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bstract

y using �- and/or �-SiC staring powders, the effects of the initial �-phase content on the microstructure, mechanical properties, and permeability
f macroporous SiC ceramics were investigated. When �-SiC powder or a mixture of �/� powders containing a small amount (≤10%) of �-SiC
owder was used, the microstructure consisted of large platelet grains. In contrast, when using �-SiC powder or �/� powders containing a large
mount (>10%) of � powders, the microstructure consisted of small equiaxed grains. The development of large �-SiC platelet grains in the
icrostructure did not result in any improvement of the flexural strength of the macroporous SiC ceramics because of the accompanying pore
rowth and grain growth. The growth of the platelet-SiC grains was beneficial in increasing the gas permeability of the macroporous SiC ceramics
rom 4.12 ×  10−13 m2 for macroporous SiC with an equiaxed microstructure to 1.89 ×  10−12 m2 for macroporous SiC ceramics with large platelet
rains.

 2011 Elsevier Ltd. All rights reserved.
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.  Introduction

Macroporous silicon carbide ceramics have many potential
dvantages including a low density, controlled permeabil-
ty, high thermal shock resistance, high specific strength,
xcellent high temperature strength, and excellent corrosion
esistance. These properties make the ceramics suitable for
any applications such as molten metal filters, diesel partic-

late filters, gas burner media, gas sensors, vacuum chucks,
reforms for metal–matrix composites, and lightweight struc-
ural materials.1–21 The properties of macroporous SiC ceramics
re strongly dependent on their porosity and microstructure.
or example, an increase in porosity generally results in
ecreased mechanical strength22–28 and increased permeability
f macroporous SiC ceramics.5,17,29,30 Moreover, macroporous

iC ceramics with smaller pores generally have a better flex-
ral strength than ceramics with larger pores at an equivalent
orosity.31,32
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One way to control the microstructure of SiC ceramics is to
djust the initial �-SiC content in the starting composition. In
ense liquid-phase sintered SiC ceramics, the use of �-SiC as a
tarting material results in a toughened microstructure consist-
ng of platelet grains because of the � →  �  phase transformation
nd grain growth of SiC grains during sintering.33 Meanwhile,
he use of �-SiC as a starting material produces a microstructure
onsisting of equiaxed grains due to the stability of �-SiC at high
emperatures.34 SiC ceramics with a microstructure consisting
f equiaxed grains are stronger than ceramics with a microstruc-
ure consisting of platelet grains. In contrast, SiC ceramics with
latelet grains have a higher toughness than ceramics with a
icrostructure consisting of equiaxed grains.33,35 However, the

ffect of the microstructure on the mechanical properties and
ermeability in macroporous SiC ceramics has not been sys-
ematically investigated.

Reports analyzing the permeability of macroporous SiC
eramics are quite limited.9,17,30 Previous studies of the per-

eability of porous SiC ceramics suggest that permeability

enerally increases with increasing porosity. However, the effect
f the microstructure on the permeability at an equivalent poros-
ty has not been investigated in macroporous SiC ceramics.

http://www.sciencedirect.com/science/journal/09552219
dx.doi.org/10.1016/j.jeurceramsoc.2011.11.040
mailto:ywkim@uos.ac.kr
dx.doi.org/10.1016/j.jeurceramsoc.2011.11.040
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In the present study, macroporous SiC ceramics with vari-
us microstructures ranging from a microstructure consisting of
quiaxed grains to a microstructure consisting of platelet grains
ere produced by sintering using �-and/or �-SiC powders. The

ffects of the microstructure on the mechanical properties and
ermeability of macroporous SiC ceramics were investigated. A
intering additive with a composition in the Al2O3–Y2O3 (AY)
ystem was selected because of its effectiveness in the devel-
pment of an in situ-toughened microstructure33 as well as its
otential for improved strength.18

