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Abstract

Oxidation of SiC is a major constraint during development of metal oxide±silicon carbide composites when processed in oxygen

containing environment such as in air. In the present investigation, Mg+2, Al+3 and Zr+4 hydrogels were used as a source of
respective oxide and oxidation of SiC in each system was studied. A three-stage mechanism was found to be operative in Al+3 and
Zr+4 systems where oxidation at the initial stages was found to be controlled by the nature of the polynuclear complexes formed on

the surfaces of SiC particles. At the intermediate stage a transition from polynuclear complex to metal silicate protective layer
formation changes the oxidation characteristics. Finally the metal silicates provided the ultimate protection. Mg+2 was found to be
ine�ective. The extent of retention of SiC in the ®nal composites could be premonitored by controlling the amount and the nature

of complexing cations. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Silicon carbide is established to be a good composit-
ing material when dispersed in di�erent oxide matrix1ÿ7

for improving mechanical8ÿ10 and other11 properties of
the sintered products. But SiC is prone to oxidation12

which necessitates an inert atmosphere for sintering13.
Hot pressing under an inert environment14,15 is a fre-
quently used mean of forming sintered products.
Recently developed reaction bonding techniques16ÿ19

yielded commendable results but the processes are not
likely to be economically viable due to the use of costly
raw materials like metals and most importantly due to
the conversion of a major amount of SiC into SiO2. In
the processes where metals were either converted to
oxides20 or directly metal oxides21 were used, the reac-
tion between SiO2 and the metal oxide starts at a high
temperature (�1200�C) with excessive oxidation of SiC.
It is possible to provide a protective device to retain SiC
at the initial stages by forming a gel-like layer on SiC
particles and reaction temperature could be reduced by
in situ generation of highly reactive reactants so that a

protective layer is formed even before the collapse of the
gel structure22,23 occurs.
In the present work, a systematic study is conducted

to formulate a suitable system to retain the maximum
possible amount of SiC in the compacts consisting of
oxides and silicates of Al, Zr or Mg with an ultimate
objective of developing fully dense bodies containing
SiC as one of the principal components in a pre-
determined amount of oxide matrix by forming a gel-
like metal polynuclear complex on the surfaces of SiC
particles followed by heat treatment at sintering tem-
perature.

2. Experimental1

Fine powder of SiC2 (SiC Ð 98.8%, C Ð 0.5%, Si Ð
0.15%,Al2O3Ð 0.07%, Fe2O3Ð 0.08%) was thoroughly
dispersed in a requisite amount of 0.5 molar Mg(NO3)2
6H2O, Al(NO3)3 9H2O and ZrOCl2 8H2O (E.Merck)
solution for preparing a respective SiC±metal oxide
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composite precursor. To this stirred solution 1:1(v/v)
liquid ammonia was slowly added. The viscosity gradu-
ally increased and ultimately led to complete gelation.
The pH of the hydroxide precipitation was adjusted
according to the requirement for complete precipitation
of the speci®c cations as hydroxide. The extraneous
soluble impurities were removed by washing with water
and the precipitate was dried at (50�5�C). The char-
acteristics of the powder precursors of hydroxide
hydrogels both with or without SiC were examined by
surface area measurement3 (Table 1), DTA and TGA4.
The powder was then further heat treated at 800�C for
2 h, milled and sieved through 100 mesh B.S. Bars and
pellets were fabricated from the powder by uniaxial
pressing at 25 MPa followed by isostatic pressing at 200
MPa and were subjected to heat treatment in the tem-
perature range of 1000±1400�C with heating rate of
7.5�C/min, cooling rate of 10�C/min and a soaking time
of 2 h in ambient gas atmosphere. Since in this system
increase in weight of the specimens were due only to the
oxidation of SiC, it was measured gravimetrically and
calculated on the basis of SiC present in the specimens.
Identi®cation of di�erent crystallographic phases gen-
erated due to heat treatment was studied by XRD5. IR
spectroscopy6 on green powder as well as on ®red spe-
cimens was done.

