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Abstract

The structure and phase formation of porous liquid phase sintered silicon carbide (porous LPS-SiC), containing yttria and alumina additives
have been studied. The present paper is focused on the system Y-AI-Si—-C—0O. The systems Al-Si—-C—-0 and Y-Si—C-O have been studied in
previous papers [J. Eur. Ceram. Soc. (in press) parts | and 11].

The reaction products of the interaction ob@k/Y ;05 with SiC and resulting microstructures were analysed by model experiments. The
influences of different sintering atmospheres, namely argon and Ar/CO and different temperatures have been investigated. Thermodynamic
calculations and sintering experiments reveal that silicides or carbides can be formed in addition to stable oxides. The main parameters
controlling the formation of the different reaction products are the free carbon content, the oxygen activity and the temperature.

Using CO containing atmospheres, the decomposition of the oxide additives can be effectively suppressed and stable porous LPS-SiC can
be produced.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction applications of porous LPS-Si€’ Open porosities of up
to 45% can be achieved in such a system, and pore sizes
Silicon carbide is a prevalent ceramic material for many petween 1 and 5@m are possiblé.Fig. 1 shows schemat-
applications in harsh environmental conditions because ofjcally the structure of porous LPS-SfC.
its resistance against high temperatures, aggressive chemi- The sintering process in combination with the formation
cals and abrasiohThe sintering of SiC (S-SiC) is usually  of a liquid phase has an essential influence on structure,
performed at very high temperatures up to 2200with phase composition and subsequently the properties of the
small amounts of boron and carbon, boron, or aluminium materials. The properties of LPS-SiC have been investigated
and carbon. In the case of LPS-SiC there is a liquid phaseand published by several authdrs®15 In addition to the
formation, due to the presence ofz8l; and Y203 or other  formation of yttrium—aluminium—garnet (YAG) as an inter-
rare earth oxide additions, which subsequently acceleratesgranular phase between the SiC-grains, a reduction of the
the sintering in comparison to S-SiC. As a result, the oxides by the silicon carbide can occur. Gas producing re-
sintering temperature can be decreased to 1800-2D00 actions between the oxides and the silicon carbide are asso-
if the composition of the additives is close to the cjated with mass loss.
eutectic?> The decomposition of SiC during sintering with additions
The excellent properties of SiC promote its use in the of Al,O3 and AbOs/Y 203 mixtures have been analysed by
filtration of abrasive suspensions as well as in acids. A numerous authors?#1%11 The major weight loss in the
high amount of open porosity, narrow pore size distribution SiC-AlLO3s-Y,03 system during sintering is a result of the
and an adjustable pore size are an advantage for filtrationformation of CO, SiO, AJO and Al. The sintering conditions
influence the composition of the gas phase and consequently
" Corresponding author, Tel¢49 351 2553 682: the extent of weight lossész410.11 Itis a common practice
fax: 149 351 2554 128. to implement a powder bed for minimising the mass loss
E-mail address: Jan.lhle@ikts.fraunhofer.de (J. lhle). by gas forming reactions during the sintering of LPS-SiC.

0955-2219/$ — see front matter. © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jeurceramsoc.2004.04.017
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Grain boundary phase exposure to air after sinterirfgThermodynamic calculations
of the system Si—-Y—C—-O-Ar have shown that CO is the main
component of the gas phase besidé Aterefore, the de-
composition reaction between SiC angdQ5 during sinter-
ing can be suppressed successfully if a CO partial pressure
! in an Ar/CO atmosphere is uséd.
7 SiC grain The data show that no reliable information about the
changes of the phase composition with changing atmosphere
and carbon content is available for the interaction of SiC
with Al,O3/Y 203 additions. This information is required
Pore for the reproducible preparation of porous LPS-SiC because
the interactions with the gas phase in these materials are
more intensive than for dense materials due to the high open
porosity and associated high sample surface area during the
In most cases a mixture of SiC and,@); are used for the  sintering process.
powder bec:91%16 Consequently, in the present paper we seek to summarise
The systems Si-C-AlI-O and Si-C-Y-O were analysed an experimental study and thermodynamic calculations of
by model experiments and thermodynamic calculations, andthe temperature, carbon content and gas atmosphere depen-

