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The texture evolution of copper during route A and C — ECAP has been measured
by standard X-ray technique as well as determined by electron back scatter diffraction,
the latter monitors also the grain shape changes and the fragmentation during the high
strain deformation. The orientation distribution functions were compared and discussed
with respect to the subgrain division. With each pass of route A a further elongation and
rotation of the grains is observable, while the alternating shear direction when processing
route C results in roughly equi-axed grains. The high imposed strains cause formation of
new boundaries subdividing the old grains. With proceeding deformation the increasing
misorientation in this subgrain structure leads to further fragmentation of the material,
what accounts for the good correspondence between microtexture determined by EBSD
on relatively small areas and macrotexture obtained by XRD.
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1. Introduction

The production and characterization of submicro- and nanocrystalline mate-
rials has become a very important field in material science. Besides a series of
extra-ordinary properties (enhanced soft magnetic properties, lowered thermal and
electrical conductivity, enhanced diffusion coefficient) such materials exhibit both
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high strength (because of small grain size) as well as extended ductility. Up to now,
these materials could be only produced in small sample shapes (at most thin foils)
by different methods (inert gas condensation, ball-milling and electrodeposition),
which restricted their use to a few special applications. Since these materials can
be achieved in bulk shape by special methods of severe plastic deformation their
application to commercial areas could be extended.

A very important structural property for materials supplied to metal forming
processes is the texture. There are several publications reporting the texture of
ECAP-deformed materials: Al, Be, Cu, Fe, Mg, Ni, Ti [1-13]; most of these are
focusing on results from tools with a die angle equal to 90°.

In this work the texture of Cu during ECAP-deformation with a 120° die
angle tool by route A and C has been determined by two methods: X-ray diffraction
(standard, macro-level) and electron back scatter patterning (EBSD) (meso/micro-
-level). The characteristics of the texture due to route as well as the differences to
a 90° die angle are discussed in [14]. The investigation focused on the comparison
of the resulting textures with special respect to the deformation induced fragment-
ation. This is very interesting as the two methods determine textures on a very
different size level. The imaging by the EBSP method allows also for consideration
of the microstructural evolution.

2. Experiment

The die for ECAP used in present work had a square cross section with dimen-
sions of 15 x 15 mm? and a die angle equal to 120°. For processing, copper samples
were machined with dimensions of 35 x 15 x 15 mm and annealed at 650°C for 2
hours. Due to this treatment the material exhibited a strong cube texture due to
recrystallisation.

For the case of route C the samples have been rotated by 180° around the
axis number 1 between successive passes. For the standard texture measurements
the samples were cut using a wire machine in the centre of the sample at a plane
containing directions 1 and 2. From the cut surfaces, about 2 mm of the sample have
been removed by grinding, then they were mechanically polished and finally etched.
The textures were taken from surfaces containing directions 1 and 2 (Fig. 1), by
X-ray CuK, radiation, from the diffraction planes {111}, {200} {220}, and {311}.
After having corrected the raw, incomplete pole figure data for defocusation and
background, orientation distribution functions (ODF) have been calculated with
the usage of LABOSOFT “LaboTex” software.

In the case of the EBSD investigations the samples additionally were electro-
polished. The same sample sites have been investigated using a LEICA Stereoscan
440, whereas the investigated sample area was considerably smaller than by the
X-ray diffraction measurements. The evaluation of the ODF was performed with
orientation imaging microscopy (OIM) software.



424 E. Schafler et al. / Kovove Mater. 43 2005 422-431

1.5mm
‘

2 3
2 1.5mm
]
1 2 3
1
(b)
0 1 2 3 4 passes
00
/ +«—» route A
1 o
’ ‘ <i> route C

(c)

Fig. 1. Geometry of the macroscopic deformation (a); scan geometry of EBSD-scan after
one pass (b); sample geometry after route A and C deformation up to 4 passes (c).

All ODFs are presented in Euler-space (Bunge’s notation) as a function of
the three Euler angles (¢1, @, ¢2). Considering the large number of investigated
samples, only the ¢ = 0° and 45° sections are shown.