3. Results

3.1. DTA and TGA of di�erent specimens

For the Al+3-SiC system major weight loss was below
200�C and complete dehydration was noted above
500�C (Fig. 1). A slight weight gain above 850�C was
due to the oxidation of SiC. DTA peak at 271.9�C was
due to the dissociation of ammonium nitrate formed
during processing. For Zr+4±SiC system major weight
loss was noted below 200�C and complete dehydration
was around 450�C (Fig. 2). In Mg+2±SiC system weight
loss was sharp at around 450�C and specimens were
completely dehydrated at that temperature (Fig. 3). In
this system oxidation of SiC was initiated above 800�C
and was substantial at 1200�C up to which the experi-
ment was performed.
No compound formation for Al2O3 was noticed in the

Al+3±SiC system. In the Zr+4±SiC system a de®nite and
sharp change at 486�C was observed and in the Mg+2±
SiC system a sharp peak was recorded above 1100�C.

3.2. IR studies

IR spectroscopy of the specimens dried at 110�C and
heat treated at 1200�C for 2 h for three di�erent systems
is shown in Figs. 4±6.
IR absorption band at 3170 and 1382 cmÿ1 was for

NH4
+ for which a DTA peak was also observed at

271.9�C. O±H stretching vibration at 3460 cmÿ1, H±O±
H vibration at 1757 cmÿ1 and Al±O bonds at 1068 and
627 cmÿ1 were noted for specimens which were not heat
treated. On heat treatment at 1200�C absorption bands
for NH4

+ were completely eliminated and peak inten-
sities for other types of bonding were found to be sub-
stantially reduced. For Zr+4 containing specimens
similar observations as was observed for the Al+3±SiC
system characterised the system. But the OH stretching
vibration at 3387 cmÿ1 almost disappeared when Zr+4±
SiC material was heat treated at 1200�C leaving a very
weak absorption band at 3470 cmÿ1. In the Mg+2±SiC
system a sharp peak was observed at 3700 cmÿ1 which
was due to the O±H-bonds in Mg+2 system which was
followed by another peak at 3446 cmÿ1 due to O±H
stretching vibration. The peak due to O±H bonding
disappeared completely when the specimen was heat
treated at 1200�C. At this heat treatment temperature
SiC oxidised to SiO2 which was also re¯ected by the pre-
sence of Si±O bonding vibrations at 900 and 962 cmÿ1.

3.3. Oxidation studies

The initial raw materials were taken in such a pro-
portion that would yield a composition of the samples
as shown in Table 1. After processing, the ®nal

3 Micromentics 220/00000/00, USA.
4 Model No. STA -409C, NETZSCH.
5 PW-1730 X-ray Crystallographic Unit provided with a propor-

tional counter PW-1050/70 Goniometer, Philips.
6 Perkin-Elmer, Model No. -1615, FTIR Spectrometer.

Table 1

Batch composition and surface area for di�erent systems

System Batch

No

SiC

wt%

Al2O3

wt%

ZrO2

wt%

MgO

wt%

Sp. surface

area (m2/gm)

SiC±Al2O3 A-1 90 10 ± ± 88.35
A-2 80 20 ± ± 93.45

A-3 70 30 ± ± 98.34
A-4 60 40 ± ± 102.45
A-5 50 50 ± ± 106.78

A-6 40 60 ± ± 110.00

SiC±ZrO2 Z-1 90 ± 10 ± 63.78
Z-2 80 ± 20 ± 68.32

Z-3 70 ± 30 ± 77.43
Z-4 60 ± 40 ± 88.02
Z-5 50 ± 50 ± 94.78

Z-6 40 ± 60 ± 95.32

SiC±MgO M-1 90 ± ± 10 56.78
M-2 80 ± ± 20 66.98

M-3 70 ± ± 30 72.67
M-4 60 ± ± 40 83.56
N-5 50 ± ± 50 87.34

M-6 40 ± ± 60 93.09

1884 A.K. Samanta et al. / Journal of the European Ceramic Society 20 (2000) 1883±1894



powdered samples had a surface area of 55±110 m2/gm.
Thermogravimetry of the pure gel prepared for com-
parison indicated water content of 49.59, 25.45 and
32.19% for Al+3, Zr+4 and Mg+2 systems respectively.
For cations Al+3 and Zr+4, maximum water was lost at
150±200�C followed by a loss at 450±480�C. However,
almost complete dehydroxylation of gel water occurred
only above 800�C as was observed by thermogravimetry
(Figs. 1 and 2).
Oxidation of SiC was found to initiate above 800�C in

