( /--2

LA-UR -o:- LA-UR--92-898

[«
0
[op]

DE92 011364

Los Aiamos Nanonal Laboratory = opsrated by ine University of Canfornia for the United States Department of Energy under contract W-7405-ENG-36

TITLE  ON RECRYSTALLIZATION IN METAL MATRIX COMPOS1TES

AUTHOR(S) W. J. Poole
S. P. Silvetti
J. D. Embury
U. F. Kocks

SUBMITTED TO  Ipter. Conf. "Recrystallization 92"
San Sebastian, Spain, August 31 -
September 4, 1992

-~

DISCLAIMER

This report was prepared an an account of work sponsored by an agency of the United States
Government  Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legsl liability or responsi-
ity for the accuracy, completeness, or usefulness of anv information, apparatus, produc:, or
process disclosed, or represents that itx use would not infringe privately owned nights Refer-
ence herein o any specific commercial product, provesa, or service hy irade name, trademark,
manulacturer, or otherwise does not necessarily constitute or imply 1s endorsement, recom-
mendation, or favoning by the United States Government or any agency thereof [he views
and opimons of authors eapreased herein do not necessarily siate or reflect those of the
United States Government or any agency thereof

Hy stemptani e of Iy articis the pubiahet racognizes thal the U § Government relains a noneaclusive roylly ree hicense o publiah or reproduce
Ine pubhianad frare ol oy conehution of 1o alow olhers 1o do so for U'S CGovernment putposes

tre Lnk Algmas Natnnal | ahoratnty 1equests that 1he publigher dentily this aricie as work periormen under the auspes ot the LS Depariment ot | nerg,

o BTN
o h“\\) | I.H %

OISTRIBUTION oF Tee o s Bal st kb IMIETL DY

L@,S A @m© Los Alamos National Laboratory
Los Alamos,New Mexico §7_545


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


On Recrystallization in Metal Matrix Composites

W.J. Poole!, S.P. Silvetti? J.D. Embury® and U.F. Kocks?,
1) McMaster University, Hamilton, Ont., Canada
2) Universidad National de Cordoba, Argentina
3) Los Alamos National Laboratory, Los Alamos, NM 87545, USA

Key Words: Metal Matrix Composites, Copper, Recrystallization.

ABSTRACT

The plane strain deformation of model continuous fibre composites such as Cu-W
provides a vehicle for the study of the macroscopic effects of second phase
particles on the strain distribution in the matrix and its possible effects on
subsequent recrystallization behaviour. By using metallograpnic studies based both
on optical gridding methods and lov temperature recrystallization, the patctern of
flow enforced by the fibres can be quantified end relsted to the spatial
distribution of recrystallization events.

INTRODUCTION

The effects of second phase particles, of order 1-5 um, on deformation and
subsequent recrystallization have been examined by a number of authors, particularly
in the seninal work of Humphreys and co-workers [l). These effects are concerned
largely with the nature and extent of local atrain gradients that occur around hard
second phase particles and the local dislocation atructures vhich give rise to
particle stimulated nucleation. Howvever, in composite materials con~aining either
particulates or fibres vhich are in general greater in scale than tte gra'n size of
the polycrystalline matrix, a second effact can occur due to the influence of the
particles on the macroscopic flow pattern of the matrix during deformation and the
influence of this flow pattarn on the spatial distribution of subsequent
recrystallization events.

It is this lrtter aspect of deformation which has been considered in the
present wvork by using a model system of 1.0 ma W wvires embedded in a polycrystalline
Cu matrix vith an average grain size of 100 un. The experiments performed on this
system provide a comprehensive overview of the macroscopic derormation of composites
at large plastic strains because they permit comparison with finite glement pethod
(FEM) calculations of well characterized 4{mposed flov processes and the
determination of the spatial distribution of texture both in the deformed an:!
recrystallized conditions.



EXPERIMENTAL

The composites were fabricated from 1 mm dicmeter conmercial quality as-drawn
tungsten wire and 99.99 ¢ copper. Theé composite was prepared by liquid meral
infiltration under vacuum in a modified crystal growing furnace. The tungsten
fibres were held in plac2 during the casting by graphite spacers. The distribution
of fibres, the sample dimensions and orientation of deformation axes are shown in
Fig. 1. .In order to refine the as-cast structure in the copper matrix, the
conposite was deformed in channel die compression with the fibres perpendicular to
the die walls. This enabled the
deformation to be imposed in a
controlled manner and reduced the Tungsten Fibres. 1 ma die
posaibility of void formation at the

fibre-matrix interface. The composite

was deformed 15 & and then rotatec 90 " N.D.
degrees around the fibre axis and I ‘. .- e

deformed a similar amount. This ...‘-,‘.’-'

returned the sazple to approximately its 14 (0000 } J—-n )
original dimensions. The samples were Y XY N 1.0,

then annealed for 30 minutes at 500 °C. J XN N}

Thia deformation procedurs was then -

Tepeated and the samples annealed at 400 10 {_"

®C for 30 winutes to further refine tha —10 == —*

grein structure. The resulting grain Coppor Matrix
size vas 50-200 um (see Fig. 2) so that
there were on aversge 35-10 grains pigure 1. Schematic of sample
betveen fibras. The samples were then
metallographically prepared and a fine
grid wvas place on the sample face
perpendicular to the (fibres by the
method dus to Attwood and Hazzledine
{2). The resulting grid spacing wvas 23
/a and is shown in Fig. 3a.