were presented in previous papérsDifferent degrees of  dence of phase formation in the system Si—Al~Y—C—O.
decomposition reactions and structures at various tempera-

tures and atmospheres were observed. Samples consisting
of 50wt.% SiC and 50wt.% Abs, sintered in argon at 2. Experimental
2223 K (1950°C) contained SiC and additionally elemen-
tal silicon and aluminium after sintering. These results are  Samples with a higher oxide content than in the original
in accordance with Misfd and Mulla et aft® however the compositions of porous LPS-SIiC were produced to enable
formation of such phases was found at even lower tempera-a better detection of minor phases and thereby facilitating
tures. The products of the SiC/AD; decomposition depend  an improvement in the understanding of phase formation.
on the free carbon content in the systém. A composition of 50 wt.%x-SiC (ESK F1200 green) and
Mulla et al® reported that the reaction between SiC and 50wt.% additive was chosen. The additive consisted of
Al>03 during sintering can be reduced if a pure CO gas 64.4wt.% AbOsz (Alcoa A16 SG) and 35.6wt.% >Os3
atmosphere is used. Our results, presented in a previougH.C. Starck grade C). The samples were formed into
paper: showed that the decomposition can be successfully tablets with a thickness of 5mm and a diameter of 25 mm.
suppressed even if a low CO partial pressure is used in theAll samples were sintered at 1 bar gas pressure in a graphite
Ar atmosphere. furnace. The sintering conditions are shown in Table 1.
Baud et al! described the decomposition of a SiC— Graphite crucibles were used for the sintering of samples.
Al,03/Y 203 mixture as being similar to that of a pure Graphite foil was placed between crucibles and the samples
SiC—-AlLO3 mixture. Thermodynamic calculations re- in order to prevent an adhesion of the samples to the base of
veal that gaseous CO, SiO, & and Al are the main the crucible due to liquid formation during sintering. It was
species present in the sintering atmosphere in both additivenot possible to accurately measure the post sintering mass

Fig. 1. Schematic view of the microstructure of porous LPSSiC.

systemgi! loss because some graphite foil was bonded to the samples
Cordrey et aP investigated the sintering behaviour of after sintering. No mass loss results are therefore presented.
silicon carbide with 2 and 5wt.% yttrium oxide additive. The phase composition of the samples was determined by

On the basis of an EDS and XRD analysis they assumedX-ray diffraction analysis (XRD 7; Seifert-FPM; Cu and

that a A-Y—C—O compound and a Y-C—O compound may using JCPDS standards.The microstructures of polished
have formed. Using EDX, van Dijen and May&found a surfaces were examined using optical microscopy and scan-
mixed carbide phase Y-AI-O-C and a mixed Y-AlI-Si—-O ning electron microscopy with attached EDX (Leica Stere-
oxide phase with unknown composition, in addition to the oscan 260).

usual YAG, in the secondary phase, after sintering in an  The FactSad® software package was used for thermody-
argon atmosphere at 1900. Grande et &t. and Nagano namic calculationd? The partial pressure of gas phases and
et al?® describe a decomposition reaction 0§0s. They phase formation in the system Al-Y-Si—C—-O-Ar were cal-
did not measure a significantly reduced yttrium content in culated. The necessary thermodynamic data for calculations
the secondary phase in LPS-SIC samples. Model experi-were taken from the SGTE (Scientific Group Thermodata
ments in the system Si—-Y—C—O have shown that dependingEurope) pure substance database (S&P&hd solution

on the conditions beside silicon carbide and yttrium oxide, database (SGSEjas well as the special data set of the sys-
silicides or yttrium containing carbides (mainlyzSi;C,, tem Y—-Al-Si—-C-O from SGT® based on the data set of
YC>) can occur, resulting in a degradation of samples during Groebner® As in Part 1 the data for the system A-O-C
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Table 1
Sintering temperatures, dwell time, atmospheres and phase composition
Temperature°C) Dwell time (h) Atmosphere Phase composition of sintered samples
1850 1 Argon «-SIiC, Y3Al5012, AloO3
1925 1 Argon a-SiC, Y3Al5012, YAI,Sip, Si, Al
1925 1 Argon+ CcoO «a-SiC, Y3A|50]_2, A|203
1950 1 Argon a-SiC, Y3Al5012, YAIO3, YAI3C3
Table 2