agreement to the earlier observation.21 Oxidation pro-
gressed slowly upto 1100�C for specimens containing
Al2O3 (Fig. 7). The extent of oxidation was lower for

specimens containing higher amount of Al2O3. Beyond
1100�C extent of oxidation was more and a saturation
value for oxidation was reached at around 1300�C for
all specimens. Here again, extent of oxidation of SiC
was found to be strongly dependent on the amount of
the Al2O3 present in the specimens. Higher the Al2O3

content lower was the extent of oxidation of SiC. The
discontinuous line shown in Fig. 7 indicated the extent
of oxidation of SiC where Al2O3 was absent. Though an
almost complete protection of SiC was observed for all
the specimens containing Al2O3, for the specimen con-
taining no Al2O3 a rising trend was noted under the
same conditions.

Fig. 1. DTA and TGA curves of the SiC±Al2O3 system (50/50 wt/wt).

Fig. 2. DTA and TGA curves of the SiC±ZrO2 system (50/50 wt/wt).
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When similar experiments were conducted with Zr+4

system oxidation of SiC was found to be more (Fig. 8),
almost double, in the temperature range of 1000±
1100�C in comparison to that of Al+3 system (Fig. 7).
With the increase in temperature of heat treatment,
oxidation of SiC in Zr+4 system decreased but the lim-
iting value could not be reached. If compared with Al+3

system, Zr+4 provided less protection to oxidation of
SiC. In presence of Mg+2, oxidation of SiC linearly
increased with the increase in temperature of heat
treatment as well as with the increase in amount of
Mg+2 (Fig. 9). Thus, it may be said that Mg+2 in the
system accelerated the process of oxidation of SiC.

Therefore, the conclusion that can be drawn at this
stage is that, in the present systems, oxidation of SiC
was best prevented by Al+3 followed by Zr+4. Mg+2

accelerated the process of oxidation of SiC instead of
preventing it.

3.4. XRD analysis

XRD patterns of the specimens for three systems are
shown in Figs. 10±12. All specimens were ®red at
1400�C in ambient atmosphere with 2 h soaking. Mul-
lite and SiC were found to be the major phases along
with trace amount of Al2O3 in Al+3±SiC system. It was

Fig. 3. DTA and TGA curves of the SiC±MgO system (50/50 wt/wt).

Fig. 5. IR Spectroscopy ZrO2 gel±SiC mixture (50/50 wt/wt). (a) Heat

treated at (110�C), (b) Heat treated at (1200�C).
Fig. 4. IR Spectroscopy of the Al2O3 gel±SiC mixture (50/50 wt/wt)

(a) Heat treated at (110�C), (b) Heat treated at (1200�C).
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evident from the peak intensities that the amount of
mullite increased with the increase in amount of Al2O3.
At lower Al2O3 containing specimens (430 wt%) cris-
tobalite was detected along with mullite and SiC (Fig.
13). In Zr+4±SiC system ZrSiO4 and SiC were detected
as the major phases and cristobalite as minor phase.
The cristobalite was still present at higher ZrO2 con-
taining specimens but the amount decreased with the
increase in amount of ZrO2 (Fig. 11). In Mg+2±SiC
system, cristobalite and MgSiO3 (enastatite) were found
as the major phases and the amount of both increased
with the increase in amount of MgO (Fig. 12).