.  Experimental  procedure

The following raw materials were used in this study: �-
iC (∼1.7 �m, B-hp, H.C.Starck, Berlin, Germany), �-SiC
∼0.45 �m, A-1, Showa Denko, Tokyo, Japan), Al2O3 (99.9%
ure, Sumitomo Chemical Co., Tokyo, Japan), Y2O3 (99.9%
ure, H.C. Starck GmbH & KG, Goslar, Germany) powders, and
oly(methyl methacrylate-co-ethylene glycol dimethacrylate)
icrobeads (hereafter, microbeads, ∼8 �m, Sigma–Aldrich Inc,
t. Louis, MO, USA) as a template. Six batches of powder were
ixed (Table 1), each containing 60 wt% SiC (�  and/or �),

 wt% Al2O3–Y2O3 (AY) additives at a weight ratio of 3:2, and
5 wt% microbeads. In addition, two batches of powder contain-
ng 7 wt% additives with the same composition were prepared
Table 1) to investigate the effect of the sintering additive con-
ent. All individual batches were milled in ethanol for 24 h using
iC grinding balls after the addition of 4 wt% poly(ethylene gly-
ol) as an organic binder. The milled slurry was dried, sieved,
nd pressed uniaxially under 50 MPa to produce rectangular
ars. The compacts formed were heat-treated at 1000 ◦C for

 h under argon at a heating rate of 1 ◦C/min to decompose the
icrobeads. The heat-treated samples were sintered at 1950 ◦C

or 4 h in argon.
The bulk density of each macroporous ceramic was calcu-

ated from its weight-to-volume ratio. The porosity was then
alculated as the ratio of the bulk density to the true density.
he microstructures of the samples were observed by scanning

lectron microscopy (SEM). The grain size and pore size were
easured from the SEM micrographs. X-ray diffraction (XRD)
as performed on the ground powders using CuK�  radiation.

able 1
atch composition of macroporous SiC ceramics.

ample designation Composition (wt%)

�-SiCa �-SiCb Al2O3 Y2O3 Microspherec

A5AY 60 0 3 2 35
A5AY 59.4 0.6 3 2 35
A5AY 58.2 1.8 3 2 35
0A5AY 54 6 3 2 35
0A5AY 30 30 3 2 35
00A5AY 0 60 3 2 35
A7AY 58 0 4.2 2.8 35
A7AY 57.4 0.6 4.2 2.8 35

a ∼1.7 �m, B-hp, H. C. Starck, Berlin, Germany.
b ∼0.45 �m, A-1, Showa Denko, Tokyo, Japan.
c ∼8 �m, poly(methyl methacrylate-co-ethylene glycol dimethacrylate)
icrobeads, Sigma–Aldrich Inc, St. Louis, MO, USA.
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or the flexural strength measurements, bar-shaped samples
ere cut and polished to a size of 4 mm × 5 mm × 30 mm. Bend

ests were performed at a crosshead speed of 0.5 mm/min using
 three-point bending fixture with a span of 20 mm. The fracture
oughness was measured by a single-edge notched beam (SENB)

ethod.36 The permeability was measured by a capillary flow
orometer (CFP-1100-AEX, PMI), and the gas permeability
α) was computed from the measured flow rate and pressure
ifference using Darcy’s law,

�p

L
= η ·  Q

A  ·  α
(1)

here �p  is the pressure drop from the entrance to the exit of
he sample, L  is the thickness of the sample, Q  is the flow rate
f air through the sample, η  is the viscosity of air, A is the cross-
ectional area of the sample, and α  is the permeability. Samples
ith dimensions of 3 mm × 30 mm × 25 mm were fixed in a fil-

er sample holder with an O-ring and adhesive. Based on Eq.
1), the permeability was calculated from the slope of the line
f the plot of �p  vs. Q.

. Results  and  discussion

.1.  Microstructure

The XRD analysis of the samples showed that the 0A5AY,
A5AY, and 3A5AY samples consisted of 4H (�-SiC) as a major
hase and 6H (�-SiC) as a minor phase. In contrast, the 50A5AY
nd 100A5AY samples were composed of 6H as a major phase
nd 4H as a minor phase, indicating the occurrence of the 3 C (�-
iC) →  4H phase transformation of SiC during sintering in the
resence of the Al2O3–Y2O3 additive. In the case of 50A5AY
nd 100A5AY, the polytype of the starting �-SiC powder was
H, resulting in 6H as a major phase.