Thermodynamically calculated phase compositions of a mixture of 14.8 moHS2® mol ALO3 + 1.5mol Y,O3 with different carbon content and
different amount of argon at 2223 K (195%0)

Phases Argon (mol) (G 0.001 mol) Argon (mol) (C= 1 mol) Argon (mol) (CO= 0.1 mol)
0.1 1 10 0.1 1 10 0.1 1 10
SiC (mol) 14.66 14.51 13.21 14.78 14.71 14.04 14.75 14.61 13.30
C (mol) - - - 0.553 - - - - -
Al4SiCy (mol) - - - 0.011 0.067 - - - -
Oxide melt (mol) 3.983 3.906 3.338 4.095 3.924 3.372 4.027 3.944 3.367
Liquid metal (mol) 0.157 0.370 2.188 - - 1.316 - 0.204 2.030
Al (mole fraction) 0.444 0.418 0.357 - - 0.486 - 0.431 0.359
Al (activity) 0.386 0.364 0.330 - - 0.449 - 0.375 0.331
C (mole fraction) 0.020 0.019 0.019 - - 0.035 - 0.019 0.019
C (activity) 0.011 0.011 0.010 - - 0.014 - 0.011 0.010
Si (mole fraction) 0.506 0.529 0.570 - - 0.432 - 0.517 0.569
Si (activity) 0.401 0.421 0.432 - - 0.311 - 0.411 0.432
Y (mole fraction) 0.030 0.034 0.054 - - 0.047 - 0.032 0.053
Y (activity) 2E-5 2E-5 3E-5 - - 5E-5 - 2E-5 3E-5
Ar (bar) 0.799 0.804 0.830 0.579 0.635 0.822 0.786 0.802 0.829
CO (bar) 0.144 0.140 0.122 0.374 0.317 0.130 0.159 0.142 0.122
SiO (bar) 0.023 0.024 0.022 0.006 0.006 0.012 0.021 0.023 0.022
Al20 (bar) 0.016 0.015 0.011 0.020 0.020 0.016 0.017 0.016 0.011
Al (bar) 0.017 0.016 0.015 0.020 0.021 0.020 0.017 0.016 0.015
Table 3

Thermodynamically calculated phase compositions of a mixture of 15.8 mokSi@nol Al,O3 + 1 mol Y03 with different carbon content and different

amount of argon at 2223 K (195Q)

Phases Argon (mol) (G 0.001 mol) Argon (mol) (C= 1 mol) Argon (mol) (CO= 0.1 mol)
0.1 1 10 0.1 1 10 0.1 1 10

SiC (mol) 15.65 15.39 13.13 15.77 15.71 13.99 15.75 15.49 13.22

C (mol) - - - 0.284 - - - - -

Al4SiC4 (mol) - - - 0.024 0.053 - - - -

Oxide melt (mol) 4.989 4.880 3.874 5.101 4.884 3.881 5.024 4.914 3.903

Liquid metal (mol) 0.171 0.531 3.660 - 0.040 2.793 0.003 0.364 3.507
Al (mole fraction) 0.400 0.416 0.421 - 0.678 0.491 0.403 0.420 0.422
Al (activity) 0.303 0.319 0.331 - 0.613 0.402 0.306 0.323 0.332
C (mole fraction) 0.011 0.012 0.013 - 0.055 0.018 0.011 0.012 0.013
C (activity) 0.009 0.009 0.009 - 0.023 0.011 0.009 0.009 0.009
Si (mole fraction) 0.583 0.566 0.556 - 0.264 0.484 0.579 0.562 0.555
Si (activity) 0.523 0.506 0.488 - 0.196 0.408 0.523 0.502 0.487
Y (mole fraction) 0.006 0.006 0.010 - 0.003 0.008 0.006 0.006 0.010
Y (activity) 1E-6 2E-6 3E-6 - 3E-6 4E-6 1E-6 2E-6 3E-6

