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~-SiC whiskers produced by a number of manufacturers have been examined in the 
transmission and scanning electron microscopes. In all cases defective microstructures were 
found with high densities of planar defects such as stacking faults and microtwins. Two distinct 
types of defective whisker can be identified. The first contains regions of very closely spaced 
twins on {1 1 1} planes arranged perpendicular to the whisker axis [1 1 1], these were 
sometimes separated by defect-free regions. In these whiskers a rough surface profile was 
normal with the roughness closely associated with the highly defective regions of the whisker. 
The second type of whisker contained stacking faults spaced relatively widely also on {1 1 1 } 
planes but now on the planes inclined to the [1 1 1] axis of the whisker. This leads to a 
characteristic chevron contrast in the TEM. This second type of whisker had a much smoother 
surface profile than the first type with perpendicular defects. No whisker contained both defect 
types but some batches of whiskers contained populations of both types of whisker. The first 
type of whisker is shown to have defects similar to those reported as common during 
vapour-liquid-solid whisker growth. This is also consistent with the higher impurity content 
and the presence of voids found in these whiskers. The second type may be indicative of a 
different growth mechanism possible under certain conditions of SiC whisker synthesis. 

1. Introduction 
Whiskers of 13-silicon carbide potentially provide ef- 
fective means of reinforcement for modern metal and 
ceramic matrix composite materials because of their 
high strength and stiffness values combined with large 
aspect ratios. They can be incorporated into metal 
matrices, usually by melt infiltration or powder metal- 
lurgy [1], and have been successful in enhancing the 
specific stiffness of aluminium alloys [2]. They have 
also been used as hybridizing additions to enhance the 
strength of multifilament-reinforced alloys [3]. Their 
use in ceramic matrices provides highly wear-resistant 
materials of good thermal shock resistance which have 
been used as cutting tools [4]. Further exploitation of 
whisker-reinforced composites will be influenced by 
the cost, integrity and matrix compatibility of the 
whiskers used and these factors' are, in turn, related to 
the processes used in their production. 

A whisker is usually defined as a single crystal of 
very high aspect ratio, i.e. ratio of length to diameter, 
with L / d >  10 and a diameter in the range 
0.01 pm < d < 10 pm. Such crystal shapes are highly 
non-equilibrium, with very large surface area to vol- 
ume ratios. In order for such a structure to be ob- 
tained there must be kinetic factors which promote 
a highly one-dimensional crystal growth. Frank's 

theory of crystal growth [5, 6] was used by Newkirk 
and Sears [7] who postulated a screw dislocation 
down the axis of a whisker which provides a continu- 
ous growth step and a preferred growth direction. 
However, studies of many different whisker types 
failed to identify axial dislocations, except in one metal 
[8]. In addition, a dislocation growth mechanism 
cannot explain many other aspects of whisker mor- 
phology nor the nucleation of whisker growth. 

The absence of axial dislocations from whiskers 
implies either a non-dislocation mechanism for 
growth, or a mechanism of dislocation removal once 
growth is terminated. Another mechanism for whisker 
growth from a vapour phase was proposed by Wagner 
and Ellis [9], the vapour-liquid-solid (VLS) mech- 
anism, for the growth of silicon whiskers. In the VLS 
mechanism a liquid droplet acts as a receptor of the 
whisker chemical components from the vapour phase, 
these then deposit on the growing surface of the 
whisker from the liquid, The droplet acts as an ideally 
rough surface for absorption and fast transfer by 
liquid-phase diffusion can result in rapid whisker 
growth. Growth in the transverse directions is limited 
by the size of the VLS droplet. Several whiskers of 
different elemental or compound composition have 
been grown by the VLS technique including SiC 
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T A B L E  I Macroscopic characterizations of whiskers studies 

Manufacturer Approximate Colour Range of Range of 
year of diameter aspect 
manufacture (gm) ratios a 

Tateho 1983 Light brown 
Tateho 1988 Light brown 
Tokai 1986 Dark  green 
ARCO b 1986 - 
Isolite 1988 White 

0.05-0.5 
0.05-0.5 
0.1-1.0 
0.1-1.5 
0.1-1.0 

5-50 
5-50 
5-50 
1-10 

> 100 

a All samples contained small fractions of particulate (aspect ratio = 1) material. 
b Only available incorporated in a metal matrix composite. 

