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Abstract: TiAl alloys have become key materials for weight reduction and performance enhancement in
aero-engines due to their low density, excellent high-temperature strength, and oxidation resistance.
However, their room-temperature brittleness and low damage tolerance have long constrained their
engineering applications. This paper systematically reviews the development history of TiAl alloys since
the 1970s, covering the evolution of material characteristics, major scientific research programs, and
progress in engineering applications. Through successive fundamental research projects, the United States
and Europe have systematically addressed critical scientific issues such as casting processes, microstructural
control, and property evaluation, laying the foundation for the application of GEnx engine blades. Since the
12th Five-Year Plan period, through systematic development under national science and technology
programs such as the National Basic Research Program and the National Key Research and Development
Program, China has overcome key technological bottlenecks, including the independent development of
high-Nb alloy systems and the near-net shaping of full-scale blades, thereby establishing a complete full-
chain technological system. Although TiAl alloy design has now evolved to the third generation, achieving
fine-grained microstructures and compatibility with conventional forging, persistent challenges include low
room-temperature ductility, high sensitivity of fatigue life to micro-defects and stress concentrations, high
fatigue crack growth rate, and high creep elastic elongation. Furthermore, this paper identifies a series of
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critical challenges facing TiAl alloys from the perspectives of manufacturing processes and engineering

service. Addressing these issues will lay the foundation for the reliable application of TiAl alloys in high

thrust-to-weight ratio aero-engines.
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Fig.1 Evolution of temperature capability for TiAl alloys
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Table 1 Chemical compositions of the TiAl alloys investigated in the AITP project(atom fraction/ % , the same below )

Alloy Ti Al Cr Nb AW Ta Si C (@] B
Cast-to-size Ti-48-2-2 48.4 47.5 1.87 1.97 0.019 0.212

GEAE Ti-47-2-2 48.7 47.1 1.91 2.02 0.045 0.167

CMU Ti-47-2-2 49.4 46.5 2.00 1.90 0.192

Howmet Ti-47-2-2 49.7 46.4 1.82 1.82 0.176
Cast-to-size ABB-2 50.6 46.5 2.28 0.48 0.085

ABB-23 50.6 46.0 1.99 0.48 0.017 0.122 0.65
NCG359E 48.7 46.8 1.64 0.68 1.73 0.030 0.211

95A 48.0 47.0 2.00 2.50 0.2 0.170 0.12

KR ¥ AT K JB (European space agency, ESA) T
2005~2009 421 2R S il 14y B B 265 7S AE Rl 1 [ (ine
termetallic materials processing in relation to earth and
space solidification, IMPRESS) 4 16 [& 40 1~ ,
RGRAG y-TIALERIIF R , REM F 8515 T 207
B 2 R o %I H S T RRSE I R (ks
60 cm) I ¥ W IE % i FL AR, JF & T Tid6AISND 5
Tid6AISTa B Bl SR R, HE ST T b 40 A Ak 22 T
TR T K FFm A SIS AR A S A it 7 T A
HL ST i 2 7S FL Y EE % (vacuum arc remelting,
VAR) 5 i & SRR WO R o TRl M 1 Ti-
Al-(Nb, Ta)# )2 5 BEHRE , 5638 THXE A 4
FEPERERE T R T 2 ROE S AL /4 (Calcom-

ESD), JF5e i 1 42k fim R0 A 55 1 1 5 20 A
MHEHZ T, 2 E ATTP I H Fe 5 8 X
BEEREIF ST AN R, 518 T 2 B S B0 B Ak
an AL RS B GE 23 w8 b ik TiAL: J 78
GE90 & sl i n F . IMPRESS I H I3 1 & 48
Y&, 78 SE K R R 95 3 19 IRl B [) 25 58 i 42
A=A R B S A N BE 5T, LSS R A T
Tt A B R SR B 3 PR T8 2 RO B S8
7E BR B IMPRESS 3 H 45 08 2 4F J5 (2011 4 ) , R H
TIALM B 1 GEnx & S HL 77 338 At DA ik A ik i d%
EIUE T IR SR A RS T2 R0 58 2 4 8 L &9
TR F R TR o 3R E AR G & TAE AR % iR
WO B bR ERE SRR 5 T A A& —



Ho4ds S

TiAIG G R Rk S kR 183

(@

Counter gravity

ProCAST

1600.00
1596.67
1593.33
1590.00
1586.67
1583.33

=1580.00

" 1576.67

H157333
1570.00
1566.67
1563.33
1560.00

1556.67

1553.33

1550.00

b

E2 B IMPRESS 5 H y-TiAl & &85 T 2w
() T Tl A 77 19 y-TIALIAFE T R #5382 (50 R S 87 ) 5 (b) TEMPUS HE BRI P53k
() IRFERT FMURMEE T 2009 ProCAST B A BT R s (d) 22 Al b 8 1 1) = 4EAH A B
Fig.2 Investigation into casting processes of y=TiAl alloys in the EU IMPRESS project™!"!

