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Abstract

The effects of PMMA as a pore-forming reagent and the powder for Cs-deficient pollucii#l,GSi, ;0g, calcined at 1073 K, on the
microstructure of the porous body of &\ ¢ oSi>.10s were investigated. The g8Alo¢Si» 10s porous bodies were fabricated by sintering the

green compacts of the calcined powder and PMMA adding 35 mass% to the calcined powder. When the green compact was heated at 873 K
in air for 20 h, pores <fum were observed in the porous body, suggesting that the PMMA previously dissolved in acetone was uniformly
distributed in the calcined powder by the ball milling. The pore size of the obtained porous structure increased with increasing the size of
the aggregated particles and the pore size distribution was significantly related to the siz@sdfalls and the time for the ball milling for

mixing the calcined powders and PMMA.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction under higher temperatures. In our previous studybic
C%.9Al0.0Sip 106 porous bodies with submicron-pores were

Pollucite, CsAISjOs, a zeolite-related compound with  fabricated using the GsAlo.¢Si».106 calcined powders and
cubic symmetry, has a three-dimensional aluminosilicate PMMA as a pore-forming reagent. Consequently, it was
framework structure composed of 48 (Si,A)@etrahedra found that the CggAl 9 9Sir.10 porous body with 0.3gmin
with 16 Cs+ ions occupying large 12-coordinated cavities in pore size and 48.4% in porosity could be fabricated by heat-
the unit cell>2and recently, we found that cubic Cs-deficient ing the green compact consist of the calcined powder and
pollucite, C#.0Al0.9Si2.106, showed a lower thermal expan-  PMMA at 1673 K in air for 20 h. The porous body could be
sion than CsAISiOs with a linear thermal expansion coef- 3 candidate for filtering fine particles with a diametensti
ficient (TEC) was ca. 2.05 10-%/K34 in the temperature  arising from the secondary combustion products from vehic-
range of 298-1273K. ular traffic and energy productichl!

Considering the high-melting point >2173kand the However, effects of PMMA and the calcined powder on
low TEC of Cg.9Al0.9Si210s With cubic symmetry, it  the microstructure of the GsAl o ¢Si.10g porous body have
would make it an attractive candidate material for high- not been studied in detail. In this study, importance of disper-
temperature—high-thermal shock structural applications, sion of PMMA and ball milling of the calcined powder for the
such as combustors and nozzle flaps for turbines in jet porous structure of the sintered bodies has been mainly exam-

aircrafts® The materials do not have a serious problem that jned by a scanning electron microscopy and an Hg-intrusion
microcracks arise from thermal stress due to anisotropic ther-method.

mal expansion such as the cordierite having an issue that
microcracks occur during regeneration.
Porous materials with high-melting point and low- 2. Experimental
thermal expansion property could be applied for air filters
2.1. Synthesis of Csg.9Alp.9Sis. 1O powder
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Japan) and Si@sol (Snotex O; Nissan Kagaku Co. Ltd., 0

Japan) were used as starting raw materials. FirsthOédband TG g
SiO; sols were mixed at pH 5.4, dried, and heated at 873 K in 01 =
air for 20 h to obtain the mixed fine powdersw#l ,03 and - <+

amorphous Si@(molar ratio of Al/Si = 0.9/2.1¥2 Secondly, S 0

CsNG; powders were added to the fine powder mixtureg-of :3”

Al>,03 and amorphous SigXo give the molar ratio of 0.9/2.1 S

for Cs/Si. The mixed powders were heated at 873 K in air for § ,
20 h to decompose CsNOANd then the powders consisting g
of amorphous phase were calcined at 1073 K in air for 20 h | | | | | | | =

to crystallize the pollucite phase in the calcined povider. 208 373 473 S73 673 713 873 973
Temperature / K

2.2. Fabrication of Csg,9Alp.9Siz.1Os porous body
Fig. 1. TG-DTA curve for the mixture of the powder calcined at 1073 K and

The powders calcined at 1073 K were well dispersed in 35mass%-PMMA.
acetone by an ultrasonic treatment. Then, the calcined pow- . .
ders and polymethyl methacrylate (PMMA; 485012, gated by TG—DTA. Mixtures of the organic polymers and
Wako Co. Ltd., Japan) were mixed in acetone for 24 h by ball thﬁ poIIu:ntc;—powder ;Nere usgd ?]S sam_ples fc;]r TG-DTA.
milling. The Al,O3 balls used for the ball milling were 5 and The result the case of PMMA Is s ovyn Fig. 1. The mass
15mm @. Additive ratio of PMMA to the calcined powders decrease curve and the endothermic peak were observed,
was 35 mass% of which the value was previously optimfzed. and any other changg for the mass and the heat was not
Green compacts composed of the calcined powders andobserved. Therefore, it was found that the thermal decom-

