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Densification and microstructural developments
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Densification and microstructural developments during the sintering of aluminum silicon
carbide (Al;SiC,4) were examined. Two types of Al;SiC, powders were prepared by the
solid-state reactions between: (i) Al, Si, and C at 1600°C for 10 h (designated as
Al,SiC4(SSR)), and (ii) chemically-vapour deposited ultrafine Al4,C3; and SiC powders at
1500°C for 4 h (Al;SiC4(CVD/SSR)). The specific surface areas of the Al;SiC4(SSR) and
Al,SiC,(CVD/SSR) powders were 2.7 and 15.5 m? - g~ ", respectively. Relative densities of the
pressureless-sintered Al,SiC,(SSR) and Al;SiC,(CVD/SSR) compacts were as low as 60-70%
for firing temperatures between 1700°C and 2000°C. The relative densities of Al;SiC4(SSR)
and Al;SiC,(CVD/SSR) compacts could be enhanced using the hot-pressing technique; the
relative density of the Al;SiC4(SSR) compact hot-pressed at 1900°C for 3 h was 97.0%
whereas that of the Al,SiC,(CVD/SSR) compact hot-pressed at 1900°C for 1 h attained
99.0%. The former microstructure was composed of plate-like grains of width 10-30 um
and thickness ~10 um whilst the latter microstructure was comprised of equiaxed grains
with a typical diameter of ~10 um. Densification of the Al;SiC4(CVD/SSR) compacts
appeared to be promoted compared to the Al,SiC4(SSR) compact and this was attributed to
the higher surface area, reduced agglomeration of the starting primary particles, and more

homogeneous chemical composition. © 2002 Kluwer Academic Publishers

1. Introduction
The existence of aluminum silicon carbide (Al4SiCy),
together with optical and X-ray powder diffraction data,
was first reported by Barczak [1] whilst Schoennahl
et al. [2] later clarified thermal, chemical, and mechan-
ical properties. Since that time, several researchers have
paid attention to the thermal stability of Al4SiC,4 formed
during either a blast furnace process or the carbother-
mal reduction of bauxite or clay minerals, with regards
to the production of low-cost aluminium [3-5].
Sintered Al4SiC4 compacts possess higher compres-
sive strength (~260 GPa) compared to that of SiC
(~165 GPa) [2] and also exhibit potential as a high
toughness material due to the possibility of microcrack
deflection along the plate-like grains formed during fir-
ing [3]. In addition to this, Al4SiC,4 has also been used
as a sintering aid for silicon carbide (SiC) [2].
Al4SiCy starting powder has generally been prepared
by solid state reactions between Al, Si, and C [1, 4] or
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else Al4C3 and SiC [6]. The present authors have pre-
pared ultrafine Al4C; and SiC powders using the chem-
ical vapour deposition (CVD) technique [7, 8], leading
to the formation of Al4SiC4 powder at a temperature as
low as 1500°C [8].

Although, generally speaking, dense ceramics may
be fabricated when the powder is consolidated with-
out entrapping pores within the grains, many additional
factors also exist that affect the sinterability of ceramic
powder. For example, the effect of oxygen impurity on
the sintering behaviour of Al4SiC4 powder has been
examined by Oscroft and Thompson [9], who pointed
out that oxygen within the Al;SiC4 powder promotes
the formation of liquid aluminosilicate phases above
1700°C, thereby accelerating densification. However,
no additional factors that affect the sinterability of
Al4SiC4 powder have been examined thus far. In the
present work, the authors prepared two types of Al4SiCy
powders and examined the effect of powder properties
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on the densification and microstructural development
of Al4SiC4 using pressureless sintering and hot press-
ing techniques.