[10, 11]. An extensive review of  the VLS mechanism 
and its applications has been published by Givargizov 
[12]. 

Many manufacturing routes for producing SiC 
whiskers have been described in the technical and 
patent literature. Most are variants of two main 
families: 

(i) pyrolysis of solid silicon and carbon sources in a 
non-oxidizing atmosphere; 

(ii) pyrolysis of gaseous sources of silicon or silicon 
and carbon, usually by involving hydrogen as a carrier 
gas. 

Within each family the variants are mainly concerned 
with ways of increasing yield, uniformity and purity or 
reducing costs. An example of the former [13] de- 
scribes the multiple steps from pretreating cereal chaff 
as the silicon source through to the production and 
separation out of SisN 4 whiskers, the addition of 
further feedstock for pyrolysis, the separation out of 
SiC whiskers, the removal of excess carbon and the 
recovery of SiC powder. An example of the latter [14] 
involves the introduction of a silicon halide gas, a 
hydrocarbon gas and hydrogen into a reactor contain- 
ing an SiC-bearing substrate. 

In the case of the pyrolysis of compacts of carbon 
and either silicon [15] or silicon-containing minerals 
or cereal chaffs, e.g. rice husks [16, 17], the important 
reactions are believed to be a carbothermal reduction 
of the silica to produce CO and SiO gaseous species. 
Comer [18] proposed the subsequent formation of 
SiC by a chemical vapour deposition CVD reaction 
between SiO and CO. The VLS mechanism of SiC 
growth proposed by Milewski et al. [11] has the 
deposition of silicon and carbon in a liquid metal 
catalyst from SiO and CO gaseous phases produced in 
separate gas generators, these then react to form SiC. 
A similar VLS step has been proposed by Nutt [19] to 
explain the influence of metallic impurities on whis- 
kers produced by rice husk pyrolysis. A VLS mech- 
anism is also possible in the growth of SiC whiskers by 
the thermal decomposition of methyltrichl0rosilane in 
hydrogen reported by Merz [20]. 

In this study, samples of iS-SiC whiskers obtained 
from various manufacturers were examined by trans- 
mission electron microscopy. Whiskers from different 
manufacturers are shown to have characteristically 
different defect structures. Twins, stacking faults, grain 
boundaries and microvoids were identified in the 
whiskers. These are compared with defects reported in 
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SiC whiskers in previous electron microscopy exam- 
inations. A recent study [21], has investigated the bulk 
phase analysis, chemical composition and surface 
chemistry of a number of different sourced SiC whis- 
kers produced by the pyrolysis route. The present 
study consists of a more detailed TEM investigation of 
this range of whisker materials and others. 

2. Microstructura l  observations 
The whiskers, in the as-received state, were electron 
transparent at 200 kV so that the most convenient 
means for the analysis of loose fibres was to clamp 
them in a folding grid and examine them directly in 
the microscope. One whisker sample was of a suffi- 
ciently large aspect ratio that it could be clamped in an 
open grid but it was normal with fine whiskers to use a 
carbon grid. Whiskers were never handled in the bulk 
in the open laboratory because of fears about the 
potential toxicity of such small diameter fibres [22]. 
Some whiskers were only available in a metal matrix 
and others were incorporated into such matrices to 
allow sectioning and the observation of transverse 
views of the whisker. In these cases mechanical thin- 
ning followed by ion-beam etching was used to create 
electron-transparent regions of the whisker. High- 
resolution microscopy and lattice imaging was carried 
out on a Jeol 200CX microscope. Electron probe 
microanalysis was carried out in a Philips CM12 
analytical microscope and in a VG HB501 STEM 
system which was capable of EELS light element 
analysis. 