3. Results

In Figs. 2a and 2b the orientation maps are shown after one ECA pass and
of the undeformed specimen, respectively. In all maps the colour designates the
orientation with respect to the surface normal direction according to the colour key
of the unit triangle (Fig. 2c). All patterns were subjected to a cleaning procedure
in order to remove points of the frame, which cannot be evaluated by the OIM
system software. The whole pattern corresponds to an area of 1500 x 1500 pm?
on the sample and consists of 9 single scans of 500 x 500 ym? which have been
measured with overlaps and then were fitted to each other. The directions 1 and 2
are indicated corresponding to Fig. 1.

Figure 3 shows the EBSD scans for the two different routes A and C for 2, 3
and 4 passes. The scans are all of 500 ym in width and 250 gm in height, except the
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Fig. 2. EBSD pattern after 1 ECA pass;
the dashed lines indicate the single scans
from which this pattern of 1.5 x 1.5 yum is
composed (a). EBSD pattern of the unde-
formed material (b). Orientation triangle
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scan after 4 passes route A (125 pm in height). The difference in the microstructure
of the 2 different deformation regimes can be seen very clearly: a lamellar shape
of grains after route A, corresponding to the repeating shear deformation with the
same direction (left); and a grain shape similar to the initial structure related to
the alternating shear direction because of the sample rotation performed with route
C (right).

From the information of the complete orientation data of the EBSD scan of
Fig. 2, the orientation distribution function can be evaluated from a single scan
(Fig. 4a) and from the complete scan (Fig. 4b). The orientation distribution func-
tion resulting from the standard X-ray texture measurements is directly placed
beside in Fig. 4c. It can easily be seen that there is no good correlation between
the ODFs determined from the small sample area and that evaluated from the
standard texture measurement.
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Fig. 3. EBSD patterns after 2 passes (a), 3 passes (b) and 4 passes (c) of ECA-route A
and after 2 passes (d), 3 passes (e) and 4 passes (f) of ECA-route C, respectively.
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Fig. 4. Cuts of constant ¢2 (0° and 45°) of the orientation distribution function after

1 ECA-pass: determined by EBSD from one typical single scan (a) and from the com-

plete composed scan (b); evaluated from the standard X-ray texture measurement (c)
(0 < ¢1 < 180 — horizontal, 0 < @ < 90 — vertical).
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Fig. 5. Cuts of constant ¢ (0° and 45°) of the orientation distribution functions as
determined by EBSD and XRD for 2, 3 and 4 passes of ECA-routes A and C, respectively
(0 < ¢1 < 180 — horizontal, 0 < @ < 90 — vertical).

In the following the ODFs determined from EBSD measurements and standard
X-ray texture measurements, respectively, for 2, 3 and 4 passes of route A and C
are presented side by side in Fig. 5. Very good accordance between micro- and
macrotexture is observable for both routes even the EBSD-ODF's were obtained
from scans of 500 x 250 um? in size.

4. Discussion

In early discussions of the strain path during ECA pressing it was assumed
that it could be simplified to simple shear on a plane bisecting the die angle [3, 4].
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More recent work has analysed the strain history of a volume element following the
flow “lines” (better flow “bands”) through the die [15, 16, 17]. This model has been
used successfully to describe even details of the deformation texture [15, 17, 18].
The macroscopic observation of flow lines in Fig. 1 and the change of the specimen
shape seems to indicate that the integral strain can be simplified as shear parallel
to the flow bands as proposed by Toth et al. [15, 16, 17].

4.1 Microstructure

Going to the microstructural level in Fig. 2 the EBSD pattern of a sample after
one single ECA pass shows elongated grain/subgrain shapes, which are oriented in
correspondence to the macroscopic shape change. With increasing pass number
there has to be distinguished between Route A and C deformation. In the left part
of Fig. 3 the EBSD patterns after 2 passes (a), 3 passes (b) and 4 passes (c) of
route A deformation is shown. The orientation of the elongated grains indicates the
successive shear with each pass. Also the increasing fragmentation is apparent as
the subdivision of the grains results in small differences of the colour. The deform-
ation in route C exhibits a completely different microstructure (Fig. 3d—f), as the
shape of the original grains is more equiaxed and resembles to the microstructure
of the undeformed material even after 4 passes. This can be attributed to the op-
posite direction of the shear deformation when rotating the sample for 180° after
each pass. However, as a consequence of the high imposed strains the deformation
induced defects lead also here to further fragmentation of the material, resulting
in the improved mechanical properties like high strength and enhanced ductility of
materials after severe plastic deformation (SPD) [19].