2. Experimental procedure
2.1. Preparation of the starting

Al,SiC, powders
Two kinds of Al4SiC4 powders were prepared by the
solid state reactions between: (i) Al, Si, and C (des-
ignated as Al4SiC4(SSR)), and (ii) chemically vapour
deposited ultrafine Al4;Cs and SiC powders (Al4SiCq4
(CVD/SSR)). Preparation conditions for the Al4SiCy
powders were as follows:

The Al4SiC4(SSR) starting powder was prepared by
mixing stoichiometric amounts of Al (>99.5% purity),
Si (99.9% purity), and C (activated charcoal) powders
(Wako Pure Chemicals, Tokyo, Japan) in the presence
of n-hexane using a zirconia mortar and pestle. The
resulting powder mixture was heated at 1600°C for 10 h
in an argon (Ar) atmosphere to result in the Al4SiCy
powder.

The Al4SiC4(CVD/SSR) starting powder was pre-
pared by mixing ultrafine Al4Cs and SiC powders (pre-
pared by the chemical vapour deposition of trimethyla-
luminum (Al(CH3)3) and triethylsilane (SiH(C;Hs)3)
at 1000°C, respectively) in the presence of n-hexane
and followed by heating at 1500°C for 4 h in an Ar
atmosphere to result in the Al4SiC4 powder.

2.2. Pressureless sintering and hot pressing
of the powder compacts

Two types of powder compact were fabricated using
the following procedures: (i) approximately 0.2 g of
powder was uniaxially pressed at 100 MPa in order to
form a compact with a diameter and thickness of 10 mm
and ~2 mm, respectively, and (ii) approximately 2.0 g
of powder was pressed at 100 MPa to form a compact
with a diameter and thickness of 19 mm and ~3 mm,
respectively. The former compact was used for the pres-
sureless sintering procedure whereas the latter was em-
ployed for hot pressing. In the case of pressureless sin-
tering, the compact was embedded in Al4SiC,4 powder
in order to suppress thermal decomposition whilst, for
the case of hot pressing, the compact was uniaxially
pressed in a graphite die at 31 MPa. The pressureless
sintering and hot pressing procedures were conducted
at temperatures between 1700°C and 2000°C in an Ar
atmosphere and furnace cooled.

2.3. Evaluation

The particle morphologies were observed using a
scanning electron microscope (SEM; Model S-4500,
Hitachi, Tokyo, Japan; accelerating voltage 5 kV)
and transmission electron microscope (TEM; Model
H-300, Hitachi, Tokyo; accelerating voltage 100 kV).
The oxygen content of the starting powder was checked
using a wavelength-dispersive X-ray microanalyser
(WDX) attached to an electron probe microanal-
yser (Model JXA-8600SX, JEOL, Tokyo; accelerating
voltage; 20 kV). Specific surface areas of the start-

336

ing powders were measured using a BET technique
and nitrogen (N;) as an adsorption gas. Crystalline
phases of the powders and sintered compacts were
identified using an X-ray powder diffractometer (XRD;
Model RINT-2000, Rigaku, Tokyo; 40 kV, 40 mA)
and monochromated Cu Ko radiation whilst crystalline
phases on and near the surfaces were examined using
a thin-film XRD (TF-XRD). Semi-quantitative analy-
sis of aluminium and silicon amounts in the sintered
compacts was conducted using an energy-dispersive
X-ray microanalyser (EDX; Model EMAX 5770, Ky-
oto; accelerating voltage 20 kV) attached to the SEM
apparatus.

The relative density of the sintered compact was cal-
culated from the percentage of bulk density and true
density. Bulk density was calculated from the mass and
dimensions of the sintered compact whereas the true
density was measured picnometrically at 30.0°C after
pulverizing the sintered compact. Fracture surfaces of
the sintered compacts were observed using SEM whilst
the polished surfaces of sintered compacts were exam-
ined following etching with Murakami reagent [10]. In
addition to this, indentation tests were conducted on
the polished surfaces of hot-pressed compacts using a
microhardness tester (Model M-400 MUK-E, Akashi,
Tokyo).