Whiskers of two distinct morphologies were stud- 
ied. Whiskers of comparatively short aspect ratio with 
some equiaxed particles covering an approximate 
range of aspect ratios .from 5-50 were obtained loose 
(Tateho and Tokai). When examined loose these whis- 
kers behaved in a similar manner to highly agglomer- 
ated ceramic powders. Their colour was a dull green 
or brown. Whiskers of similar aspect ratio were ob- 
tained (ARCO) incorporated in a 2124 aluminium 
alloy matrix. These three whiskers were assumed to 
have been manufactured by a similar route, probably 
pyrolysis of cereal chaffs or similar silica- and carbon- 
containing systems. One further whisker sample (Isol- 
ite) was investigated; this had a strikingly different 
appearance from the previously mentioned whiskers. 
These too were supplied loose but were white in 
colour and came as a fibrous mat, similar in appear- 
ance to cotton wool, but made up from ceramic 



whiskers 3-5 mm long. These properties of the whis- 
kers are tabulated in Table I along with their probable 
year of manufacture. 

2,1. Isolite whiskers 
Fig. 1 shows the Isolite whiskers as long fibres of 
practically constant diameter in the range 0.1-1 p.m 
with length up to about 5 mm. The fibreswere roun- 
ded in sections of high aspect ratio with some bran- 
ching. The larger diameter whiskers generally showed 
an internal defect structure which under normal 

Figure 1 SEM image of the lsolite whiskers showing long, uniform 
diameter, whiskers. 

bright-field imaging appeared (Fig. 2) as a type of 
strain contrast with the defects visible running at an 
angle of 36 ~ to the ~ 1 1 1) whisker axis (and presumed 
growth direction) when oriented perpendicular to the 
beam, showing the defects to be on {1 1 1} planes. The 
defects were often widely separated and were further 
identified as stacking faults by the stacking-fault fringe 
contrast observed when the defects were inclined at a 
steep angle to the beam (Fig. 3). The diffraction pat- 
tern taken from these defective whiskers was of I3-SiC 
and showed streaking perpendicular to the defect 
planes indicating a very narrow defect width. High- 
resolution images shown in Fig. 4 resolve the defects 
to a single lattice plane and therefore identify them as 
intrinsic stacking faults. In the smaller diameter whis- 
kers a second defect type was visible running normal 
to the whisker axis (Fig. 5). These lamella-like regions 
were comparatively rare and were usually widely spa- 
ced along whiskers where they did occur. It proved 
impossible to obtain diffraction data from these small 
regions. Regions between these defects appeared free 
of further defects and dislocations. These two defect 
types were never seen in the same whisker and it is 
thus believed that they may possibly indicate two 
different growth mechanisms under the conditions of 
manufacture. 

A thin amorphous region was sometimes found 
surrounding the whiskers (Fig. 6). In some of the 

Figure 3 Contrast bands revealed on tilting Isolite whiskers con- 
taining the chevron defects indicate the presence of a stacking fault. 

Figure 2 Isolite whiskers. (a) Transmission electron micrograph 
showing a small-angle grain boundary and the presence of the 
characteristic chevron defect markings. (b)Higher magnification 
TEM image of the chevron defects, with inset diffraction pattern 
showing streaking perpendicular to the defect planes. 

Figure 4 High-resolution transmission electron micrograph of the 
defects in the chevron region show very narrow stacking faults. 
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Figure 5 Thinner Isolite whiskers showing defects transverse to the 
fibre axis spaced by perfect material. 

thinner whiskers this seemed to form much thicker 
bulbous defects (Fig. 7a); on higher magnification 
SEM imaging the whisker can be seen continuing 
through one of  these bulges (Fig. 7b). Thinner  bulges 
could be imaged in the T E M  (Fig. 7c) and here the 
bulged region was found to be amorphous  and pos- 
sibly nucleated a round  small regions containing 
transverse defects. Energy-dispersive X-ray (EDX) 
microanalysis of the whiskers was carried out  in a VG 
HB501 STEM fitted with windowless detectors for 
light element and analysis. These are shown in Fig. 8 
and indicate a predominance of silicon, ca rbon  and 
oxygen as the main whisker constituents. Strong cop- 
per peaks are generated by the copper  grid used to 
clamp the whiskers for examination. In Fig. 8a the 
central region of a whisker shows strong silicon and 

Figure 6 Isolite whisker surrounded by a thin amorphous coa- 
ting. 