4.2 Texture

Generally the texture developing with each deformation pass using a 120° tool
in the current investigation is not so strong compared to ECAP deformation using
a 90° tool [15]. This corresponds to the lower amount of deformation per pass. The
effective shear strain v = 0.85 for one pass of the 120° tool has been obtained from
the inset in Fig. 1la, the shear strain of the 90° tool was determined by the com-
bination of the measurement and the simulation of the texture by the viscoplastic
Taylor model and amounts to v = 2 for one pass [15]. A quantitative analysis of the
orientation distribution revealed three dominating texture components developing
quite rapidly after the first ECAP pass: {111} (011), {112} (011) and {110} (112>
(Brass) (in the order of magnitude). The development of the {111} (011)- and the
{112} (011)-component is reasonable since they are ideal shear components, the
brass-component usually occurs in the texture of rolled materials. Right after the
first ECAP pass the initial strong cube-texture of the annealed state is strongly
reduced to a fraction smaller than those of the mentioned components.
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In Figs. 4a and 4c the comparison of the orientation distribution functions
obtained from a single EBSD-scan of 500 x 500 pum? size (a) and determined by
the standard X-ray diffraction technique (c¢) shows no good correspondence. This
is also found when considering the other 8 single scans. That is quite plausible as
the illuminated area on the sample is about 2 mm?, whereas one single EBSD scan
only amounts to 0.25 mm?. After putting together the patchwork the resulting
orientation distribution function (Fig. 4b) naturally agrees very well with the ODF
determined by XRD. The reason is the size relation between the investigated area
and the grains. The initial grain size of the material is about 100 pm, after one
ECA pass the deformation leads to subgrain-like misorientations inside the grains,
but the fragmentation in the sense of high angle boundaries cannot be expected to
be very progressed. So the smaller EBSD scan area cannot provide the statistics
necessary for obtaining a global orientation distribution as it is done by the XRD
method. After increasing the area (= statistics) by a factor of 9 by considering
more scans the investigated volume of the two methods is comparable.

At higher deformations this situation changes to the better. After two ECA-
-passes, irrespective of route type, more same texture components arise from a small
EBSD-scan of 500 x 250 ym? as well as measured by X-ray diffraction, however,
the intensities are quite different. This is obviously related to the fact that the ad-
ditional deformation makes the texture stronger and more uniform throughout the
material. But what is the microstructural background of this change? Certainly it
must be related with the progressing fragmentation of the material with increasing
deformation. More precisely, the refinement as well as the increasing misorient-
ation between the grains/subgrains has increased enough, so that the statistical
criterion to obtain full orientation information is also fulfilled investigating only
smaller areas. In Fig. 5 it can be seen that the characteristics of the orientation
distributions determined by EBSD are quite akin to those ODFs evaluated from
the X-ray diffraction data.

These experimental results of the texture evolution support the recent “flow-
-line” model simulations [15, 16, 17] definitely for the case of route A.

5. Summary

The microstructural evolution after ECA pressing in the two routes A and
C exhibits basic differences as well as similarities. The alternating shear direction
when processing route C results in roughly equiaxed grains, while each pass of
route A leads to a further elongation and rotation of the grains with respect of
the macroscopic sample directions. As a common feature the high imposed strains
cause formation of new boundaries subdividing the old grains. With proceeding de-
formation the increasing misorientation in this subgrain structure leads to further
fragmentation of the material. This accounts for the good correspondence between
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microtexture determined by EBSD on relatively small areas and macrotexture ob-
tained by XRD at elevated strains.

When texture is determined by EBSP care must be taken to make the scanned
volume large enough. If the number of contributing grains is too small the local
statistical fluctuations may mislead to the impression of an inhomogeneous texture.
True heterogeneities of texture — if any — should be considered on a scale comparable
to the dimensions of the workpiece (e.g., surface textures on rolled sheets [20]).

The resulting experimental textures verify the of texture evolution as simulated
using recent flow line model.
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