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The influence of texture on superplasticity 
of the titanium alloy VT 6 

O. A. K A I B Y S H E V ,  I. V. K A Z A C H K O V ,  R. M. G A L E E V  
Ufa Aviation Institute, uL K. Marksa 12, Ufa 450025, USSR 

This paper describes a specific influence of crystailographic texture on tensile properties 
of the t i tanium alloy VT6 under superplastic f low conditions. The texture effect has been 
examined on alloy states wi th identical microstructures but wi th different preferred grain 
orientations. Tests over wide temperature and strain-rate intervals have shown that the 
formation of a strong texture as a result of pretreatment of a t i tanium alloy leads to a 
decrease in f low stress, an increase in plasticity and a shift of the opt imum strain-rate 
region to higher rates. Data on the effect of texture on the anisotropy of properties of the 
VT6 alloy are also presented. The present results suggest that the influence of preferred 
orientation on the characteristics of superplastic f low is a general phenomenon for fine- 
grained superp!astic materials. 

1. Introduction 
Texture is one of  the most important  structural 
parameters determining properties of metals and 

alloys [1, 2] .  In the case of  superplasticity a 
specific influence of  preferred orientation on ten- 
sile properties of  the Z n - 2 2  wt% A1 alloy has been 

established [ 3 - 6 ] .  It was shown that  in contrast 
to its influence on the deformation of metals 
under normal condit ions,  crystallographic texture 
caused no anisotropy of flow stress in super- 
plasticity but  resulted in a considerable decrease 
in flow stress and an increase of  plasticity com- 
pared with a textureless alloy. It is therefore of  
great interest to study similar texture effects on 
properties of  other metals and alloys and to 
establish whether they are of  universal character. 
However, it must be stressed that  it is difficult 
to obtain a textureless state which allows one to 
observe a texture effect in its pure form. 

It is the purpose of  this paper to report  on the 
influence of  preferred grain orientation on the 
superplasticity of  a two-phase t i tanium alloy VT6. 

2. Experimental procedures 
The VT6 alloy studied was in the form of  hot-  
rolled rods 25 mm in diameter.  The composit ion 
of  the alloys was (wt%): 6.5 A1; 5 .1V;  0 .1Fe;  
0.03 Si; 0.02 C; 0.01 N; 0.003 H2. In order to 

distinguish between the effect of  crystallographic 
texture and that of the initial microstructure on 
superplasticity it was necessary to obtain alloy 
states differing sharply in preferred grain orienta- 
tions but  having identical microstructures. The 
initial microstructure of  the rods was hetero- 
geneous (s-phase regions of  lamellar structure 
present alongside equiaxed particles), thus it was 
important  to obtain alloy states with an equiaxed 
homogeneous microstructure.  Consequently rods, 

were treated in two regimes at 800 to 900 ~ C: a 
strong crystallographic texture (State I) was 
obtained by upsetting and rolling, while a weak 
texture (textureless State II) was attained by 
upsetting only. Pole figures of  these two textures 
are given in Fig. 1. In both cases the alloy micro- 
structure was equiaxed and fine-grained, an 
average grain size being 3.5 #m (Fig. 2). 

Tensile tests were carried out in air on an 
Instron Universal Testing Machine on strip speci- 
mens with a gauge section 1 0 m m x 4 m m x  1.5 
mm in a temperature range 20 to 9 5 0 ~  and a 
strain-rate range 8.3 x 10 -s to 8.3 • 10 -2 sec -1 . 
Strain-rate @) and strain (e) dependence of  flow 
stress (o), the curve of  elongation (6) as a function 
of  strain-rate and the temperature dependence of 
flow stress at a constant strain-rate were plot ted 
from the results of  these tests. The values of  
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Figure 1 (0002) pole figures for the c~-phase of the v'r6 alloy: (a) State I. (b) State II. RD = rolling direction, TD = 
transverse direction, TA = tensile axis. 

strain-rate sensitivity (m) were obtained from the 
slope of  log a - l o g  ~ curves. The accuracy of  the 
values of  a and 5 were 3 and 5%, respectively. 

3. Results 
Analysis of  the tensile properties of  the VT6 alloy 
carried out on specimens cut in the direction 
coinciding with the axis of the initial rod and the 
rolling direction at temperatures of  superplastic 
deformation has shown that m, a and 6 depen- 
dences are typical of  superplastic materials [3, 
7, 8] .  At the same time properties of  the textured 
and textureless states were observed to differ 
greatly. Thus, Fig. 3 shows the stress-strain 
curves at ~ = 1.6 x 10-3 sec-1 at 800 and 850 ~ C. 
As the testing temperature decreased, the difference 
in flow stress between States I and II increased. 

