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THE EFFECT OF STRUCTURAL DEFECTS IN S i c  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 I11 

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

Static and Dynamic mechanical tests, and microstructural examinations performed on a S i c  particle 
reinforced 6061-A1 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 artifacts 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 S i c  and A1203 have been studied 
extensively because of their potential technological 
advantages over conventional aluminum alloys. 
These advantages include higher stiffness, wear 
rcsistance, and creep resistance over the alloys on 
which they are based. [l-31. Although the 
mcchanical properties of these composite materials 
have been extensively studied and documented in 
literaturc, many recent studies have focused on 
cogclating thc observed properties to thc propertics 
of thc constitucnts of the compositc system viz. thc 
matrix, rcinforccments, and the interface. Changcs 
in the propcrties of the components of thc 
composite systcm can have a significant cffect on 
thc ovcnll propcrties of thc compositc. 

Our prcscnt study focuses on a 15 volumc 
pcrccnt S i c  particlc rcinforccd AI 6061 matrix 

compositc. Thc strcngth of thc compositc in 
icnsioii ilnd coiiiprcssion was significanlly lowcr as 
coiiiparcd to ttic valuc prcdictcd by a volumc 
liaction rule. We havc corrclatcd the ohscrvctl 
niccli;inical hchn\*ior o f  the coiiipositc to stacking 
liiulls ;ind otlicr defects within tlic Sic p;irticlcs. 

cm long. The aluminum alloy was a commercial 
grade alloy, and had the following composition: AI 
i 1.0% Mg i 0.6% Si + 0.28% Cu. The nominal 
volume fraction of the S i c  particles was IS%, and 
the average size of the Sic particles was 15 pin. 
The particles asperity along the extrltded direction 
was neglected since all of the samples wcrc 
machined along that direction. All of the samples 
were anncalcd in air for 12 hours in a box furnacc 
prior to testing. 

Quasistatic and dynamic compression tcsts wcrc 
performed on cylindrical samples, having a diamctcr 
of 0.5 cm and a height of 0.5 cm. Thc quasistatic 
compression tests wcrc pcrformcd in  an Instron 

machine, at a strain ratc of s-* ,  whilc the 
dynamic cornpression tcsts wcrc pcrfornicd using il 

Split Hopkinson prcssurc bar at 6500 s- I - 
Quasistatic tcnsilc tcsts wcrc also pcrforiiicd on 

samples having a gagc lcngth of 1-25 ciii nnd gage 

diamctcr of 0.4 cm, in an lnstron 111i\chi11c. iit ;I 

strain rate of 10-3 s-1. 

SiiI1iplcs U S C ~  for trtiiisiiiissioii clcctron 
microscopy (TEM) ohscrvations were prcp;u-cil by 
dimpling 3 tiiiii discs. Ibllowcd hy ion milling- 

TI34 ohscrntions wcrc conduclctl i n  :I Phillips C'M 
30 niicroscopc.. 



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/606 1 compositc 

samplcs at I 0-3 s-1. 

A simplificd volume fraction rulc whcn uscd to 
calculatc thc thcorctical tcnsilc strcngth of thc 
conipositc, gavc a valuc of 171.5 MPa. Thc 
cxpcrimcntally obscrvcd valuc was 147 MPa. 
Discrcpancics bctwccn thc cxpcrimcntiil itnd 
tlicorcticiil strcngth valucs wcrc rcsolvcd on tlic basis 
or fractographic obscrvations conducted on the 

coiiipositc siiIiiplcs. Scanning clcctron microscopy 
(Figure 4) cnrricd out on tlic frncturcd coiiipositc 
siirliiccs cxliihitcd the presence o f  extensive Iiiirticlc 
1ii;itrix tlchontliiig. Ibis dclioiiiliiig \\w ;ittrilwtcil t o  

the wcttiiig clinractcristics o f  IIIC S i c  p;irticlcs by 
tlic nioltcn ;iluiiiiriiiiii  alloy 14-01. Cr;ickcd Sic' 
p;irticlcs \vcw also olrscrvcd on the Ix)lisIiciI surkiccs 

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 strenpth of 
the aluminum matrix alloy [7]. 
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FIGURE 2. Comprcssion rcsponscs for thc 
unrcinforccd 6061 alloy and SiC/GOG 1 coiiipositc 

samplcs at 6500 s - I .  

Transmission clcctron microscopy (TEM ) W;IS 

carricd out to ascertain thc naturc o f  the particle 
cracking. Thc TEM micrograph i n  Figure 0 shows 
microcricks initiatcd within the reinforcing Sic 
ptiriiclcs. Tlic niicrocriicks :ipWiircd to prop;is;itc on 
specific plancs within the pnrticlcs. 'I'licsc planes 
were also ohscrvcd to he par;illcl to otic ;inollicr. 

1)ct;iilcd TEM ii1i;iIysis rcvc;ilctl that  tlic cracking 
within tlic Sic Ixirticlcs occurred along s txking  
f;iults I ~ \ v c c n  wrious pli;iscs within the p;irticlrs 
IS]. The vast iii;i-jority 01' tlic stnckiiip t ; i u l t ~  

oliscrvctl in tlic particles were intcrkiccs Irct\vccii t l i v  

1icsagoii:il O I I  ;ind 411 (or cubic - I ( - )  pl~isc\ or thc 



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 strain rate tension rcsponscs 
for thc unrcinforccd 6061 alloy and SiC/6061 
compositc samples. 

Particlc fracturc and dcbonding can occur in thc 
tidy stagcs of plastic dcforrnalion i n  thc S i c  
compositc marcrial as a rcsult of slrcss concentration 
sitcs. and clastic discontinuitics in thc particles. 
I'articlc rriicturc is dctrimcnttll to thc strcngth. 
stiffness. nnd frilcturc toughness or thcsc 1iiiitcri:Ils. 

CON C LUS IONS 

particle cracking in the composite samples. While 
the poor particldmatrix 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 5.. SEM micrograph of cracked S i c  
particles in  the polished surface of a fractured 
sample. 

1:IGURIS 6.  TEM micrograph of cracking w i h i i i  

thc Sic pnrticlcs. Note thnt the cracks :ire par:illci 
to the stacking liiiilts within thc particle 
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