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Processing and microstructural characterisation
of RBSiC-TaSi, composites
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Reaction bonded silicon carbide (RBSiC) ceramics typically contain 10 vol% silicon inherent
to the reaction bonding process. However, the relatively low melting point (1410 °C) of the
silicon phase is a limiting factor in the high temperature use of RBSiC materials. The
application temperature can potentially be enhanced by replacing the silicon with more
refractory metal disilicide phases. In this paper we report the infiltration of SiC-graphite
compacts with alloyed Si-Ta melts in an attempt to precipitate TaSi, (T, =2040°C) in place
of the residual silicon. High density RBSiC-TaSi, ceramics with virtually no porosity were
readily produced, but subsequent XRD and SEM examination revealed that the silicon
phase was not completely removed. In addition, the materials possessed complex,
inhomogeneous microstructures and were susceptible to various types of crack formation
phenomena. © 1998 Kluwer Academic Publishers

1. Introduction the silicon and the carbon to produce a seconda®yC
Silicon carbide has long been considered a highlyphase, which then bonds the original SiC particles to
advanced engineering material exhibiting exceptionaproduce a body of near theoretical density. The green
stability, strength and corrosion resistance at elevatetdody must incorporate sufficient porosity before firing
temperatures. However, the sintering of SiC powderdo accommodate the formation of the “new” SiC on in-
for the bulk fabrication of high density ceramics is very filtration. The volume is approximately doubled as the
difficult. As with many other covalently bonded com- carbon reacts to form SiC. In practice, approximately
pounds, SiC exhibits low vacancy diffusion, and normall10 vol % additional porosity, over that required to al-
sintering is strongly inhibited. Additives and the use oflow for volume expansion effects, is needed to prevent
high temperatures may be employed to aid the sinterthe formation of an impenetrable skin gfSiC at the
ing process. Pressureless solid state sintering is possibéelges of the preform and thus to ensure complete sili-
at temperatures of 1900-2100 with small amounts con impregnation. After completion of the reaction the
(<1 vol %) of boron and carbon dopants. However, SiCexcess porosity remaining within the material is filled
ceramics of near theoretical densities can only be proby silicon from the melt, referred to as the free or resid-
duced by hot pressing, which requires temperatures aptal silicon phase [4]. The presence of this silicon phase
proaching 2000C, pressures greater than 30 MPa, andimits the high temperature application of RBSiC ma-
the use of boron carbide (1-5 vol %) and alumina (3—3erials. The low temperature properties of RBSIiC are
vol %) dopant materials. comparable to HPSIC, but the high temperature prop-
An alternative SiC bulk processing technique is reac-erties and applications are reduced due to the relatively
tion bonding. Reaction bonded SiC (RBSIC) was firstlow melting point of silicon (1410C). The properties,
developed in the 1950s by Popper [1] as a nucleamicrostructure and infiltration kinetics of RBSIC ma-
fuel cladding material, and is now produced via twoterials have been discussed in detail elsewhere [5-10].
highly developed commercial processes: the REFEL Inrecentyears, methods of replacing the silicon with
SiC[2], and the Ford KT SiC [3] processes. Advantagesnore refractory metal disilicides have been investi-
over conventional sintering techniques include lowergated. Particular interest has been given to molybdenum
processing temperatures~1500°C as opposed to disilicide (MoSk), which has a melting temperature of
~2000°C), shorter processing times and minimal shape2030°C and exhibits excellent high temperature oxida-
and dimensional changes from the original preform. tion resistance and ductility [11]. Messner and Chiang
The reaction bonding process involves the infiltration[12—14] used alloyed Si-Mo melts in place of pure Si
of a porous green compact of silicon carbideSiC) to infiltrate the green compact. Upon infiltration, Si
and unreacted carbon with liquid silicon by a capillary from the melt reacts with the graphite in the compact to
action process [4]. An in situ reaction occurs betweerproduce the secondaptSiC phase. Consequently the
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alloyed melt becomes depleted in Si and enriched iﬁ'ABLE_ I Silicon carbide particle sizes used for green body
Mo, which eventually causes precipitation of an MpSi Preparation