Ar (bar) 0.710 0.713 0.737 0.348 0.584 0.732 0.710 0.713 0.736

CO (bar) 0.203 0.202 0.186 0.589 0.330 0.194 0.203 0.202 0.186

SiO (bar) 0.055 0.051 0.043 0.010 0.012 0.032 0.055 0.050 0.043

Al0 (bar) 0.019 0.020 0.019 0.032 0.047 0.025 0.019 0.020 0.019

Al (bar) 0.013 0.014 0.015 0.020 0.027 0.018 0.013 0.014 0.015




1008 J. Ihle et al. / Journal of the European Ceramic Society 25 (2005) 1005-1013

were also taken from Lihrmann et #l.in accordance with 0+ —*—Pgo
Qiu and Metseladf and Yokokawa et &d® ] —mp
L - [ :\* ..... A-p
Y e ALO
2] \‘\‘\‘ 1\: —O— Py
3. Results and discussion S~a —e—p
& -3 \‘ Si
3.1. Thermodynamic calculations S 4] S, -2
o ,\’\’
The calculations indicate the presence of different com- 54
positions depending on the amount of C, the CO activity and 6]
the amount of argon used in the calculations. The composi- : : : ,
tion also varies with the degree of A3 content. Table 2 4.4 46 48 5.0 52
shows the composition of the mixture of 50wt.% SiC and (a) 10YT[K']
50 wt.% additive at 2223 K with a different carbon content
on the one hand and with 0.1 mol CO on the other hand if 09 —* P
the mol ratio ApO3:Y 03 is 5:3. Table 3 shows by com- W Py
parison the composition of the mixture if a mol ratio of | R . % 7T 7 A~ Pyo
4 Al,03:1 Y203 is used for the additive. In the calculations —o—p,
(Tables 2 and 3) beside the oxide melt an additional lig- 0 o P
uid metallic phase was observed under different conditions. < . — .
The composition and amount of the liquid metal changes o -4- \’\,
with increasing amount of carbon in the system. The calcu- \._
lations showed that the liquid metal formation depends most e ’\’
strongly on gas volume, carbon content and CO content of -6- T
the starting composition. T T T 1
4.4 4.6 4.8 5.0 5.2

The calculations using different additive compositions e
(Tables 2 and 3) have shown that with increasing amount of (b) 107T[K]
Al203 the partial pressure of the evolved gases increases'Fig. 2. Calculated partial pressures of gas species of the sys-
most notably that of CO and AD. These results showed tem Si-Y-Al-C-O-Ar as a function of the inverse temperatyse (
that along with the carbon content, the amount of@y = 0.1MPa). The Ar pressure is the residual to 0.1 MPa and not shown
in the system is important for the phase formation. Further in ths gfapc:‘s-h(a) Resslf'cts Ff C_Z'Cu'i“ims ‘_’gth delfticfi;%é( m40'7§<’;‘<f bon

H H H naen ool iquid m XI m . C

calclations were therefore performed assuming a high au- (25129 reses St et oxe et R 76K
mina content. The given amounts, according to a mixture 5. liquid metal, oxide melt for 19T < 4.80 K-L; above SiC, YAG,
of 50wt.% SiC and 50wt.% additive, were 15.8 mol SiC, Al,0;, liquid metal). (b) Results of calculations with 0.2 mol added carbon
4 mol Al>03, 1 mol Y203 and 1 mol argon. The correspond- (condensed phases: SiC, liquid metal, oxide melt fol/ L6 4.76 K1,
ing composition of additive was consistent with a mol ratio SiC. YAG, liquid metal, oxide melt for 10T < 4.77 K_’ll SiC, YAG,
AI20505 of 4:1. Ths tating composiion was altered S+ 146 e oxte et or 17 = 47ni - o, vie
in the direction of a deficit of carbon in comparison to the ije meit for 16/T < 4.82K-1: SIC, YAG, Al,Os, Al4SiCs for 104T
stoichiometry of the SiC and in the direction of a content < 4.87k-1; above SiC, YAG, AJOs, Al4SiCs, C).
of up to 0.5mol free carbon. This was necessary because
the amount of carbon available during sintering can not be
easily predicted. 2050K in the case of a carbon deficiency but much lower

