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 Al �w
$W[$;=�'�^�>V�L~Bx�
��tjT3+�3x��3j��4,Y��W[�G�H-Vx��
3��z~�Obh>M9_^wL�$ 1000◦C W[�2 1h, Mx��- 0.08%, �G3�- 99.68%, *�^`f%OFjOY 293MPa.o x `	�GBQ��9
���Mx����G3�3�i�r	TB323 � WÆ�	A

Effect of Al as Active Filler on Properties of Preceramic-derived

Multi-phased Ceramics
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Abstract: Al and SiC powders were chosen as active filler and inert filler, respectively, for the fab-

rication of preceramic-derived multi-phased ceramics, using polycarbosilane as preceramic precursor.

The effects of pyrolysis temperature and soaking time on ceramic yield, linear shrinkage, mechanical

properties and microstucture were investigated. Volume expansion was observed due to the reaction of

Al particles with carbon-containing pyrolysis products and reactive atmosphere. The derived ceramics

with small shrinkage and high ceramic yield could meet the demand of near net shaping process. After

the ceramic composite was pyrolyzed at 1000◦C for 1h, the bending strength reached 293MPa with the

shrinkage of 0.08% and ceramic yield of 99.68%.
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1 +(�%�?�IDS�dÆ3�℄�;��I+�`|wQo�E�`�+���K/pE%`�u��^{�q��d:`F{�DS���FkÆ�C;�3kU
b [1−3]. �IDS�`A���p
 (�p u(�p U(�p3U(�Cp�U(b�{� P&�`=�Q:fx [4].Vv=��5mL��I�&#1��IE/bW?N�
/Z�`;�|& [1]. �?DS��I{

�%v*�?\Z�)P�I�4)�?Z�+��p}+�`�&%��Cl>{lde%+�b��pI�� [5], �$5{��TE/)G�I=
.+�?`=�+��{�Nfy���ÆY℄4�!R��Æ
.+�`
ld0����?DS��I;�`Ix8�%�%�?DS�T�IJ4%<?�Æ�%kul/R`�4 (o��?>�|%k% 1.0∼1.5g/cm3, s�℄.�I1�%kR�. 2.0∼3.0g/cm3)[1], ^JR`%k�4X8%�℄%<?4>`�Aul/�m��
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960 9 > * � j � 22 sR`y��#Kd�℄%<?R�`�?W�M�C�%4>?�C�/p?NURsH&�(`}A!a:R�`�6��J�\" Greil �C�%K_:d���~;�?>`Y℄%<�%Y℄%<?:d��x���℄4l`(
�?W�M�Cz�dA� (^UA) ul
4z�,U4z��0v{��Æ�I4��^#%l:>�AR�z�>�A`J�C�z�4l`�A5-Z�{�%zh<kddU;�;�℄4>`�Ay� [6], sH{��Æ�℄4>8%k���TIx�%�p
 (.
4 DS���:d Al T.:d���SiC+�T.rd���Æ�Y℄3k��3oMo
Q�I`QQ:�
ld0�Ny���C�I4�`	S�
2 
)
2.1 Z�.hg	� SiC +�`�g. 0.5µm, Al �`�g.
3µm. R 20wt% p
 ( � 40wt%Al �� 40wt%

SiC +��C�?℄GÆzh�	8.�� SiC KT.K*^<�K* 12h, %|A? 80◦C0��%q#?*B�% 100 ,b1%�)?m;:w��V1d% 200MPa bem�Rw�~_
��?�%�iUAA�?abY℄�KYD��.A1|7
<20Pa,V1�_ÆFUA��=�.m
. 105Pa.#�qp
 (`Y�?PNi'� 5◦C/min `m3��KY7 700◦C �3 0.5h, V1� 2◦C/min`m3��7,�3k��3 1∼5h.

2.2 Z�Y2�℄4>�%[� Rikagu �} RAX-10A `hJ� X gNsg|ab>Q�?
+�`�A%k,A}��% Archimedes w0h
&PGk% Instron-5566 `)0wt?d-�ag&Pw0��wv?N. 3mm×4mm×36mm, �r 30mm, K"��. 0.5mm/min, #QT;�w�ab:b0w
�I4�,Ny��� �qY℄D1v9`<�,6kH�s℄
v9m�a!�v9.)�Q�CA}�'J��%�lG+f�2�
3 yqs��
3.1 �|�d
-$( 40%Al �� 40%SiC �� 20%PCS `~6%UAA�?�&�3kY℄ 1h 1�	℄
Q�I-� XRD 0h&��℄3kCL%`>Q�XRD

;"^" 1 	s�{�uC% 1000◦Co�Al4C3 `�5&(G�s Al4Si3 % 2θ=28◦ `�3�}dCI��K�℄3k`mÆ�Al4C3 , Al4Si3 Q`sgGkHQ)G�IxvÆ�p
 (Y℄%<?4lR�`(
�?W�M�:d Al x��0[(
�?W�Mul
4z��l: Al4C3. p
 (% 1000◦C Y℄4>`4l�?Z#O� 1, =?�FSi �TSi �FC �TC � �s�� �N ���
�CN
�{�uCY℄4>?L%f�`��
,�� ��J�%� Al x��Y℄%<?4l`��
��� �C:h`
4 ul^Cz��
Al+C→Al4C3 (1)

Al+Si→Al4Si3 (2)

