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Microstructure and mechanical properties of

high temperature titanium alloy Ti60 at 600

WEI Shou-yong', SHI Wei-min', WANG Ding-chun', WANG Qing-jiang?, CHEN Zhi-yong?, LIU Jian-rong?

(1. Baoti Group Co., Ltd., Baoji 721014, China;

2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The microstructure and mechanical properties, such as room and high temperature tensile property, creep

property, creep rupture property and heat stability of a high temperature titanium alloy Ti60 were studied, and the alloy

with another foreign high temperature titanium was compared. The results show that Ti60 alloy has a comparable

microstructure and mechanical property as the IMI834 and Ti-1100 alloy. The precipitation of o> phase and silicides can

be observed in Ti60 alloy and the bimodal structure is obtained after duplex heat treatment. Ti60 alloy has excellent

mechanical property and is hopeful to be used in the disks and blades of aero engines.
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Fig.1 Composition and phases in Ti60 alloy
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Table 1 Physical properties of Ti60 alloy
Temperature/ o “ o b o
P (106 1) (N-m ) (kg ) GPa GPa a
20 - - - 114.0 43.6 0.31
100 7.22 6.21 496 110.0 41.8 0.31
200 8.37 7.38 520 105.0 39.7 0.32
300 9.34 8.55 544 99.9 37.8 0.32
400 9.97 9.64 566 953 359 0.33
500 10.20 10.70 585 90.8 34.1 0.33
600 10.30 12.10 615 86.4 323 0.34
700 10.60 13.80 663 81.9 30.6 0.34
800 11.00 15.40 707 773 28.7 0.35
900 11.60 16.40 729 72.5 26.8 0.35
Da
2 Ti60
Table2  Mechanical properties of Ti60 and other titanium alloys
Tensil o0 H bili
ensile property at room . eat stability property
Tensil rty at 600
. temperature enstie propetty & Creep Creep? (600,100 h)
Titanium alloy rupture?
ov/ 002/ Os/ o/ ov/ 002/ Os/ o/ 7/ &/ ov/ 002/ 0s/ o/
MPa  MPa % % MPa MPa % % h % MPa MPa % %
Ti60 bars for 214 0.16—
blades 1050 978 128 233 656 536 212 39.0 ) 1080 1004 7.3 10.0
—223 0.2
(d30 mm)
Ti60 ring
material
(d460 mm>x 1047 960 11.0 197 670 552 163 433 160~ 0.2 1105 1015 93 11.59
140 mm, 80
d220 mmx
140 mm)
Tl§0 die 1020 955 8.0 15.5 670 568 19.0 50.0 101 011~ 960 895 5.0 7®
forgings( ) 0.196
Tl§0 die 980 900 11.0  18.0 640 542 16.0 43.0 101 0.09- 963 890 7.0 10Y
forgings( ) 0.12
Ti60 technical
index (bars for=1 030 =930 =10 =20 =600 =500 =12 =25 =100 =0.12 =1030 - =4 =6
blades)
Ti60 technical

index =950 =880 =6 =15 =600 =500 =9 =I8 =100 =0.2 =950 =880 =3 =69
(forgings)

IMI834 =1030 =910 =6 =15 =585 =450 =9 =20 - =0.1(8) - - - -
BT18y
Ty1-92-32-80, =932  — =7 =15 =560 - - - =100 - - - - -
=50 kg
Disk forging,
- = =14 = - - - - - - - - -
50~200 kg 883 6 560

1) 310 MPa 2) 160 MPa 3) 4 120 5) 6=295 MPa



s804 2010 10

IMI834( ) BTI8y( ) (]
2 Ti60
3.3
7z Ti60
3.2 Ti60 3 3
600 500 h
2 2 Ti60 IMI834  Ti-1100
10%
0,
1100 80 20%
= — [MI834
LN *—Ti60 470
_ 0007 7 +— Ti-1100
S 900} 160 g
5 150 £
2 8001 B
£ 140 B
@ 700} %
z 130 3 3.4
& 600 120 4 s
500 Sl 110
400 : 4 : . : ' 0 3.5
0 100 200 300 400 500 600 700 '
Temperature/'C 6
2 Ti60 IMI834  Ti-1100
Fig.2 Mechanical properties of titanium alloy Ti60, IMI834 3.6
and Ti-1100 at different temperatures 7 8
3 Ti60
Table 3 Heat stability of Ti60 bars
Thermal exposure condition
Specimen o,/GPa 002/GPa 05/% wi%
Temperature/ Time/h
Original state 1.073 0.998 12.8 23.7
600 100 1.107 1.043 13.2 20.8
Before thermal 600 200 1.117 1.053 12.5 19.7
exposure 600 300 1.120 1.050 11.7 17.7
600 400 1.117 1.050 11.7 17.7
600 500 1.123 1.053 11.8 17.5
550 100 1.097 1.040 9.3 11.3
600 100 1.080 1.020 7.3 9.83
600 200 1.097 1.033 5.5 6.33
After thermal 600 300 1.107 1.037 47 52
exposure
600 400 1.107 1.047 3.5 4.5
600 500 1.110 1.040 33 3.8

650 100 1.090 1.020 5.5 7.3
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4 Ti60
Table 4 Creep rupture property of Ti60 alloy
Experimental condition
Failure life/h Elongation/%
Temperature/ Stress/MPa
580 310 215-239 11-30
600 310 213-254 57-75
600 310 163—205(ring) 34—-44(ring)
620 310 78-80 81-85
100 h 40 MPa 50h 40 MPa
5 Ti60
Table 5 Creep property of Ti60 alloy
Temperature/ Stress/MPa Time/h Creep strain, &/% Type
580 160 100 0.120 Bars
600 160 100 0.190 Bars
600 160 200 0.262 Bars
600 160 300 0.380 Bars
600 160 400 0.430 Bars
600 160 500 0.480 Bars
620 160 100 0.360 Bars
600 160 100 0.120—-0.170 Rings
600 160 100 0.090—0.170 Die forgings
6 Ti60
Table 6 Fracture toughness of Ti60 alloy
Specimen Bar Ring Forging EB-weldment
Kic 36-62 38-61 34-44 20-30
7
Table 7 Fatigue property of Ti60 alloy bars
Rotary bending fatigue (=5 000, K=1) o-1/MPa Structure
Room temperature 550 Bimodal structure
Room temperature 460 Lamellar structure
600 460 Bimodal structure
600 400 Lamellar structure
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Table 8 Mechanical property of weld joint at room temperature and 600
Details of Room temperature 600
Specimens Aty gyy/MPa 55/% 0% o/MPa  os/MPa 55/% 0%
Base metal 1075 985 10.5 16.5 650 525 14.0 28.0
Weldments 1080 996 9.5 19.5 660 545 13.5 31.0
Fusion zone 1202 1140 5.5 8.0 775 665 16.0 46.0
T55-712 BT18y
Cy-27ck 3]
4 Y
Ti60
Ti60 3
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