phase into the porous regions of the preform. Grit size Maximum particle Median particle Minimum particle
Using this technique the correct melt concentrationnomenclature diameteptn)  diameter gm) diameter ¢m)
is essential. There must be enough silicon to react with
the carbon in the preform and sufficient remaining toF>00 25 12.8:1.0 5
combine with Mo to precipitate the MoSbhase. Once F600 19 9310 3
the melt concentration has been established, it is then
possible to refer to the Mo-Si phase diagram to calcu-
late the optimum infiltration temperature within the sin- graphite and PEG binder) were simply added together
gle phase liquid field. The temperature should be keptvith water and a small amount of DISPEX A40 dis-
sufficiently above the liquidus, typically 50-100, persant, a salt of a polycarboxylic acid supplied by
to prevent premature precipitation of the metal dis-Allied Colloids (Bradford, UK), to evenly disperse the
ilicide and incomplete infiltration and reaction. Infil- graphite and SiC and to prevent particle agglomeration,
trating with melt concentrations between 4-8 mol %and then ball milled for 12 hours with zirconia milling
Mo, Messner and Chiang [13] were able to producemedia. To achieve a homogeneous carbon density in
RBSIC-MoSp composites of>90 % theoretical den- the green compact, it is essential to produce a mix in
sity with no detectable residual silicon or unreactedwhich the graphite is uniformly dispersed. The powder
graphite. The MoSiphase was also found to be homo- mixes were freeze-dried, screened through a 0.5 mm
geneously dispersed, and would therefore be expectesleve to break any large powder agglomerates, and then
to actas a good high temperature toughening phase dumiaxially cold pressed in a hardened steel die of 2.0
to its brittle-ductile transformation. cm diameter using pressures between 50-150 MPa. All
Similar work with alloyed melt systems has also beencompacts were prepared using 30 wt % graphite and
conducted by other researchers. Schetial.[15] used  had theoretical green densities ranging between 1.70—
Si-Mo melts, but their studies indicated the continued1.75 g/crd. Typical compact dimensions were 2.0 cm
existence of silicon in the composite and a poor disdiameter by~0.5-1.5 cm height.
tribution of MoSp. More recently, work by Singh [16]
employed the use of Si-5 mol % Nb melts to produce
RBSIC-NbSj composite materials (NbSimelting 2.2, Alloyed melt preparation and the
temperature= 1950°C). However, XRD analysis indi- infiltration process
cated only partial silicon replacement with Np&nd  The melts were prepared by simply dry mixing the re-
the materials exhibited a reduction in flexural strengthquired proportions of Si and Ta powders (99.9 % purity,
as the temperature approached the melting point of silAldrich UK). The mass and composition of the melt can
icon, as observed in “conventional” RBSIC ceramics. be determined if we know the mass of graphite and the
In this work we have studied the use of Si-Ta meltsinitial pore volume in the green compact. First, we can
to precipitate TaSiin place of the detrimental sil- calculate the mass of Sirequired to react with the known
icon phase. This was undertaken to determine thenass of graphite. In addition, the formation #SiC
universality of this processing technique, and to com-on Si+ C reaction will reduce the original pore volume
prehensively study the microstructure of the materialgn the sample, and if we know the new pore volume then
produced. This alloy system satisfies the critical ret is possible to calculate the mass of Tagiquired to
quirement of a binary eutectic composition betweencompletely fill it. Hence the total melt mass will be
the silicide and silicon with a wide single phase lig- the mass of Si needed to react with the graphite in the
uid field. TaSp has a melting temperature of 204D,  green compact plus the mass of Ta®quired to fill any
virtually equal to MoSj, and like MoS; it exhibits  porosity inthe sample after the-SiC reaction has taken
a brittle-ductile transition around 100Q through the  place. The masses of Si @)l and Ta (M) required,
activation of “superlattice” dislocations, which provide and hence the melt composition, can be calculated from
additional slip and improved ductility [17]. As such, Equations 1 and 2 [18]. To simplify the equations, two
it might be expected to enhance the high temperaturassumptions have been made. First, that the compact
properties of the RBSIC materials. volume remains constant before and after infiltration,
and second, that the densities of the origne&iC and
the newly forme@3-SiC are approximately equal.