3. Results and discussion
3.1. Properties of the starting

Al,SiC, powders
The densification of a ceramic compact is known to
be strongly affected by the properties of the starting
powders. The typical properties for the present system
are described in this section. The only crystalline phase
detected by XRD in the powders was Al4SiCy.

Previous work by the authors indicated the oxygen
content of the Al4SiC4(CVD/SSR) powder to be 1.25
mass% [8]. On the other hand, the oxygen content of
the Al4SiC4(SSR) powder measured by WDX was 5.43
mass%. The oxygen content of the Al;SiC4(CVD/SSR)
powder is significantly lower compared to that of
AlsSiC4(SSR) powder.

SEM micrographs for the powders have been shown
in Fig. 1, together with a typical TEM micrograph. The
Al4SiC4(SSR) powder (Fig. 1a) was comprised of ag-
glomerates with typical sizes in the range 5-30 wm. The
agglomerates appeared to consist of strongly bonded
primary particles with a size less than 1 pm. In contrast
to this, the Al4SiC4(CVD/SSR) powder (Fig. 1b) was
composed of equiaxed particles with diameters on the
order of ~0.1 um and weakly coagulated.

The specific surface area and average primary parti-
cle size of the Al4SiC4(SSR) powder were 2.7 m? - g~
and 0.730 um, respectively, whereas those of the
AlSiC4(CVD/SSR) powder were 15.5 m?- g_1 and
0.099 pum, respectively.

The particles observed by SEM and TEM correspond
to the primary particles, as their sizes were similar to
those of the primary particle sizes mentioned above.
The primary particle size of the Al;SiC4(CVD/SSR)
powder is significantly smaller and well dispersed
compared to that of the Al4;SiC4(SSR) powder.



Figure I (a) SEM micrograph for Al4SiC4(SSR) powder, and (b) SEM
and TEM micrographs for Al4SiC4 (CVD/SSR) powder.

3.2. Fabrication of dense Al;SiC4 compacts
3.2.1. Densification process of the
Al,SiC,(SSR) powder compact

In this section, optimum conditions for the fabrication
of dense Al4SiC4(SSR) compacts were examined using
the pressureless sintering and hot pressing techniques.
Fig. 2 shows the effect of sintering temperature on the
relative density of the Al;SiC4(SSR) compact fabri-
cated using the pressureless sintering and hot-pressing
techniques. The relative densities of the pressureless-
sintered Al4SiC4(SSR) compacts remained close to
60%, irrespective of the sintering temperature. In con-
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Figure 2 Effect of firing temperature on the relative densities of
(a) pressureless-sintered, and (b) hot-pressed Al4SiC4(SSR) compacts.
Note that the firing time was fixed to be 1 h for both cases.

trast to this, the relative density of the Al;SiC4(SSR)
compact increased with hot pressing temperature to
reach 92.6% at 2000°C.

Crystalline phases of the hot-pressed Al4SiC4(SSR)
compacts were examined using XRD. Although not
shown in this paper, the XRD pattern for the
AlsSiC4(SSR) compact hot-pressed at 1800°C for 1 h
showed the presence of only AlsSiC4 [11]. On the
other hand, the Al4SiC4(SSR) compact hot-pressed
at 1900°C for 1 h contained Al4SiC4 and «-SiC
[12], whilst the Al4SiC4(SSR) compact hot-pressed at
2000°C for 1 h was composed of Al4SiCy4, AlySirCs
[13], and «-SiC.

As «-SiC was detected within the hot-pressed
Al4SiC4(SSR) compact at 1900°C for 1 h, it is probable
that a portion of the ¢-SiC was formed by the thermal
decomposition of AlsSiCy: [14]

Al4SiCs — 4Al1 4 SiC 4+ 3C (1)

