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Abstract
Poly crystalline copper is one of most widely studied materials 
under a variety of deformation paths and over a large strain rates 
and temperatures. An attempt has been made to document the 
influence of the deformation and heat treatment on the micro texture 
and bulk texture of the central rolling plane of the deformed and 
heat treated copper. In the present study, electron back scattering 
diffraction (EBSD) technique through orientation imaging 
microscopy on the SEM and X-ray diffraction method were used 
for the analysis of micro texture and bulk texture of pure copper 
in the undeformed, deformed and annealed at recrystallization, 
below recrystallization and above recrystallization temperatures. 
The micro texture measurements using EBSD and bulk texture 
measurements using X-ray diffraction were carried out on central 
rolling plane of the samples in the above mentioned five process 
conditions. The characteristics of the orientation through inverse 
pole figures from the EBSD maps and bulk texture through pole 
figures and orientation distribution functions were determined.
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I. Introduction
As the material deforms, it develops texture due to crystal 
reorientation. The development of texture during deformation 
of metals with F.C.C structure has been well investigated and 
reproduced in poly crystal plasticity Models [1]. The change in 
deformation textures during recrystallization is not under stood. 
The transition from the rolling texture to the cube texture during 
recrystallization of cold rolled copper is one of the most permanent 
examples of recrystallization induced texture changes in metals 
[2]. This is important for the nucleation and growth of new grains 
or regions of the deformed microstructure with high orientation 
and dislocation density gradients, twins and grain boundaries 
[3]. Information about local orientation differences within these 
structures cannot be extracted from bulk texture measurements, but 
requires the knowledge of single grain orientations and their spatial 
relationship to each other. Electron diffraction methods are most 
suitable for this purpose because they allow simultaneously for the 
recording of the microstructure and the determination of individual 
crystal orientations. Grain by grain texture analysis using TEM 
has been widely applied [4-5]. In studies of deformed f.c.c single 
crystals twining has been recognized as an effective mechanism 
for creating new orientations in a deformed texture [4]. Haessner 
et. Al[6] distinguished small and large recrystallized grains in 
partially recrystallized rolled copper, which partly had coincidence 
orientation relationships to the surrounding deformed matrix [7]. 
The TEM studies are mostly limited to the relatively small sample 
areas transparent to electrons and therefore there is fairly few 
orientation data available. This problem has been overcome by 
using Electron Back Scattered Diffraction in a scanning electron 
microscope for orientation analysis, [8-9]. The specific goal of 
this study is to analyze the influence of the deformation and heat 
treatment on the orientation correlations in the micro texture and 

bulk texture on the central rolling plane of copper.

II. Literature
This literature section attempts to highlight the status of textural 
developments in relation to FCC materials, in general, and copper, 
in particular. Liuyansheng zhao xiang liang zhide conducted study 
on cold rolling and recrystallization texture of cross shear rolled 
commercial copper. Their report suggested that the texture of 
cross shear rolling of copper is similar in primary components to 
that of conventional cold rolling, but the scattering degree and 
direction of the texture are different, due to the residual shear 
strain change in different position along the normal to rolling 
plane.It seems that no more effect of the shear strain upon the 
recrystallization texture [10].
Svetlana nestorovic, desimir markovic and ljubica ivani conducted 
study on influence of degree of deformation in rolling on anneal 
hardening and effect of a cast copper alloy. Their report suggested 
that the alloy, and pure copper be subjected to cold rolling with 
a final reduction of 30, 50 or 70%. Anneal hardening effect was 
observed in the alloy in the temperature range of180– 300°C, 
followed by an increase in the electrical conductivity. The amount 
of strengthening increases with increasing degree of prior cold 
work.[11] Ph.Gerber, J.Tarasiuk, Th.Chauveau, R.Chiron and 
B. Bacroix conducted study on investigation of recrystallization 
mechanisms in copper alloys.Their report suggested that textures 
and local orientations have been determined in copper alloys after 
cold rolling and annealing. The measurements show that the {100} 
<001 > cube orientation becomes stronger as annealing proceeds, 
but is not dominating in the final microstructure. EBSD (Electron 
Back-Scattered Diffraction) show that in materials cold rolled 
by 70 and 80%, the orientation changes at the very beginning of 
the recrystallization process are crucial for the formation of the 
recrystallization texture [12]. 

