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Table 1  Principle high temperature titanium alloys developed in the world
.. Aoy Maximum long service Nominal composition ol [AI
temperature/ C ('mass fraction) /%
1 TC4,BT6,IMI318 400 Ti-6A1-4V 2.9 7.0
2 TA11,Ti-811 425 Ti-8Al-1Mo-1V 1.7 9.0
3 TC6,BT3-1 450 Ti-6Al-2.5Mo-1.5Cr-0. 5Fe-0. 3Si 6.0 7.0
4 TC19,Ti-6246 450 Ti-6 A1-2Sn-47Zr-6 Mo 6.0 8.3
5 TA14,IMI679 450 Ti-11Sn-5Zr-2.25A1-1Mo-0. 25Si 1.0 7.8
6 TC8,BT8 500 Ti-6.5A1-3.3Mo-0. 3Si 3.3 7.5
7 TC11,BT9 500 Ti-6.5Al1-1.5Zr-3. 5Mo-0. 25S1 3.5 7.3
8 TA7,BT5-1,IMI317 500 Ti-5A1-2.5Sn 0 6.8
9 IMI685 520 Ti-6Al-57Zr-0. 5Mo-0. 25Si 0.5 7.8
10 TA19,Ti-6242S 520 Ti-6 A1-2Sn-47Zr-2Mo-0. 08Si 2.0 8.3
11 TA12 550 Ti-5.3A1-4Sn-27Zr-1Mo-0. 25Si-1Nd 1 8.0
12 IMI829 550 Ti-5A1-3. 5Sn-3Zr-1Nb-0. 3Si 0.6 7.7
13 TC25,BT25 550 Ti-6.7Al1-1.5Sn-4Zr-2Mo-1W-0. 15Si 2.3 8.8
14 BT25y 550 Ti-6.5A1-1.8Sn-4Zr-4Mo-1W-0.2Si 4.5 8.8
15 Ti60X 600 Ti-5.6A1-4.8Sn-2Zr-1Mo-0. 35Si-0. 6Nd 1.0 8.47
16  Ti-1100 600 Ti-6Al-2. 75Sn-4Zr-0. 4Mo-0. 45Si 0.4 8.58
17 IMI834 600 Ti-5.8A1-4Sn-3.57r-0. 7Nb-0. 5Mo-0. 35Si-0. 06C 0.7 8.72
18 BT18y 600 Ti-6.5A1-2. 5Sn-4Zr-1Nb-0. 7Mo-0. 15Si 1.0 9.0
19 BT36 600 Ti-6.2A1-2Sn-3.6Zr-0. 7TMo-5W-0. 15S1 2.7 8.47

Note: ©The impurity oxygen content may be considered as 0. 1% .
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Fig. 1  Corresponding position of each high temperature
titanium alloy in the [Mo], -[ Al]  Cartesian
coordinate (in which the number of the alloy is

same as that in Table 1)

Sn Ml Zr &4y B HIAE 3% ~5% ,Si F & 5 i 7E
0.3% ~0.5% ,f5 K BB % ¥ o AH 114 [ 375 588 Ak fiE
J3 38 G o, FOEELI A B DTSR AL VE R . © A
Ko SCHRA 43 AL, Sn Fll Ze XF Ti 094, Ho6) v i
Bk Ay 42 45 Pl RE A 5 0 R L R AR [ AR R
PR, Bk LR 600C ik e, et
AN B e JG K M e K s R OL R M
WA F TR AT, B REFE AR o-Ti
A3 HE R LA T b GRS IT R

g2 TiE P g REmE T X B MR E
AEAE F S 0 55 19 HE B F 9 < Fe > Cr > Mn > Ni >
Co>Mo>V>W>Nb>Ta, Hrt.Fe,Ni fl CofE Ti
rh B R R ECRR IR, B o T HY HLR B
10° ~10° £%, 1M P47 T o-Ti B9 ¢ Bho7 i i 8 &
B(D, )ERTEHET c My 8 E&E(D,),
W 222 ~5 A5 "™ X AT AE S Fe,Ni, Co 7€ Ti 1 L]
I AL S A ORL T AT O, xS T LA
s A2 1 RS AR R B A A0 I AR AR T R B AR E R
FEgto200 Cr,Mn 78 Ti sy it b, 78 «-Ti Y
PG Z L Fe,Co,Ni 18 2 MR AL (AL o-Ti
9 E B OE R A E 107 ~ 107 %5, g T3 oo
2 L AL AT TiCr, , TiMn fL & 9, 5
A T, Mo AV & Ti fe e Y B FasE
JCER I,V A SRR Ti Y & iR A A S
TREE A4 Sy o R, X T 600°C B ek A 4 K 1, 47
G 0E B RUE TR Ti h P Hlhe 7y &% 5 1L g
03 X B R B R RE Ak FE R X 481k BiE D i 5 T 4
HE,THEEEE B g TR R AT Mo, W, Nb fil Ta
X 4 ANHERE 4B TR .