2. Experimental

2.1. Green body forming MW 1
All green powder mixes were prepared using ei- MSi:g[M][ o— —<ma—SiC+mC
ther F500 or F600 starter SiC materials supplied by MWrasj, psic

Washington Mills Electro Minerals Ltd. (Manchester, MWs; MW,
UK). The as-supplied particle sizes of these starter pow- +mc - MWV >] +mc- MW (1)
ders are shown in Table I. Graphite was supplied by c ¢

Aldrich Chemical Co. (Gillingham, UK) and the aver- 2MWsg;

age particle size of the material was listed as A2 Mta = pTaS'h[ MWTasJ [ psic <mw Sic
Polyethylene glycol (PEG) with an average molecu-

lar weight (My) of 300 grams was used as the green +Me +me - WSI)} )
compact binder material. The starter materiakS{C, MW
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Figure 1 Relevant section of the Si-Ta phase diagram indicating the liquidus temperature for a melt composition of Si-5.7 mol % Ta (28 wt % Ta)

where The alloyed melt was initially loaded into a graphite
crucible which was to be heated inductively. The green
o : o compact was placed over the crucible well but actu-
MWsi = Egg gqfle/ﬁcl)?)r weight of silicon ally separated from the melt by a few millimetres. The
MW — the.mol?acular weidght of carbon reason for this set-up is to retard the initial rate of infil-
€= (12.01 g/mol) 9 tration into the preform, as will be explained in greater
MWr,s;, = the molecular weight of tantalum detail in the next section. .
disilicide (236.97 g/mol) The temperature of infiltration is determined by the
 _ the theoretical density of silicon composition of the melt and reference to the relevant
psic = carbide (3.21 g/cf) y section of the Si-Ta phase diagram [19], shown in Fig. 1.
_the theore'ticalgdensit of tantalum The liquidus temperature for a 28 wt% Ta melt is ap-
PTash = disilicide (9.14 /crﬁ)y proximately 1600C. However, work by Messner [13]
V. — th | ' ftr? ¢ had suggested that the actual infiltration temperature
o= be?;(él;'rrnrf otthe green compac should be at least 50-10CQ above the liquidus to pre-
m the maslsl o? starter SiC in the vent premature precipitation of the refractory disilicide
o —SiC =

and incomplete infiltration. Consequently, the infiltra-
tion temperature was set at 1700 An optimised in-
filtration schedule is shown in Fig. 2. An initial heating
rate of 22C/min up to 600C was required to burn off

the PEG binder. Heating rates faster than this caused
For a green compact with an original volume of 1.15cracking of the uninfiltrated preforms as the binder

cm? and graphite content of 0.6 g, the alloyed melt com-evaporated too quickly. To ensure complete binder re-
position and total melt mass were established at Si-2&oval the furnace was held at 600 for 1 hour. This
wt % Ta (Si-5.7 mol % Ta) and 2.22 g, respectively. initial stage of processing was conducted under a coarse

green compact
mc = the mass of graphite in the green
compact
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Figure 2 Optimised time-temperature schedule for alloyed Si-Ta melt infiltrations.

vacuum (2-3 mbar). Having removed the PEG, the
heating rate was increased to“I@min up to the in-
filtration temperature~{1700°C). For this stage of the
schedule the furnace was back-filled with argon to a
pressure of 1 bar, to reduce evaporation of the silicon
in the melt prior to infiltration. At the desired infiltra-
tion temperature the chamber was evacuated to a coars
vacuum of 2 mbar{2 x 10~2 atm) which was found to
significantly aid the melt penetration of the green com-
pact. The furnace was left at the infiltration temperature
for 15 minutes, to ensure that the-8iC reaction had
gone to completion. After the 15 minute hold time the
chamber was again pressurised to 1 bar with argon to
reduce silicon evaporation from the surface of the in-
filtrated specimens and then cooled at Cdmin down

to room temperature. Figure 3 Macro-cracking of green compacts placed in direct contact
with the melt due to rapid melt infiltration.

