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Abstract: Copper sheet with grain size of 30-60 pm was processed by plastic deformation of asymmetrical accumulative
rolling-bonding (AARB) with the strain of 3.2. The effects of annealing temperature and time on microstructural evolution were
studied by means of electron backscattered diffraction (EBSD). EBSD grain mapping, recrystallization pole figure and grain
boundary misorientation angle distribution graph were constructed, and the characteristics were assessed by microstructure, grain
size, grain boundary misorientation and texture. The results show that ultra fine grains (UFG) are obtained after annealing at 250 C
for 30—40 min. When the annealing is controlled at 250 ‘C for 40 min, the recrystallization is finished, a large number of small grains
appear and most grain boundaries consist of low-angle boundaries. The character of texture is rolling texture after the
recrystallization treatment, but the strength of the texture is faint. While second recrystallization happens, {110}(112)+{112}(111)
texture component disappears and turns into {122}(212) cube twin texture component.
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1 Introduction

Ultra fine grains (UFG) copper strip has been paid a
great attention due to its eminent physical properties
[1-3]. Especially, at room temperature, the
superplasticity of ultra fine (UF) grained materials can be
obtained with little work hardening at high strain rate,
which has great practical value in finish machining and
micro modeling. Accumulative rolling- bond technique
has realized continuous production of UF grained
materials[4—7]. However, heat treatment in each pass is
required to get rid of the grain boundaries formed in the
course of preparations, though the state of interfacial
combinations still needs improvement. Asymmetrical
accumulative rolling-bonding (AARB) formed from the
accumulative  rolling-bonding (ARB) and the
asymmetrical rolling (AR), with which UF grained
materials are made by a pair of rollers with different
diameters, so that the asynchronous process is realized.
The introduction of asynchronous process into ARB

leads to both compressive deformation and shear
deformation due to the existence of shear stresses from
the asynchronous. The AR promotes the boundary
combination, makes it possible to roll at room
temperature and accelerates the grain refinement process.
Up to now, in the preparation of UF grained materials,
reports on ARB are more than those on asynchronous
rolling[8]. AARB is proposed for the preparation of the
UF grained materials[9—10]. Compared with commonly
used nano material preparation with powders, such as
equal channel angular pressing (ECAP)[11—12], severe
deformation (SD) ARB method can produce bulk UF
grained materials and achieve the production of ultra-fine
grain materials whose process of making bulks from
powders is omitted and some shortcomings in
preparations are avoided.

Structures of recrystallizations, types of grain
boundaries and textures are important factors influencing
the properties of materials, of which the development in
the prepared materials should be better understood. As
known, texture development in materials is heavily
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affected by the components and the properties of
materials, deformations and annealing techniques[13—14].
A relationship exists among texture development,
nucleation in recrystallization and the growth of
nucleation. Therefore, whether UF grained materials can
be successfully prepared by SD ARB method greatly
depends on the techniques of ARB and recrystallizations
and what types of grain boundaries are formed. EBSD
technology makes it possible to have the macrostructure
linked to micro orientations developed in every
individual grains, so that the textures developed in
various environments are obtained. It also provides exact
orientation distribution functions, orientation relationship
between grains and the characteristic distributions of
grain boundaries developed in materials during
recrystallizations, so that the recrystallization process can
be controlled, which provides the theoretical bases for
the preparation of UF grained materials.

In this work, SD AARB with a rolling strain of 3.2
is applied to prepare UF grained copper strip with initial
big grains. Heat treatments are conducted. The
recrystallized microstructure, grain size, grain boundary
misorientation and texture of UFG copper prepared by
AARB are analyzed by orientation imaging microscopy
(OIM) technique of EBSD.

2 Experimental

The materials used were pure copper sheet with
purity of 99.95%. Copper sheet was cut into a size of
200 mm*20 mmx1 mm and annealed at 600 ‘C for 1 h
before being processed by AARB. AARB process with
an asymmetrical ratio of 1.08 was conduced at room
temperature and the reduction in thickness per cycle was
50%. Two pieces of the sheets were stacked to 2 mm
thick and then rolled. The surfaces to be joined were
wire-brushed before stacking. Then, the rolled-bonded
sheet was cut into two pieces and stacked again. The
same procedure was repeated for 5 passes until the
rolling strain reached 3.2. Then the rolled sheets were
recrystallization annealed at 250 ‘C for 30, 40, 50 and 55
min, respectively.

The EBSD analysis was carried out using a program
developed by TSL. Inc. (OIM™) on Phillips XL30
ESEM to obtain a precise characterization of refined
grain. Grain mapping, grain boundary mapping, grain
size chart, grain boundary misorientation angle
distribution graph and pole figure were obtained through
EBSD OIM[15]. Each step of collection data is 0.2 pum.
Since the pattern cannot obtain or its image quality is not
very high when there is some stress in the samples, SEM
is used to examine the samples. All OIM examined
sample planes are parallel to the transverse direction (TD)
and rolling direction (RD). All SEM examined planes are

parallel to the normal direction (ND) and the transverse
direction.

