; cgy%@j@?%v« bl

LA-UR-95 2 8 8 4
Titte: | THE EFFECT OF STRUCTURAL DEFECTS

IN SiC PARTICLES ON THE STATIC AND
DYNAMIC MECHANICAL RESPONSE OF A
15 VOLUME PERCENT SiC/6061-A1 MATRIX
COMPOSITE

Author(s): | R. U. Vaidya
S. G. Song

A. K. Zurek
G. T. Gray 111

Submitted to: | APS Topical Conference on Shock
Compression of Condensed Matter, 1995

Los Afamos Nallonal Laboratory, an affimmative action/equal opportunity employer, is opetated by the University of California for the U.S. Cepartment of
Enar?y under contract W-7405-ENG-36. By acceptance of 1his article, ihe publisher recognizes that the U.S. Govemment retains a nonexclusive, reyalty-
free license to publish or repreduce the publishied form of this contribution, or to allow others to do so, for US. Govenment pumposas, The Los Alamos
National Laboratory requests hat the publisher identiy this arlicle as work performed under the auspices of the U.S. Department of Enermy.

This is 2 prepdnt of a paper intended for publication in a journal or proceedings. Because changes may be made before publication, this preprint is made

avallable with the understanding 1hat il will not be cited or reproduced without the permission of the author.
BADTT
i Y [ 1

DISTRIRITAION AF T8 DOCUMENT 15 UNLMWED% i s 21 E

iy

']

g ;

Doy S E [ -
EJ iy Wi 8 Li'l._..,'l u

2
A
L]




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.




THE EFFECT OF STRUCTURAL DEFECTS IN SiC PARTICLES
ON THE STATIC & DYNAMIC MECHANICAL RESPONSE OF A
15 VOLUME PERCENT SiC/6061-A1 MATRIX COMPOSITE

R. U. Vaidya, S. G. Song, A. K. Zurek, and G. T. Gray Il

Materials Science & Technology, Los Alamos National Laboratory, Los Alamos, New Mexico 87544

Static and Dynamic mechanical tests, and microstructural examinations performed on a SiC particle
reinforced 6061-Al matrix composite indicated that particle cracking significantly affected the strength,
strain hardening, and failure mechanism of the composite. Cracks were observed to nucleate and
propagate on stacking faults and interfaces between the various phases within the reinforcing SiC

particles. Planar defects were the predominant astifacts seen in the SiC particles. Partial dislocations
were also observed bounding the stacking faults within the reinforcement phase.

INTRODUCTION

Aluminum matrices_reinforced with ceramic
particles such as SiC and Alp03 have been studied
extensively because of their potential technological
advantages over conventional aluminum alioys.
These advantages include higher stiffness, wear
resistance, and creep resistance over the afloys on
which they are based [1-3]. Although the
mechanical properties of these composite materials
have been extensively studied and documented in
fiterature, many recent studies have focused on
correlating the observed properties 1o the propertics
of the constituents of the composite system viz. the
matrix, reinforcements, and the interface. Changes
in the propertics of the components of the
composile system can have a significant cffect on
the overall properties of the composite.

Qur present study focuses ona 15 volume
percent SiC particle reinforced Al 6061 matrix
composite. The strength  of the composite in
tension and compression was significantly lower as
compared 1o the value predicted by a volume
fraction rule. We have correlaled the observed
mechanical behiavior of the compasite to stacking
faults and other defeets within the SiC particles.

EXPERIMENTAL PROCEDURE

Unreinforced Al 6061 alloy and SiC7AL 606

campasite samples were obtained in the form of

spray cust extruded reds, 1 emin dimeter and 180

c¢m long. The aluminum alloy was a commercial
grade alloy, and had the following compositipn: Al
+ 1.0% Mg + 0.6% Si + 0.28% Cu. The nominal
volume fraction of the SiC particles was 15%, and
the average size of the SiC particles was 15 pm.
The particles asperity along the extnided direction
was neglected since all of the samples were
machined along that direction. All of the samples
were anncaled in air for 12 hours in a box lurnace
prior to testing.