Figure 7 The amorphous coating occasionally formed large bulbous regions on the Isolite whiskers. (a) General SEM view of whiskers, some 
containing bulges. (b) Higher magnification SEM image of a bulged whisker. A whisker can be seen to continue through the bulges. (c) TEM 
imaging shows that a thickening of the coating is associated with transverse defects in some whiskers. 
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ca rbon  peaks  and  a weak oxygen peak,  microana lys i s  
near  the edge of a whisker  (Fig. 8b) shows a much  

s t ronger  oxygen peak  suggest ing tha t  the a m o r p h o u s  
surface region is p r edominan t l y  SiO2 in compos i t ion .  

In  Fig. 8c an isolated spherical  inclusion is ana lysed  
showing no ca rbon  peak,  it  is a lmos t  cer ta inly  

a m o r p h o u s  SiO 2 but  conta ins  calc ium and su lphur  
impuri t ies  not  detected in whiskers. The isolite 
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Figure 8 EDX microanalysis of the Isolite whiskers at 20 eV 1 chan and spectrum length = 1024 chan: (a) central region of a whisker at 2 K 
FS : B and live time = 74 s; (b) near the whisker surface at 1 K FS: B and live time = 100 s; (c) an isolated spherical inclusion at 4K FS:B and 
live time = 46 s. 
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whiskers seem to contain much lower impurity levels 
than have been reported previously in whiskers manu- 
factured by ARCO, Tokai and Tateho [19, 21]. 

2.2. Ta t eho  whiske r s  
Two different batches of whiskers were examined 
dating some years apart (see Table I). Fig. 9 compares 
the two generations of the Tateho product. They are 
seen to have approximately the same range of size and 
aspect ratio but there are clear differences in surface 
morphology, the earlier whiskers showing a highly 
irregular and re-entrant surface profile. This difference 
is clearly shown on studying Figs 9b and d which also 
show the similar nature of the defect populations in 
the two generations of whisker. These defects trans- 
verse to the whisker axis are believed to be similar to 
the microtwin defects identified by Nutt in ARCO 
whiskers [24]. Higher resolution images (Fig. 10) 
show a very closely, spaced array of defects which 
introduce considerable one-dimensional disorder into 
the stacking which is represented by the severe streak- 
ing seen on the diffraction pattern. Not all the whis- 
kers showed these defects along their complete length, 
in Fig. 11 regions which were defect free are shown. In 
such whiskers the defect-free regions had a much 
smoother whisker surface profile than was seen where 
microtwins intersected the surface. 

A number of the highly twinned whisker showed 
gross defects in the form of very large voids in-their 
centres. In some cases (Fig. 12) these voids were seen 
to run almost the full length of the whiskers. In other 
whiskers the voids were smaller and accompanied by 
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further volume defects of diameter 5-10 nm (Fig. 13). 
Similar results were reported by Nutt [19, 24] who 
also reported voids and inclusions in ARCO whiskers. 

EDX microanalysis of the later Tateho whiskers 
was carried out in a Philips CM12 TEM equipped 
with thin window detectors. This was not capable of 
detecting carbon or oxygen signals. I n  Fig. 14 the 
predominant peak from the whiskers is seen to be 
silicon with a large copper signal from the specimen 
grid. In Fig. 14a, a dense region of an inclusion- 
containing whisker is analysed. There is a very large 
calcium signal and a smaller iron signal, both these 
impurities were found by Karasek et al. [21] in their 
XPS study of Tateho whisker composition. Nutt also 
found calcium and iron signals in his study of inclu- 
sion composition in ARCO SiC whiskers [19]. In 
Fig. 14b the analysis is taken over one of the large 
central voids (e.g. Fig. 12). The calcium signal is now 
absent but a very weak cobalt signal can be dis- 
tinguished adjacent to the iron peak. No trace of either 
aluminium or titanium was detected despite their 
presence in Karasek's analysis; also cobalt was detec- 
ted despite its absence in his results. 