4. Discussion

4.1. Nature of protective coating (up to 1100�C)

In the sample preparation stage, SiC was brought into
suspension in moderately high solid loading and high
electrolytic concentration. It is expected that Mg+2,
Al+3 and Zr+4 in aqueous dispersions will establish an
ionic equilibrium with negatively charged SiC particles.
With increase in concentration of higher valent cations,
charge reversal takes place due to excess cationic
adsorption. This was supported by rheological analysis
of this type of system.24 The increase of viscosity25 of
such a system lent credence to the assumption that by
particle association the ¯oc structure was formed. As an
elaboration it may be said that in a polydispersed sys-

Fig. 6. IR Spectroscopy MgO gel±SiC mixture (50/50 wt/wt). (a) Heat

treated at (110�C), (b) Heat treated at (1200�C).

Fig. 7. Oxidation of SiC at di�erent temperature in the SiC±Al2O3

system.

Fig. 8. Oxidation of SiC at di�erent temperature in the SiC±ZrO2

system.

Fig. 9. Oxidation of SiC at di�erent temperature in the SiC±MgO

system.
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tem, like the present one (Fig. 14), voids between large
particles were ®lled in by smaller particles leading to
negligible liquid trapping. Again, slurry of high solid
content as in the present system may be assumed to be
in a state of ``aggregated liquid holding ¯oc''.26,27 In the
presence of cations in highly concentrated state in the
slurry of SiC, the formed ¯ocs were likely to consist of
particles held together by a combination of colombic
and Vander waal's forces for forming a network. This
network was in pseudo-equilibrium state which was
readily converted to a polymeric network by OHÿ

bridging in the presence of hydroxide. SiC particles,
already coated by metal cations by colombic forces of
attraction remained ®xed in the hydrogel network
forming a gel-like semisolid mass due to ion-dipole
interaction in the anionic framework.28 The entire phe-
nomenon may be explained as follows:Al+3 forms
complexes [Al(OH2)6]

+3, water of which was gradually
replaced by OHÿ ions during reaction with hydroxide
more or less in the following sequence: [Al (OH2)6]

+3!
[Al(OH) (OH2)5]

+2! [Al(OH)2 (OH2)4]
+1! [Al (OH)3

(OH2)3]
0 Polymerisation proceeded with the formation

of polynuclear complexes29,30 as shown in Fig. 15.
The Zr+4 atoms have a co-ordination number of 8

and are connected through OH bridges. Each Zr+4

atom is surrounded by four water molecules. The
oxygen atoms of the water and of the OH groups are
located at the apexes of the square antiprism30,31 as
shown in Fig. 16.
Nature of the polynuclear complexes depended on the

number and type of the metal cations and their ability to
form a network structure. The amounts of Al+3 in a
system were found to have a great in¯uence on the oxi-
dation characteristics of SiC particles. The same obser-
vation was found to be true in the Zr+4 system also. With
an increasing number of Al+3 and Zr+4, oxidation ten-
dency of embedded or ``caged'' SiC particles diminished.
In the Al+3 system, the number of OH bridges was

more than that of Zr+4 system (Figs. 15 and 16) and it
may be one of the major factors for more protection of
SiC grains in 1000±1100�C range in this system. If this
presumption is true then the Mg+2 system was not
expected to provide any protection to oxidation of SiC
particles as above 500�C Mg (OH)2 lost all water with-
out leaving any OH bridge in the system as anionic
complexes were not characteristics of Mg+2. This
explains the present observation when it was found that
oxidation of SiC in the Mg+2 system increased linearly
with increasing heat treatment irrespective of composi-
tions. Further con®rmation of the role of OH-bridging

Fig. 10. XRD analysis of ®red specimens (1400�C) in the SiC±Al2O3 system containing Al2O3 >30 wt%.
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in oxidation prevention were obtained by IR measure-
ments of heat treated samples which indicated the
existence and gradual removal of OH during heat
treatment of the specimens (Fig. 6).