2.3. Characterisation of specimens Philips PW1710 Diffractometer with Cud<radiation

Microstructural investigation of RBSIiC ceramics wasat 35 kV and 50 mA. Peak intensities were recorded

conducted using scanning electron microscopy (SEMpetween 20-80at a scan speed of L/min. Owing to

and chemical analysis performed using X-ray diffrac-possible texture effects in bulk samples, X-ray data was

tion (XRD) coupled with energy dispersive X-ray tech- merely used to identify the phases present, rather than

niques (EDX). SEM samples were initially lapped us-to establish the relative volume proportions of these

ing 25 um diamond solution and then progressively respective phases.

polished with 8, 3 and um diamond slurries. Any The densities of infiltrated samples were measured in

scratches on the surface of the specimens were removeélistilled water using the Archimedes density relation-

with a final polish for a few minutes on silk polish- ship.

ing cloths with 0.05um gamma alumina polish. The

samples were cleaned in acetone in an ultrasonic bath

for 15-30 minutes. SEM analysis was carried out or3. Results and discussion

a JEOL JSM 6300 at 25 kV in the secondary electror3.1. The infiltration process

imaging mode. This section details a number of experiments per-
For XRD investigation, bulk samples were sim- formed to establish the optimum processing conditions

ply sectioned across the sample diameter. Additionalo produce well infiltrated and reacted RBSiC-TaSi

preparation was not required. Examination employed &eramics.
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The first infiltrations were performed with 30 wt% temperature increases of 200-3@)[4]). Such cracks
graphite green compacts at 17@ using the the- can prevent complete infiltration and reaction, and thus
oretically calculated mass (2.22 g) and compositionit was necessary to retard the rate of melt penetration.
(28 wt % Ta) for the Si-Ta melt. The chamber was main-The infiltration rate may be decreased by actually sep-
tained at atmospheric pressure under argon for the emrating the green preform from the melt by resting the
tire process. Infiltration was attempted at 170Q0with  compact on the crucible ledge a few millimetres above
the preform in direct contact with the melt, but no meltthe melt, instead of having the compact in direct con-
penetration was observed. Previous research [1] hathct with the melt. In this set-up the melt has to first
indicated that infiltration was possible under vacuumwick up the sides of the crucible and then penetrate
as well as in an inert atmosphere. Consequently exthe compact. This configuration prevented cracking of
periments were repeated with the chamber evacuatetie specimens, and they appeared to have been com-
to a coarse vacuum of approximately 2 mbar. In eaclpletely infiltrated. However, densities were low (2.4—
case the compact was partially infiltrated to a depth2.6 g/cn?), and subsequent sectioning and microstruc-
of approximately 1.0 mm, but specimens were severelyure examination revealed large degrees of porosity, as
cracked atthe base asindicated in Fig. 3. Itis commonlyllustrated in Fig. 4. In addition, significant amounts of
accepted that too rapid a melt infiltration can causemelt residue £30—-40 wt % of the original melt) were
cracking of the green preform due to the rapid evolu-found in the crucible well, indicating that only part of
tion of heat from the exothermic Si C reaction AH;  the starter melt had infiltrated the samples. As expected,
B-SiC at 2000C = —67 kJ/mol leading to localised powder XRD analysis of these residues revealed the
presence of Si and TaSiThe relative proportions of
Si and TaSi were not determined, but their existence
suggests that at the infiltration temperature of 1700
the melt in the crucible became significantly enriched
with Ta to cause precipitation of Tg$thus preventing
a large proportion of the melt from entering the pre-
form. At the levels of vacuum and temperatures used,
2 mbar (2 x 10~2 atm) and 1700C, it is probable
that silicon evaporates fairly readily. Evidence of sili-
con evaporation was the presence of powder deposits
observed at a number of sites within the furnace cham-
ber, including the furnace walls. The presence of silicon
in these deposits was confirmed by EDX analysis. No
Ta was detected in the powders, presumably since it
has a much lower vapour pressure than Si at the in-
filtration temperature and is much less likely to evapo-