2.3. ARCO whiskers 
These are the 0nly  whisker samples which were not 
examined loose. They were supplied in the form of a 
slab of metal matrix composite, consisting of ~ 20% 
by volume SiC whiskers incorporated in a 2124 alumi- 
nium alloy. This material is very similar to that which 
has been studied extensively by Nutt [19, 24] and our 
results confirm much of his work. The composite was 



Figure 9 Tateho SiC whiskers. (a) General view of early Tateho whiskers. (b) Early whiskers showing irregular surface profile and transverse 
defects. (c) Later Tateho whiskers with smoother surface profile. (d) Later Tateho whiskers showing transverse defects and evidence of a core 
region of different contrast. 

Figure 10 TEM image of parallel twin defects transverse to the 
Tateho fibre axis. Inset diffraction pattern shows extensive streaking 
perpendicular to the defects. 

Figure 11 Defect-free region found in some whiskers. These show a 
smoother surface profile than adjacent twinned regions. 

sect ioned and  th inned  to a l low images of t ransverse  
sections to be viewed. In Fig. 15 one such sect ion is 
seen a longs ide  a long i tud ina l  view of  an A R C O  whis- 
ker. There  is a con t inuous  micro twin  d i s t r ibu t ion  as 
was seen in mos t  of the Ta teho  whiskers.  Transverse  
sections show a high d is loca t ion  densi ty  in the (1 1 1) 
p lane a r o u n d  the whisker  per imeter  but  no t  in the 
centra l  region of the whisker  which shows a mot t l ed  
contrast .  N u t t  identif ied these d is loca t ions  with par -  
t ial  d i s loca t ion  t e rmina t ion  of twins near  the whisker  
core. The whisker  core was found by Nu t t  to conta in  

large amoun t s  of  impur i ty  inclusion phases  such as we 
found in the T a t e h o  mate r ia l  above.  

2 .4 .  T o k a i  w h i s k e r s  

The Toka i  SiC whiskers  appea red  s imilar  in some 
respects to the la ter  Ta teho  mater ia l .  Fig. 16 shows 
t ransverse  defects in a Toka i  whisker,  s imilar  to those 
seen in bo th  the Ta teho  and A R C O  whiskers,  which 
on h igh-resolu t ion  imaging  are seen to be na r row 
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tions of the whiskers in the composite such as is shown 
in Fig. 18. The section is more rounded than the 
transverse section of the ARCO whiskers in Fig. 15. 
No dislocations were seen in cross-sections of the 
Tokai  whiskers. However a mottled contrast was seen 
throughout the section, similar to that seen in the core 
of the ARCO whiskers. 

Figure 12 Some Tateho whiskers appear hollow with long void 
defects running along almost their complete length, 

twinned regions. In common with the Tateho mater- 
ial, regions of the whiskers appeared free of the trans- 
verse microtwins. However, in the Tokai  whiskers 
these contained further defects inclined at an angle 
to the whisker axis (Fig. 17) whichwere  slightly re- 
miniscent of the chevron defects seen in the Isolite 
whiskers. 

