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High Temperature Deformation Behavior of Gamma TiAl
Alloy - Microstructural Evolution and Mechanisms

J. H. Kim, Y. W. Chang and C. S. Lee

Abstract

A series of load-relaxation tests and tensile tests were conducted to study the high temperature

deformation mechanism of fine duplex gamma TiAl alloy at temperatures ranging from 800 to 10650TC.
Results of load relaxation test showed that deformation behavior at a small imposed strain (¢=0.05) was
dominated by dislocation glide and dislocation climb. To investigate the deformation behavior at a large
amount of strain, the processing map was constructed using a dynamic materials model. Two domains
were characterized in the processing map obtained at a strain level of 0.6. One domain was found at the
region of 980C and 10 “/sec with a peak efficiency of 48%, which was identified as a domain of
dynamic recrystallization from the microstructural observation. The other was observed at the region of
1250C and 10 Ysec with a peak efficiency of 64%. The strain rate sensitivity measured indicates that

the material was deformed by the superplasticity in the region.

Key Words : Gamma TiAl Alloy, Deformation, Dynamic Recrystallization, Dislocation Glide,
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a ! internal strain rate

o : plastic strain rates due to dislocation glide

B plastic strain rates due to dislocation climb

£ plastic strain rates due to grain boundary
[Sliding

0" the internal stress due to the long range
_interaction among dislocations

6" the friction stress between a dislocation

and the lattice
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Fig. 1 An internal variable model describing
the high temperature deformation:
(a) a rheological model and
(b) a topological model.

(0a'/0") = expla /a)® (3)
o= V(0s'/G) "exp(-Q4/RT) , (4)
p and n' : material constants

Og¢* ! internal strength variable
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o -conjugate reference strain rate

v jump frequency

Q' : activation energy for dislocation glide
(; © internal modulus
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M, and n® : material constants
Yy @ static friction stress

g,: conjugate reference rate
v - jump frequency

1y ©internal modulus

Q" : activation energy for GBS.
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Fig. 2. Initial microstructure of heat-treated
TiAl specimen; (a) optical image, and
(b) back scattered electron image.
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4.1 Load-relaxation tests (€=0.05)
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Fig. 3 The flow stress-strain rate curves of TiAl
alloy obtained by load-relaxation tests at
various temperatures (£=0.05)

Table 1 Constitutive parameters determined from
load-relaxation tests at various temperature

Dislocation glide Dislocation climb
Temp. . .
() . . . .
loga, log P loga, log § P
880 2958 -3.030
930 2971 22233 6.864 0274
950 2950 2159 015 | go3r og0 018
980 2934 -1.822 7.560 1.251
1020 2911 -1.428 7788 1.451
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the internal variable theory (£=0.05)
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Fig. 12 Mlcrostructure of TiAl alloy specimen deformed
800 and 10%sec and (b) 900°C and 10 /sec,
exhibiting intergranular cracking and flow locali
respectively. The compression is axis is vertical
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