III. Method of Testing and Sample Preparation for Texture 
Studies
50 mm dia. pure copper samples with aspect ratio 1.5 were subjected 
to 50% deformations using a computer controlled servo hydraulic 
300T (FIE-UTE Model) universal compression testing machine 
operated at a constant crosshead speed of 0.25 mm/sec. Care was 
taken in lubricating the end faces and also to keep the samples 
at the centre of the compression test. All the deformed samples 
were cut into four quarters manually with a hacksaw. The first 
quarter was kept as it is. The other three quarters were subjected 
to heat treatments at 2000 C (below recrystalization), 2700C 
(recrystalization) and 3500C (above recrystalization) for about 2 
hours. Samples of size 10 x 10 x 5 mm thick were machined from 
the central rolling plane of the un-deformed, 50% deformed as well 
as heat treated samples. All the samples were metallographically 
polished. Electro-polishing was finally done using an electrolyte 
of 80:20 (methanol:perchloric acid) at a temperature of -20oC and 
operating voltage of 11volts
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A. Characterization Techniques

1. X – Ray Diffraction (XRD)
A Panalytical MRD system, with CuKα radiation, was used 
for XRD bulk texture measurements.  Four pole figures, (100), 
(110), (111) and (113) were measured. Subsequently orientation 
distribution function (ODF) was calculated using an academic 
software MTM-FHM [13].

2. Electron Backscattered Diffraction (EBSD)
FEI Quanta 200 HV SEM (scanning electron micro scope) 
using a TSL – OIM EBSD package was used for micro-texture 
measurements. For EBSD analysis, four scans and a total area of 2 
mm 2 mm, were taken from each samples at 0.1 μm step size. 
EBSD parameters, beam as well as video were identical between 
the scans (14). The accuracy of automated indexing is judged by 
the so –called confidence index (CI). Where, 
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From the detected bands multiple solutions may exist. Each solution 
gets certain number of ‘vote’. VFirst and VSecond respectively 
represent solutions with first and second highest votes. While 
VTotal is the total number of votes from all possible solutions. 
A low CI does not necessarily mean incorrect indexing, but may 
represent measurement points with questionable reliability. For 
EBSD analysis, grain definition is critical. Grains were identified 
from continuous presence of more than 50 boundaries. In grain 
misorientation developments were estimated from such grains. 
These were GOS (Grain orientation spread) and GAM (grain 
average misorientation). GOS represents average deviation between 
measurement points, in a grain, and the average grain orientation. 
GAM, on the other hand, provides average misorientation between 
neighboring measurement points in a grain. Also Kerneal average 
misorientation (KAM) was estimated in the present study. KAM 
is the misorientation using kernel approach. According to this 
approach, or a given point the average misorientation of that 
point with all of its neighbours is calculated with the proviso 
that misorientations exceeding some tolerance value (Maximum 
misorientation) are excluded from the averaging calculation. 
The following are the observations with respect to microtexture 
when the copper is initally subjected to 50% deformation and then 
heat treated at below recrystallization temperature, recrystallization 
temperature and at above recrystallization temperature.
In the as received copper sample, Goss texture presence is 
observed. Goss {110}<001, Copper {112}<111, component 
presence is observed at 450. S component {123}<634 is also 
observed. Cube component and Brass component are not observed. 
From the inverse pole figure map, it is evident that majority of the 
grains are of 101 plane parallel to rolling direction (RD).
Similarly when the copper is subjected to 50% deformation at 
room temperature, a little bit of cube component is observed. 
Brass and copper components are not observed. Few grains with 
copper orientation can be observed. From the inverse pole figure 
map, it is evident that majority of the grains are of 101 plane still 
and parallel to rolling direction.
In the copper subjected to 50% deformation and then heat treated 
at below Rx (2000C for two hours),  presence of cube orientation 
is observed. Compared to 50% deformed sample, this has observed 
a slight increase of cube texture. Goss as well as brass component 
is also present. Copper (112) component is there at 450C. Few 