4.2. Oxidation of SiC

On progressive heat treatment, water was detached
from the structure. Al±OH bonding is stronger than Zr±
OH bonding due to lower ionic radius of Al+3 (0.057
nm) than that of Zr+4 (0.082 nm). Consequently pro-
tection of SiC in the initial stages (1000±1100�C) was
more in the Al+3 system than that in the Zr+4 system.
In the temperature range of 1100±1400�C two

mechanisms were likely to operate simultaneously viz.
(a) collapse of gel structure with the elimination of OH-
bridges generating cracks and holes, facilitating oxygen
transportation to the SiC surface resulting into higher
oxidation and (b) formation of silicates by combination
of the oxidation product of SiC i.e. SiO2 and metal oxi-
des formed from hydrogel resulting in a protective sili-
cate coating on SiC surfaces. The role of di�erent
matrix materials that surrounded individual SiC parti-
cles towards building up of resistance for SiC oxidation
might be analysed on the basis of oxygen di�usivity. As
had been discussed elaborately32 for the oxidation of an
``individual'' SiC particle in a metal oxides matrix, oxy-
gen ®rst di�used through the metal oxide matrix to the
surface of SiC which was already coated with SiO2.
Therefore, oxidation of SiC particles depended on the
di�usivities of oxygen through (i) the metal oxide matrix
and (ii) the SiO2 on the surface of SiC at the initial
stage. At the later stages, oxidation of SiC particles

would depend on the di�usivities of oxygen through (i)
the metal oxide matrix and (ii) metal silicates formed on
the surface of SiC assuming that all the SiO2 on the SiC
surface was converted to metal silicates that remained
on the SiC surface as a coating.

4.2.1. Al+3±SiC
It appeared from Fig. 7 that oxidation of SiC in the

Al+3 system (measured gravimetrically from the weight
gain of SiC and calculated on the basis of the weight of
SiC) was faster in the range 1100±1200�C than the pre-
ceding range. As silica was formed at the surface of SiC
particles during oxidation, it might be assumed that the
surface of SiC particles became silica rich. Here the
reaction between SiO2 and Al2O3 proceeded in the fol-
lowing sequence: (i) Al2O3 dissolved in amorphous SiO2

matrix, (ii) mullite nuclei formed within this matrix as
the matrix composition exceeded the saturation limit
with respect to mullite and (iii) mullite crystals grew as
more Al2O3 dissolved into the matrix and then was
incorporated into the growing mullite grains. The above
sequence was proposed33,34 on the observation that in
the temperature range <1500�C, mullite formed by a
nucleation and growth process within the silica-rich
matrix and not at the alumina interfaces, as the siliceous
matrix was saturated with respect to mullite through the
dissolution of alumina. So, it was expected that as the
reaction proceeded, SiC particles would be progressively
coated by mullite, gradually blocking the path of oxy-
gen, thus preventing further oxidation. Extent of oxida-
tion decreased markedly on increasing the aluminium
component and with 60 wt% Al2O3 in the system, oxi-
dation reduced to less than 10% at 1400�C whereas the

Fig. 11. XRD analysis of ®red specimens (1400�C) in the SiC±ZrO2 system.
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oxidation was more than 30% when Al2O3 used in the
system was 10%.
XRD analysis of specimens containing di�erent

amounts of Al2O3 ®red at di�erent temperatures (Fig.
13) indicated the presence of cristobalite, mullite and
SiC. The cristobalite phase decreased with increasing
amount of Al2O3 and the samples containing >30 wt%
Al2O3, ®red at 1400�C were found to contain Al2O3, SiC
& mullite only (Fig. 10).