Fig. 1 shows typical fracture surfaces of the macroporous
iC ceramics sintered at 1950 ◦C. The microstructure of the
acroporous SiC ceramics fabricated from �-SiC (0A5AY) or
-SiC containing a small amount (≤10%) of �-SiC (1A5AY,
A5AY, and 10A5AY) consisted of platelet grains. When the

 content was increased from 0 to 10%, the size of the
latelet grains decreased from 20–30 �m to 5–8 �m. In con-
rast, the microstructure of the ceramics fabricated from �-SiC
100A5AY) or �-SiC containing a large amount (50%) of �-
iC (50A5AY) consisted mostly of fine, equiaxed grains with

 grain size of 2–5 �m. In general, the grain size decreased as
he �-SiC content increased and the shape of the grains changed
rom platelet to equiaxed grains. These results suggest that the
-SiC particles acted as seeds for the grain growth of platelet SiC
rains, which was accelerated by the �  →  �  phase transforma-
ion of SiC, even though the particle size (∼0.45 �m) of �-SiC
as smaller than that of the �-SiC particles (∼1.7 �m). When

he amount of �-SiC particles added to �-SiC was increased from
 to 10 wt%, the number of growing grains increased as a result

f �-SiC seeding during sintering at a temperature as high as
950 ◦C, at which �-SiC is considered a more stable phase than
-SiC. The increased number of growing grains led to smaller
rains in the final microstructure because of impingement of
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ig. 1. Typical fracture surfaces of the macroporous SiC ceramics sintered at 19
nd (f) 100A5AY (refer to Table 1).

he growing grains.37 Therefore, 50% �-SiC addition resulted
n considerably smaller grains, as shown in Fig. 1(e). The fine,
quiaxed microstructure of the macroporous SiC ceramics fabri-
ated from 100% �-SiC confirmed that the absence of the � →  �
hase transformation of SiC resulted in equiaxed grains.38 This
uggests that the microstructure of macroporous SiC ceramics
an be adjusted by changing the �-phase content in the starting
owder, as in the case of dense SiC ceramics.33

In previous work,30,32,39 cells replicated from microbeads
ere almost spherical when polymer microbeads were added as

 template into the SiC powders and polysiloxane-derived SiC
eramics. On the other hand, the cell morphologies of macrop-
rous SiC ceramics fabricated from �-SiC (0A5AY) or �-SiC
ontaining small amounts (≤10%) of �-SiC (1A5AY, 3A5AY,
nd 10A5AY) were mostly irregular. This was caused by the
ccelerated grain growth of platelet �-SiC grains during sin-
ering. In turn, the accelerated grain growth of platelet �-SiC

rains was caused by both the �  →  �  phase transformation of
iC and the higher sintering temperature (1950 ◦C) used com-
ared to previous studies (1700–1900 ◦C).30,32,39 In contrast, the

s
a
a

 for 4 h in argon: (a) 0A5AY, (b) 1A5AY, (c) 3A5AY, (d) 10A5AY, (e) 50A5AY,

0A5AY and 100A5AY samples maintained the spherical mor-
hology of the cells replicated from the microbeads because less
rain growth occurred compared to the other samples. Although
he cell morphology and cell size were different, all samples had
n interconnected open-cell structure.

The porosities of the 0A5AY, 1A5AY, 3A5AY, 10A5AY,
0A5AY, and 100A5AY samples were 58.4%, 57.3%, 56.5%,
6.4%, 56.0%, and 55.7%, respectively. The porosity of the
acroporous SiC ceramics decreased with increasing �-phase

ontent in the starting composition. The marked growth of large,
latelet grains increased the porosity slightly because of the
tructural impingement of the growing grains in the microstruc-
ure.