After measuring the initial grain
size, the composites were deformed in a
channel die. Teflon tape vith Molykote
lubricant sprayed on the side of the
tape adjacent to the sample was used to
minimize the effects of friction batween
the sample and die valls. As a result
of the lubricatiun practicea, it was
observed that the samples deformed in a
macrvscopically homogeneous manner with
the free faces remaining plane. The
samples vere defermed in 13 § increments
to a total deformation of 3ON. The
teflon lubricant was veplaced between
strain increaents. The sample was then
sectioned for metallographic preparation i
:2:,,::::“:1“..“1:“300"\“::.1.6 ;:: Pigure 2. 1Initial microstructure
metallogrephic preparation included
grinding up to 4000 grit and 1light
diemond (6 and 3 um) and aluwrina (0.3 um) polishes to reduce surface relief effects
bezween the tungsten and copper. The matrix var etched in an amsonium persulphate
solution (10 g smx-miun persulphate , 100 m] distilled H,0) for up to 6 minutes.
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Figure 3. Back scattered electron image c¢f a) initial grid
b) deformed ¢grid (30 %)

RESULTS AND DISCUSSION

S$pecimens were gridded and compressed 3OV in channel die compression. The
form of the surface grids before and after deformation is showvn in Fig. 3. The
strains were meassured by considering the location of rthe corners of the grids and
the changes in location wvith deformation [3,4). Errors arise both due to the finite
width of the grids and the assumption that no Jdisplacements occur perpendicular to
the plane of the grid. The measured Von
Mises eguivalent strain distribution {is
1llustrated in Fig. 4. A finite element
method simulation based on ABAQUS was
used to calculate the distribution of
Von Hises stress and strain for
comparison with the experisental data.
By inputing an initial flow stress of
the copper and tungsten, 20 MP« and 3000
MPs respectively, and a plece-wise
linear plastic flov curve for the copper
based on pure ~>pper experimental data,
the Von Mises stress and sstrain

distridutions shown 1in Fig. 3 are

obtained, The comparison wvith the \
experimental data in Fig. 4 {is wvery |

good.

Pigure 4. Experimental Von Mises

Following deformation, strain distribution

recrystallization studies were carried
out at 300 °C for various perfods of
time {n order to assess the spatial distribution of the recrystallization even:s
In discussing the recrystallization sequence, consideration was given to the role
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Pigure 5. FEM results for 30% deformation a) Von Mises Strain
b) Von Mises Stress (MPa)

of initial grain size on recrystallization. The previous work of Clarebrough et al.
[S) and Hutchinson (6] indicates that in fine grained materials the process of
recrystallization is accelerated. Thus, a series of metallographic observations
vere undertaken to ascertain that the influence of variations in grain size in the
initial undeformed sample was much less than the effects ol the strain distribution
enforced by the tungsten fibres.

After annealing for 30 minutes at 300 °C, the pattern of recrystallization is
shown in Fig. 6a. It can be seen that there are many small, equiaxed grains in the
regions of highest Von Mises strain between the particles: we take these to be
recrystallized. Under tChe particular geometry used these produce bands between the
particles perpendicular to the compression direction. A more detailed examination
of the distribution of recrystallization events shown in Fig. 6b shows that
recrystallization also starts at the edge of the small zone of constrained
deformation close to the particles. It is interesting tc note that the zones of
high shear strain and large rigid body rotations on the diagonal between the fibres
are leass effective initisting recrystallizatation events.

In rationalizing the experimental observations it is useful to consider that
the recrystallization process must depend both on the accumulation of stor2d energy
and of local lattice misorientations necessery to initiate recrystallization. A
crude approximation for the distribution of stored cnergy can be made by considering
that the total stored snergy due to dislocations is proportional to the square of
the flow stress. Thus, contours of the square of the Von Mises stress can be
plotted as shown in Fig. 7 and compared with the distribution of initial
recrystallization events (Fig. 6a).

This cnmparison indicates an important difference between the macroscopic
conposites considered in the current work and the effects of 1 um size particles
involved in particle stimulated nucleation. Recrystsllization does not occur at the
large nacroscopic particles but occurs in the region of amplified Von Mises strain
which occurs as a consequence of the pattern of flow imposed by the particles (7).
It should also be noted that thy recrystalliztion {s accelerated in specific arcas
of the flow pattern, {.#. in regions of maximum Von Mises strain.



a)

b)

rigure 6. Recrystallization pattern after annealing @ 300 °C for 30
min. a) low magnification b) high magnification



CONCLUSIONS

The present work indicatus the value of model gystems for the study of strain
distributions and the subsequent spatial distribution of recrystalliization events
in metal matrix composites. The method outlined allows the pattern of flow to be
related to the spatial variation of texture and recrystallization. The studies
indicate the importance not only of .ocal strain gradients at particles but of the
direct influence of large particles on the pattern of deformation and the spatial
variation of stored energy on recrystallization in metal matrix composites.
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Pigure 7. The square of the Von
Mises Stress (relative units)
assumed ¢to be proportional to
stored energy
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