4.2.2. Zr+4±SiC
Unlike the Al+3 system, polynuclear hydrogel struc-

ture formed by Zr+4 is less stable as had already been
discussed in Section 4.1. But the most striking di�erence
between the Al+3 system and Zr+4 systems was the
characteristic of oxidation at temperature above
1100�C. For the Al+3 system, oxidation increased more
rapidly when specimens were ®red above 1100�C, but in
the Zr+4 system it was less. Formation of ZrSiO4 by the
reaction35 of ZrO2 and SiO2 (formed by oxidation of
SiC) o�ered better oxidation protection in the tempera-
ture range 1100±1400�C. Like the Al+3 system, here
also, further oxidation of SiC particles was protected
and was strongly dependent on Zr+4 concentration.
This was so because ZrSiO4 in the present system started

forming as soon as SiO2 was made available to the sys-
tem by the oxidation of SiC. In the temperature range of
1000±1100�C, moderately higher oxidation of SiC gen-
erated quite a large amount of silica thus facilitating the
formation of more ZrSiO4 which explained the marked
increase of oxidation protection with increasing ZrO2 in
the specimens.
Depending on crystal structure, additives, and stoi-

chiometry, oxygen di�usivity in ZrO2 is between 10ÿ9±
10ÿ5 cm2 sÿ1 at 1000�C.36,37 At the same temperature,
oxygen di�usivity in amorphous silica is 10ÿ13±
10ÿ12 cm2 sÿ1.38,39 Di�usivity in mullite is 10ÿ20±10ÿ18

cm2 sÿ1 40,41 which was assumed to be similar to that of
in Al2O3. Therefore, formation of ZrO2 by dehydration
and dehydroxylation of the polynuclear hydrogel struc-
ture was expected to increase oxidation of SiC at lower
temperature range. But, the combination of ZrO2 with
SiO2 at higher temperature leading to the formation of
ZrSiO4 substantially reduced ZrO2, thus decreasing
oxygen transport as well as providing ZrSiO4 phase in
which oxygen di�usivity was suggested32 to be sub-
stantially low as in the case of silicon oxynitride-zirco-
nia composites.42 When oxides were used, ZrSiO4

formed at 1200�C but when hydrogel was used as a
source of ZrO2, ZrSiO4 formed at around 1000�C

Fig. 12. XRD analysis of ®red specimens (1400�C) in the SiC±MgO system.
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(observed by XRD analysis). ZrO2:SiO2 molar ratios
were calculated on the basis of oxidation values of SiC
for samples ®red at di�erent temperatures. The values
gave an indication of probable phases, those might form
at di�erent temperatures of heat treatment. ZrO2±SiO2

phase diagram suggested the formation of ZrSiO4 with
SiO2 as tridymite or cristobalite in this temperature
range. For a sample containing ZrO2 in the range upto
40 wt%, ZrO2:SiO2 molar ratio was always <1 indi-
cating SiO2 rich phases at all temperature. Specimens
might be divided into two groups with some approx-
imation. One group of samples containing upto 40 wt%
ZrO2, should contain excess silica in addition to ZrSiO4

after heat treatment upto 1400�C as the molar ratio of

ZrO2:SiO2 fell below 1. But the other group of samples,
containing above 40wt% ZrO2, mostly ZrSiO4 was
expected as the molar ratio of ZrO2:SiO2 was >1. The
rapid oxidation of SiC occurred upto 1200�C instead of
1100�C which was noted for the ®rst group.

4.3. Relative in¯uences of Al+3, Zr+4 and Mg+2 on
oxidation of SiC

Keeping all parameters identical, samples were pre-
pared with 35 wt% of MgO, Al2O3 and ZrO2 (derived
through respective hydrogels) and 65 wt% SiC in aqu-
eous medium. Percent oxidation in these systems was
measured after ®ring the specimens at 1300�C with 2 h

Fig. 15. Polynuclear complex in the Al±OH±H2O system.
Fig. 14. Particle size distribution of SiC powder.