Fig. 2 shows the change of the grain size and pore size as a
unction of the �-SiC content in the starting composition. The
rain size decreased with increasing �  content in the starting
owder, indicating the growth of the added �-SiC particles. The

amples prepared from �-SiC powders had the largest grain size
mong the samples investigated, and the addition of a small
mount of �-SiC dramatically decreased the grain size because
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may be caused by a combination of the decrease in grain size
ig. 2. Change in the grain size and pore size of macroporous SiC ceramics as
 function of the �-SiC content in the starting powder.

f steric hindrance of the growing grains. The average grain size
f the sample prepared from �  powders (0A5AY) was ∼21 �m,
hereas that of the sample prepared from �  powders (100A5AY)
as ∼3 �m. This same tendency has also been observed in
ense SiC ceramics33 and porous SiC ceramics sintered with
l2O3–Y2O3–CaO additives.18 The pore size also decreased
ith increasing �  content in the starting powder. It is well docu-
ented that grain growth generally accompanies the growth of

ores in macroporous SiC ceramics.40,41 Thus, with increasing
 particle content, the grain growth of SiC grains is hindered
y increasing impingement, resulting in a decreased pore size
Fig. 2) and more equiaxed grains (Fig. 1).

To understand the effect of the additive content, two samples
0A7AY and 1A7AY) sintered with 7 wt% Al2O3–Y2O3 addi-
ives were prepared and their microstructures are shown in Fig. 3.
ike the samples containing 5 wt% Al2O3–Y2O3 sintering addi-

ive, the sample prepared from �  powders (0A7AY) had a larger
rain size than the sample prepared from �-SiC containing 1%
-SiC (1A7AY). The average grain size of the sample sintered
ith 7 wt% additives (0A7AY) was ∼24 �m, whereas that of the

ample sintered with 5 wt% additives (0A5AY) was ∼21 �m. In
ontrast, the pore size decreased from 17.8 �m for the 0A5AY
ample to 15.2 �m for the 0A7AY sample with increased addi-

ive content. A higher amount of sintering additives with the
ame composition led to the growth of larger platelet grains and
ecreased pore size, as is evident when comparing Fig. 1(a) and

f
5
t

Fig. 3. Typical fracture surfaces of the macroporous SiC ceramics sintered with 7
eramic Society 32 (2012) 1283–1290

b) and Fig. 3(a) and (b). Thus, a higher additive content led
o a coarser microstructure with larger SiC grains. This result
s explained by the reduced impingement of the growing SiC
rains when more additives, i.e., more liquid were added. The
ame tendency has also been observed in dense SiC ceramics.42

he porosities of the samples sintered with 7 wt% additives were
5.4% for 0A7AY and 54.7% for 1A7AY, which are slightly
ower than those of the samples sintered with 5 wt% additives
58.4% for 0A5AY and 57.3% for 1A5AY). This was due to
he enhanced densification of the samples containing a larger
mount of additives.

.2. Mechanical  properties

Fig. 4 depicts the variation in flexural strength and fracture
oughness as a function of the �-SiC content in the starting com-
osition where each sample had a different microstructure. The
exural strength increased rapidly from 15 MPa to 21 MPa as

he �-SiC content was increased from 0% to 10%. Then, the
exural strength increased gradually from 21 MPa to 26 MPa as

he �-SiC content was increased from 10% to 100%. The pore
ize decreased rapidly from 18 �m to 7 �m as the �-SiC con-
ent was increased from 0% to 10% and then, the pore size was
lmost constant (6–7 �m) as the �-SiC content was increased
rom 10% to 100% (Fig. 2). The grain size decreased rapidly
rom 21 �m to 7 �m as the �-SiC content increased from 0%
o 10%, and then the grain size decreased slowly from 7 �m
o 3 �m as the �-SiC content was increased from 10% to 100%
Fig. 2). Increasing the �-SiC content in the starting composition
rom 0% to 10% was accompanied by a slight decrease in poros-
ty from 58.4% to 56.4%, a decrease in grain size from ∼21 �m
o ∼7 �m, and a decrease in pore size from ∼18 �m to ∼7 �m.
revious results showed that the strength of macroporous ceram-