35 mass%-PMMA were prepared by anisotropic pressing at position of PMMA occurred in the temperature range of ca.
49 MPa for 1 min, followed by cold isostatic pressing (CIP) 523-573 K, which was narrower and lower than the case of

at 196 MPa for 1 min. The specimen size was approximately PVA (range ca. 373-773 K,) and PVB, (rapge 473-873K).
5mmx 5mmx 10 mm. The prepared compact was heated at Therefore, PMMA was applied for fabrication of the porous
873 K in air for 20 h to decompose PMMA at the heating rate body of C%.9Al0.65i2.10s. _ _

of 2K/min. Then the pre-heated specimens were sintered at, Morphology of the powder calcined at 1073K is shown

temperatures ranging from 1373 to 1673 K in air for 20 h. In the SEM image oﬁ_:ig. 2 Aggregated particles qjm )
in diameter were mainly observed. Here, the adding ratio

of PMMA to the calcined powder was 35mas&%The
green compact was fabricated using the mixture of the pow-
Thermal decompOSition behavior for PMMA, PVA der calcined at 1073 K and 35 mass%-PMMA, which was
(polyvinyl alcohol; Wako Co. Ltd., Japan), and PVB Previously prepared by mixing the calcined powder and
(polyvinyl butyral 300; Wako Co. Ltd., Japan) mixed in the PMMA using ball milling, with AbOs balls of 5mm @.
pollucite powders were investigated by thermogravimetry Then PMMA in the green compact was heated at 873K for
and differential thermal analysis (TG—DTA; TAS200, Rigaku
Co. Ltd., Japan). Particle size distributions for the calcined
powders were estimated using the lineal intercept method by
counting 200 particles in photographs by a scanning electron
microscope (SEM; S-4100, Hitachi Co. Ltd., Japan).
Crystalline phases in the fabricated oGAlg.9Si2.106
porous bodies were examined by X-ray diffraction appara-
tus (XRD; Rad-B, Rigaku Co. Ltd., Japan, CuK40kV,
30mA). Fractured surfaces of the porous bodies were §
observed using the SEM. Porosity and pore size distribution
for the porous bodies were investigated using Hg-intrusion
porosimetry (Autopore 9520, Shimadzu Co. Ltd., Japan).

2.3. Evaluations

LTy
.1-

3. Results and discussion

3.1. Thermal decomposition of PMMA in the green
compact

Thermal decomposition behaviours of various _organ_ic Fig. 2. SEM morphology of the powder prepared by heating the mixtures
polymers such as PMMA, PVA, and PVB were investi- of the calcined powder and 35 mass%-PMMA at 1073K for 20 h.
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Fig. 3. SEM image of the fractured surface for the specimens obtained by 20 30 40 50 60
heating the green compact of the calcined powder and PMMA at 873K for 20 (deg) / CuK &

20h.

Fig. 4. XRD patterns for the specimens forg@8l o ¢Siz 106 prepared by

. . heating green compact at temperature range of 1373-1673 K.
20h at the heating rate of 2 K/nfirin order to decompose 99 P P 9

PMMA.

SEM image for the fractured surface of the specimen
obtained by heating the green compact at 873K for 20h is
shown inFig. 3. Grains with diameter <jtm and the pores
among the grains were observed. The grain size was almost
corresponded with the aggregated particle size, suggesting
that PMMA dissolved in acetone was well dispersed among
the aggregated particles during the process of mixing the cal-
cined powder and PMMA. Therefore, it was considered that
the pores in the specimens were derived from the thermal
decomposition of PMMA in the green compact.

3.2. Fabrication of porous structure of pollucite

XRD patterns for the surfaces of the specimens sintered * (b) B
at temperatures ranging from 1373 to 1673 K are shown in 081 08
Fig. 4. Crystallinity for the pollucite phase increased with T 07l dos %c
increasing the sintering temperature, although unknown peak ':‘E 037 m 5;
was recognized at 1373 and 1473 K. The single phase of pol- 3 "°[ / 1=
lucite was obtained above 1573 K. In this way, single phase = o5} Jos g
of C.0Al.0Siz 106 Was well crystallized through the heat- § ik 1931 m 1os =
ing process for the green compact of PMMA and the calcined e ’ 4—‘ J : %
powder including an amorphous phase. g 03 o3 2

SEM image for the fractured surface of the specimen sin- E ozl 10 E
tered at 1673 K for 20 h is shown Fig. 5a. From the result = —>
that grains and pores in the specimens became larger than b J J01
after PMMA removal at 873 K, it was clarified that the grain 0 . . ' 0
growth and the pore formation are caused by increasing the 0.01 0.1 1 10 100
heating temperature, However, the pores in the specimen Pore diameter, D/t m

disappeared due to glass formation on the surface of the spec-. _ T
. . . . ... .. Fig. 5. SEM image of the fractured surface (a) and pore size distribution
imen at a hlgher temperature, 1773_K' que size q_'smbu“on (b) of the Cg gAlg ¢Si» 10 porous body fabricated from the mixture of the
for the fractured surface of the specimen is showfig So. calcined powder and PMMA prepared using®} balls with 5 mm @ for
Pore size was in the range of ca. 0.2+, and the main  48h.
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Table 1
Effect of size of AbOj3 balls and time for the ball milling on the size of the
aggregated particles, pore size distribution, and porosity

