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Abstract: Porous Si3N4 ceramics were prepared by in situ reaction-bonding technology, using Si3N4

and Al2O3 as starting materials. The effects of sintering temperature and holding time on their porosi-

ties, flexural strength, and dielectric properties were studied. The strength and dielectric constants

of samples are improved with increasing of sintering temperature and holding time; but the result is

reverse in the condition of sintering temperature >1350◦C and holding time >4h. The phase analyses

results indicate that the porous Si3N4 ceramics are mainly composed of α-Si3N4, oxidated SiO2 (cristo-

balite) and Al2O3. Porous Si3N4 ceramics with porosities from 25.34% to 43.92% and flexural strength

from 42.54 to 127.85MPa are obtained. Their dielectric constants are in the range from 3.3 to 4.6 and

dielectric loss is about 0.005.
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y4��/�a SiO2 }%�S�+��Xa�\	�
�g�f}Y���X
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2 ~�
2.1 $k

α-Si3N4(b#�> UBE ZwI��l<!K
SN-E10), X� >99.5wt%, α }_� >95wt%, ?OwDS 0.5µm. Al2O3(m℄a4}-G), α }_�
>95wt%, %-�� 5±1m2/g, ?OwD 0.6µm.

2.2 ��,8�{ Al2O3 x)��y%uS 5% K� Al2O3j Si3N4 4��<Tj}V!"X�� / X��%S 1:2, >`�;WS1i4�n"���X" 36h,`xq:[ 100 & (154µm)k�3#n 50MPam:�vs 5�> 10◦C/min !�}� 1000◦C, x>
1◦C/min!�}sp1Y� (1250∼1400◦C), �Y��S 1∼6h, `x> 5◦C/min !�'Ys 1000◦C, 0x&Æm^s�Y�
2.3 �tF=*<T2�$=�.<ySbN_�j9����XLS�=�nb# Shimadzu I�y
AUTOGRAPH AG-I M/:��(
m9���k!�S 0.5mm/min, 
M 30mm, .<PbS
3mm×4mm×36mm. <Tb# Rigaku I�y Model

RAX-10 X tz't1h9��_5[y}.N9�-��Tb# JEOL I�y JSM-5600LV j��&sOCS?.<y�b���:�y4�D�j4�)fn�X Agilent I�y 4291B RF Im-

pedance/material Anelyzer m=��.<yPbS
φ20.0mm×1.1mm.

3 _RU�n
3.1 ��M�G 1�3Bp1Y�j�Y��m�.y Xtz'tGB�G 1c∼1h,�y.<�hT�r�y+�I�+�IyhT37'~:�yz��/��T��.<y4��/oNO� [12]. n Si3N4 
9��+�IyhT�JT 12vol%[13] I�qÆ.<S	�+�I_��y.<S	����7��&%p1Y�y}��.<�y`	� SiO2 hkh��+�Iy�Na��F ZQ�dG-�I}yan�j��N.�p1Y�j�Y��|�a Si3N4 	-+}}% [7], �e� Al2O3 x� Si3N4+}xzN+�Iy��r�Al2O3 B��+�Iyh<�p1Y�J[ 1400◦Cx�&%Y�}��+�IyhT�s��^'tG 1h �[>UT��I�'tG��2� Si3N4 j+}zNy+�I>� Al2O3 y't6�^G�[>UT�	s 1500◦C y�v'tG�;Tu%k�6���X\7+�n�Z�e}�yWfm�X SiO2 j
Al2O3 XN}'LzN%k�yY�2n 1400◦C>m [14], zNy%k�y�pr��7+�%k�S`	�0�^�qÆ�%k�y't63 s�
3.2 i��sVxgm- 1 �.<y+}��XLS��)N_�j'N_�ap1Y�j�Y��yQj�̂ -�[>UT�&%p1Y�}�� Si3N4 +}y!��d�op1Y�ds 1300◦Cx�.<y+}�&p

F 1 2Ao0X�i�X��l�^ Si3N4 x XRDFA
Fig. 1 XRD patterns of porous Si3N4 ceramics sin-

tered at different temperatures holding for different

times

a: Pure Al2O3 powder; b: Pure Si3N4 powder; c: 1250◦C

for 1h; d: 1350◦C for 6h; e: 1400◦C for 2h; f: 1400◦C for

4h; g: 1400◦C for 6h; h: 1500◦C for 2h
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Table 1 The weight gain, total porosity, close porosity, flexural strength of Si3N4 ceramics adding

5%Al2O3 sintered at different temperatures holding for different times

Sintering temperature/◦C Holding time/h Weight gain/% Flexural strength/MPa Total porosity/% Close porosity/%