Fig. 13. XRD analysis of ®red specimens (1200�C) in the SiC±Al2O3 system containing Al2O3 430 wt%.
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soaking and shown in Fig. 17. The ®gure depicted a
qualitative view of relative action of three oxides in
providing oxidation protection to SiC particles. Al2O3

was found to be best followed by ZrO2. MgO was found
to provide no protection at all. This behaviour of Mg+2

is in conformity with the observation that most trivalent
and qurdrivalent ions form polynuclear species whereas
the process only occurs with the smallest of the divalent
ions-Be+2 (0.034 nm) and not with Mg+2 (0.068 nm).
For both Al+3 and Zr+4 systems fast oxidation of

SiC occurred upto 30 wt% oxide content. The initial
fast oxidation stage is extended up to 50 wt% of Al2O3

and 60 wt% of ZrO2 content. For samples containing 60
wt% Al2O3, the initial oxidation stage continued upto
1300�C. The extension of temperature range for initial
oxidation stage, in e�ect, helped in better protection of
SiC grains as it gave extended scope for the reaction
2 SiO2 + 3 Al2O3 =3 Al2O3. 2SiO2 and SiO2 + ZrO2

=ZrSiO4 to occur and form a second protective coating
on the SiC surfaces before the ®rst gel-coating goes o�
completely. So, at this stage a general mechanism may
be put forward for the entire phenomenon as shown in
Fig. 18. Mg+2 was not likely to form polynuclear com-
plex in the aqueous system and was completely dehy-
drated at 500�C. So, Mg+2 will not participate in the
above mechanism. Being basic in character, MgO com-
bined with SiO2 forming magnesium silicate. Oxidation
of SiC increased remarkably when Mg+2 is incorpo-
rated in the system as compared with other two systems
of Al+3 and Zr+4 (Fig. 17). The role of Mg+2 was
found to be just opposite to that of Al+3 and Zr+4.
Instead of protecting SiC grains, Mg+2 was found to
accelerate the oxidation of SiC grains by continuously
removing the natural protective SiO2 layer on SiC thus
continuously creating fresh surfaces for attack by oxy-
gen. The ®red compacts were found to have meso-enas-
tatite, cristobalite with silicon carbide (Fig. 12).

5. Conclusion

(1) SiC particles being negatively charged in aqueous
suspension adsorbed metal cations on its surface by
coulombic and van der Waal's forces. Those metal
cations are converted to polynuclear metal hydroxy
complexes in presence of hydroxyl ion in the system. As
a result a gel-like mass was formed in which individual
SiC particles remained more or less uniformly dis-
tributed.
(2) On dehydration, the gel-like mass formed a layer on

the SiC particles and provided a protection to oxidation of
SiC by creating di�erent types of barriers for oxygen
transportation from environment to the SiC-surface up to
1200�C. The e�ectiveness of such a second material
towards blocking the path of oxygen depended on the nat-
ure of the cations that formed polynuclear complexes.
(3) The cations that were capable of forming larger

network were found to be capable of providing better
protection towards oxidation of SiC.
(4) At higher temperature (>1200�C), the gel struc-

ture collapsed leaving cracks and exposing more surface
of SiC particles towards oxidation and at this stage
protection to the SiC grains were provided by the sili-
cates formed from SiO2 (formed by the oxidation of
SiC) and metal oxide (formed by dehydration and
dehydroxylation of gel).

Fig. 18. Schematic model ¯ow-diagram of the process mechanism.

Fig. 16. Polynuclear complex in the Zr±OH±H2O system.

Fig. 17. Comparision of extent of oxidation of SiC in presence of

Al+3, Zr+4 and Mg+2 ®red at 1300�C with 2 h soaking.
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(5) At the initial stage, Al+3 -system provided better
protection as it formed more stable gel structure than
Zr+4 -system. But as the temperature increases Zr+4

system gave better protection to oxidation of SiC
because formation temperature of oxidation protective
Zr-silicate was lower than that of Al-silicate. The
delayed initiation of the reaction bonding in Al+3-sys-
tem, however, was adequately compensated by the e�-
cient protection of SiC grains at the initial stage.
(6) The overall protective e�ect was better in Al+3 -

system than that in Zr+4 - system. Mg+2 - system did
not provide any protection as Mg+2 was neither cap-
able of forming extended polynuclear hydroxy complex
nor it could provide any protective reaction products.
The enastatite formed continuously removed SiO2 from
SiC surfaces thus indirectly catalysing the process of
oxidation of SiC.
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