Aggregated Pore size Porosity (%)
particles (um) distribution
18 0.9-1.3 0.37 485
1.93
1l 1.7-2.6 0.37 54.9
2.60
1] 2.2-34 0.68 53.6
3.60

Condition I: 5mm @ AyO3 balls, 48 h; condition 1l: 5 mm @ AlO3 balls,
24 h; condition III: 15 mm @ AlO3 balls, 24 h.

pore sizes were 0.37 and 1.26. The grain size was in the
range of ca. 1-gm, which corresponded with that for the [
specimen heated at 873 K for 20 h to decompose PMMA. The sk @ 0.68 um 108
result suggests that the grains in the specimens sintered with-

=
o

=
o0
LA |

out significant grain growth. The peaks for the pore size seem ;D i %
to be due to the difference in the degree of the aggregation of ~ § os 3;
the particles in the calcined powders. ;cl 0‘5; o
gt =
3.3. Enlargement of the pore size in the porous body é L (_| TE
= 03F g
Influence of the size of AlD3 balls used for the ball milling % [ E
on the pore size in the @gAl.9Si> 105 porous bodies was £ i k=
investigated by changing the size of the®@§ ball used in (A
the process for mixing the calcined powders and PMMA. The 0 | : .
ball size was changed from 5 to 15 mm @ in this experiment. 0.01 0.1 1 10 100
The green compact prepared using the mixture of the cal- Roredianpiet, Diedan

cined powders and 35mass%-PMMA, which were mixed Fi . o
. . ig. 6. SEM image of the fractured surface (a) and pore size distribution
using the AbO3 balls with 15mm & for 24 h, were heated at ) of the Cg oAl ,6Si2.105 porous body fabricated from the mixture of the
873 K for 20 h to decompose PMMA, then sintered at 1673 K calcined powder and PMMA prepared using® balls with 15 mm @ for
for 20 h. The heating condition was the same with the green 24h.
compact of the calcined powder prepared using thgOA\l
balls with 5mm. SEM image of the fractured surface of the formed for 24 h. The sizes of the aggregated particles and the
fabricated CgoAl0.9Si2.10s porous body using the ADs pores further enlarged as compared with the case of condi-
balls with 15mm @ is shown ifrig. 6a. The pore size and  tions | and 1. On the other hand, decreasing the ball milling
the grain size in the porous body were larger than those for thetime was more effective for increasing the porosity than the
case of 5mm @ AlO3 balls. The porosity of the fabricated enlargement of the AD3 ball size.
porous body was 53.6%. Pore size distribution for the porous  From the above result, it was clarified that enlargement
body is shownirFig. 6b. The pore size was in the range of ca. of the size of ApOs balls and increasing of the time of the
0.3-10um, and the main pore sizes were 0.68 and .60 ball milling prevented decreasing the size of the aggregated
The range of the pore size was larger and the main pore sizesarticles. That is, it was considered that the difference in the
remarkably increased in comparison with the case of 5mm amount of the aggregated particles resulted in the changing
@ Al;0g3 balls. From the result, it was found that increasing for the pore size in the GgAlg.9Si».10g porous bodies, and
the size of the AlO3 ball was effective for enlargement of it would be important for the enlargement of the pore size to
the pore size in the G8Alp.9Sir 106 porous body. optimize the ball milling time and the ADs ball size, besides
The particle size distribution in the calcined powder, the the dispersion of PMMA in the calcined powder should be
pore sizes and the porosities in theyGAl g ¢Si» 10 porous considered.
bodies are shown iffable 1 In the case of conditions’ |
and IlI, the ball milling with the AdO3 balls of 5mm @
was performed for 48 and 24 h, respectively. The sizes of 4. Conclusions
the aggregated particles and the pores increased as the time
for the ball milling decreased. In the case of condition lll, C5.0Al0.9Six 106 porous bodies were fabricated by heat-
the ball milling with the AbOg3 balls of 15mm & was per-  ing the green compacts of the powder calcined at 1073 K and
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35 mass%-PMMA to clarify the influence of PMMA and the

calcined powder on the porous structure. Consequently, itwas
found that the microstructure of the porous bodies with single

phase of CggAlg.¢Si>.10s Was influenced by the condition
of the ball milling in the process of mixing the calcined pow-

der and PMMA. When the ball milling was performed using

the Al,O3 balls with 15 mm @ for 24 h, a G8Al0.9Si».10g
porous body with the main pore sizes 0.68 and 3.60was

fabricated due to the enlargement of the aggregated particles.
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