The calculations (Fig. 2) showed that the main gas speciesthan the CO partial pressure if a higher carbon activity is
of the system in the temperature range 1950-2250K areassumed (Fig. 2). With increasing carbon content the par-
Ar, CO, SiO, AbO and Al. Their partial pressures as a tial pressure of AlO rises and the partial pressure of SiO
function of carbon content and temperature are plotted in decreases.
Fig. 3. All other gas species have a partial pressure which The existence of a liquid metal C-Al-Y-Si was indi-
is several orders of magnitude lower (Fig. 2). Gaseous Al cated under these conditions in a temperature range of
has a maximum partial pressure of 0.025bar at 2250K 1950-2250K, and its formation depends on the carbon
(calculations with 0.5mol added carbon) which is nearly content. In the absence of excess carbon liquid metal for-
half of that of AbO under same conditions. The gas pres- mation may occur at temperatures as low as 1950K. The
sure of gaseous Si is less than 0.0002 bar (maximum undertemperature of formation increases with increasing carbon
the calculated conditions) and the pressures for the othercontent and with 0.5 mol additional carbon the liquid metal
compounds such as AlO, Y, YO,,0, etc. are lower than  phase may only form above 2173K. In the calculations
10> bar. The calculated partial pressure of SiO is higher the Al,Os is stable up to approximately 2070 K. Therefore
than the partial pressure of CO up to a temperature of the partial pressures of Al, AD are very similar to the
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pressures observed for the interaction 0§@4 and SiC up decreased from 0.324 to 0.259bar at 2250K. The partial
to this temperaturé. pressures of SiO and AD were also seen to be lower (com-

In case of the calculations with an additive mol ratio cor- pare also Tables 2 and 3).
responding to the composition of YAG the main gas species The calculated compositions of the gas phase and the
that form are the same as in the calculation using an ex-liquid metal reveal the following simplified decomposition
cess of AbOg3, but it was seen that the CO partial pressure reaction as the most probable at temperatures higher than

Peo [Mbar]

AT ERE SR EEE

2050

ol] 0.3 temperature [K]

3

(a) added carbon [

1950
0.5

80
60
40
P,.olmbar] p,, [mbar]
20
.~ 2250
y 7~ 2150
0.3 temperature [K]
(©) (d) added carbon [mol] 5 1950

SIC. YAG SIC, YAG, AlSIC,
liquid metal liquid metal ) )
oxide melt oxide melt SIC, AlSIC,
2250 qu_uid metal
oxide melt
2200+ A
"q?gfi metla] SiC, Al,SIC,
< 21501 pabl oxide melt
e
3 21004 . .
B | SiC, AlSIC,
5 .
o ; oxide melt
£ 20509 sic, vag :I‘;'C
20004 2% vag,” G YACALD; L. SIC, YAG
liquid metal sic Aququ, C AIZD3, AlSIC,
1950 ¢ / . . : , oxide melt
-0.2  -0.1 0.0 0.1 0.2 0.3 0.4 0.5
(e) Sic added carbon [mol]
YAG
ALO,

Fig. 3. Results of thermodynamic calculations of partial pressures as a function of carbon content and temperature in the system Y-Al-Si—-C—-O-Ar
(initial composition: 15.8 mol SiC, 4 mol AD3, 1 mol Y»03, 0.2,..., 0.5mol C, 1 mol Ar). (Different grey levels are only used for better visualisation

of the partial pressure.) (a) Partial pressure of CO; (b) partial pressure of SiO; (c) partial pressus® ofdilpartial pressure of Al; (e) calculated
condensed phases (the arrow marks the stoichiometric composition).
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1950-2150K in the system SiC—A&b3—Y,0s3: 1500+ x o B, IS
53712