32 Wz M

R i34 %

Mo, W ,Nb # Ta HA7R Z ML Z 4, an ¥y ik
LTG5 K (BCC) |, HL a3k Fh 45 44 AT DL == 3 — LA
FRElIE A Mo J2 Ti 8581 B FUE 0K, B EF R K
Ty M Ti-Mo ZJGAHIE ™ Mo 78 o-Ti r iy [ 45 )4
/N AE 600°C I <0. 8% , 24 Mo & & H H M PR [
VS B T o-Ti v, BB B A, ALk
PRE B EE . 5340, 78 Ti hom Mo 2 % A4k mT K4
W Ti e dr Al B R E JTER , 7E o-Ti h A AR/
[ [ BE i HLAE 7T40°CHHE B iy &% W 1 8 Ml & &
A BT BN, 5 IR A e E P T . Nb R Ta &
Ti 5550 B R E LR, 5 Ti A AT I IR 22
TR 7E o-Ti ih B R B % B, 4n 600°C 1,
Nb 7€ o-Ti H 8% BRI B Ry 4% , Ta 48 o-Ti H1iY
W BREEEE R 11% o 4 A # & 5 9 Nb Al Ta,
REBEHET o M, AW B RMBD, EHR
G 1 361 5 AR AR, O [ R DR R e v 1 M M
550, Ta RS Ti gAML & &0 R KBRS .
A Nb Al Ta m] DAk 3 Ti # i B Ak vk . Nb
M Ta 7£ o-Ti PP HREAR /N, @ #E 600°C i, Ta
1 o-Ti PRP R B o Ti AV BAZH 1710,
BT ERERH, R A Nb fil Ta £E R # — 18 600°C &
HERA &M EA ST E, T A HAl 600°C 5
TR A & F A58 B Fa g T R Mo, AUAT LR TE
B A R R G AR B T B 9% 57 SR W
IR A Re O3 A 1 B PE AR E M

Si Bk A S — N FES LMK, LT
ARk G ah#&A0.1% ~0.5% 1 Si, 4 Si
SEAEE T o BRI SIS TR F RS 22 551
T I D 5 6 A 22 100 1 sk 22 AR L 45 5 08 ik
Cottrell 1A, 24 Si i Y [ AR PR 4 DL ST 5l S2 7Y
REAL P TCVE AT H 3 P R Rk Ak 4 35 25 5 BT 4L A 45
iz By, BELW O 4 1) 18 A AR RS | DA B 38 o5 s UL
ASPERE' o IR, UTIE AR BB 2l BE 4
i3 IMI550 J2 i) FH 53X — VB s oy B o i) B4
TSt A O e R 2 5 R Bk A 4 i
Ko 2 E YR KE L Si, Ik Si 52w 4
PE,JE 4 KRBT, B EA T Si AT 35 4R, JF R
Ti-6242 Pt 1 Ti-6242S, 4% S Si %4 0.08% , 1F
Ti-1100 & 4 & itaF &£ 2= A 0.45% 1 Si, Si Byhn
ATV A P . TEERE AP im A
Zr, 5 Zr 5 Si (JHEZ R 1001 BF,  F Zr BEAR
HCP 254 o #HFN S2 #1 (TiZr) (Siy ik A6 ¥ 2 18] K &

A 25 A6 AN DG T 53| S 17 3 7 2% BB, 38 B % A ek 1k ) T2
¥ O e, A2 BORUA R 8 R v A B TR Ak
Y B AT A0 /N TR EORT G 4R O AR AR RN i
A

oo BG4 — AR o+ B XN T T A%HE N
MBS ARFTAE o + B IX _E A8 T ml A b B
{14 ek 8 RS ff 4 o o O i A T R S L B C
JEE VAT UARY KT o BIEkE4 o + B X E#W
T8 1, BIFRARYI A o AR 2 B b R B 19 A8 Ak
KPP K a+B K EHAEELE . IMI834 if it
A 0.06% 1) C, 7€ o + B X L3 iE A7 [ i b 38, AT
ARG MK 9 A= o #H B S 8 1 7 10% ~ 15% 38 [
DI RS B B R S R AR 11 £ BR DT FC

XFF 600°C 1= Bk A 4 3R 1 B BR A 4 Ak i 44
BT R T R B OCE L RS T hE
FEBERY Fe,O FI N 45, 4 5 i I 055 A8 Bt 07, I 4%
il Fe Fr7E0.05% AR o AR O F1 N Al 4 &
PUHLSR B, (H 0 $ o Y PR G AR IR E M N8 4
FRERE, B4R H O & & <0.1% ,N & i <0.01%