: rate. At 1650C (1923.15 K) the vapour pressures of Si
Figure 4 Significant areas of porosity in low density reacted samples,aNd Ta are 1.7k 10> atm and 1.56< 10~ atm [20],

indicating poor melt penetration. respectively.
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Figure 5 XRD trace of a high density RBSiC sample, indicating partial replacement of the residual Si phase with TaSi
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Loss of silicon from the melt pool in the crucible wasincreased by 50wt %. Experiments were conducted
causes an enrichment of tantalum, pushing the compat 1700°C using one and a half times the theoretical
sition closer to the Si-Ta liquidus, and causing premaimelt mass (i.e~3.35 g of Si-28 wt% Ta). However,
ture precipitation of TaSiin the crucible before infil- the samples still exhibited large areas of porosity, and
tration of the entire compact has been achieved. Witllarge melt residues still remained in the bottom of the
pure silicon infiltrations, the problem of silicon evapo- crucible. Poor infiltration in all cases was believed to
ration can be overcome by simply using excess silicorbe the effect of silicon evaporation from the melt.
infiltrant. However with the use of Si-Ta melts, silicon  Experiments up to this point had clearly indicated
evaporation will change the melt composition and carthat evacuation of the processing chamber was neces-
severely disrupt the infiltration process. A significantsary to promote infiltration. However, in these experi-
concern is that if silicon is lost by evaporation, then thements the chamber had been held under vacuum from
melt entering the compact has a higher Ta concentratio600°C to 1700°C. It seemed possible that the silicon
than theoretically required. This might cause prematurenay have begun to evaporate at its melting tempera-
precipitation of the silicide, which blocks off the cap- ture of 1410C. With progressive Si evaporation from
illaries and prevents complete infiltration and reaction1410°C to 1700°C the melt becomes significantly en-
of the preform. In an initial attempt to overcome theriched in Ta, causing premature silicide precipitation
problem of silicon evaporation, the proportion of melt in the crucible. In order to overcome this problem, the

S
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Figure 6 (a) Low magnification SEM photo of a sample sectioned vertically, indicatingfaweith a homogeneously distributed TaBivhite) phase,
andB with a lower TaSj content precipitated in the form of discrete clusters. (b) lllustrating the distinct boundary between regiuhiB.
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furnace chamber was back-filled with argon to a pres3.2. Microstructures and phase distribution

sure of 1 bar from 600C to 1700°C after removal of Subsequent sectioning and microscopic examination of
the PEG binder phase. This reduces silicon evaporatiotihe high density samples revealed some unusual charac-
that may occur between 141G (the melting point of  teristics of the microstructure. Fig. 6(a) is a low magni-
silicon) and the infiltration temperature. At 170D, the  fication SEM micrograph of one sample sectioned ver-
chamberwas then reevacuated to allow melt penetratiotically. Two distinct regions of microstructure can be
of the preform. The melt composition and mass wereseen, labeled andB. Fig. 6(b) indicates the marked
maintained at 28 wt % Ta and 3.35 g. On bulk sample inboundary between these two areas. Regia@ontains
spection after the infiltration process, samples appearea well distributed TaSiphase (bright white), as illus-
well infiltrated and exhibited densities typically rang- trated by Fig. 7(a). Close examination of this region
ing between 3.4-3.6 g/cywith less than 2 vol % open indicates the presence of residual silicon (black phase)
porosity. XRD analysis indicated the presence of SiGn addition to the silicide phase, Fig. 7(b). However,
and both residual silicon and TaSFig. 5). Solidified  regionB at the base of the samples contains a FaSi
melt was still observed in the crucible well after infil- phase non-uniformly distributed in large clusters, as il-
tration but this was measured -aL0—-20 wt % of the lustrated in Fig. 8(a). Fig. 8(b) shows a high proportion
original melt, compared te-30—40 wt % for previous of Si (black) phase present around the pa8iis pos-
infiltration experiments. sible that these distinctive microstructures can provide

Bt

(b)

Figure 7 (a) SEM photo illustrating the high content and homogeneously dispersegifiaggionA. (b) Closer examination of regioh indicates
the presence of residual Si (black phase) in addition to the; fdise. This indicates that only partial replacement of the Si phase has taken place.
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(b)

