








The distributions of the misorientation angles of strain-induced boundaries @,,. developed during
ECAP at e=12 are shown in Fig. 3. It is remarkable to see that the distributions at both the
temperatures are distinctly bimodal with two peaks at low and high angle misorientation. Average
misorientation rapidly decreases from 32 to 25° with increase in temperature. The misorientation
distribution developed at 250°C approaches a theoretical distribution for random orientations for
fully annealed grains in cubic materials [8], as shown by dotted line in Fig. 3a. Some fraction of low
angle misorientations developed is a characteristic in strain-induced microstructure [9]. In contrast,
at 475°C the portion of LABs with misorientation less than 5° is about 38%, resulting in decrease in
the average misorientation angle (Fig. 3b). This can be resulted from the regions of many coarse
original grains, in the interiors of which subgrains with LABs are fully developed (see Figs. 1b and
2b). This suggests that grain refinement process does not take place completely and so the
transformation rate to HABs can be reduced with increasing of temperature.

Discussion

Figure 5 represents the changes in the average misorientation angle @,,, with ECAP at temperatures
of 250 and 475°C. The average misorientation angles in the fine grained regions introduced by
ECAP and also in the whole areas are represented by solid and broken lines, respectively. It is
clearly seen in Fig.5 that the development process of deformation induced boundaries can be
categorized into the three stages. At the first stage in the strain interval from the beginning € = 0 to
2, the misorientation angle increases to a plateau of about 5° at both the investigated temperatures.
At the second stage in the strain range from 2 to 4, there is a rapid increase in the average
misorientation angle. It is interesting to note that the changes of misorientation angle with ECAP at
the early two stages are roughly the same at 250 and 475°C. It can be concluded, therefore, that
temperature does not affect the grain refinement process operating in early stages of ECAP for 2219
Al alloy. It should be also noted in Fig. 5 that new grains with HABs were formed at a critical strain
between 2 and 3 at both the temperatures.

At the third stage in the region beyond a strain of around 4, in contrast, the development of
deformation-induced microstructures during ECAP is clearly affected by temperature, as
represented by solid and broken lines. The average misorientation angle for deformation induced
boundaries tends to increase continuously with strain and approach the value of about 32° at 250°C
and 25° at 475°C at € =12. The fine grained regions developed at 250°C were found to cover
approximately 95% of the whole microstructure, so that the difference of the average misorientation
angle is less than 3° and remains constant in this strain interval. In contrast, the average
misorientation angle in the whole area at 475°C (Fig. 2b) is roughly constant value and does not
exceed 15° at large strains. This lower saturation value of misorientation angle, compared to that in
the regions of fine grained structure can be resulted from difference in the volume fraction of new
grains developed in the strain interval of 4< ¢ <12. The volume fraction of fine grained regions
developed after € =12 at 475°C did not exceed 50 pct (see Fig. 2b). It is concluded, therefore, that
temperature effect on the strain-induced microstructural developments appears sensitively in the last
stage of ECAP in the strain interval from 4 to 12, while it does not in the early two stages, i.e. 0<¢
<4. Almost similar results have been shown in the previous works on the 7475 Al alloy during hot
ECAP [4, 5].

It was emphasized in [S] that evolution in strain-induced boundaries during hot ECAP was
directly associated with the formation and evolution of boundaries of deformation bands (DBs).Let
us discuss the mechanisms of formation and evolution of such deformation-induced boundaries. The
boundaries of DBs start to develop at the early stages of ECAP due to inhomogeneity introduced.
Their number and the boundary misorientations increase with further deformation, finally leading to
the development of new fine grains surrounded by HABs at large strains. It should be noted in Fig. 5
that regions of new grains with HABs are firstly detected at a critical strain of about 3, after then
their volume fraction and misoreintation angle are changed with different rate depending on



temperature. The mechanism of gradual increase in the boundary misorientation in the last stage, i.e.
4<e<12, can be associated with increase in the number of lattice dislocations evolved by usual
intrinsic slip and the absorption of accommodation dislocation that originates from incompatibility
between neighboring grains. It should be noted that formation of deformation bands are considered
to be developed by relaxation of strain gradient resulting from heterogeneous deformation
introduced by ECAP [4-7, 10,12,13]. Concurrently, dynamic recovery can operate with lower rate at
250°C rather than at 475°C. As a result, rapid transformation of the deformation induced LABs into
HABs occurs much more frequently at 250°C. With increasing the temperature to 475°C,
deformation becomes more homogeneous and deformation banding takes place less frequent due to
operation of dynamic recovery with higher rate. It leads to some relaxation of grain compatibility
and the annihilation of dislocation takes place more frequently, and then the process of
transformation into HABs and approaching a saturation value should be retarded at 475°C. Thus, a
lower kinetics of increase in the misorientation angle of deformation induced boundaries can be
resulted in the operation of dynamic recovery and relaxation of strain gradient between grains in the
strain interval 4<g <12.
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Fig.5 Strain dependence of the average misorientation angle ®,,. of the deformation induced
boundaries developed in the regions of new fine grains for 2219 Al alloy at 250 and 475°C (solid
lines with open marks). Broken lines indicate the average misorientation angle developed in the
whole region.



Summary

Temperature effect on the deformation induced microstructure was studied in 2219 Al alloy
deformed by ECAP at temperatures 250 and 475°C. The main results are summarized as follows:

1. ECAP results in grain refinement at all of the pressing temperatures. The average grain size
increases from 1 to 15 pm at 250 and 475°C, respectively.

2. Increase in temperature tends to slow down the transformation rate of deformation-induced
boundaries into high angle ones in the strain interval from 4 to 12. The misorientation angle of
deformation induced new grains decreases in average from 32 to 25° at 250 and 475°C,
respectively.

3. Strain dependence of the misorientation angle of deformation-induced boundaries can be
categorized in three stages. The significant temperature effect appears clearly in strain range
4<e <12, i.e. the last stage, while it is not observed at the early two stages, 1.e. 0<g <4.
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