Although Al was not detected by XRD, this fact may be
explained by assuming that the evaporation of Al during
hot pressing makes detection difficult. The assumption
of Al evaporation was further supported by the presence
of metal-like deposits being noted on the surfaces of the
hot-pressing dies. Referring to the evaporation of Al,
the equilibrium vapor pressure of Al in the presence of
Al4SiCy, SiC, and C between 1154°C and 1511°C can
be expressed as follows: [14]

log p=—(18567£86)(1/T)+ (12.143 +£0.054) (2)

where p is the equilibrium vapour pressure (Pa) of Al
and T is the absolute temperature (K). According to
Equation 2, Al may easily evaporate from Al4SiCy.
However, the evaporation of Al from Al4SiCy4 should be
avoided in order to fabricate dense Al4SiC4 (SSR) com-
pacts. In the case of pressureless sintering, however,
the decomposition appears to proceed, regardless of
the Al;SiC4(SSR) compact being embedded in Al4SiCy
powder at 1700-2000°C. However, in the case of hot
pressing, thermal decomposition may be suppressed,
thereby leading to increased densification [9].
Moreover, the Al4SiC4(SSR) compact hot-pressed at
2000°C contained not only Al4SiC,4 and «-SiC but also
Al Si,Cs. This AlySi,Cs may be formed on the basis
of the following thermal decomposition of Al4SiCy:

The relative densities of hot-pressed AlsSiC4(SSR)
compacts were significantly greater compared to the
pressureless-sintered Al;SiC4(SSR) compacts. Densi-
fication of the Al4SiC4 compact during hot pressing
may be promoted by the formation of aluminosilicate
liquids without dissociation [9], chiefly due to the rear-
rangement of grains resulting in closer packing.

Since the relative density was limited to 92.6% at
2000°C, the effect of hot-pressing time on the densifica-
tion of the Al4SiC4(SSR) compact was examined by fix-
ing the hot pressing temperature to be 1900°C. This hot
pressing temperature (1900°C) was selected in order to
promote densification without appreciable thermal de-
composition. Fig. 3 shows the effect of hot pressing
time on the relative density and Vickers hardness of the
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Figure 3 Effect of hot pressing time on the (a) relative density, and
(b) Vickers hardness of Al4SiC4(SSR) compacts. Hot pressing temper-
ature: 1900°C.

Al4SiC4(SSR) compact. The relative density increased
with hot pressing time and reached a value of 97.0%
for the case of 3 h but then decreased to 92.7% for the
case of 5 h. Reflecting the changes in relative density,
Vickers hardness increased to a value of 13.1 GPa for
the hot-pressing time of 3 h but then decreased upon
further increases in hot pressing time.

The maximum Vickers hardness of 13.1 GPa agrees
well with that reported previously [2] whilst the de-
crease in value for a hot-pressing time of 3 hto S h is
attributed to the reduction of relative density and also
to partial decomposition of AlsSiCy.

A typical SEM micrograph for the AlsSiC4(SSR)
compact hot-pressed at 1900°C for 3 h is presented
in Fig. 4 and indicates the presence of closely packed
plate-like grains of width 10-30 um and thickness
~10 pum. The closely-packed plate-like grains reflect

Figure 4 Typical SEM micrograph for an Al4SiC4(SSR) compact hot-
pressed at 1900°C for 3 h. Note that the microstructure in the SEM
micrograph was chemically etched using Murakami reagent [10].
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Figure 5 XRD patterns for Al3SiC4(SSR) compacts hot-pressed at
1900°C for 1 h, 3 h, and 5 h. O: AlLSICs @: Al;Si,Cs B: Al A:
a-SiC.

the high relative density (97.0%). The densification
of the Al4SiC4(SSR) compact may thus be associated
with the formation of aluminosilicate liquids.

In order to further understand the densification and
Vickers hardness behaviour, the compacts were ex-
amined using XRD for the Al4SiC4(SSR) compact as
a function of hot pressing duration at 1900°C. Typi-
cal XRD patterns are shown in Fig. 5 with all of the
hot-pressed compacts containing Al4SiCy4 as the major
phase and a trace of «-SiC. The compacts hot-pressed
for 3 h or more also contained AlsSi,Cs and, further-
more, the compact hot-pressed for 5 h contained Al.