Figure 8 SEM photos (a) showing the presence of discrete JTalister precipitates at the base of the sample (reBiprand (b) high residual Si
(black phase) contents in the areas surrounding the Ta8¢ipitates.

some information concerning the melt infiltration pro- from the crucible melt pool as the chamber is evacu-
cess. Regioné andB appear to have been infiltrated ated. As previously discussed, much of the silicon that
by melts of different composition, since they contain evaporates from the melt pool escapes to surrounding
markedly different amounts of silicon and TaSi areas of the furnace chamber, but it is not unreason-
At the infiltration temperature, the chamber is evacu-able to assume that some of this silicon will actually
ated to promote melt penetration of the preform. Si-Tgpenetrate the sample. Infiltration by silicon vapour and
melt is drawn up the crucible walls by capillary force, the Si-Ta liquid must occur concurrently. A schematic
and initially infiltrates the specimen at the edges. Thalepicting the events of infiltration is shown in Fig. 9.
edges of the preform then act as melt pools, feedind he depth of silicon vapour infiltration is dependent on
melt from the crucible into the centre of the specimenthe competitive rates of both infiltrating species. Infil-
The silicon reacts with the graphite, and the melt be+tration of the base region by the Si-Ta melt from the
comes sufficiently enriched with tantalum to cause preside walls of the compact is prevented because silicon
cipitation of the TaSi phase. This process is the basisvapour is simultaneously penetrating this area. Thus,
behind reactive infiltration using alloyed silicon melts. the Si-Ta liquid has to move up and around the areas
However, the microstructure at the base of the samplealready infiltrated by the pure silicon infiltrant. Pure
suggests infiltration by a melt with a high silicon con- silicon infiltration of the sample will cease due to a
centration. In fact, it seems most likely that infiltration deficiency in Si vapour, or when the Si-Ta melt has
of this region is by silicon vapour, which evaporatescompletely infiltrated the compact from the edges to
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Figure 9 Schematic of hypothesised infiltration process. (a) At the start_. . . .
gure 9 - ; yp Ised intiitration p ) (@) -~ _Figure 10 (a) SEM photo of a specimen sectioned across the diameter
of infiltration showing concurrent Si-Ta melt penetration up the sides.

and into the centre of the compact and Si vapour infiltration at the basd :;ifmhhehf&fﬁgiféznr;?Icmrlgggﬁaﬁzs(i)hgg\jgﬁgﬁ;g; le
Si vapour infiltration into the compact will cease when the Si-Ta melt P g ple. P P

penetrates across the entire diameter of the sample. (b) Towards the ersgl ci“(r)]z(:d icrgrstisotzzg'damgiwéi3%‘;2?&??;?&1[5 d;;‘_;;zinst
of the infiltration process, indicating two areas of distinct microstructure gher prop 9 Y

resulting from the Si vapour and Si-Ta melt infiltrations. the sample edge.

the centre ahead of the silicon vapour infiltrant. Purecross-section. A similar section was taken at the base
silicon penetration will thus be blocked by the reactedof the sample through regid®, Fig. 10(b). The most
material across the diameter of the specimen, whilst th&ignificant feature is the high TaStontent, homoge-
Si-Ta melt continues to infiltrate the remaining upperneously dispersed at the edge of the sample. This is
areas of the compact, Fig. 9. in contrast to the centre, which exhibits a high silicon

After the infiltration process is complete, the area accontentand the discrete formation of Ta@iecipitates.
the base remains filled with melt of high silicon concen-This is consistent with the hypothesis that the edges of
tration, which does not solidify until the solidification the compact are infiltrated by the Si-Ta liquid, whereas
temperature of silicon (141) is approached on cool- the centre of the base is penetrated by silicon vapour.
ing. Thus, at the boundary between the molten silicon
and the upper reacted region, silicide may redissolve
in the melt and is then reprecipitated as the observe8.3. Crack formation
discrete clusters. If the silicide is precipitated on cool-SEM analysis also revealed a number of cracks within
ing, then the Ta has time to diffuse through the meltthe infiltrated samples. Three predominant flaw types
to precipitate at particular sites. The temperature ratevere observed: silicide filled cracks, silicon filled
of cooling of the melt influences the number of nucle-cracks and unfilled cracks.
ation sites, and hence determines the size of the precip- Fig. 11 illustrates examples of silicide filled cracks.
itates. A lower rate, which is less likely to achieve high They are typically 20-5@:m wide. The cracks were
undercoolings, induces few nucleation sites and largeonly observed in regio® (the area of homogeneous
precipitates. silicide precipitation) and never in regi@at the bot-