(a)casting processes (centrifugal , tilt, counter-gravity ) for industrial production of y-TiAl turbine blades;

(b) TEMPUS electromagnetic levitation casting; (¢)ProCAST mold flow simulation results for the tilt casting

process of turbine blades; (d)3D phase-field simulation of polycrystalline dendritic solidification
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Table 2 Evolution of polycrystalline TiAl alloys
TiAl alloy o . .. . .
. Characteristic Nominal composition Typical processing  Country
generation
Gen 1 High Al (~48%) , simple alloying, coarse Ti-48AI-1V-0.1% (mass fraction)C '] Casting/forging USA
as-cast microstructure, inherently poor room-
temperature ductility Ti-48A1-2Nb-1W'! Casting USA
Gen 2 Medium Al (45%-48%) , multi-component Ti-(47,48)Al-2Nb-2(Cr,Mn) Casting USA
microalloying, peritectic solidification e.g., 4822173 or 47227
Ti-47A1-2Cr-2Nb-0.2W B Casting USA
Ti-48A1-2Nb-2Cr* Powder metallurgy USA
Ti-(45,47)Al-2Cr-2Nb-2Mn-0.8 %4 TiB, Casting USA
e.g.,45XD 2]
Ti-47A1-2W-0.58i(47WSi or ABB-2) 72373 Casting USA
Gen 3 Low Al (42%-45%) with high Nb/Mo Ti-(40-45)Al-(2-8)Nb-(1-8)(Cr,Mn,V,Mo)- Forging USA
additions, B -solidification pathway imparts (0-0.5)(B,C)"]
good hot workability, enabling forging Ti-46.2A1-2Cr-3Nb-0.2W-0.2C-0.2B-0.15Si(K5) ! Forging USA
Ti-(42-44)Al-(3-5)Nb-(0.1-2)Mo-(0.1-1.0)B Forging Austria
e.g., TNMMO-4]
Ti-(40-45)Al-(5-10)Nb-(B,C) Forging Germany
e.g., TNB-V5H
Ti-43A1-4Nb-1Mo-0.5B! Casting China
Medium Al (246 %) with high Nb addition,  Ti-46Al-5Nb-0.1C"*! Casting China

superior high-temperature oxidation

resistance and creep capability
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23U R B SR 1N T B T, DTG e gk B 2R 4 A
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TIATF 42 0 W7 2481 5 9 P RS P0G R0 |
TEAR F )2 Tl 4l # S5 BI SR S0 e 5 0 O 2 S5 W A 2
IO, B0 LA 8 A AR E T S AR S A AR
A 0T S B AR A T oK BEE 4% 5 < AT AL R AT
PAbFET 2,
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K417
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800 -
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o,/MPa

600
TiAl4822
\] @®

400 - ®

(D Ti-47Al1-2.6Nb-0.93Cr-0.85V duplex microstructure®

(2 Ti-47Al-2.6Nb-0.93Cr-0.85V lamellar microstructure!®

(3 Ti-46.5A1-2.1Cr-3Nb-0.2W duplex microstructure®'!
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Fig.3 Tensile properties of TiAl alloys at room temperature
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Fig.5 Creep properties of ZTNM TiAl alloy at 700 °CL%7-80-8
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Fig.7 Fatigue fracture morphology of TiAl alloy specimen at 700 “C

(a)macroscopic fracture morphology ; (b)fatigue source; (¢)enlarged view of the fatigue source
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Fig.8 Results of the IndiGo aviation engine incident investigation*
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(a)airbus A320 PW1100G-JM engine; (b)burned-through perforation (1.0 cm>1.8 cm) in the combustion case and floating wall liner segments,

indicating missing bolts; (¢)impact damage to the 2nd-stage high-pressure turbine blade; (d)fracture of the 3rd-stage low-pressure turbine blade
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