The difference in o was retained throughout 
the studied interval of  degrees of  strain up to 

150%. 
The flow stress in textured State I is lower for 

all strain-rate ranges (Fig. 4). Also, for the texture- 
less State II at 800~  the maximum in m is 
observed at ~ = 2 . 5  x 1 0 - 4  sec-1 and for the 
textured state m is a maximum at ~ = 1.3 x 10-3 
sec -1 , i.e. the optimum strain-rate increases by a 
factor of  5 with increasing texture (Fig. 4). As the 
testing temperature increased this difference in 
optimum strain-rate decreased (Figs 4 and 5). 

As shown in Fig. 5, the values of  elongation, 
whose change with strain-rate correlates with the 
strain-rate dependence of m, are considerably 
smaller in the textureless state than in the textured 
one. For the textured state 6 is 1100 % at ~ = 
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Figure 2 Microstructure of the VT6 alloy 
after different pretreatment regimes. 
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Figure 3 True stress-true strain curves on extension with 
=1.6X10-3 see i at 800 and 850 ~ for the two dif- 

ferent states of the alloy�9 
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Figure 5 Strain-rate dependence of 6 and m measured at 
850 ~ C: (I) strong-texture state; (II) textureless state. 

1.6 x 10 .3 sec -1 whereas at the optimum strain- 

rate in the textureless state 6 is only 800 %. 

Analysis of the temperature dependence of o 

and 6 for both states revealed that the above 

texture effect was present at temperatures below 
950 ~ C. However, as mentioned for the exponent 

m, the differences in o and 6 for the textureless 
states increased as the temperature decreased. 

According to the results presented in Fig. 6, at 

700 ~ C elongation for the textured state is 3 times 
that of the textureless one, whereas at 900 ~ C 6 
of the textured state is only 1.07 times greater. 

Thus, the presence of crystallographic texture 
in the VT6 alloy strongly influences the parameters 
of superplastic deformation. In a textureless state 
the alloy shows the greatest values of flow stress 
and the lowest plasticity compared with the tex- 
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Figure 4 Strain-rate dependence of a and m measured at 
800 ~ C: (I) strong-texture state; (II) textureless state. 

tured state over the temperature and strain-rate 

intervals investigated. 
Data on the effect of texture on the anisotropy 

of properties of the VT6 alloy are consequently of 
interest. For such tests, specimens were cut at 0, 
45 and 90 ~ to the axis of the initial rod coinciding 

with the rolling direction. The results on the 

anisotropy of tensile properties of the alloy at 
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Figure 6 Temperature dependence of o and 8 measured at 
= 8.3 X 10-4 sec-1 : (I) strong-texture state;(II)texture- 

less state. 
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various testing temperatures are documented in 
Table I. There is no anisotropy of ultimate tensile 
strength (%)  or of plasticity in the textureless 
specimens whereas anisotropy of tensile proper- 
ties is observed for the textured state. 

It should be noted that the character of aniso- 
tropy of tensile properties during superplastic 
deformation differs from that during normal 
deformation. In a superplastic condition the 
ultimate tensile strength is a minimum in the 
transverse direction while in the longitudinal one 
it is somewhat greater than at 45 ~ to the rolling 
direction. Thus, at 850~ o b is 14 MPa in the 
longitudinal direction and 10.2 MPa in the trans- 
verse direction. Elongation is observed to be a 
maximum at 45 ~ to the rolling direction and a 
minimum in the transverse direction. As the test- 
ing temperature was decreased the relative differ- 
ence in plasticity of the specimens cut at different 
angles increased. 

This type of anisotropy of Ob and 8 is retained 
down to 700 ~ C, but with further temperature 
reductions the anisotropy of ~ decreases sharply 
and at 300 to 600 ~ C anisotropy of gu is absent 
and at 20 ~ C anisotropy of % and 5 changes. This 
change in the type of anisotropy of the ultimate 
tensile strength and plasticity when the character 
of crystallographic texture is retained in the tem- 
perature interval of deformation from normal to 
superplastic indicates, therefore, the specific 
effect of texture on tensile properties of the alloy 
in a superplastic condition. 

4 .  D i s c u s s i o n  . 

