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Research progress on preparation methods and hot forming of
TiAl alloy ingots

ZHANG Zhaoqun, TIAN Jing, ZHOU Feng, WANG Xin, CHEN Yuyong, JIANG Sida’

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China)

Abstract: TiAl alloys feature low density and high specific strength in the 600-900 °C temperature
range and have been implemented in aero-engine components such as low pressure turbine blades.
However, restricted by factors such as lacked room temperature ductility, a narrow hot working win-
dow, and strong sensitivity to solidification segregation and defects, the stable production of large scale
ingots remains a key bottleneck for wider engineering application. This paper reviews the evolution of
composition design in TiAl alloy systems and compares the characteristics, advantages, and limitations
of typical ingot preparation routes including vacuum arc remelting, induction skull melting, vacuum in-
duction melting, and plasma arc melting. Emphasis is placed on composition uniformity, inclusion and
defect control at large ingot sizes, as well as the role of hybrid melting routes in improving quality sta-
bility. In addition, the critical roles of subsequent thermomechanical processing such as forging, extru-
sion, and rolling in densification, microstructure refinement, and property enhancement are summarized,
providing references for process optimization and scalable manufacturing of large TiAl ingots.
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Fig. 1 Schematic diagram of the Vacuum Arc Remelting
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Table 1 Summary of existing ingot preparation methods

for TiAl alloy

Alloy system peiowio e o
Ti-43A1-9V-0.3Y™" VAR 3160
Ti-46A1-4Nb-1.8Cr-0.2Ta"* VAR 2220
Ti-47A1-2V-0.2Y"™" VAR @90
Ti-47A1-2Nb-2C*” VAR+ISM 2280
Ti-44A1-8Nb-0.2W-0.2B-0.5Y"™ VAR 9220
Ti-43.5A1-4Nb-1Mo-0.1B"" VAR+HISM 2280
Ti-48A1-2Cr-2Nb-0.05Y,0,"" ISM 290
Ti-43A1-9V-0.3Y" ISM @110
Ti-45A1-2W-xC™ VIM @20
Ti-46Al-8Nb"" VIM @85
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Fig. 2 Schematic diagram of cold crucible induction melting
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Fig.3 Schematic diagram of the VIM process
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(a) Ti-43A1-9V-0.3Y""; (b) Ti-42A1-5Mn"; (c) Ti-43Al-
9V-0.2Y""; (d) Ti-44A1-8Nb-0.2W-0.2B-Y™"
B 5 B3 TiAl §ERBEER
Fig. 5 Forged microstructures of typical TiAl alloys
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(a)(b) 1200 C; (c)(d) 1225 °C
B 6 Ti-42A1-9V-0.3Y & &HFEHA™
Fig. 6 Microstructures of Ti-42A1-9V-0.3Y alloy extruded ™"
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3.3 TiAl &545LH
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HEIRALULE— Mtk B2 41, H4 T2 50
[[YZL
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MREECT 7E 2021 4ELA Ti-45A1-8.5Nb-0.2W-0.2B-0.2Y
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1030
; 100"

(111)y//(0002];;

000 *

B=[110]y//(1120]a,

(a) (b) Ti-43A1-9V-0.2Y LA TiAl &4t PEL S oML,
F°7; (c)(d) LA Ti-44A1-8Nb-0.2W-0.2B-Y 44:19 TEM 4141
B 7 B3 TiAl &R EFELSROREAR
Fig. 7 As-rolled microstructure of typical TiAl alloy sheet.
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Table 2 Processing routes and dimensions of TiAl alloy sheets

Alloying component

Preparation technology

Sheet size/mm

TiAl alloy®™
Ti-44Al-8Nb-0.2W-0.2B-Y™”
Ti-43A1-9V-0.2Y"
Ti-45A1-8.5Nb-0.2W-0.2B-0.2Y'*"
Ti-44A1-5Nb-1Mo-2V-0.2B

Sintering metallurgy + Rolling

1 800%500%1

Sintered metal casting + near-isothermal encapsulation rolling 410x70x2.1

Sintered metal casting + near-isothermal encapsulation rolling 875x70%(2~3)
Soft cover with hot-rolled material 300%80x3
Soft cover with hot-rolled material 330x115x3

4 %#

L5 LTIk, TiAl & 4 iR R 8 i 5 5 In
eI T T 22N AR BARE R, B3
T M J8C 3 R A P 2L 2R 50 A I B e K P A 4
T2 B PR AR o oK O B I 5T 5 A v Al G
il £ | RS0 U L e R RS R R AR T B mT 4
Tl AR Ty i 52 Bt — 2 R M. (Al 0L 5

Z RJERM S I RSB IU1E, DISE B4
g T IS TRV R o St | I - W T [ NG A i
il B BRI T A 5 AR T B i A Bk 2, TiAl
A R AT 23 ALK 5 45 R 1 R A R DR S )
Z, YRR W WA R R i k4. B4
ST B A D J Sk T2 A R TR A R 4R I
iliZ%, It R TIAL & & W e se 5 7 ALk
Pl R SO A
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