cs increases with decreasing porosity19 and decreasing pore
ize.32 Since the porosity decrease was small (∼2%), the rapid
ncrease in flexural strength with increasing �-SiC content from

 to 10 wt% is likely to have been caused mainly by the decreased
rain size and decreased pore size. The gradual increase in flex-
ral strength with increasing �-SiC content from 10 to 100 wt%
rom 7 �m to 3 �m, the decrease in porosity from 56.4% to
5.7%, and the decrease in pore size from 7 �m to 6 �m.The
ypical flexural strength of macroporous, polysiloxane-derived

 wt% Al2O3–Y2O3 additives: (a) 0A7AY and (b) 1A7AY (refer to Table 1).
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flow rate of the 0A5AY sample (23.3 L/min/cm2) was seven
times higher than that of the 100A5AY sample (3.3 L/min/cm2),
although the difference in their porosities was small (2.7%). In

2 )

25
0A5AY

 1A5AY
 100A5AY

15

20 0A7AY
 1A7AY

10

0

5

0 5 10 15

S
pe

ci
fic

 F
lo

w
 R

at
e 

(L
ite

rs
/m

in
/c

m

ig. 4. Flexural strength and fracture toughness of macroporous SiC ceramics
s a function of the �-SiC content in the starting powder.

iC ceramics with an equiaxed microstructure was reported to
e 22 MPa at a porosity of 52%.43 Flexural strengths of 10 MPa
nd 14 MPa at porosities of 47% and 50%, respectively, were
lso reported in porous reaction-bonded SiC ceramics44 and
orous mullite-bonded SiC ceramics,45 respectively. The flex-
ral strength of the 100A5AY sample in the present study was
6 MPa at a porosity of 56%. In contrast, the flexural strength of
he 0A5AY sample was 15 MPa at a porosity of 58%. Thus,
omparison of the flexural strength of the two samples sug-
ests that the development of large �-SiC platelet grains in
he microstructure offers no improvement in flexural strength
f the macroporous SiC ceramics because of the accompanying
ore growth and grain growth. The present results also suggest
hat an equiaxed microstructure is beneficial in improving the
trength of macroporous SiC ceramics fabricated from SiC pow-
ers. The strength of the 100A5AY sample (26 MPa at a porosity
f 56%) is superior to or comparable to previously reported
alues.43–45

As shown in Fig. 4, the fracture toughness showed different
ehavior than that of the flexural strength as the �-SiC con-
ent in the starting composition was increased. The maximum
oughness (0.42 MPa m1/2) was obtained for the sample con-
aining 3 wt% �-SiC. Initially, the toughness increased from
.30 MPa m1/2 to 0.42 MPa m1/2 as the �-SiC content in the start-
ng composition was increased to 3 wt%. But, at a 3 wt% �-SiC
ontent, the toughness reached its maximum and decreased to
.31–0.39 MPa m1/2 at 10–100 wt% �-SiC content.Generally,
he fracture toughness of liquid-phase sintered SiC ceramics
ncreases with the development of platelet �-SiC grains but
hen the size of the platelet �-SiC grains becomes too large

>20 �m), the fracture toughness decreases with increasing
rain size because of the increased likelihood of the trans-
ranular fracture.46 The maximum toughness obtained at 3 wt%
-SiC may be related to the optimal grain size (average grain
ize = 15.2 �m) of the sample. When the �-SiC content was
igher than 3 wt%, the average grain size was in the range of
–7 �m. In contrast, when no �-SiC was added, the average
rain size was ∼21 �m. Thus, it seems there is an optimum

rain size for maximizing the toughness of the macroporous
iC ceramics, which may be dependent on the chemistry of the
intering additives, as in the case of dense SiC ceramics.47–49