As mentioned previously, the relative density of the
Al4SiC4(SSR) compact reached 97.0% for the hot-
pressing time of 3 h and then reduced to 92.7% for
5 h. In addition, densification of the AI4SiC4(SSR)
compact may be promoted by the closer packing of
grains as a result of rearrangement due to the forma-
tion of liquid phases. Although the relative density of
the Al4SiC4 compact decreased with hot-pressing time
from 3 to 5 h, this phenomenon may be explained in
terms of the creation of pores due to the thermal de-
composition of Al4SiCy to form Al4Si,Cs and Al (see
Equation 3). The creation of pores may also be con-
firmed by the fact that the Vickers hardness was re-
duced with hot-pressing time from 3 h to 5 h. The melt-
ing point of Al is 660°C and is therefore present as
forms of vapour = liquid phases during hot pressing.
Moreover, the aluminosilicates formed during pressure-
less sintering and hot pressing may change into liquid
phases above 1700°C [9]. The liquid phases or vapour
= liquid phases are known to promote anisotropic grain
growth [3, 9], thereby changing the grain shape from
equiaxed to plate-like. Regardless of such anisotropic
grain growth, the closer packing of grains may be pro-
moted by hot pressing, partly because the gas evolution
due to liquid dissociation appears to be restricted by
hot pressing [9], and partly because the aluminosilicates
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Figure 6 Effect of firing temperature on the relative densities of
(a) pressureless-sintered and (b) hot-pressed Al4SiC4(CVD/SSR) com-
pacts. Note that the firing time was fixed to be 1 h for both cases.

liquid phases formed above 1700°C help rearrangement
of the grains toward closer packing.

3.2.2. Densification process of the

Al SiC,(CVD/SSR) compact
In this section, the fabrication conditions necessary
for dense AlsSiC4(CVD/SSR) compacts will be ex-
amined. The effect of temperature on the relative
density of Al4SiC4(CVD/SSR) compact has been pre-
sented in Fig. 6. The relative densities of pressureless-
sintered Al4SiC4(CVD/SSR) compacts were in the
range 60-70% for all sintering temperatures exam-
ined. On the other hand, the relative density of the
Al4SiC4(CVD/SSR) compact increased with hot press-
ing temperature and reached 99.0% at 1900°C for 1 h.
It is not surprising that the maximum density of the
Al4SiC4(CVD/SSR) compact was greater than that of
the Al4SiC4(SSR) compact if we consider the specific
areas of the starting powders (15.5 and 2.7 m? - g~ !,
respectively).

The microstructures of pressureless-sintered and hot-
pressed Al4SiC4(CVD/SSR) compacts were observed
using SEM. Typical micrographs for the fracture sur-
faces (2000°C for 1 h) are shown in Fig. 7, together
with the respective XRD patterns. The pressureless-
sintered Al4SiC4(CVD/SSR) compact (Fig. 7a) con-
tained randomly arranged plate-like grains of width
30-50 um and thickness ~10 pum together with a
large amount of porosity. The XRD pattern showed
the presence of Al4SiC4 and «-SiC. The Al4SiCy
was present with the (110) reflection being very in-
tense in comparison with that of the respective JCPDS
card [11] (Fig. 7a’). In comparison to this, the hot-
pressed Al4SiC4(CVD/SSR) compact (Fig. 7b) con-
tained closely packed equiaxed grains with diameters
of ~10 um. The XRD result showed Al;SiCy to be the
major phase with Al;Si,Cs and «-SiC being present as
minor phases (Fig. 7b’).

