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Introduction
Copper and Niobium have no mutual solubility by practical standards. Therefore, fibre or ribbon reinforced
in-situ MMCs can be produced by large degrees of deformation, e.g. by wire drawing or rolling of a cast
ingot. The Cu-20 vol% Nb composite has been under intensive investigation in the past owing to the high
tensile strength of the deformed material, actually much higher than expected from the rule of mixtures of
the component strength [1-5]. Several models have been proposed to explain the observed strength anomaly.
The barrier model by Spitzig and coworkers [1-3,6,7] attributes the strength to tbe difficulty of propagating
plastic f1Qw through the fcc-bee interfaces while the group of Courtney and coworkers interprets the
strength in tenus of geometrically necessary dislocations~wing to the incoDlpatibility of plastic d,eformation
of the bee and feephase [5]. In fact both models are able to describe the observed increase of strength by
assumption of reasonable fitting parameters. However, the actual structure evefutloa and strengthening
processes are still unknown.
This investigation is concerned with the texture development by rolling of Cu 20% Nb. The crystallographic
texture is of interest for three reasons in this context. Firstly, the texture can be very sensitive to the
deformation process and microstructure evolution [12]. Secondly, the orientation distribution affects the
strength of the material in tenus of the Taylor factor [9-11]. Thirdly, the influence of a massive second
phase on texture development is of general interest for texture evolution of in-situ mechanically processed
composites.
Experimental

The initial Cu-20 vol% Nb ingot of 100·50·25 mnr' was prepared in a vacuum induction furnace. A sample
of 50·24·22 mnr' was machined from the cast ingot and rolled to 8=60% on a tw()-high mill with an initial
roD diameter of 25Omm, foDow,edby 60mm and finally 30mm. This
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sequence of roll diameters was chosen to obtain homogeneous
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deformation, which is primarily determined by the ratio of contact
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length to specinien thickness lid. After rolling degrees of 8=88%,
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96%, 97%, 99% and 99.5% samples were prepared for texture 1010Jll00J rL--!---l----+-:..::.::"'-""-r
measurements near the surface and in the center layer. The same
a fec l
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rolling procedure was also applied to single phase Nbspeciniens.
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For texture measurements the samples were etched iIi'a/solution of
I
10m1 CH3COOH, 3 011 DN03 and 1 011 HF to remove, a surface
1111)[011J
I
layer of at least20·10"'m • Incomplete x-ray pole figures were
)---- -measured from an area of 14·24mm2 in the ra.nge of the
from 5° to a=85° by means of a fully
poledlstance angle
automatic texture . goniometer in the back reflection mode
[12,13,19]. From a set of four incomplete pole figures ({Ill},
{200}, {220}, {3ll} for Cu and {1l0}, {200}, {1l2}, {103} for
Nb) the orientation distribution function (ODF) was calculated Fig.l
of
fibres
in
using the series expansion method to Im",,=22 [19]. For "ghost" Definition
correction and eliniination of truncation errors the calculated ODFs reduced Eulerspace
were approxiniated by model ODFs [20,21].
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.Results and Discumon
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Cu it is well knowu, that the C compoueutdecreases at very large deformatiou, while the twiu of farst
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crease of the
cube component can take
place during defonnation. The
decrease of the C orientation
(Fig.4a), combined with the
increase "Of the background at Fiq.7
8=99.5% can then be Definition of the
attributed to the formation of shear compouents
cube nuclei from the C
orientation, because from static recrystallization experiments
it is known that the cube orientation nucleates preferentially
ln the C component [23-25]. The newly fonrted orientations
with volume fractions below 2-3% enrich the background
only. This interpretation would also explain the low
dislocation density observed in the Cu phase of the composite
[1-3,28].
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The texture of theNb Phtls~' in the composite (Figs.3a-e) is
characterized
by a sharp ,?c,~~~-fibre and t~eabsence of {111}
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< 112> ,on the -y-fibre, (Fi~s~fa,b). This
be understood in
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tenus of "Relaxed Constraints Taylor Theory". [10,11].
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Texture simulations according to Taylor are based on the
description of macroscopic defonnation by means of
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simUlated textures accordinq to crystallographic slip [9-11]. The macroscopic defonnation is
relaxed
constraints
Taylor characterized by the displacement gradient tensor. Its
theory, with relaxation of
symmetric part represents the strain tensor, while the
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antisymmetric part describes. the resulting rigid' body
rotation. The macroscopic deformation during roIling consists
of elongation in rolling direction and thickness reduction
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anisotropic, aUowinga stronger 813 shear of Nb into theCu phase but hinders its 8 13 shear. FmaUy, it is
notetl that at degrees of rolling in excess 0£97% there is also a strong increase of the rotated cube in the Nb
phaseo~ the composite (Fig.6a at 4'1=0°), but not in pure Nb. The development of this component cannot
beexplaiJ)ed by simple deformation medels and bas to be subjeet to more detailed investigations.
Conclusions
The crystaUograpbictexture of avery heavily cold rolled Cu-20 vol% Nb comPosite waS measured. The
results. were compared to texture simulations according to Taylor tbeory and to the roUing textures of single
pbase polycry~Uinesbeets of Cu and Nb, respectively.:
At low andinte.rmediate deformatlen (8 < 99%) tbe orientation distributions of Cu in the composite and of
single phase Cudeveloped very similary but at large degrees of rolling deformation (8 ~ 99%) significant
differences were observed. The changes are attributed to dynamic recrystallization intbe Cupbase of the
composite.
The textures of Nb in pure Nb and intbe compoSite develop differently sucb tbat the development of
{111} < 112>is suppressed in tbe eomposhe. This bebavioDrcan be successfully modelled by Taylor theory
withreJaxedE13 and enforced E13 constraints. We propose to interpret this unusual transverse sbear as tbe
consequence of the embedding of hard Nb ribbons in a soft Cumatrix.
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