BT Y B offe U AN AR T EOPL L o P A
W B REICRIE o-Ti B IR FEE X B AR
FeOE AR, R T B A PR i 8 v KA 4 A o TR A
PERE , I AU 97 A0 A B I RS E SR L R
T T —4 600°C m ek & & n & SR &, /P Ti-
Al-Sn-Zr-Nb-Ta-Si-C Z& , % 5 il 24 i 76 % & &, Fe
PEHIAE 0.02% LR, 0 ¥l #£ 0.05% ~0.07% , 5
WA 4 s oy s alidk . fEIZ A & r kR A e
R, 8 H 5t TGO, Ti60 254 Fx 2 2013 48, %4 [H
AEa R RZ R SMSER, EXG4 N
TA29 Bk& 4. TA29 Bk & 4 o fe KR AR R A
Nb Al Ta Bi4~55 B R LR IEAT A &k, ENFE o-
Ti o HLAG BRI [ 95 5, AT 39 50 o AH 1 [ 9% 5 AL AR
LA B FucE s R bUAEIRRE T R m AR E . IR
Fe fik O s glifb, RIE T & & B4 i85 A8 51 1 fn
HEEME, A MAME C," KT a+pB X L
M 200 H G A B S T2 i R T
b AE= B T 2 A K

F2 5T TA29 5H Ah 600°C &4k & 4 1
[Al],, [Mo], HLF¥REE R T,, 7 LI ih, TA29 A
AIEPH AL RBARH [ Mo ], RIET & &R
MLi G S ERe. T34, 5 HAb & &, TA29 H
A T RUE R 5 A SR M



5% 4 B —1X 600°C 5 L& & MR & G it S ] e 22 33
%2 600CFE A LA, [Mo],, b THHER T,
Table 2 [Al], , [Mo],,, electron concentration and T, of 600°C high temperature titanium alloys
Alloy [Al], /% [Mo], /% Electron concentration T,/C
TA29 8.80 0.5 2.1768 1050
IM1834 8.72 0.7 2.1783 1045
Ti-1100 8.58 0.4 2.1602 1015
BT36 8.47 2.7 2.1972 980
Ti60X 8.47 1.0 2.1774 1025
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Fig.2  TA29 titanium alloy blisk forging for

an advanced aeroengine
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Table 3 The typical mechanical properties such as tensile, creep and stress rupture of TA29 titanium alloy blisk forging

20%C tensile properties®

600°C tensile properlies{]\/

600°C /160MPa/100h 600°C /310MPa

o,/MPa o,,/MPa  §,/% /% o,/MPa o,,/MPa

8/% /%

creep strain, 8,,'\2)/% stress rupture life, ¢%/h

1022 949 11.9 16.9 648 527

15.3 37.9

0.057 -0.084 227.5 -343.7

Note: UMean properties of 12 specimen; 2 Testing data of several heats.

F4 TA29 Bh 4 4 e iR SO AR E T
Table 4 Thermal stability of TA29 titanium alloy blisk forging

Tensile properties for bulk exposure

Tensile properties for specimen exposure

Testing temperature/ C

o,/MPa &, ,/MPa 85/ % W% / o,/MPa &, ,/MPa 85/ % W/ %
20 1058 1000 8.4 8.0 1019 1007 2.7 2.6
120 959 873 12.0 19.0 969 873 7.8 9.7
300 803 671 11.8 20.2 837 711 11.2 20.0
600 686 627 11.5 27.8 697 583 12.0 30.3
Note: © Exposure condition; 600°C /100h; ®Mean data of several heats.
#£5 TA29 Bh& A R SRR T 24 1 ghEH

Table 5 Fracture toughness of TA29 titanium

alloy blisk forging

1/2

Testing temperature/ °C K,./MPa - m
20 45.5
400 79.7
500 79.4
600 71.0

Note ; D Mean data of 3 heats.
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Alloy Design and Application Expectation of A New
Generation 600°C High Temperature Titanium Alloy

CAI Jian-ming, CAO Chun-xiao

(Aviation Key Laboratory of Science and Technology on Advanced Titanium Alloys, Beijing Institute of Aeronautical Materials, Beijing

100095, China)

Abstract: The developments of advanced aeroengine and ultrasonic aircraft have impending demands for 600°C high temperature titani-
um alloy which is heat-resistant and has a relatively low density. By substituting steel or superalloys, 600°C high temperature titanium
alloy can be manufactured into high pressure compressor discs, blades, blisks and casing of aeroengines, structural components and
airframe skins of aircraft. As a result, the weight of aeroengine and aircraft can be reduced, thus the thrust-weight ratio of aeroengine,
flight speed and flexibility of aircraft can be improved markedly. The design of 600°C high temperature titanium alloy is restricted by
the intrinsic contradiction between creep and thermal stability. To maximize the creep resistance, meanwhile keeping a combination of
good fracture toughness, ductility and thermal stability, a new generation 600°C titanium alloy TA29 of Ti-Al-Sn-Zr-Nb-Ta-Si-C system
was designed and developed based on the Equivalent Design Criterion( EDC) and Diffusion Theory to meet the rigid design demand.
TA29 alloy may seek a wide scope of application, such as high temperature components in advanced aeroengines and ultrasonic aircraft.
The creep-fatigue-environment interaction, micro-textured region, surface integrality, residual stress and service properties of TA29 al-

loy and its components may be the research emphases in the future.

Key words: 600°C high temperature titanium alloy; alloy design; TA29 titanium alloy; creep property; blisk