F
p
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The fracture toughness of porous SiC ceramics with a grain
ize of 2.5 �m and a porosity of 36.4% was reported to be
.90 MPa m1/2 and that of porous SiC ceramics with a grain size
f ∼0.5 �m and a porosity of 35.5% was 1.42 MPa m1/2.50 The
racture toughness of porous SiC ceramics derived from wood
as previously reported to be 0.90–1.35 MPa m1/2 in the axial
irection and 0.23–0.60 MPa m1/2 in the non-axial direction,
epending on the porosity.51 The fracture toughness generally
ecreases with increasing porosity.51 A comparison of the frac-
ure toughness values obtained in this study with values in the
iterature indicates that the toughness values we obtained are
ower than the previously reported values. A crack-tip blunting

echanism contributes to the toughening of porous ceramics,50

nd the growth of platelet SiC grains in the porous SiC ceramics
ormed sharp edges and V-shaped notches (at the contacting
egion of two platelet grains) in the pores (see Fig. 1). The
ormation of sharp edges and V-shaped notches in the pore sur-
aces hindered the contribution of the crack bunting mechanism
n the porous ceramics, resulting in lower fracture toughness.
he present results suggest that the development of large �-
iC platelet grains in the macroporous SiC ceramics offers no

mprovement in fracture toughness, unlike dense SiC ceramics
ith a toughened microstructure.

.3.  Permeability

Fig. 5 shows the specific flow rate of macroporous SiC ceram-
cs sintered at 1950 ◦C for 4 h. The specific flow rates of the
A5AY, 1A5AY, and 100A5AY samples at a �p  of 15 psi were
3.3 L/min/cm2, 12.7 L/min/cm2, and 3.3 L/min/cm2, respec-
ively. The flow rate of the macroporous SiC ceramics increased
ith decreasing �-SiC content in the starting composition. The
A5AY sample, which had a porosity of 58.4%, consisted of
arge platelet �-SiC grains (Fig. 1(a)), whereas the 100A5AY
ample, which had a porosity of 55.7%, consisted of rela-
ively small equiaxed �-SiC grains (Fig. 1(f)). The specific
Pressure (PSI)

ig. 5. Specific flow rate of macroporous SiC ceramic as a function of the
ressure drop.
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ddition, the 1A7AY sample had a slightly lower poros-
ty (54.7%) than the 100A5AY sample (55.7%), but the
A7AY sample had a higher flow rate (8.7 L/min/cm2) than
he 100A5AY sample (3.3 L/min/cm2) because of the devel-
pment of large platelet �-SiC grains (see Fig. 3(b) and
ig. 1(f)). These results suggest that the development of large
latelet �-SiC grains played an important role in improv-
ng the specific flow rate of macroporous SiC ceramics. This
s also supported by a previous study of microcellular SiC
eramics with a duplex microstructure.30 A specific flow rate
f 6 L/min/cm2 was reported for the ceramics in which the
orosity was as high as 75% and the strut consisted of
quiaxed grains.30 Although the microcellular SiC ceramics
ad a higher porosity (75%) than the 0A5AY sample (∼58%),
he flow rate of the sample was 1/4 that of the 0A5AY
ample.

To understand the effect of porosity and pore size on perme-
bility, both the specific flow rate and pore size were plotted
s a function of porosity (Fig. 6(a)). In addition, both the
pecific flow rate and porosity were plotted as a function of
ore size (Fig. 6(b)). As shown in Fig. 6(a), both the specific
ow rate and pore size increased with increasing porosity from
5.7% to 57.3%, and the porosity dependency of both proper-

ies was the same (both lines are parallel in Fig. 6(a)) within
he above porosity range. However, a deviation from the par-
llelism was observed when the porosity was further increased
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rom 57.3% to 58.4%. The specific flow rate increased continu-
usly with increasing porosity up to 58.4%, whereas the pore size
emained almost constant with increasing porosity from 57.3%
o 58.4%. In Fig. 6(b), both the specific flow rate and poros-
ty increased similarly with increasing pore size. These findings
ndicate that, in the porosity range of 55–60%, the specific flow
ate is primarily dependent on the porosity rather than the pore
ize.