grains with cube orientation (100) are observed. Presence of cube 
nuclei is also observed along grain boundaries. Decrease in brass 
component can be observed. Where as S component is not seen. 
In the copper subjected to 50% deformation and then heat treated 
at Rx (2700C for two hours), Cube component exists. Goss (101) 
component is also present. Brass component is not present. Copper 
component exists and it is very strong. There is an increased 
presence of copper and cube components compared to the previous 
one. Referring to inverse poll figure map, it can be observed that 
few grains with copper and cube orientation exists.
Finally in the copper subjected to 50% deformation and then heat 
treated at above Rx (3500C for two hours), an increase in the 
presence of cube component and copper component is observed. 
S component is also present. The Goss component has come 
down.

IV. Results and Discussion
Fig. 1 (A) to 1(E) shows a master plot of textural developments 
during different processing conditions adopted in the present 
study. Such developments were represented by EBSD (electron 
backscattered diffraction) generated Inverse Pole Figure (IPF) 
maps and XRD (X-ray diffraction) Generated Pole Figures (PF) 
& Orientation Distribution Functions (ODF). It may be noted 
that the texture developments will be discussed based on XRD 
results while EBSD results will be discussed for microstructural 
developments. This is only because the grain size of the as 
received sample is quite high (average grain size is ~288mm) 
and hence statistically not reasonable. Following observations 
can be drawn from the IPF maps: The grains elongated in the 
rolling direction after 50% of deformation and they remain 
their shape even after annealing of 350oC. This clearly indicates 
that recrystallization is not complete. It is to be mentioned here 
that sufficient prior cold work (deformation) is necessary for 
recrystallization to occur. However, it seems that 50% compression 
is not sufficient to initiate recrystallization in copper. It can 
therefore, be concluded that copper sample undergoes recovery 
even at 3500C. Twinning is observed in 50% deformed and 200oC 
annealed samples – see the white circle marked grains. Grain 
size and misorientation developments are represented in fig. 2 
and 3 respectively. The observations from XRD are as follows: 
A strong texture developments are observed in 50% deformed 
sample and a negligible texture change occur after annealing at 
200oC. The developments can be attributed to development of 
brass orientations. Beyond 200oC development of cube texture 
prevails. The occurrence of cube texture during annealing indicates 
toward recrystallization. However, the elongated grains indicate 
that the process of recrystallization though initiated is not complete. 
However, the decrease in hardness unequivocally proves that the 
material undergoes recrystallization at 350 C.  Fig. 2 shows the 
grain size developments at different processing conditions – fig. 
2(a) and average grain size values are shown in fig. 2(b). A clear 
drop in grain size during deformation and an increase in grain 
size on subsequent annealing was observed. 
Misorientation developments at different processing conditions 
are shown in fig. 3.This was shown in terms of misorientation 
angle – fig. 3(a), kernel average misorientation – fig. 3(b) and grain 
average misorientation – fig. 3(c). The results show a clear increase 
in misorientation at deformed and annealed conditions. However, 
no significant deference was observed between deformed and 
annealed samples.
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V. Conclusion
Characteristic deformation texture formation with different 1. 
components Cu, Bs, Goss...on compression was observed.
Cube component at 3502. 0C and similar texture at 2000C was 
observed.
Little change in texture but decrease in KAM was observed 3. 
which indicate rearrangement of dislocations that is 
recovery.
Elongated grains, high misorientation indicate recrystallization 4. 
is still prevailed but incomplete at 3500C.
The grainsize is found to increase with increase in heat 5. 
treatment temperature.
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Processing conditions As received (ASR) – Rolling Plane
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Fig. 1: (A) Shows the Master Plot of Textural Developments Represented by EBSD Generated Inverse Pole Figure (IPF) Maps and 
XRD Generated Pole Figures (PFs) & Orientation Distribution Functions (ODFs) for As Received (ASR) Sample From the Central 
Rolling Plane. The Sample Shows a {101} Fibre Texture.
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Processing conditions 50% deformed at room temperature (RT50)  - Rolling Plane
Microtexture
Electron Backscattered
Diffraction map