Al+Si-C→Al4C3+Al4Si3 (3)X 1 ~�p�
{\�t'℄i
Table 1 Chemical composition of the

PCS-pyrolysis product

Temperature FSi TSi FC TC

1000◦C 0.12 58.78 0.9 29.49�℄3ko�Ie:�`Ny��,�I4�`	S^" 2 	s�K" 2 ?{�uC��K�℄3k`mÆ�Ny��D)K1NW�C� [7] %ql Ti��p u(��Y℄b.ouIW Ti`��(�PZ 60%o�Y℄4>`Ny�zs�R�
Z.0vÆ� Ti �%Æ3C2QVDsuleZ�0vm)N�`eZs�>`�Ay�{0�
Ti `U45-+���pt	� Al �% 1100◦Coy{0ulWx�QVD!uleZKs�>Ny�`)R�s% 1300◦C oU45-�+���

! 1 W[2jn<O^�R
Fig. 1 Effect of pyrolysis temperature on phase for-

mation
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5 < F�D�a	 Al S-9
��nBQ�v�O�G
/^�R 961sNy��CICSMu��q5J [5], Al %�A��?W�M
4z�%<?4l 53% `�A5-�U4%<yR4l 26% `�A5-��s0[
4�U4z�%<{�NWY℄�Iv9`Ny��K�I4�PN{�uC�% 1100◦Co4�R
�0vÆ�%0z3kCp
 (�℄4l`"Æ�4>ul�℄�l: SiO �C CO 6u>�&PGk�Y℄3k`�4��O" 3. �K�℄3k`HQmÆ�v9`ag&PGk%
1100◦C oPZ 305MPa`RR5�o�Ny��.
0.5%, V1HQS
�Y℄3k% 1000∼1100◦C oGk�UÆvÆ��z|&�% Al `
4,U4%<?�%4lz�l:�^`>Q�Q�4Ma:4lZ.�Z.Gk)G
�z|&�%�` Al}d\4!HQi Z6�W?�R��x�*Z%z>�a:_z�I [6], )G���x�4M`>�Z.
�WY℄3kIgmÆo&PGk`CS{0vÆ�%�I�.)4l�6&:`�
3.2 U��v
-$% 1100◦CY℄��3oM. 1∼5hv9` XRD

! 2 �[2jn�G3�+Mx�^�R
Fig. 2 Effect of pyrolysis temperature on ceramic

yield and linear shrinkage

! 3 W[2jn%OFj^�R
Fig. 3 Effect of pyrolysis temperature on bending

strength

;"^" 4 	s�K" 4 {�uC Al4C3 `sg���3oM`r6HQ�G�0vÆ��?>�℄1�/�` Al Ig�Y℄4l`��
�C
4 ulz��^r (2) � (3) 	s�Igl: Al4C3.�o�l:` Al4Si3 Æ�&7hul�℄��s�K�3oM`r6� Al4Si3 Q`sgGkHQS
��℄?��S�%`1`�T?az(ql��3oMo�Ie:�`Ny��,�I4�`	S^" 5 	s�K" 5 ?{�uC��K�3oM`r6�Ny��K 0.5% )KZ 1.2% �d��I4���3oM`r6HQ)K��3oM%
2h �do��I4�)KZ 100%�d�% 1100◦C�3o�Y℄4l`:h` SiCO Z�&7hul�℄�/�`}Aa:�C,UA�`i �[�0v�I�.)0.�z�` Al {��UAVD!ulU4z�l: AlN, �s�I4�az(�Æ�0zz�ab�L�oR��I`Ny�"�4l(G`	S��3oMoGk`	SO" 6. K"?{�uC�ag&PGk%�3 1h oPZRR5.
305MPa,o�`Ny��. 0.5%. �K�3oM`

! 4 �2nLn<O^�R
Fig. 4 Effect of soaking time on phase formation

! 5 �2nLn�G3�+Mx�^�R
Fig. 5 Effect of soaking time on ceramic yield and

linear shrinkage
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962 9 > * � j � 22 s

! 6 �2nLn%OFj^�R
Fig. 6 Effect of soaking time on bending strength

! 7 1100◦C 9��O�GF*X��j.7
Fig. 7 OM micrograph of the multi-phased ceramic

composite fabricated at 1100◦Cr6�.)&7hQ`�℄�>�INy�`)R�Ks%�I�.)4l�+�6�A}bUK�GkHQCSZ 200MPa �C�{�uCo�
Q�I����3oM`r6o
ld0&��Kp�4`Tk�u�Ul�3oM�{�W�0*,S
l4:��

3.3 k"�_
��zn" 7 .% 1100◦C C;�`
Q�I2�&`�l/8�K" 7(a) ?{�uC��V%~6?p
 (`<�(�PZ� 20%, Y℄1v9�U8%�6�z[W?N`A}t!�'��A%k.
2.31g/cm3, A}�. 2.68%. 0|(:d��%Y℄%<?	ul
4�U45-Z�%zh<kd>Z��%�?>Y℄4l`R�}A`T��K~R`/8" 7(b) ?{�uC���x�`�'�Ut!�/�A}`?N�5W�0vÆ�%p
 (�℄%<W?�4lUR`�Ay�&:`�
4 y�

1. �KY℄3k`mÆ�l: AlN �Al4C3 �C Al4Si3 ^>Q�̂ >Q`�A5-Z��Æ���`�I4��!�;�Y℄%<?`Ny��
2. 1000◦C Y℄o�Æ�l:�A5-`^>Q�(�:d��`�INy��. 0.08%,�I4�. 99.68%, ag&PGkPZ 293MPa. �J��%�IDS�?�_:d Al ��vpI�I+�i
?N:``�Z|w4z�
3. :d Al `
4,U45-T��Z�%��?>�℄4l`}A�v9�U8%�6�z[WA}`t!�'�(� 20wt% p
 (`~6% 1100◦C Y℄1��A%k. 2.31g/cm3, A}�. 2.68%.[���
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