A small quantity of the Tokai whiskers was incor- 
porated in a commercial purity aluminium matrix. 
These were fabricated by hot pressing and extrusion. 
This allowed the preparation of thin transverse sec- 

3. Discuss ion  
There have been a number of papers published in 
recent years reporting TEM studies of SiC whiskers 
and platelets. The microtwin defects transverse to the 
whisker axis have been reported by most workers 
investigating [3-SIC whisker microstructures [15, 
17-19, 21, 24, 25]. These defects seem to be common 
to all methods of whisker manufacture. Chevron de- 
fects seen by us in the Isolite whiskers were first 
reported by Van Torne [26] in whiskers supplied by 
Thermokinetics. Comer [18] examined whiskers from 
the same supplier 3 years later and found only the 
transverse twin defects indicating either a change in 
manufacturing route or that these defects are very 
sensitive to manufacturing conditions and their pres- 
ence or absence varies from batch to batch. Iwanga et 

al. [25] found both types of defect in a single whisker 
population but each individual whisker contained 
only one type of defect; however, these whiskers were 

Figure 13 Smaller defects or inclusions seen alongside larger 
voids in a Tateho whisker. 
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Figure 14 EDX microanalysis of Tateho whiskers showing significant impurity levels of calcium, iron and cobalt. (a) General region of 
microvoid containing whisker, showing a large calcium peak and a small iron peak. (b) Sampled region over a large central void, no Calcium 
peak but trace iron and cobalt peaks can be identified. 
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Figure 15 Micrograph of Two ARCO whiskers in a 2124 Al metal 
matrix composite, one whisker is in a transverse, the other a 
longitudinal orientation. Core region of the transverse whisker 
shows mottled contrast ringed by dislocation loops intersecting the 
surface. The longitudinal whisker shows extensive twinning. 

Figure 17 Region on a Tokai whisker free of transverse defects. 
Other defects of a less distinct nature are visible inclined to the 
whisker axis. 

Figure 18 Tokai whisker incorporated into a commercial purity 
metal matrix composite. Transverse section shows no dislocations 
although a mottled contrast is seen. 

Figure 16 Tokai SiC whiskers. (a) Transmission electron micro- 
graph showing heavily defective whisker region. (b) High-resolution 
electron microscope image of the parallel defects showing a narrow 
distribution of twins. 

manufactured by a very different route from the other  
whiskers reported. Iwanga 's  results are identical to the 
behaviour  of the Isolite material examined in this 
study. Knippenberg  et al. [15] reported similar defects 
to the chevron type but  in a SiC platelet. It is possible 
that  one electron micrograph  in Knippenberg 's  work 
shows both  types of  defect in the same whisker; how- 
ever, the contrast  difference in the published figure is 

poor  and it is difficult to decide if transverse defects 
are present. 

Whiskers which have the chevron defects tend to 
have smoother  surface profiles than the twinned whis- 
kers. In Fig. l l the Tateho whisker appears smooth  
except where the twins occur when a surface roughen- 
ing is apparent.  A similar behaviour  is seen in Fig. 16 
with the Tokai  whiskers and is possibly also occurring 
in this thin Isolite whisker of  Fig. 7c. Thus we can 
make a tentative hypothesis that  twinned whiskers 
have rougher  surface profiles than untwinned ones. 

Only one of the whisker types examined (the later 
Tateho material) showed unequivocal  evidence of 
large void defects along the whisker axis: The presence 
of such gross defects along the whisker core was also 
reported by Karasek et al. [21] in Tateho whiskers. 
Nut t  [ t9,  24] reported overlapping microvoids, pos- 
sibly containing transition metal silicate immunities, 
along the cores of the A R C O  whiskers. A contrast  
similar to his was seen down the cores of A R C O  
whiskers in our  study (Fig. 15). We also found evid- 
ence for small voids or inclusions in our  late Tateho 
whisker samples (Fig. 13). 

The presence of gross defects in SiC whiskers was 
studied some years ago by Bootsma et al. [10]. They 
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investigated whiskers grown by a VLS mechanism 
during the carbothermal reduction of SiO 2 catalysed 
by iron particles. The whiskers grown were reported in 
the range 0.1-1 gm diameter although a micrograph 
of one > 10 lain diameter whisker is shown. However, 
the interesting feature of this study is their report of 
regular perturbations in whisker diameter, or knots, 
along the whisker length. These knots were investig- 
ated and from crystallographic symmetry were often 
found to be associated with a 180 ~ twin on the (1 1 1) 
growth plane. In their study the knots were found to 
be contained by { 1 1 1 } and { 1 0 0} side faces and often 
contained a negative bicrystal comprising iron silicide 
material. This gave a characteristic core to the knotted 
regions. There are clearly many similarities here to the 
observations made on the Tateho, Tokai and ARCO 
whiskers. 