Although the relative densities of the pressureless-
sintered Al4SiC4(CVD/SSR) compacts were in the
range 60—70%, such low values may be attributed to
anisotropic grain growth appearing to occur in both

the a- and b-axis directions of the Al;SiCy4 crystals,
judging from the fact that the (110) reflection was in-
tense in comparison with that of the respective JCPDS
card. On the other hand, the relative density of the
Al4SiC4(CVD/SSR) compact hot-pressed at 1900°C
for 1 h was 99.0% and greater than the maximum rela-
tive density (97.0%) for the hot-pressed Al;SiC4(SSR)
compacts. This phenomenon may be explained in terms
of the higher specific surface area (15.5m? - g~') and re-
duced agglomeration of the Al4SiC4(CVD/SSR) pow-
der compared to the case of AlsSiC4(SSR) powder.
Note that the Al4SiC4(CVD/SSR) compact grain mor-
phology pressureless-sintered at 2000°C for 1 h was
plate-like whereas that of the Al;SiC4(CVD/SSR) com-
pact hot-pressed at 2000°C for 1 h was equiaxed, sug-
gesting the amount of aluminosilicate liquids present in
the Al4SiC4(CVD/SSR) case to be insufficient to pro-
mote anisotropic grain growth. Moreover, the thermal
decomposition of Al4SiCy in the Al4SiC4(CVD/SSR)
compact appears to be restricted, compared to that in the
AlsSiC4(SSR) compact. This fact may be explained by
assuming that the Al4SiC4(CVD/SSR) is more compo-
sitionally homogeneous and thermally stable compared
to the Al4SiC4(CVD/SSR) compact.

Vickers hardness data for the hot-pressed Al4SiCqy
(CVD/SSR) compacts have been shown in Fig. 8. It can
be seen that the Vickers hardness value was ~13 GPa for
hot pressing temperatures between 1700°C and 1900°C
but decreased to 9 GPa for the temperature of 2000°C.

Although the relative densities of the Al4SiCqy
(CVD/SSR) compacts hot-pressed at 1900°C and
2000°C for 1 h were similar (99.0%), the Vickers hard-
ness was reduced considerably from 1900°C to 2000°C
and attributed to thermal decomposition of the Al4SiCy.
Thus, it is concluded that the optimum hot pressing
temperature may be 1900°C. In addition, the amount
of secondary phases appeared to be smaller compared
to the case of the hot pressing temperature of 2000°C,
although the XRD pattern has not been presented in this

paper.

3.2.3. Thermal resistance of the
Al SiC4(CVD/SSR) compact

Since dense Al4SiC4(CVD/SSR) compacts with a rel-
ative density greater than 99.0% could be fabricated
using the hot-pressing technique, the thermal resis-
tance of these Al;SiC4(CVD/SSR) compacts was ex-
amined. The Al4SiC4(CVD/SSR) compact hot-pressed
at 1900°C for 1 h was heat-treated at 1500°C for 1 h in
air with the resulting TF-XRD pattern being shown in
Fig. 9. The phases present were identified as Al4SiCy,
mullite (3Al,03-2Si0, or AlgSi,Oy3) [15], and
oe-A1203 [16]

The locations of the carbide and oxide compounds
within the Al4SiC4 matrix were furthermore exam-
ined using EDX with results being shown in Fig. 10.
The X-ray intensity attributed to AlKa was reduced,
whereas that for SiKa was enhanced, with increasing
depth from the surface to ~25 pum depth and then re-
mained unchanged with further increases in depth from
the surface.
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Figure 7 Typical SEM micrographs (left) and XRD patterns (right) for Al4SiC4(CVD/SSR) compacts pressureless-sintered and hot-pressed at 2000°C
for 1 h. (a), (a’): Pressureless sintering (b), (b’): Hot pressing O: Al;SiC4 @: Al4SirCs A: a-SiC.
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Figure 8 Effect of hot pressing temperature on the Vickers hardness of
Al4SiC4(CVD/SSR) compact. Hot pressing time: 1 h.

