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Abstract: Due to their high specific strength, excellent high-temperature oxidation resistance and excellent creep resistance,
TiAl alloys have become new and highly promising high-temperature structural materials in the aerospace field. However,
the intrinsic room-temperature brittleness and relatively low high-temperature strength of TiAl alloys limit their large-scale
industrial application. Composite material technology is an effective method for solving the above problems. This paper
mainly summarizes the common configurations, preparation methods, microstructure characteristics and mechanical
properties of TiAl matrix composites, reviews the research progress at home and abroad in recent years, and looks forward
to future development directions to provide a useful reference for promoting the research and application of TiAl matrix

composites.
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Fig.1 Typical configurations of TiAl matrix composites: (a) continuously (fiber) reinforced type; (b) non-continuously reinforced type;
(c) layered reinforced type; (d) hybrid reinforced type; (e) network reinforced type; (f) interpenetrating phase reinforced type!'>'”
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Fig.2 Different types of triply periodic minimal surfaces adopted in the interpenetrating phase reinforced Ti,AINb/TiAl composites:
(a, b) Gy and Gy, types; (¢, d) Py and Py, types; (e, f) Dy and Dy, types; (g, h) SPy and SPy, types!"”
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Tab.1 The main properties of the several commonly used particle reinforcement phases™*>+"!
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3 MAX :(a) MLAX; (b) MbAX,; (¢) MLAX,®
Fig.3 Crystal structure of the MAX phase: (a) M,AX; (b) MAX,; (¢) M,AX™
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Fig.4 Schematic diagram of the preparation process for the continuous-fiber-reinforced TiAl matrix composite: (a) foil-fiber-foil
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Tab.2 Preparation methods for the TiAl matrix composite
Configuration Preparation method Material system

Continuously (fiber) reinforced type

Non-continuously (short fibers, whiskers

and particles) reinforced type

Layered reinforced type

Network reinforced type

Hybrid reinforced type

Interpenetrating phase reinforced type

Foil-fiber-foil method, powder cloth method and

matrix coating method

Melting and casting method, powder metallurgy

method and additive manufacturing method

Hot pressing method and canned hot rolling method
Powder metallurgy method
Melting and casting method and powder metallurgy
method
Additive manufacturing combined with powder
metallurgy method, reaction melt infiltration

method

TiNb/TiAl, Nb/TiAl, Ta/TiAl, ALOy/TiAl, SiC/TiAl

etc.

Hard particle (TiB,, TiC, SiC, MAX phase, etc.)

reinforced TiAl matrix composite, ductile particle (Nb,

Ta, high entropy alloy, etc.) reinforced TiAl matrix
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Ti/TiAl, Ti6Al4V/TiAl, Ti,AINb/TiAl, etc.
Ti,AIC/TiAl, TiB/TiAl, TiB,/TiAl, TisSiyTiAl, etc.

(TisSi; particle+Ti,AIN whisker)/TiAl, etc.
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Fig.5 Microstructural evolution of the TiAl-Nb composite before and after heat treatment: (a) hot-isostatic-pressing state;
(b) heat-treated state; (c) schematic diagram of microstructural evolution during the heat treatment process™™
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Fig.8 Room-temperature mechanical properties of the TiAl/Ti,AIND layered composite: (a) room-temperature tensile stress-strain
curves; (b) tensile and elongation bar charts at room temperature; (c) sintering process curves of P1-P5 samples by hot pressing;
(d) fracture toughness in the vertical (AO) and parallel (DO) directions to the interface®”
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Tab.3 Room—temperature mechanical properties of TiAl matrix composites!¢3>3741453.107-108]
Configuration Typical material system Tensile strength Elongation Fracture toughness
/MPa 1% /(MPa-m'?)
Continuously (fiber)
reinforced type (Nb+AlL05) dual fibers/TiAl - 20.87
0.2SiB¢/TiAl (particle 245
Non-continuously reinforcement)
(short fibers, whiskers Ti,AIC/TiAl (particle 43 (7 vol.%)
and particles) reinforced reinforcement)
type TLAIN/TiAl i
P reinforcen(lzzl:)lde 0.3~1.0 13.0~14.9
. ) 32.6 (vertical to interface)
Layered reinforced type TIAVTLAIND 812 131 30.1 (parallel to interface)
TiAl/Ti 421 2.72 -
TisSi5/ TL,AIN/TiAl - 30.67
Hybrid reinforced type 0.5 wt.% B4C/TiAl
(particle+network) 12436 e
Interpenetrating phase
reinforced type TiLAINb/TiAl 310.2 - 18.5
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Fig.9 High-temperature tensile stress-strain curves of the network reinforced WC/TiAl composite: (a) 800 C; (b) 900 ‘CH!
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