4SiC(s) + 2Al,03 (s, ) x - 0-SiC

— 4CO(g) + SiO(g) + Al0(g) + 0.5Al (g) o " ;f'es'e
. X -

+3Si(l) + 1.5Al () (1) 'g ] *- Al
The formation of the metallic melt strongly depends on £

the excess of carbon (Fig. 3e). The melt in this system is é 5004

Si—Al rich and can contain some yttrium and carbon (see ~ i

Tables 2 and 3). l &
At lower temperatures and in the presence of free carbon ﬁ N’ ud wu\/w

the formation of Si—Al containing carbides dominates over 010 20 o =2

the formation of the metallic melt. -

These reactions are very similar to the findings for the
interaction in the pure AO3—SiC mixture. The partial pres-  Fig. 4. Result of X-ray diffraction analysis of samples sintered in argon
sure of the CO at sintering temperatures in the presence ofat 2198K (1925C).
carbon, which can be safely assumed due to the presence of
the graphite CrUCible, heater and insulation in the Sintering ‘]CPDF?J- and so the diffraction pattern was also taken from
furnace, is much higher than the other species. The samplessroebner®
therefore suffer mainly from a loss of oxygen and to alesser  Some samples sintered at 1925 or 1950decomposed
degree Al and Si losses. to powder after several weeks storage in air at room tem-

The compositions of the anticipated condensed phases reperature. In other cases, samples sintered under the same
veal that there is only a small area were no metallic melt nominal conditions showed destruction already after a few
or carbide is formed during sintering in pure argon. On the hours. The same result was found for porous LPS-SiC with a
other hand, by adding CO the decomposition can be pre-|ower additive content. Fig. 6 shows the decomposed regions
vented (Tables 2 and 3), i.e. by using CO partial pressuresof these porous LPS-SiC samples. Besid8iC and YAG,
higher than those calculated in the Ar atmosphere (Fig. 3) YAIO3 or Y4Al,Og no further phases in the samples with
decomposition can be prevented. low additive content were detectable by XRD. Mass spectro-

In the thermodynamic calculations the Si@xisting on  metric measurements (Fig. 7) of porous LPS-SiC samples in
the surface of the SiC-starting powder was not taken into humid atmosphere had shown th@ﬂ-@ was formed (mass
account. From previous investigations it is known that it hnumber m26 was observed together with the mass number
evaporates nearly completely between 1750 and 1950K, i.e.m18 for H,0).8 According to Kost et af® this is an evi-
below the temperature range considered in the calculationsgence of the decomposition of ¥COther yttrium carbides

discussed here. like YC, Y2C3z show a similar behaviour and decompose
The thermodynamically determined phase relations were in water very quickly in a few minute¥:3! The formation
proved with the aid of model experiments. of YC, under such conditions was shown in samples with
starting compositions containing only,®z and SiC?
3.2. Experimental determination of the interaction Hence it is assumed that the formation of an yttrium

containing carbide occurs during the sintering of porous
As shown in Table 1, different condensed phases were

observed depending on the sintering conditions. Samples

sintered at 1850C consisted ofx-SiC, YAG and a small 8007 0-AlY.0,, (YAG)
amount of ApOs, whereas the phase composition of the X B
samples sintered at 1925 and 1980were completely dif- 600- ¥-YALS,
ferent. - <~ AYO,
In samples sintered in Ar at 1928 YAI,Si; as well as & .
Si and Al were detected, and AD; completely disappeared 2 4001 |
(Fig. 4). The powder diffraction file (PDF) of the phase & x|
YAI;Si; is not available in the JCPD¥, and therefore the € 200 sl
diffraction pattern was taken from Groebr&rYAl »Si, was e | X0 ¢
not a major phase in samples sintered at 425t can be | o ¥ | W °11 m U'ﬁhw&
assumed that YARI, precipitates from the metallic melt 010 R 2%
during cooling in a similar way to Al and Si.
At 1950°C in addition to YAG and SiC, there was a for- 261

mation of YAIO; and YAI3Cs (Fig. 5). The powder diffrac-  Fig. 5. Result of X-ray diffraction analysis of samples sintered in argon
tion file (PDF) of the phase YAz was not available in the  at 2223K (1950C).
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1500 - 0-ALY,0,, (YAG)
oy X - 0-SiC
+-ALO,
— 1000 -
w
[= 5
8
=
[
©
£ 500f & x
o
o
o +
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Fig. 8. Result of X-ray diffraction analysis of samples sintered in argon
+ CO at 2198K (1925C).

Fig. 6. Micrographs of destructed regions of sintered porous LPS-SiC
samples during exposure in air. (a) Destructed secondary phase betweef:
the SiC grains; (b) destructed particle of the secondary phase.