In the early stage of oxidation, the reaction be-
tween Al4SiC4 and oxygen is reported to proceed as
follows: [17]

Al4SiCy + 60, — 2A1,05 + SiC + 3CO;, @)

The resulting SiC reacts with oxygen to form silicon
oxide (Si0O,) as follows:
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Figure 9 Typical TF-XRD patterns after the Al4SiC4(CVD/SSR) com-
pact hot-pressed at 1900°C for 1 h was heat-treated at 1500°C for 1 h in
air. O: Al4SiC4 @: mullite (3A1,03 - 2Si0;) I: AL, O3.
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Figure 10 (a) SEM micrograph and (b) EDX results after the Al4SiC4(CVD/SSR) compact hot-pressed at 1900°C for 1 h was heat-treated at 1500°C
for 1 h in air. O-O: AlKe @—@: SiKa. Note that the intensities of the AlKa and SiKa spectra on the horizontal line shown in the SEM micrograph

were examined using EDX.

SiC + 20, — SiO; + CO;, (5)

Furthermore, Al,O3 reacts with SiO, to form mullite
by the following route:

(3/2)A1,03 + SiO; — (1/2)AlSi2043 ©6)

According to Equations 46, one-half mole of Al,O3
does not participate in the formation of mullite, leav-
ing excess AlpO3. On the basis of the TF-XRD and
EDX data, therefore, the outer layer (thickness; ~5 pm)
of heat-treated Al4SiC4(CVD/SSR) compact appeared
to be Al,O3 with an inner layer of mullite (5-25 um
depth from the surface), and silicon oxide and carbide
(10-25 pum depth from the surface).

The thickness of the oxides and carbides layers that
covered the Al;SiC4 matrix was estimated to be ap-
proximately 25 pum. Note that these layers uniformly
covered the Al;SiC4 matrix, contrary to an expectation
that pores might be created due to the volume changes
occurring during heating in air. The oxide layers are ex-
pected to inhibit further oxidation of the Al4SiCy4. The
authors are currently investigating some properties of
the oxide layers and the results will be published at a
later date.

4. Conclusions

Densification and microstructural developments during
the sintering of aluminum silicon carbide (AlsSiCy)
were examined. Two kinds of Al4SiCs4 powders
were prepared, namely by the solid-state reactions
between: (i) Al, Si, and C at 1600°C for 10 h
(Al14SiC4(SSR)), and (ii) chemically-vapour deposited
ultrafine Al4C; and SiC powders at 1500°C for 4h
(ALl4SiC4(CVD/SSR)). The specific surface areas of the
Al4SiC4(SSR) and Al4SiC4(CVD/SSR) powders were
2.7 and 15.5 m? - g7, respectively. Dense Al;SiCy ce-
ramics were fabricated using these powders with the
following results being obtained:

1. The relative densities of the pressureless-sintered
Al4SiC4(SSR) and Al4SiC4(CVD/SSR) compacts were
in the range 60-70% for a firing temperature be-
tween 1700°C and 2000°C. The relative density of the
AlsSiC4(SSR) compact hot-pressed at 1900°C for 3 h
was 97.0% whereas that of the Al;SiC4(CVD/SSR)
compact hot-pressed at 1900°C for 1 h attained 99.0%.
Densification of the Al4SiC4(CVD/SSR) compact ap-
peared to be promoted, as a result of the higher surface
area, reduced agglomeration of the primary particles,
and more homogeneous chemical composition.

2. The grain morphologies for the hot-pressed
Al4SiC4(SSR) compacts were significantly different
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compared to those of the hot-pressed AlsSiCqy
(CVD/SSR) compacts. The hot-pressed Al;SiC4(SSR)
compacts were composed of plate-like grains of width
10-30 um and thickness ~10 um, whereas the hot-
pressed AlySiC4(SSR) compact was comprised of
equiaxed grains with diameters of typically ~10 pm.

3. When the Al4SiC4(CVD/SSR) compact hot-
pressed at 1900°C for 1h was heat-treated at
1500°C for 1 h in air, the layers containing mullite
(3A1,03 - 2Si0,), a-Al,O3, and silicon oxide and car-
bide uniformly covered the Al;SiC4 matrix. The thick-
ness of the layers was estimated to be approximately
25 pm.
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