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Abstract: As pivotal lightweight high-temperature structural materials in the aerospace field, TiAl alloys face major
bottlenecks that restrict their engineering applications because of the poor workability resulting from their intrinsic
room-temperature brittleness. A systematic review of recent research progress regarding the ductilization mechanisms of
TiAl alloys is provided in this paper. It elucidates the underlying mechanisms by which alloying elements (such as V, Cr,
and Mn) and trace elements (such as B, C, and Y) influence ductility. The influence of microstructural evolution on
mechanical properties is analysed in depth, with a particular focus on the critical roles of long-period stacking ordered
(LPSO) structures and polysynthetic twinned (PST) single crystals in achieving synergistic strength and ductility
enhancement. With respect to fabrication processes, the breakthroughs achieved by techniques such as investment casting,
canned forging/rolling, and selective electron beam melting (SEBM) in mitigating forming defects and optimizing
solidification microstructures are comparatively analysed. Finally, integrated precision control based on the multiscale
correlation of "composition-microstructure-process" is proposed as the core direction for the future development of TiAl
alloys.
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Fig.1 Crystal structures of different phases in TiAl alloys: (a) y phase; (b) «, phase®™
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Fig.2 Four microstructures of TiAl alloys obtained under different heat treatment parameters: (a) fully lamellar structure;
(b) near-lamellar structure; (c) duplex phasestructure; (d) equiaxed near-vy structure!®
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Fig.3 Microstructure types of the TNM alloy under different heat treatment conditions: (a) full lamellar microstructure; (b) triple-phase

triple state; (c) triple-phase dual-state!
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Fig.4 Tensile properties of the LM, T-T and T-D structures at room temperature and 800 “C: (a) true tensile strain-stress curves and
work hardening rates at room temperature; (b) true tensile strain-stress curves at 800 ‘C5!
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Fig.5 Tensile properties and fracture morphology of LMs with various lamellar spacings at 750 ‘C: (a) tensile true strain-stress curves;

(b) work-hardening rate curves; (c) fracture morphology of LM;; (d) fracture morphology of LM
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Fig.7 Morphology and atomic structure of (201)a, deformation twinning in PST TiAl single crystal: (a) bright-field TEM image
showing the typical morphology of (201)a, deformation twinning in the PST TiAl single crystal; (b) atomic-resolution HAADF-STEM
image of the tip of (201)a, twinning along the [110] axis?
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Fig.8 Stress-strain curves: (a) stress-strain curves of cases I and II under tension; (b) tensile stress-strain curves of materials with the
same lamellar thickness but different individual TBs/PBs ratios!*!
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Fig.9 Simulation models of twin-boundary/phase boundary (TPB) and phase boundary (PB) and theoretical calculation of dislocation

shear stress: (a) schematic diagram of the simulation model of the TPB; (b) schematic diagram of the simulation model of the PB;
(c) mirror shear stress of partial dislocations in the TPB and critical shear stress for the movement of partial dislocations calculated on

the basis of dislocation theory; (d) mirror shear stress of partial dislocations in the PB and critical shear stress for the movement of
partial dislocations calculated on the basis of dislocation theory. Layer B represents y-TiAl, and layer A represents a,-T1;Al. Layer B

represents y-TiAl, and layer A represents o,-Ti;Al*!
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Fig.10 Anisotropy of the mechanical properties of full lamellar PST TiAl single crystals: (a) schematics showing the
orientation-dependent strength of fully laminated materials; (b) representative true stress-strain curves of the 0°, 45° and 90°
oriented PST TiAl single crystals*”
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Tab.1 Tensile properties of typical TiAl alloys fabricated s . . .
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Fig.11 Application examples of TiAl alloy low-pressure turbine blades in the GE series of aircraft engines: (a) photograph of the TiAl
LPT blade as used in the last stage of the GEnx engine; (b) photograph of the assembly of TiAl LPT blades after an engine test as used
in the GE CF6 test engine®
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Fig.12 Typical complex components of TiAl alloy fabricated by electron beam additive manufacturing: (a) TiAl alloy low-pressure
turbine blade manufactured by EBM; (b) fabrication of TiAl alloy turbocharger impeller by EBM™
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