As shown in Fig. 5, the specific flow rates of the 0A7AY
nd 1A7AY samples were 11.1 L/min/cm2 and 8.7 L/min/cm2,
espectively, at a �p  of 15 psi. The porosities of the 0A7AY
nd 1A7AY samples were 55.4% and 54.7%, respectively, and
heir pore sizes were 15.2 and 11.0 �m, respectively. The addi-
ion of more Al2O3–Y2O3 additive resulted in a decreased
ow rate because of the decreased porosity and decreased pore
ize.

The permeabilities of the macroporous SiC ceramics are
hown in Fig. 7. The permeabilities of the 0A5AY, 1A5AY, and
00A5AY samples were 1.9 ×  10−12 m2, 1.4 ×  10−12 m2, and
.1 ×  10−13 m2, respectively. From Eq. (1), it is clear that the per-
eability is proportional to the flow rate. Permeability data for
acroporous SiC ceramics is quite limited. Ding et al.9 reported

ermeability values in the range of 10−13 m2 for macroporous
ullite-bonded SiC ceramics with a porosity ranging from 45%

o 57%. Song et al.30 reported permeability values in the range
f 10−13 m2 for macroporous SiC ceramics with a porosity of
5%. Although the porosities of the 0A5AY and 1A5AY samples
ere 58.4% and 57.3%, respectively, the permeability values

1.9 ×  10−12 m2 and 1.4 ×  10−12 m2) of the 0A5AY and 1A5AY
amples were higher than the values reported in the literature at
oth a similar porosity as well as a higher porosity of up to 75%
ecause of the beneficial effect of the large platelet SiC grains.
owever, Fukushima et al.17 reported the highest permeability

n the range of 10−11–10−10 m2 for highly porous SiC ceram-
cs with a total porosity of 86%. This suggests that porosity
s an important parameter for improving the permeability of
acroporous SiC ceramics. However, at the same porosity, the
evelopment of large platelet SiC grains is beneficial in improv-
ng the permeability of macroporous SiC ceramics. The growth
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f large platelet SiC grains generally accompanies the growth
f pores, which also contributes to the increased permeability.

The permeabilities of the 0A7AY and 1A7AY samples were
.3 ×  10−12 m2 and 1.0 ×  10−12 m2, respectively. Like the spe-
ific flow rate, the addition of more Al2O3–Y2O3 additive
esulted in decreased permeability of the macroporous SiC
eramics because of the decreased porosity and decreased pore
ize.

In summary, the permeability of macroporous SiC ceramics
s dependent on both porosity and microstructural characteris-
ics. However, the development of large platelet SiC grains is
ery effective in increasing the permeability of macroporous
iC ceramics at an equivalent porosity.

. Conclusions

By adjusting the initial �-SiC content in the processing of
acroporous SiC ceramics, the SiC grain morphology can be

ontrolled from equiaxed to large platelet grains. Large platelet
-SiC grains were obtained from �  powder or a mixture of �/�
owders containing small (≤10%) amounts of �  powders by
intering at 1950 ◦C for 4 h.

The flexural strength increased with increasing �-phase con-
ent and showed a maximum strength of 26 MPa at a porosity of
6% when the starting material contained 100% �-SiC particles.
n contrast, the toughness maximum (0.42 MPa m1/2) occurred
hen the �-SiC content was 3 wt% because of the optimum
rain size (∼15 �m) of the platelet �-SiC grains. The growth
f platelet SiC grains appears to eliminate or reduce the contri-
ution of the crack-tip blunting mechanism operating in porous
eramics, resulting in little contribution to toughening.

The permeability of macroporous SiC ceramics is depen-
ent on both the porosity and microstructural characteristics.
owever, the development of large platelet SiC grains was very

ffective in increasing the permeability of the macroporous SiC
eramics at an equivalent porosity. The specific flow rate at a �p
f 15 psi and the permeability of macroporous SiC ceramics fab-
icated from �-SiC ceramics with 5 wt% Al2O3–Y2O3 additives
porosity ∼58%) were 23.3 L/min/cm2 and 1.9 ×  10−12 m2,
espectively.
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