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JEDNOKIERUNKOWEGO 1 WALCOWANIA KRZYZOWEGO

The change of the deformation path has a strong effect on the formation of cold-rolling
texture. In particular, the texture stabilized during rolling becomes unstable and disintegrates
when the rolling direction is changed in the last stitches from unidirectional or reverse rolling
to pseudo-cross rolling by rotating the sample through an angle of 90° or 45° about the
normal direction. In addition to global texture, the microstructure is also specifically changed
on a grain-size level.

The change of the path of plastic deformation leads to a destabilization of the substruc-
ture which was formed during the primary step of rolling in one direction. In investigations
on electrolytic copper distinct changes of texture and microstructure have been found de-
pending on the deformation process. The orientation density function (ODF) shows that the
reverse rolled starting sample of copper in this investigation contains only one component
in the C={112}<111> position. By rotation about ND through 90° or 45°, the C component
changes into the unstable C90={112}<110> or C45={112}<914 > position, respectively,
which almost disappears with progressive deformation.

The effect of the mode of rolling on texture evolution has been studied in detail on
a macroscopic scale by X-ray pole-figure measurement as well as on a grain-specific scale
by individual grain orientation mapping (ACOM, “Automated EBSD”) in the SEM. The
statistical distributions of grain orientations (pole figures, ODF), misorientations across
grain boundaries (MODF) and X grain boundaries are considered.

Zmiana drogi odksztalcenia silnie oddziatywuje na teksturg walcowania. W szczeg6lno-
§ci tekstura ustabilizowana podczas walcowania staje sig niestabilna i ulega rozpadowi, gdy
w ostatnim etapie walcowanie jednokierunkowe lub rewersyjne zamieniamy na walcowanie
poprzeczne obrotem prébki dookota KN o 90° lub 45°. Réwnoczesnie z teksturg globalng
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obserwowane sg specyficzne zmiany w mikrostrukturze w skali wielkosci poréwnywalnej z
wielko$cig ziarna.

Zmiana drogi plastycznego odksztalcenia doprowadza do destabilizacji substruktury,
ktéra zostata uformowana w poczatkowym etapie jednokierunkowego wzglednie rewersyj-
nego walcowania. W badaniach nad elektrolityczng miedzig wytworzone zostaly znaczne
zmiany w teksturze i mikrostrukturze w zalezno$ci od procesu odksztalcenia.

Funkcja gestoéci orientacji (ODF) pokazata, ze prébka do badari w stanie poczatkowym
przed walcowaniem rewersyjnym zawiera tylko jedna sktadowa w potozeniu C={112}<111>.
Po obrocie dookota KN o 90° wzglednie 45°, sktadowa C przechodzi w niestabilne polozenie
odpowiednio C90= {112}<110> wzglednie C45={112}<914>, ktére zanikaja ze wzrostem
odksztalcenia.

Wplyw sposobu walcowania na ewolucje tekstury badano szczeg6towo zaréwno w skali
makro przez pomiar rentgenowskich figur biegunowych jak i w skali rozmiaru ziarna przez
odwzorowanie indywidualnych orientacji ziarn technikqa ACOM (automatyzowane EBSD)
w SEM.

Rozpatrywano rozklady statystyczne orientacji ziarn (figura biegunowa, ODF), dez-
orientacje w poprzek granic ziarn (MODF) i granice specjalne .

1. Introduction

It is well known that plastic deformation of a crystalline material produces a spe-
cific texture in the material. The type of texture depends on the mode, speed and degree
of deformation. Textures which develop during unidirectional (or reverse) rolling can be
well approximated by simple geometrical models (e.g. Taylor type models), but textures
induced by a general deformation process cannot yet be predicted reliably. The devel-
opment of texture during deformation is also accompanied by the mutual interaction of
texture and microstructure and, in addition, by specific changes of the microstructure
which are not taken into account in simple geometrical models. Therefore it seems that
texture formation cannot be tackled by a simple geometrical simulation.

Some possibilities to better understand and to control texture formation are offered
by studying the effect of a change of the deformation path. Textures which are formed,
e.g. by cross or by clock rolling, differ from those known from unidirectional rolling.
The change of the deformation path causes destabilization of the earlier formed struc-
ture. As a consequence, significant changes in texture and microstructure are observed
already at a relatively small amount of additional deformation which proceed with
high dynamics. In single crystals of copper with the initial orientation {112}<111>,
a fragmentation (splitting) of the structure into symmetrical areas [1] occurs, whereas
in polycrystalline copper alloys (CuGe8, CuAlS) new generations of twins and also
localization of plastic deformation in the form of shear bands are observed [2, 3]

Since recently detailed studies of the development of texture and microstructure
on a grain- specific scale are possible by Automatic Crystal Orientation Measurement
in the SEM (ACOM, EBSD) [4]. In the present paper, earlier investigations on poly-
crystalline copper [5, 6] have been continued with emphasis laid on the effect of a
change of the rolling direction. Some results are shown which demonstrate the effects
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of several percent additional deformation exerted by diagonal rolling at the angle of
45° to the primary rolling direction.

2. Experimental techniques

The investigation was carried out on recrystallized electrolytic copper. The grain
size of the sample was about 60 um, that is about half of the average grain size in a
previous similar study [6] where the grain size was about 110 um. After reverse rolling
up to 62% reduction, four complementary lots of the sample were rotated about the
normal direction (ND) by 90° (cross) and by 45° (diagonal), respectively, and next
additionally rolled up to 10% and 20% reduction in thickness.

