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Research Progress in the Phase Transformation of -—solidifying TiAl Alloys
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Abstract: (3-solidifying titanium aluminium (TiAl) alloys are promising high-temperature structural materials and have
great potentials in applications of the aviation, aerospace, and automobile industries. The phase transformation process of
B-solidifying TiAl alloys from the molten state to room temperature is complex and directly affects their processability and
performance. This article summarizes the major phase transformation types with respect to (-solidifying TiAl alloys,
including B—a, B—B a—a+y—ot+y, and By/o,—w,. The effects of alloying elements, external stress and cooling rate on
the microstructure and properties of 3-solidifying TiAl alloys have been elaborated on the basis of the research progress of
related mechanisms. The challenges and fundamental issues that need to be addressed for the industrial application of
B-solidifying TiAl alloys are also discussed.
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Fig.1 Phase diagram and solidification paths of TiAl alloys: (a) Ti-Al binary phase diagram; (b) three solidification paths for TiAl
alloys with different Al contents, where I represents [3-solidification, II represents peritectic solidification followed by cooling through
the a+B phase field region, and III represents peritectic solidification followed by cooling through the a+L phase field region*'®

1p

[18-28]

Tab.1 Lattice parameters of major constituent phases in B—solidifying TiAl alloys"*>!

Phase Structural symbol Space group Wyckoff site Lattice parameter/A
B-Ti(Al) A2 Im3m 1a(Ti, Al) a=3.32
a-Ti(Al) A3 P6y/mme 2d(Ti, Al) a=2.95; ¢=4.68

~v-TiAl L1, P4lmmm la(Al); 1c(Al); 2¢(Ti) a=4.016; c=4.068

Bo B2 Pm3m 1a(Ti); 1b(Al) a=3210
arTi:Al DOy P6y/mme 2d(Al); 6h(Ti) a=5.765; c=4.625
wr TLALND BS, P6Jmme 2a ;—Ti, g—Nb, ;—Al - 2¢(Al); 2d(Ti) a=4.58; ¢=5.52
O-Ti,AINb - Cmem 4c,(Al); 4¢y(Ti, Nb); 8g(Ti, Nb) a=6.09; b=9.57; c=4.67
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Fig.2 Crystal structures of major constituent phases in B-solidifying TiAl alloys!'**!
25 B <100> . B
Tab.2 Typical phase transformations of B—solidifying ,
. [31] .
TiAl alloys 3 Ti-45A1-8.5Nb-(W, B, Y)
Phase transformation type Phase transformation temperature/ C
LB ~1 600
[32] [33-34]
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Fig.3 Back-scattered electron (BSE) images of the as-cast Ti-45A1-8.5Nb-(W, B, Y) alloy: (a) dendritic segregation; (b) dendritic
structure at high magnification
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Fig.4 Scanning electron microscopy (SEM) micrographs illustrating the microstructures obtained from the —a phase transformation
at different cooling rates: (a) Widmannstitten microstructure (Ti-44Al-3Mo-0.1B alloy); (b) massive microstructure (Ti-42A1-5V
alloy); (¢) martensitic microstructure (Ti-42A1-10V alloy)!**"

5 B .(a) Ti-44A1-8Nb-1B ;(b) Ti-xAl-4Nb-1Mo-0.1B

[1841]

Fig.5 Representative microstructure features and pseudo-binary phase diagram of 3-solidifying TiAl alloys: (a) back-scattered electron
(BSE) image of the as-cast Ti-44Al-8Nb-1B alloy; (b) isoplethal section of the Ti-xAl-4Nb-1Mo-0.1B alloy!$*!
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6 Ti-46A1-9Nb CCT B
Fig.6 CCT diagram of the Ti-46A1-9Nb alloy and microstructures formed at different cooling rates. FC: furnace cooling; AC: air
cooling; OC: oil cooling; WC: water cooling®*”}
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Fig.7 Schematic illustration of microstructure evolution during oc—a+y—a,+Yy phase transformation: (a) initial o grain; (b) nucleation
of the face-centered cubic (FCC) phase; (c) ordering of the vy phase; (d.~d.) grain growth mechanism of y phase growth by interface
movement, twin generation, and continuous nucleation, respectively; (¢) near-equilibrium phase amount; (f) coarsening;
(g) ordering of the a, phase!®!
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Fig.9 o, phase precipitation behavior at the o/, interface in the TNM alloy after creep testing at 800 ‘C/200 MPa: (a) bright-field
transmission electron microscopy (BF-TEM) image of a,/y lamellae; (b) selected-area electron diffraction pattern of (a);
(¢) high-resolution TEM image of the /B, interface?”
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