Fig. 10(a) is a low magnification micrograph of a tom of the samples. The fact that the cracks are filled
sample sectioned across the diameter through région with melt implies they were formed prior to or dur-
approximately 1 mm from the top of the sample. It in- ing the Si-Ta melt infiltration of the green compact,
dicates a uniform distribution of TaSihroughout the and their absence at the base of the samples further
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Figure 12 Optical micrographs comparing SiC grain density at the edges (a) and at the centre (b) of the specimen. The variation is a consequence of
poor particle compaction using uniaxial cold pressing to form the green compact.

(b)

Figure 13 Photos indicating cracks predominantly filled by residual Si. The presence of these cracks suggests infiltration by pure Si vapour.

indicates that Si-Ta melt did not penetrate this area o€entre of the preform may be lower than that theoreti-
the samples. The presence of these cracks may be really required to accommodate the volume change on
lated to the variation in green density of the compactsSi + C reaction. Thus, excessive volume expansion
Microscopic analysis revealed the green density of thestresses may result in crack generation in these areas of
compact edges, Fig. 12(a), to be considerably lowethe samples.

than that of the specimen interior, Fig. 12(b). This is Fig. 13 shows silicon filled cracks. They are sim-
most likely the result of poor compaction via uniax- ilar in size to the disilicide filled cracks. Their exis-

ial cold pressing. As such, the available porosity at theence possibly confirms infiltration by a pure silicon
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Figure 15 SEM micrograph of a crack that is not melt filled and most likely formed due to unrelieved thermal stresses or differences in the thermal
expansion properties of the composite materials.

infiltrant. Unlike the silicide filled cracks, these were wards 1400C. These can then be filled by unsolidified
observed in all regions of the sample. Fig. 14 shows ailicon.

silicon filled crack passing vertically through the spec- Fig. 15 shows a crack unfilled by silicon or silicide.
imen from the lower regioB into the region of higher Unfilled cracks must clearly form after infiltration and
silicide content, regior. Silicon filled cracks can be below 1410C (solidification temperature of silicon),
formed at any time until the silicon melt pool at the bot- since otherwise we would expect the crack to con-
tom of the specimen solidifies, i.e. around 1400 A  tain solidified silicon or TaSi These are most likely
possible explanation for these cracks could be the difformed by unrelieved thermal stresses inherent to the
ference between thermal expansion coefficients of theeaction bonding process. Short infiltration times and
SiC and the TaSiphases (SiC: 8 x 1076 K~1 [21],  high temperature gradients may easily induce stresses
TaSh: 14.0 x 107% K~ [22]). This mismatch can re- within the material which remain unrelieved without
sultintensile stresses within the silicide material, whichadditional thermal treatment. Messner and Chiang [13]
possibly promote cracks on cooling of the samples toobserved such cracks in their work on RBSiC-MpSi

5567



ceramics. In fact, their studies showed that sectionethat green compacts be produced with a homogeneous
samples had occasionally been observed to crack aftgreen density, and sufficient porosity throughout the
a few days at room temperature, an indication of unrestructure to allow for the volume increase orSC re-
lieved stresses within the material. These cracks magction. In addition, the temperature of infiltration must
also be the result of differences in the thermal expanbe sufficiently high to prevent premature precipitation
sion coefficients of the three phases SiC, Si andJTaSiof the metal disilicide and subsequently incomplete in-
(SiIC: 49x 1076 K1 [21], Si: 355x 10 K1 [21], filtration of the preform.
TaSh: 140 x 10°° K~1[22]).
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