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Figure 2 Hot isostatic pressing process diagram

13 %4 THES15 s, SEAT 2 4% L OO R K

Ml H % &k B B o8 F B MO 2 ZERE5HH
g;V;ij;Al;ﬁa;SEy ﬁfﬁn;; g%eri{;a;; RIE 21 RmARRSES
OB R B % Uk 2 A i TR , (18580
~ SN HESESEEMMS . :
UL, ¥ BT 4 1 TIALTR 2 B3 80 TR 2 0 W

JCER I3 A 3 AT, 38 4 AR BORE (DmirmM W 550, i ‘ ‘ e ‘

- ) A VS WE R RE RN B S TR S R L 1 4 A 4 2 B IE o 3X JE iRTUR AR DR B 42 D R 0 AR T

0 A 500 5 0 5 5 R R R Tmage g SR BORURLRE K S ol oy 2 LB 0 BORLIF S
b AN

AR 43 BT 7 25 0 R R O FLBR % . B Shimadzu 22000 RBUSRAVZIR ISR 1 RURLIO 56 65, AT

HMV-2T micro Vickers tester {{#% , 7€ 0. 2 kg #k fif JEECE R TR Z
400 °C

Ti-43A1 N

50pm L e 0
B3 XERTAKREHEMK SEME
Figure 3 SEM images of cold sprayed TiAl coating samples
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() —TZE1;(b)—T. 22,
(a)—process 1;(b)—process 2.
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Figure 7 Optical micrographs of cold sprayed Ti-48Al deposits after hot isostatic pressing treatment
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Preparation of Dense TiAl Intermetallics by Cold Spraying
Precursor-Hot Isostatic Pressing

SUN Zhongwu'",MA Jiayan®*" ,CHU Xin®", XIE Yingchun®, LIU Min’, HUANG Jiwu®
(1. AECC Harbin Dongan Engine Co., Ltd., Harbin 150060, China; 2. School of Materials Science and Engineer-
ing, Central South University, Changsha 410083, China; 3. National Engineering Laboratory of Modern Materials

Surface Engineering Technology Guangdong/Key Laboratory of Modern Surface Engineering Technology/Institute of

New Materials, Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: TiAl-based alloys, as high-temperature lightweight materials capable of replacing traditional high-temperature nickel-

based alloys, are favored for their superior properties in advanced military aircraft engines with high thrust-to-weight ratios,

particularly in high-pressure compressor and low-pressure turbine blades applications where they can endure prolonged high-

temperature service. However, current methods for preparing TiAl-based alloys, such as precision casting, ingot metallurgy,

powder metallurgy and laser additive manufacturing technology, are plagued by issues such as poor finished product

performance, challenging processing and molding, complex processes and high cost. In order to overcome these problems and

efficiently produce TiAl-based alloys with excellent performance to meet the lightweight and high-temperature service

requirements of next-generation aero-engines, this paper proposes a novel approach based on the element powder metallurgy.



PG A - ¥ A T K- PR R R B0 THAL 2 I 1AL 5 4 655

Initially, TiAl-based mechanical alloy precursors were prepared by cold spraying mixed Ti and Al powders, followed by
composite preparation of TiAl-based alloys through hot isostatic pressing sintering. The article explores the effects of
deposition parameters on deposition efficiency and coating composition, as well as the modulation of microstructure and
properties of TiAl-based alloys by different hot isostatic pressing parameters. The results show that the prepared TiAl
mechanical alloy coatings are dense and free of obvious defects, and high deposition efficiency (75%) and small deviation of
coating composition (4% ) are obtained under the spraying parameter of 5 MPa and 500 “C. The TiAl-based alloy with dense
microstructure can be finally prepared by reasonably regulating the parameters such as temperature, pressure, and heating and
pressing mode of the subsequent hot isostatic pressing process. This new composite preparation method circumvents the
challenge of intrinsic brittleness in TiAl alloy powder, which hampers direct cold spraying, while leveraging the strengths of
both cold spraying and hot isostatic pressing. It effectively circumvents traditional TiAl alloy forming issues and provides a
basis for near-net-shape forming of TiAl alloys using the cold spray additive manufacturing-hot isostatic pressing method.

Keywords: TiAl alloy;cold spraying;hot isostatic pressing;precursor;deposition efficiency ; porosity ;diffusion; phase transition
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