Quasistatic and dynamic compression tests were
perforined on cylindrical samples, having a diameter
of 0.5 cm and a height of 0.5 em. The quasistatic
compression tests were performed in an Instron
machine, at a strain rate of 1073 57!, while the
dynamic compression lests were performed using a
Split Hopkinson pressure bar at 6500 s™!.
Quasistatic tensile tests were also performed on
samples having a gage length of 1.25 cm and gage
diameter of 0.4 cm, in an Instron machine, at a
strain ratc of 103 571,

Samples used for transmission cleclron
microscopy (TEM) observations were prepared by
dimpling 3 mm discs, followed by jon milling.
TEM ohservations were conducted in a Phillips CM
30 microscope.

RESULTS AND DISCUSSION

Results of the compression and ension (ests are
shown in Figores 1, 2 and 3. Altwough the elastic




modulus of the composite samples was significantly
enhanced over the unreinforced alloy samples, the
composite samples fractured at significantly smaller
strains in tension as compared to the unreinforced
alloy. Furthermore, the compression strain
hardening for the composite samples was not
significantly enhanced as compared to the
unreinforced alloy samples.
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FIGURE 1. Compression responses for the
unreinforced 6061 alloy and SiC/6061 composite

samples at 10351,

A simplificd volume fraction rule when used o
caleulate the theorctical tensile strength of the
composile, gave a value of 171.5 MPa. The
experimentally observed value was 147 MPa.
Discrepancics between the experimental and
theoretica strength values were resolved on the basis
of [tactographic obscrvations conducted on the
composite samples. Scanning electron microscopy
(Figure 4) carried out on the (ractured composite
surfaces exhibited the presence ol extensive particle
marix debonding, This debonding was auributed w
the wetting characteristics of the SiC particles by
the mokten aluminum alloy 14-6]. Cracked SiC
particles were also vbserved on the polished surfices

of the fractured composite samples, Figure 5. The
nature of the cracking process was unclear, because
the theoretical fracture strength of the SiC particles
is significantly higher as compared to the strength of
the aluminum matrix alloy [7].
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FIGURE 2. Compressior responscs for the
unreinforced G061 alloy and SiC/6061 compaosile

samples at 6500 571

Transmission clectron microscopy (TEM) was
carried oul to ascertain the nature of the particle
cracking. The TEM micrograph in Figure 6 shows
microcracks initiated within the reinforcing SiC
particles. The microcracks appeared 1o prapagate on
specilic planes within the particles. These planes
were also observed (o be parallel (o one another.
BPetailed TEM analysis revealed that the cracking
within the SiC particles occurred along stacking
fuvlts between various phases within the particles
I8].  The vast majority of the stacking  Fielis
observed in the parlicles were inerlaces between the
hexagonal 611 and 4H (or cubic $CY phases of the
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SiC material. Such stacking faults are not
uncommon in SiC particles, and are frequently a
result of variability in their fabrication process.
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FIGURE 3. Low sirain rale tension responscs
for the unrcinforced 6061 alloy and SiC/6061
composile samples.

Particie racture and debonding can occur in the
carly stages of plastic deformation in the SiC
composite material as a resull of stress concentration
sites, and clastic discontinuitics in the particles.
Particle fracture is detrimental to the strength,
stiffness, and (racture toughness of these materials,

CONCLUSIONS

The strength of & SiC panicle reinlorced Al 6001
matrix composite, measured in both compression
and tension, was nel sighificantly enbimeed over dut
ol the unreinloreed alkoy, This asomaloeus behaviay
was altributed e particke-oatrin dehonding and
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particle cracking in the composite samples. While
the poor particle/matrix debonding was due to poor
particle-matrix wetting, the cause of particle
cracking was the presence of stacking faults within
the reinforcing particles.

Microcracks were observed to nucleate on these
stacking faults. The stacking faults were preferred
sites for crack propagation because of the material
weakness across the stacking fault. It is important
to account for these heterogenities when making
strength predictions on such materials.
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FIGURE 4. Scanaing clectron miceograph ol the
Fractured surfoce of (he 5iC/6061 composite
tllusteating extensive particle-matns debonding,
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YIGURE 5. SEM micrograph of cracked SiC

particles in the polished surface of a fractured

sample.
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DISCLAIMER

FIGURE 6. TEM micrograph of cracking within
the SiC particles. Note that the eracks are parallel
tor the stacking faults within the particle

This report was prepared as an account of work sponsored by an agency of the United States
Government, Neither the United States Government nor any agetcy thersof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or vsefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights, Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark,
and opinions of authors expressed hercin do not necessarily state or reflect those of the
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