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Effect of grain size on creep of Ti -53.4mol % Ai 
intermetallics at 1100 K 

H A S H I R U  N A G A I * ,  TOHRU T A K A H A S H I ,  H IROSHI  O I K A W A  
Department of Materials Science, Faculty of Engineering, Tohoku University, Sendal 980, 
Japan 

Constant stress creep under compression stress, 1 00 to 31 6 MPa, at 11 00 K was investigated 
on single-phase TiAI intermetallics. The material was ingot-cast, isothermally forged, and then 
annealed to produce stable equi-axed grain structures, whose average grain diameters were 
25, 42 and 70 #m. Creep curves were very similar among the three specimens with different 
grain diameters and the creep rates at a given strain, as well as the minimum creep rates, 
depended little on grain size. Two regimes were observed on the stress dependence of the 
minimum creep rate. The stress exponent under high stresses was about 4.5, independent of 
grain size. Under stresses lower than about 150 MPa it became about 8. 

1. Introduction 
Intermetallic compound materials of TiAl-base are 
frequently cited as promising candidates for high- 
temperature use because of their high strength/density 
ratio [1]. Many investigations have been reported [2], 
but the main efforts seem to be concentrated on the 
mechanical behaviour of single crystals at small strain 
in a low-to intermediate temperature range, where 
so-called "inverted temperature dependence" of yield 
stress is observed. 

It is, however, important to have appropriate 
knowledge of long-term deformation behaviour of 
polycrystalline materials before using these materials 
at elevated temperatures. Some fundamental data 
concerning hot-working of  single-phase TiA1 have 
been reported by three groups [3-5]. A preliminary 
study of creep was reported by Martin e t  al. [6] on 
precipitate-hardened TiAl-base materials. Little 
systematic knowledge on creep has been accumulated 
on TiA1 intermetallics and our present knowledge is 
far less than that necessary for practical use of  this 
material at elevated temperatures. 

When polycrystalline materials are used as heat- 
resisting materials, the influence of the grain diameter, 
or the role of grain boundaries, becomes one of the 
most important practical problems. In this report, 
the creep behaviour of TiA1 single-phase intermetallics 
with equi-axed grains is described to reveal the influ- 
ence of grain size. This investigation is a part of a 
systematic study on high-temperature deformation of  
aluminides being done in our laboratory. The creep 
characteristics of the same material in the cast-and- 
annealed state, Ti-53.4A1 (CA), and of the material 
with equi-axed grain, Ti-53.4Al (FA42), have been 
reported elsewhere [7, 8]. 

2. Experimental procedure 
2.1. Material  
The material used was a binary Ti-A1 alloy containing 
53.4 tool % A1, which was the same material as used in 
this series of investigations [7, 8]. The chemical com- 
position (mass %) was AI 39.2, Ti 60.7, O 0.0669, N 
0.0013 and C 0.0062. Titanium sponges (99.8% pure) 
and aluminium shot (99.92% pure) were melted using 
a high-frequency induction furnace in an argon 
atmosphere using a calcia crucible and cast into a 
metal mould of 30 mm diameter. 

The ingot was isothermally forged at 1323 K with a 
strain-rate about 10 -3 sec-~ up to 0.7 true strain in air, 
and then annealed in vacuum ( ~  10-4pa) under con- 
ditions shown in Table I. The final treatments produced 
a stable structure of equiaxed grains, as shown in 
Fig. 1. The distribution of titanium and aluminium 
was examined by EPMA in the annealed samples and 
the absence of the second-phase precipitates was con- 
firmed. 

Rectangular specimens, 2ram x 2ram x 3ram, 
were cut from the billet for compression tests. 

2.2. Creep test 
Constant stress compression tests were carried out in 
an argon atmosphere using tensile creep machines 
with special jigs, by which tensile stress can be con- 
verted to compression stress. 

The concentration of a specimen was measured by 
a linear variable differential transformer from the 
displacement of the indication rods attached to jigs 
and was recorded continuously. The relative amount 
of contraction was read on the chart to about 0.1 #m. 
The strain is expressed as t rue  strain throughout this 
paper. 
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TABLE I Final heat-treatments and the resulting grain size of 
samples 

Designation Final treatment Average grain 
diameter (/lm) 

(K) (ksec) 

Ti-53.4 A1 (FA25) 1400 10.8 25 
Ti-53.4 A1 (FA42) 1500 3.6 42 
Ti-53.4 A1 (FA70) 1500 50.0 70 

The temperature o f  the specimen was measured by 
a chromel/alumel  thermocouple  at tached to a jig. The 
temperature o f  the furnace was moni tored  by a P t /P t -  
13 Rh  thermocouple  located in the furnace and con- 
trolled so as to keep the specimen temperature within 
+ 1 K of  the set value. 

The load was adjusted to keep the true stress within 
+ 0.5% deviation f rom the set value during creep. 
The adjustment  was done  under  the assumption o f  
constant  volume and homogeneous  deformation,  
though some degrees o f  barrelling were observed after 
large strain. 

After  setting a specimen, the vessel was evacuated 
once to 1.5 x 10-3pa,  and then argon was intro- 
duced and the temperature was raised to the test 
temperature.  The creep test was begun after the speci- 
men had been held at the test temperature at least 
10 ksec. 
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Figure 2 Typical compression creep curves of Ti-53.4 A1 (FA) at 
1 I00 K (a) under 251 MPa and (b) under 126 MPa. 

3. E x p e r i m e n t a l  p r o c e d u r e  
3.1. Creep curves 
Constan t  s t ress-compression creep tests were carried 
out at 1100K under 100 to 316MPa.  Some creep 
curves obtained are shown in Fig. 2, which indicates 
that no large difference can be observed between 
samples with different grain sizes. 

