-3 Balance 15.2 2.53

2.95 253 0.12 0.03 0.01
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Fig. 3. X-ray diffraction patterns of Ti-15-3 alloy aged at
500°C for various time after ST.

-

_,‘:]_.]-
=3}
=

2407t Fo| BlElFE Ao R gifo] BF A&
"} 500°C oA 1A 7 A &A= Fig. 2(b)e] AA
edoz Yehd A aiol BREe AR
AEe Ao] FFEET} 500°Ce AELEAE a9l
A2 A 2 AuldlA Bl AlZtEH 2447 o)
A|&A] Fig. 2dy% 7ol a’d2 Widmanstitten 722
NEET AEXeA] HEE o] ATRE A3
R18l7] Yt 24A17F o] F 9] mN A S mex}a
v)g3o g #&sIA). Fig. 2(e), (Heh 2ol 71X AA
a’Fo.2o AT JFez <lstey A7 Widmans-
tatten +2& Helth Y

500°C oA 2/ A EAMEA] HEd oS Tt
dAnjAe g A& A3 Fig 4@+ Zo) Zo] °F 100 nm
o] AAFEE Holm, 24X 7k A EXY Alol= a’do
AAsted o] oF 1ume] HAAE aldel 37 12E
o] $w A& Hrh(Fig. 4(b)) o] /g2 AATHLOF hep
TEE T o]E& becd] A 71AZA {100},,//
{0001} 4 <111>ﬁ//<1120>a4 TEaAlE 7 AE
o} Fig. 59 A|RAIZM] WE Ao ege UrE}LHRiE}.
A ZA 7 wE AF2oM e AEZEE Al FA|Ze] Ao
Aol wpe} Frhshe, oF 8xj7to] ZAAsHH A9 HhA
o =gy ANAEHL 385HvE SFFU

dutx oz miZofo|R 7t e UlRES] A a5
ANEEN e A&l 57 SIEE olFoA o
A2} AA Y] =7t 43| Zot Orowan 779 <3|
A Az F7i7F GERdth wEb A5 FAEEE
EE Alole] 7hAo] ARA HEe F43] Fadc) Y

dutAel AN g7 AsEdE gy Ti-15-3 ¥4 A
$- AlgZA g et mAlg ool AP 22 A4
Ho] ArFrldle S VAR F2 A7l A
F7F HA] ol oF 100/7HA] A EX2E Pz B

o M M

71AA 54 15

Fig. 4. Micrographs of Ti-15-3 alloy specimens; (a) dark field
image of TEM aging for 2 h and (b) dark field image of TEM
after aging for 24 h.
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Fig. 5. Relationship between hardness and aging time at 500°C
after ST (load 500 gf).
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Fig. 6. Relationship between UTS, strain (at 400°C and room
temperature) and aging time at 500°C after ST (Strain rate=1
X 10%/sec).
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Fig. 8. SEM micrograph of plastic deformation and fracture
after ST. and aging for 24 h at 500°C, o= 1164 MPa.

Fig. 7. SEM micrographs of fracture surface by room temperature tensile test of Ti-15-3 alloy; () 1 h and 500°C for (b) 4 h (c)

16 h (d) 100 h aging after ST.
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Table 2. The chemical compositions of each fracture position
in Ti-15-3 alloy in wt%

Ti Y Al Cr Sn

A 74.47 14.86 5.21 2.65 2.81
B 76.67 14.92 2775 2.73 2.93
C 75.36 15.61 3.50 2.62 291
D 74.30 16.27 422 243 278
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Fig. 9. SEM micrographs of fracture surface by high temperature(400°C) tensile test of Ti-15-3 alloy ; (a) as-quenched and aging

for (b) 8h (c) 48h (d) 100h at 500°C.
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