Bulk texture
Pole figure (PF) Orientation distribution function (ODF)

Fig. 1: (B) Shows the Master Plot of Textural Developments Represented by EBSD Generated Inverse Pole Figure (IPF) Maps 
and XRD Generated Pole Figures (PFs) & Orientation Distribution Functions (ODFs) for 50% Deformed Copper Sample at Room 
Temperature  From the Central Rolling Plane. On Deformation, the Fibre Becomes Discontinuous and Shows a Strong {101} <010> 
Component
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Processing conditions 50 % Deformed – Annealed  at 200oC for 2 hours (below Rx)  – Rolling 
Plane
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Fig. 1: (C) Shows the master plot of textural developments represented by EBSD generated inverse pole figure (IPF) maps and XRD 
generated pole figures (PFs) & orientation distribution functions (ODFs) for 50 % deformed copper sample annealed  at 200oC for 
2 hours (below Rx) from the central rolling plane. The texture is similar to compressed sample with {101}<010> component but is 
considerably weakened after the heat treatment. A weak <100> fibre can be observed in the ODF.
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Processing conditions 50 % Deformed – Annealed  at 270oC for 2 hours (Rx) – Rolling Plane
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Fig. 1: (D)  Shows the master plot of textural developments represented by EBSD generated inverse pole figure (IPF) maps and 
XRD generated pole figures (PFs) & orientation distribution functions (ODFs) for 50 % deformed copper sample annealed  at 270oC 
for 2 hours (Rx) from the central rolling plane. The texture is similar to compressed sample with {101}<010> component but is 
considerably weakened after the heat treatment. No <100> fibre is observed at this temperature.
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Processing conditions 50 % Deformed – Annealed  at 350oC for 2 hours (above Rx) – Rolling 
Plane

Microtexture
Electron Backscattered
Diffraction map

Bulk texture
Pole figure (PF) Orientation distribution function (ODF)

Fig. 1: (E) Shows the master plot of textural developments represented by EBSD generated inverse pole figure (IPF) maps and XRD 
generated pole figures (PFs) & orientation distribution functions (ODFs) for 50 % deformed copper sample annealed  at 350oC for 2 
hours (above Rx) from the central rolling plane. Though the Goss component is present the major component is the cube {100}<001> 
component at high temperature annealing. Below the ODF of as received sample, an ODF representing different orientations in 
an fcc material is provided to identify the standard orientations. In inverse pole figure (IPF) maps the black dots were regions of 
low confidence index (CI < 0.5). The white circles in the samples subjected to 50% deformation at room temperature and the same 
annealed at 2000C for 2 hours show twinning.
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Fig. 2.(a) Grain size distribution for different samples; as received sample, 50% deformed at room temperature, 50% deformed and 
annealed at 200oC, 50% deformed and annealed at 200oC and  50% deformed  and annealed at 350oC.

Fig. 2.(b): Average grain size at different processing conditions.
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Fig 3 (a) Misorientation developments for different samples represented by misorientation angle development. Extensive twins but 
decrease in twin boundary was observed in the as received sample with deformation. The character of annealing twin boundary 
changes on deformation. The increase in random high angle grain boundaries was observed with recrystallization.

Fig. 3(b): Kerneal average misorientation development.

It indicates higher dislocation density and micro-strain in deformed sample. There is a slight decrease in KAM on annealing but 
recrystallization is not complete.
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Fig. 3(c): Grain Average Misorientation Developments

This indicates higher dislocation density and micro-strain in deformed sample and on annealing there is a slight decrease in GAM 
but recrystallization is not complete.
The misorientation developments for different samples are represented by misorientation angle developments [3(.a)], kerneal average 
misorientation developments [3(b)] and grain average misorientation [3(c)]. The difference between 3(a), 3(b) and 3(c) is explained 
in experimental details.