H,0 (m18)
1004 o '_,,;_,.m/;.\a,u’g»‘«f"-"‘I“L":"-‘W"":"";"-“'""“‘*‘-’w'{'\’?‘:’w
£ Csz (m26) 04
[} ® { ©
2 E 0 i S
© = 50 ] -
ol ! 02 £
g5 : £
(6] 1 =}
2 c i temperature 2
L o re— 8
-
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0 50 100 150 200 250 )

time [s]
Fig. 9. Optical micrographs of sintered samples (polished cross sections).

Fig. 7. Result of mass spectrometric measurement of porous LPS-SiC (&) Sample sintered in pure argon atmosphere (commencing destruction);
sample in a humid atmosphéete. (b) sample sintered in Ar/CO atmosphere.
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LPS-SIiC in Ar, at least in small amounts. The thermody-
namic calculations indicate that v@an be formed only in
materials where the AD3 is completely evaporated. This

J. Ihle et al. / Journal of the European Ceramic Society 25 (2005) 1005-1013

Calculated decomposition of the oxide phases during sin-
tering was confirmed in sintering experiments.
Beside the silicon carbide and oxides, silicides or yttrium

could be the case in the near surface region of the sam-containing carbides were formed. The reason for the spo-
ples. Especially in samples with low additive content and radic destruction of samples lies in the decomposition of
with some residual carbon in the composition, an intensive the yttrium containing carbides formed during sintering in
decomposition in the near surface region can be take placeargon.

resulting in the depletion of ADj3, thereby resulting in the
formation of some YG. An indication of this behaviour is

Experiments with CO containing Ar-atmospheres have
shown that a stabilisation of SiC and the secondary oxide

evident from the strong shift of the composition towards phase can be achieved. The samples sintered at°1®25

Y—Al carbides during sintering at 195C in argon.

in the mixed atmosphere consisted of only SiC, YAG and

Based on the thermodynamic considerations and previ- Al,O3 after sintering.

ous results of the investigation of the interaction of SiC and
Al»,03,! and SiC and ¥0Os3?2 it can be concluded that sinter-

Contrary to samples sintered in pure argon, samples sin-
tered in the mixed atmosphere show a homogeneous mi-

ing in a CO containing atmosphere should prevent these de-crostructure and exhibit no destruction in water or humid at-
compositions. The calculated minimum required CO partial mospheres. Using CO containing sintering atmospheres the

pressure for stabilising the system SiCo®@4—Y203 was

decomposition of the oxide additives of the porous LPS-SiC

applied (Fig. 3a). The results show that a stabilisation of SiC can be effectively suppressed and stable materials can con-

and the secondary phase consisting of YAG angD3lwas
achieved when a mixed atmosphere of argon and CO was
used. The samples sintered at 1925in this mixed atmo-
sphere at 1 bar consist only of SiC, YAG and,®k after
sintering (Table 1; Fig. 8).

The different phase compositions also result in different
microstructures (Fig. 9). The secondary phases of samples

sintered in a pure argon atmosphere are separated from thez.

SiC grains and subsequently lead to the complete destruc-
tion of the samples (Fig. 9a). Samples sintered in a mixed

(Fig. 9b). Because of the high amount of additives there is
a low degree of open porosity in the samples for the model

experiments, i.e. the structure is similar to the microstruc- °-

ture of dense material with a high additive content. The
model material, however, clearly illustrated the stability or

non stability of that particular composition with regards to .

the sintering conditions.

4. Conclusions 7

Model experiments for the investigation of the interaction

of Y203, Al,0z and SiC were performed and compared with &

thermodynamic calculations.
Thermodynamic calculations showed that the phase for-

mation strongly depends on the content of free carbon in o.

the system, the sintering temperature and oxygen activity.
Without additional carbon in the system the existence of a
Si—Alrich liquid metal (C-Al-Y-Si) in a temperature range
of 1950-2250 K was predicted. According to the thermody-
namic calculations, an increasing amount of free carbon in-

creases the temperature of the formation of the liquid metal 11.

and favours the formation of mixed carbides. CO is the main
gas species formed during interaction ofO4, Al,O3 and

SiC. All other gas species that are formed are at least one
order of magnitude lower in partial pressure.

12.

sequently be produced.
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