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Recent Development of New High-Temperature Titanium
Alloys for High Thrust-Weight Ratio Aero-Engines

HUANG Xu, LI Zhenxi, HUANG Hao
(Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Development status of high-temperature titanium alloys for aero-engine in China was reviewed. Aiming at de-
mands of low-density and heat-resistant structure materials for high thrust-to-weight ratio aero-engines, recent development
and applications of TiAl alloys and SiC fiber reinforced titanium matrix composites were introduced.
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Table 1 High-temperature titanium alloy developed by different countries
Working 350 C 400 C 450 C 500 C 550 C 600 C 650 C Burn resistant
temperature titanium alloy
China TC4 TC6 TA11 TCI1 TA12 Ti60 TD3 (TiyAl) Ti40
TC17 TA7 Ti, AINb
TAI15
Russia BT6 BT3-1 BT8M BT9 BT25 BT18y . BTT-1
BT22 BT20 BT36 BTT-3
Europe and USA Ti-64 Ti-6246 IMI679 IMI685 Ti-6242S IMI834 Ti-25A1-10Nb AlloyC
IMIS50 Ti-811 Ti-6242 IMI829 Ti-1100 -3V-1Mo
Ti-17

T T 20 128 70 AR ATF AR DTS A S AL i
R, HRENREWE 1 Fs. HAT7ER E AL % sh
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aero-engine in China
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Table 2 Development of TiAl alloy

Generation Alloy composition, x/% Technics

1st Ti48Al-1V-0.3C Laboratory research

2nd Ti-(47/48) Al-2(Cr, Mn)-2Nb (47/48-2-2) Casting
Ti-(45/47) Al-2Nb-2Mn +0. 8% ( ¢p% ) TiB, (45/47XD) Casting XD
Ti-47A1-3.5(Nb, Cr, Mn)-0.8(B, Si) Casting
Ti47A1-2W-0. 5Si Casting
Ti46.2A1-2Cr-3Nb-0. 2W (K5) Forging

3rd Ti-45A1-(8/10) Nb Forging
Ti-46. 2A1-2Cr-3Nb-0. 2W-0. 2Si-0. 1C (K5SC) Forging
Ti45A14Nb4Ta Forging
Ti-47Al1-5(Cr, Nb, Ta) Casting
Ti-(4547) Al-(12) Cr-(1-5)Nb-(0-2) (W, Ta, Hf, Mo, Zr)-
(0-0.2)B-(0.03-0.3)C-(0.03-0.2)8Si-(0-0.05)N Forging
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Table 3 Features of TiAl alloys

No. Main features Level of performance
1 Low density 3.7 ~4.3 g/cm?® high-temperature alloy 1/2, 10% lower than the titanium alloys
2 High elastic modulus 175 GPa(room temperature) , 150 GPa(at 750 °C, considerable with Incol718 alloy)
3 High specific strength 80% strength retention at room temperature ~ 800 °C
4 Excellent burning resistant properties Non-burning alloy completely
5 Excellent oxidation resistance property 700 ~800 °C good oxidation resistance ( closely related with the alloy composition )
6 High creep property 700 ~800 °C /100 MPa steady-state creep rate <5 x 10 7% s~!
7 High fatigue strength High cycle fatigue strength is similar to yield strength ( room temperature )
8 High thermal conductivity Thermal conductivity is about 2 times that of titanium alloy
9 Low linear expansion coefficient at room temperature ~800 °C , linear expansion coefficient is about 12 x 10 ~°C ~!
10 Low room temperature ductility 85 =1% ~2% (casting TiAl) , 85 =2% ~4% ( deformed TiAl)
11 Low room temperature fracture toughness K. =15 ~30 MPa - m'?
€ 2500
o \\ Laboratory
. demonstrated
= 200 . wrought TiAl
& L \J Cast TiAl 47XD
2 150 Ni,Al1C221M
= :
= Single crystal
5 100 superalloys
%)
o
= 50 Refractory
S metals
& 1 1 1 I 1 1 1
500 1000 1500 2000
Temperature/K 3 TiAl G i B B SHL I B R 8 56 0 7E i =5

B2 TiAl & S5 E SR E AR LR LR
Fig. 2 Specific-yield-strength limits of structural alloys used today

with TiAl alloys superimposed
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Fig. 3 TiAl high pressure compressor blades and low pres-

sure turbine blade application for future aero-engines
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Fig. 4  TiAl high pressure compressor forged blades

produced by Rolls-Royce
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Fig. 5 Illustration of SiC;/Ti composite Bling and traditional

blade-disk structure
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Fig. 4 Typical properties of SiC;/Ti composites

Nations Fibre Matrix E/GPa o,/ MPa
USA SCS-6 SiC Ti-15-3 206 ~244 1758 ~1 903
SCS-6 SiC Ti-64 215 1832
Germany SCS-6 SiC Ti, AINb 190 1 900
SCS-6 SiC IMI834 220 2 300

i F e K AT 1 241 MPa i, % 55 16 35 J8 Kk 2
51077, 18 [ W il 1y SCS-6/IMI834 ) HT 4if 53k J& 1K 2
300 MPa, 63k 220 GPa, i HLEA A5 B AR E

P, 7E 700 °C R 2 000 h J5 1 HEREA K.
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Fig. 6 TiAl blades and SiC;/Ti composite ring developed

by THPTET program
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Fig. 7 SiC;/IMI834 composite bling prepared by Rolls-Royce

8  GE AIBH Y SiC/Ti 25 ML e 4l
Fig. 8  SiC;/Ti composite low pressure turbine shaft

prepared by GE
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