It should be noted that for superplastic Zn-22  
wt% A1 [4-6]  and L59 bronze [9] having a sharp 
texture, anisotropy of flow stress was unobserved. 
The absence of anisotropy of flow stress was also 
established for the T i -6  wt% A1-4 wt% V alloy 
with an equiaxed structure and strong texture 
[10]. As a result, the authors [10] drew a con- 
clusion about the absence of a texture effect on 
the properties of the superplastic T i -6  wt% A1- 
4 wt% V alloy. However, from the available experi- 
mental data, anisotropy of tensile properties will 
hardly characterize the texture effect unambigu- 
ously. A comparative study of textured and 
textureless specimens with similar microstructures 
should be undertaken to determine the influence 
of preferred orientation on the properties of alloys. 
According to the results listed in Table I, the ulti- 
mate tensile strength of the alloy in State II is 

lower than that for the alloy in State I. Such an 
effect is observed in all three tensile directions, 
i.e. it is obviously caused by differences in pre- 
ferred grain orientations for States I and II of the 
VT6 alloy. 

Comparison of the results of the present work 
and the data obtained on the Zn-22  wt% A1 alloy 
[4-6]  has made it possible to conclude that 
texture formation produces similar changes in the 
properties of these materials. Both in the Zn-22  
wt% A1 alloy and the VT6 alloy a strong preferred 
orientation reduced the flow stress, increased 
elongation and shifted the optimum strain-rate 
interval to higher strain rates. For the Zn-22  wt% 
A1 alloy such a texture effect has been obtained 
for the formation of two different textures. Thus, 
the experimental data suggests that the influence 
of preferred orientation on the characteristics of 
superplastic flow is a general phenomenon for 
fine-grained superplastic materials. 

We now consider possible reasons for such a 
change in properties of these alloys. Under the 
conditions of normal deformation of large grained 
materials the texture effect is connected with 
preferred orientation of slip and twinning systems 
relative to the actual stress. However, the role of 
this factor in superplastic materials changes 
sharply because of specific mechanisms of the 
superplastic flow. The role of grain boundaries in 
deformation processes increases considerably 
during hot plastic deformation of ultrafine-grained 
materials. Such processes as dislocation generation, 
their climb and annihilation, grain boundary 
sliding, grain boundary diffusion at the given 
testing parameters and similar microstructure 
depend mainly on the grain boundary structure 
which, in its turn, is connected with the misorien- 
tation between grains and crystallographic texture. 
The relation between preferred grain orientation 
and grain boundary structure has been observed 
elsewhere [11]. Thus, under the specific con- 
ditions of superplastic flow, texture may influence 
plastic properties of materials as a result of changes 
in the grain boundary structure. 

The results documented in Table I show that 
the influence of texture on the properties of the 
VT6 alloy (a decrease in ultimate tensile strength 
and an increase of plasticity) reveals itself at 
T~> 600 ~ C. Thus, a specific texture effect on the 
tensile properties of the alloy is observed at tem- 
peratures where hot deformation processes in the 
grain boundaries contribute to the mechanism of 
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plastic flow. Below 600 ~ C the difference between 
the two alloy states may be accounted for only by 
anisotropy of  properties, i.e. under the conditions 
of  ordinary deformation a specific texture effect 
is absent. 

It should be noted that the influence of  pre- 
ferred grain orientation on the tensile properties 
of  the alloy is observed in the temperature interval 
of  phase transformation accompanied by micro- 
structural changes. In this alloy a change of  phase 
proportion and composition occurs during heat- 
ing in the temperature range 800 to 900 ~ C, e.g. 
the amount of  s-phase at 800 ~ C is 75% whereas 
at 900 ~ C it is only 50%. This fact may be respon- 
sible for a weaker influence of  crystallographic 
texture on superplasticity of  the alloy at tempera- 
tures above 850 ~ C. The decrease in plasticity and 
small increase of  ultimate tensile strength at 
950 ~ C may depend also on the oxidation of  the 
alloy during the process of  deformation. 

5. Conclusions 
(1) Crystallographic textures influence the super- 
plastic flow of  the titanium alloy VT6. 

(2) The formation of  a strong texture as a 
result of  pretreatment of  a two-phase titanium 
alloy causes an increase in plasticity, reduction in 
flow stress, a shift of  optimum strain-rate range to 

higher rates and makes it possible to extend the 
temperature interval of  superplastic deformation 
to lower temperatures. 
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