For each of these samples global and local textures have been determined. The
global texture, described by the Orientation Density Function (ODF), were calculat-
ed from X-ray pole figures, measured by means of a Bruker GADDS area detector.
Local texture measurement was performed by evaluating backscatter Kikuchi patterns
using the ACOM technique in the SEM [4]. To describe the microstructure, Crystal
Orientation Maps (COM) were constructed from single orientation measurements on
rectangular fields by ascribing distinct colours to particular grain orientations in the
measured points. All these investigations were carried out in the longitudinal planes of
the samples. The measured single orientations after recalculation into misorientations
were used for the statistical analysis of ¥ grain boundaries.

3. Texture and microstructure after the change of the rolling direction

In Fig.1 the recalculated (220), (111) and (200) pole figures are plotted from two
samples which had been deformed first by reverse rolling in one direction up to 62%
and then — after rotation of the samples about the ND by the angles 90° and 45°,
respectively — additionally rolled in this new direction. It can be noticed that the
orthorhombic symmetry in the pole figures is almost fulfilled.

On Fig. 2 the ODF for the sample rolled up to 62% is shown. It contains only one
texture component located at C ={112}<111> and is thus different from the typical
rolling texture which usually contains the characteristic 8 fibre.

The microstructure image of this sample from ACOM measurement in the longi-
tudinal plane shows grains elongated in the rolling direction and forming band clusters
of varying width. If the sample (the sample’s coordinate system) is rotated about the
ND by an angle of 45° then the C component which is located at (112)[-1 -1 1] shifts
into the C45 = (112)[1 -9 4] position. This is visible by the change of the ODF from
Fig. 2a to Fig. 2b.

A relatively small amount of deformation by rolling in the diagonal direction
(diagonal rolling) introduces significant changes in the texture. As can be seen on
Fig. 3a, the additional rolling reduction of 10% leads to a total disintegration of the
C45 component. At the same time new components, which are {001}<530> and near
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b) diagonal rolled to 20% additional reduction.

Fig. 1. Recalculated (2 0 0), (1 1 1) and (2 2 0) pole figures from XRD measurement on copper samples
which had been rolled in reverse mode to 62% reduction, then rotated about ND and rolled again
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Fig. 2. ODF and COM microstructure of a copper sample with 60 um initial average grain size, a) after
reverse rolling to 62% reduction and the corresponding ACOM microstructure, and b) the ODF from a)
after rotation of the sample reference frame by 45° about ND

{111}<211>, are observed to appear, stimulated by the activities of the pair of co-planar
slip systems DVI and DI (with some superiority of the former and the AIIl, Schmid
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Fig. 3. ODF and COM microstructure of a copper sample with 60 ym grain size reverse rolled to 62%
reduction, a) additionaly diagonal rolled to 10% reduction and the corresponding image of the
microstructure, b) additionally diagonal rolled to 20% reduction and the corresponding microstructure

convention) and by another pair of co-linear slip systems AIl and BII, respectively.
These two components become stronger and dominant in the texture after the next step
of rolling to 20% additional reduction in thickness. This texture formation is manifested
by comparing the ODFs in Fig. 3a and Fig. 3b.

The microstructure of the diagonal rolled samples shows that the grains are elon-
gated parallel with the new rolling direction (45° from the former rolling direction).
But after 10% additional reduction (Fig. 3a) some traces of the former arrangement
of grains are still visible. After 20% additional reduction of thickness only grains
elongated parallel with the final rolling direction are observed (Fig. 3b). At both stages

of diagonal rolling (10% and 20%) the grains are much smaller than those after reversal
rolling.

4. The influence of the grain size on the texture of cross and diagonal rolled
copper samples

The texture effects caused by the change of the rolling geometry are influenced
considerably by the grain size. This is shown in Fig. 4 by the profiles of the disinte-
grating {112}<110> texture component caused by additional cross rolling in copper
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samples with average grain sizes of 110 ym and 60 um. Fig. 4 gives evidence that
the influence on texture by a small additional deformation is the higher the greater the
grain size is.
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Fig. 4. Profiles of the C90 component in copper samples before and after additional cross rolling. The
average grain size before rolling was 110 um and 60um, respectively
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Fig. 5. Statistical distributions Z grain boundaries calculated from ACOM data for reverse and additional
cross or diagonal rolled copper samples with an initial grain size of: a) 110 ym (additional cross) and b)
60 um additional cross and c) 60 um additional diagonal. The densities of lengths of the special grain
boundaries are normalized to the highest frequency in each sample

From pairs of single orientations measured across grain boundaries, misorienta-
tions were calculated. This kind of data enables to select and identify grain boundaries
and further inhomogeneities. In the present study the frequency of special grain bound-
aries (= boundaries according to the CSL model under the assumption of the Brandon
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criterion) have been calculated for samples after diagonal rolling, to complete the
previous analysis for samples after cross rolling [5].

Comparing the X distributions in Fig. 5 a strong increase of £3 grain boundaries
(twin relation) can be recognized for larger average grain sizes, whereas the T distri-
bution is not much influenced by the kind of additional rolling (cross or diagonal).
The character of grain boundaries for the sample of 60 um initial grain size does not
change significantly between 10% and 20% of additional cross nor diagonal rolling.
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