All da ta  are shown in Fig. 3 as a form o f  log ~-e 
curves. The creep curves are essentially o f  the normal  
type [9], a l though the pr imary stage becomes smaller 
and the accelerating stage becomes steeper with 
decreasing stress. 

Under  high stress, the creep rate, ~, decreases 
monotonica l ly  with increasing strain in an early stage 
o f  deformat ion to reach a plateau value at about  0.3 
to 0.4 strain. Under  low stresses, ~ shows a min imum 
before it increases again. 

Figure 1 Typical microstructure of Ti-53.4 reel % AI intermetallics, 
which were cast and isothermally forged at 1323 K up to 0.7 strain, 
and then annealed (a) at~t400K, for 10.8 ksec (d = 25#m), (b) at 
1500K for 3.6ksec (d = 42/1m), and (c) at 1500K for 50.0ksec 
(d ~ 70Hm). 
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Figure 3 True strain rates, ~, of Ti-53.4Al (FA) during constant 
stress-compression creep at 1 I00 K as a fucntion of true strain, e. 
(a) FA25, (b) FA42, (b) FA70. 
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Figure 4 Effect of strain on the stress dependence of strain rates in 
constant stress-compression creep of Ti-53.4 A1 (FA70) at 1100 K. 
Strain: (A) 0.01, (rn) 0.05, ( I )  0.I, (o) 0.3, (e)  0.5. 

3.2. S t re s s  d e p e n d e n c e  of  c r e e p  ra tes  
The creep curves are affected greatly by the applied 
stress, a, and the stress dependence of strain rates, ~, 
is also greatly affected by the strain, ~. An example of 
the stress dependence of ~ at a given strain is shown in 
Fig. 4. The slope is steep for low strain, but it decreases 
gradually with increasing strain and reaches a steady 
value at 0.3 to 0.4 strain. 

The slope in Fig. 4 corresponds to the stress 
exponent, n', in the equation 

= W a  n" exp ( - - Q ' / R T )  (1) 

The strain dependence of n' is summarized in Fig. 5, 
in which it is clearly seen that the trend of changing n' 
with e is little affected by the grain size, i.e. n' is as high 
as about 7 at low strain, decreases with strain and 
reaches about 3.5 at 0.3 to 0.4 strain. 

Examples of the influence of the grain size on ~ at 
given strain are shown in Fig. 6. Strain rates observed 
in three samples with various grain sizes show no 
systematic variation, i.e. k is little affected by the grain 
size at any strain under any stress in the present 
material. 
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Figure 5 The stress exponent n' in Equation 1 as a function of strain 
in compression creep of Ti-53.4 AI at 1100 K. (zx) FA25, (rn) FA42, 
(o) FA70. 

10-3 

10-4 
T 

W 

�9 u 10-5 

10-6 

(o) 

�9 316 MPQ 

251 

�9 200 

158 

126 
- e  �9 o - -  

100 

316 MPo 

(b) 

_e  ,, 

_m  

t i 

80 20 
# (~m} 

251 

200 

158 

126 

q [ [ i i I ~ I 80 10-7 20 40 60 40 60 

Figure 6 Effect of compression stress on the grain-size (c7) depen- 
dence of compression creep rates of Ti-53.4A1 (FA) at I I00K. 
(a) 0.02 true strain, and (b) 0.30 true strain. 

3.3. M in imum (steady-state) creep 
characterist ics 

The strain at which the minimum creep rate is attained 
or the steady-state begins, depends greatly on the 
stress level, as seen in Fig. 3. Under high stresses it is 
0.3 to 0.4 strain, and it decreases gl:adually with 
decreasing stress. Under stresses lower than about 
150 MPa, it becomes only 0.01 to 0.02 strain. 

This general trend depends little on the grain diam- 
eter in the experimental range of the present study. 
The minimum creep rates attained at a given stress are 
almost independent of the grain size under any stress 
levels examined and the stress dependence of the mini- 
mum creep-rates is also independent of the grain size 
as shown in Fig. 7. The data lie well on two straight 
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Figure 7 Stress dependence of the minimum (or the steady-state) 
creep rates, dm, in compression creep of Ti-53.4 A1 (FA) at 1100 K 
with various grain size. (/,) FA25, (D) FA42, (o) FAT0. 
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lines with a slope of about 4.5 under high stresses or 
of about 8 under low stresses. The transition stress 
is about 150 MPa (at 1100 K) independent of the 
grain size. The study on the temperature dependence 
of minimum (steady-state) creep rates in this material, 
the results of which have been reported elsewhere [8], 
suggests that the transition stress depends greatly 
on the deformation temperature, but it occurs at 
(3 to 5) • 10-6sec -~ in thecreep rate, independent of 
the temperature examined. These results suggest that 
nm and Qm become large in the low stress range and 
this trend is similar to that observed as the lower 
transition in the power-law creep of solid solutions 
of fcc A1-Mg and bcc Fe-Mo systems [10, 11]. It 
has been suggested that the generation of mobile 
dislocations may play an important role in the creep of 
this low-stress range, though the rate-controlling 
mechanism has not yet been discussed in detail on this 
low-stress range, region L. 

4. Conclusions 
Constant stress-compression creep tests in an argon 
atmosphere were carried out on single-phase TiAI 
(53.4tool%A1) intermetallics, which were cast, 
isothermally forged, and then annealed. The grain 
shape of the specimens was equi-axed, and the average 
grain size was 25, 42 or 70/~m. 

No systematic variations with grain size were 
observed in creep rates or characteristic parameters in 
these samples for a given strain or for the steady state. 
Two regions in stress dependence of the minimum 
(steady-state) creep rates were observed, independent 
of the grain size. 

High-temperature compression creep is little affected 
by the grain size in Ti-53.4mol % AI single-phase 
intermetallics. 
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