3 Results

3.1 Structural morphology of copper before AARB
Fig.1 shows the grain and grain boundary of the
copper after annealing at 600 C for 1 h before AARB.
It can be seen that the grain is relatively uniform and its
size is 30—-60 pm by EBSD statistics. Most grain
boundaries are high-angle ones and most gain boundary
misorientation angle is between 45° and 60°.

Fig.1 Structural morphologies of copper berfore AARB: (a)
EBSD grain mapping; (b) grain boundary mapping

3.2 Microstructure, grain size and grain boundary
misorientations of copper in recrystallization
process
According to the analysis of annealing process, the

recrystallization occurs when the annealing time is more
than 30 min at 250 C. To obtain refined grain and
examine the microstructural evolution of the
recrystallization process, different annealing time is
chosen. EBSD grain mapping of the samples at different
recrystallization annealing conditions is shown in Fig.2.

Figs.2(a) and (b) show that the refined recrystallized
grains are obtained, and the microstructure is uniform.
Fig.2(c) shows that parts of grains have grown up.
Fig.2(d) shows that the second recrystallization appears
within some big grains.

Fig.3 shows the grain sizes of the samples under
different recrystallization annealing conditions. It can be
seen that the grain size is mainly between 0.3 pm and
2 um when annealing at 250°C for 40 min, while it is
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Fig.3 Recrystallized grain size of samples deformed by five
passes and annealed at 250 C for different time

mainly between 0.32 um and 4.78 um when annealing at
250 ‘C for 50 min.

As a function of annealing time, the grain boundary
misorientation angle distribution is calculated and
illustrated in Fig.4. Most grain boundaries are low-angle
ones which are formed by movement, rotation or
combination of the dislocations[16], when the
recrystallization is finished.

3.3 Texture of copper in recrystallization process

Fig.5 shows the recrystallization pole figures of the
samples deformed by five passes and annealing at
different conditions. The pole figures of the samples
annealed at 250 ‘C for 30 min and 40 min exhibit a

Fig.2 Grain mapping of samples after AARB by five passes and annealing at 250 ‘C for 30 min (a), 40 min (b), 50 min (c) and 55
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Fig.4 Grain boundary misorientation angle distribution of
samples deformed by five passes and annealing at 250 ‘C for
different time

typical copper or pure metal rolling texture, but the
strength of the sample annealing for 40 min is weaker
than that for 30 min.

4 Discussion

The pole figures of Fig.5(a) exhibit the typical
copper or pure metal rolling texture, of which the main
texture components are {110}(1T2) and {112}(11T),
and the main texture components remain the same as
those of symmetrical rolling. But the strength of the
texture after annealing is weaker than that before
annealing. The rolling texture also shows that the
orientation of most grains is the same after annealing for
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Fig.5 Recrystallization pole figures of samples deformed by five passes and annealing at: (a) 250 ‘C, 30 min; (b) 250 ‘C, 40 min;

(c) 250 °C, 50 min; (d) 250 ‘C, 55 min

30 min, which seems contradictory with the grain
mapping. Actually, there are many patterns overlapped in
grain mapping of the sample annealed for 30 min, which
are rolling diffraction patterns, and the confidence index
value is not high. The existence of rolling texture in the
sample annealed for 30 min illuminates that the rolling
texture has inherited, and the recrystallization nucleation
position is selective and subjected to orientation after
rolling. While annealing for a longer time, {110}(112 )+
{112}(111) texture component disappears and turns into
{122}(212) cube twin texture component.

There are three possibilities for textural changes
during recrystallization[17]: 1) No significant changes
occur (i.e. the main components of the deformation
texture are more or less reproduced after recrystalliza-
tion); 2) relative randomization of the texture; and 3)
relatively insignificant components of the deformation

texture become significant after recrystallization. The
most significant aspect of the recrystallization texture is
the strengthening of (110)[112] and (112)[111]
component. It proves that recrystallization nucleation is
along with the rolling microstructure, and the main
components of the deformation texture are reproduced.
The rolling texture disappears when the second
recrystallization happens. To decrease the recrystallized
texture, the deformation texture must be decreased and
the annealing time must be controlled for avoiding the
second recrystallization.

The grain mappings and pole figures show that the
recrystallized annealing process is not relatively easy to
control, and the annealing time is the most important
controlling factor. Ultra fine grains are obtained and the
texture is the rolling texture after annealing at 250 C
for 30—40 min, which is genetic characteristics of rolling
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texture, and the recrystallization nucleation is along with
the rolling texture orientation and growth. The big
second recrystallization grains appear after long time
annealing. To obtain ultra fine grains, the strength of
rolling texture must be decreased or the annealing time
must be controlled, and made the fine structures
recovered during deformation.

5 Conclusions

1) UFG copper with grain size of 0.3—-2 pum is
obtained when the annealing is controlled at 250 ‘C for
30—40 min.

2) When the recrystallization is finished, most of
grain boundaries are low-angle ones which are formed
by movement, rotation or combination of dislocation.

3) The characteristic of texture is rolling texture
after the recrystallization treatment, recrystallization
nucleation is along with the rolling microstructure and
the main components of the deformation texture are
reproduced, but its strength is faint. To obtain ultra fine
grains, the strength of rolling texture must be decreased
or annealing time must be controlled, and made the fine
structures recovered during deformation only happen
recovery.
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