The EDX analyses show the Isolite whiskers to 
be much purer than the Tateho whiskers and, by in- 
ference from the similar chemical analyses reported 
by Karasek et al. [2t] for Tateho, Tokai and ARCO 
whiskers, purer than the other whiskers examined 
here. In fact, the only trace elements found in the 
Isolite whiskers appeared in the amorphous SiO2 
phase on the whisker surfaces. The variation in com- 
position found within one Tateho whisker (in particu- 
lar the calcium peak in Fig. 14) is consistent with 
Nutt's finding [19] that the impurity phases are con- 
centrated in inclusions, thus the EDX signal recorded 
will depend on the local number of inclusions in the 
excited volume. This large difference in the chemical 
composition between the Isolite whisker and the other 
whiskers, coupled with their very different defect 
structure is strong evidence for different whisker 
growth mechanisms in these two cases. 

4. Conclusions 
SiC whiskers produced by the carbothermal reduction 
of SiO 2 are generally believed to form via the combi- 
nation of the gaseous precursors SiO and CO. It has 
been shown by Bootsma et al. [10] and Milewski et al. 

[11] that the VLS method can be used to catalyse the 
growth of ]3-SIC from these precursors. Bootsma was 
also able to show that the presence of knot defects and 
inclusions of Fe-Si in the whisker were related to the 
VLS whisker tip droplet. The precise spacing and 
nature of the defects were strongly dependent on 
whisker growth conditions. Nutt [19] postulated a 
VLS mechanism being responsible for the cored 
nature of ARCO whiskers. The transverse twin defect 
structure in the Tateho, Tokai and ARCO whiskers 
investigated coupled with the evidence of inclusion 
phases, from EDX, leads us to suppose that these three 
whiskers grow by essentially the same growth mech- 
anisms; although the local differences in manufac- 
turing practice lead to the different levels of transition 
metal impurities reported elsewhere for these three 
whiskers [11, 21]. This mechanism is probably a VLS 
process with transition metal impurities, or their 
compounds, acting as the liquid droplets. The use of 
transition metal compounds as catalysts has, for 
example, been described in a Tokai Carbon Co. patent 
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for SiC whisker manufacture [23, 27]. This is sup- 
ported by (i)the incorporation of small inclusion 
phases, (ii)the highly cored nature of many of the 
whiskers, and (iii) the high density of microtwins. 

The Isolite whiskers are very different in structure 
and produce defects similar to those reported by 
Iwanga et al. [25] from whiskers fabricated in an 
oxygen-free environment using silicon metal as the 
silicon source. Indeed an Isolite patent [14] describes 
a whisker manufacturing process using reactant gas 
mixtures of silicon halide and hydrocarbon in hydro- 
gen which is similar in concept to that described in 
[25]. However, identical defects were seen by Van 
Torne [26] in whiskers produced using SiO and CO 
gases. Thus no conclusion can be made as to the cause 
of these { 1 1 1 } planar defects on planes not normal to 
the whisker axis. 

We can further conclude that irregular whisker 
profiles are also associated with the microtwin trans- 
verse defects. In all four whisker types surfaces were at 
least mildly rough in the presence of twins and smooth 
in the transverse twin-free materials found in the 
Isolite, Tateho and Tokai samples. The Tateho and 
ARCO materials contained considerable levels of 
inclusion and void whisker defects which may in part 
contribute to the longitudinal splitting failure of 
whiskers contained in an ARCO whisker-reinforced 
aluminium alloy metal matrix composite reported 
earlier [28]. 
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