1250 4 19.41 34.77±3.31 48.86 22.88

1300 4 15.92 91.37±14.87 28.66 21.34

1300 6 16.48 112.23±12.06 26.53 25.21

1350 4 15.73 115.60±5.91 25.34 24.81

1350 6 15.63 117.73±5.63 25.75 25.66

1400 2 14.61 127.85±3.46 26.23 25.77

1400 4 15.45 90.43±13.06 31.32 30.22

1400 6 15.89 87.33±9.60 38.34 37.60/W�h�W��w){1�r	~ÆEQ SiO2){>
r6�t��ÆL
�>�,�� O2 864�+5hh�℄�� Si3N4 w){)�	�H�l�W��{�w< k (4h � 6h), $#n/W�℄ 1300◦C {=r 1400◦C, ,:wL℄�p��wqe	~ÆV[n/W�w{=�Yv��wu/C6���,:w
��6=�kÆHZ 1350◦C w�V[,:+5w)/�*}�%JW�=� Si3N4 ){V��{){�!Q��{){��){A
3V SiO2 !)Q SiO L7 [15], ℄��uL℄q�	�VJQ�w){Z
;ahL℄�{%
l�W��{�w< k (4h � 6h), $#n/W�℄ 1300◦C {=r 1400◦C, ,:wVJQ�pqew���Qt~�){Z
_,:w
��YO	
1400◦C k�$#�W��℄ 2h "Er 6h, ,:wL℄��$qe��,:wVJQ�k&	~ÆV[l 1400◦C �� Si3N4 ){wL SiO, n/w��gE�Aww SiO 3g��℄�,:wL℄�qe	L℄w`l�g�7�+5;v��w/kx�℄��u,:wVJQ�k&	l 1400◦C�W 6h �,:wL℄�
r� 38.34%, VJQ�3k&r 87.33MPa.

3.3 
Q�pE 2 Æ1�n/W�h�W��k,:w�`Æ�E�	E 2(a) l 1250◦C w�u��`VwÆ�QYv"	~ÆV[n/W�1=�){wLw SiO2 1M��4{�1*�u
�O8hYv�1g)�Si3N4 YvA5��wu/Q�1M	℄�p
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��1=�L℄�*e�Q�1=	E 2(b) ,:w�`$*=����)
Q%;��	_E 2(a) $*�V[n/W�*=�4{

�*���u4{,M
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��*=�L℄*q�~h+ 1 w�K{9k	E 2(b) _E 2(d) {$*�V[�W��w"E�,:Aw!3t��uL℄q�	E 2(c) _E 2(d) {$*�V[n/W�w{=�,:�Y SiO L7wL�L℄q�	�H℄E 2(c) h 2(d) �Z<TQ�,:wL℄<&L℄J�	&L℄wÆLÆV[,:/R�){wÆ,U\Lw+��$#n/w8��+5wL7<�){AwwL7!H+�� �℄#1Q�HÆL�4&w&L℄	{�RL℄�$�&L℄�[7�wQ�hV℄U�)�j�Yr	
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,:w2�B�	"1$8�){	$*E 3a � c � d h e, $#n/W�w{=�V[,:wL℄�Æp��wqe�℄��u2�B�w){Æpqew���~_2�B�hL℄�w){Oi
 (2) {9k	$*E 3b h 3d, $#�W��w"E�,:w2�B���	E 4 Æ1�W�h�W��k,:w2�'dE	℄E�Z<TQ�,:w2�'d$8�w){pqew��	V[2�'d
Æ$*��~B�,:w2�'dM~*e�℄�,:E 4b �
d h e 2�'d�
o,:�)<uQ){T�	$*E 4a h c: $#n/W�w{=�,:w2�B�pqew��	~ÆEQl8�*}��� {w2�'dw�0�,: 4c$,: 4a�w SiO2q�℄�2�'d*e�$#8�{=��o'dw�01R�L℄����o'd�q�℄��u2�'dk&	
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F 2 2Ao0X�i�X��lx�^ Si3N4 x�a SEM z7
Fig. 2 SEM micrographs of the fracture surface for the porous Si3N4 ceramics sintered at different temperatures holding

for different times

(a) 1250◦C for 2h; (b) 1400◦C for 2h; (c) 1350◦C for 6h; (d) 1400◦C for 6h

F 3 2Ao0X�i�X��l�^ Si3N4 x3�C�\y
Fig. 3 Dielectric constants of porous Si3N4 ceramics

sintered at different temperatures holding for different

times

F 4 2Ao0X�i�X��l�^ Si3N4 x3�(e\yF
Fig. 4 Dielectric loss of porous Si3N4 ceramics sin-

tered at different temperatures holding for different

timesBK Lichtenecker ���k�� [16]:

lnε = X1lnε1 + X2lnε2

lntanδ = X1lntanδ1 + X2lntanδ2 (1)
�
 ε1 � ε2 /.Q�6{h� {w2�B�� δ1 � δ2 /.Q�6{h� {w2�'d)�X1 �X2 /.Q�6{h� {w7Æ^�	
BKZv�t� SiO2 w2�B�Q 3.8, 2�'dQ 0.0001∼0.0002[17]. Si3N4 w2�B�Q 5.6∼8.3,2�'dQ 0.004∼0.007[18]. ℄�k���� SiO2�wq�Yr[��7�w2�B�h2�'d	��7�w2�B�h2�'d�h7�wL℄�Y�,w|i [19]:
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ε = ε
(1−p)
0 tanδ = tanδ0 + AP n (2)
� ε Q�℄7�w2�B�� ε0 Q
�7�w2�B�� δ0 Q�℄7�w2�'d)� P QL℄�� A,n QB�	℄E 3 Z<TQ�L℄��,:w2�B�wM~$� {wM~Ce	qe,:wL℄�Z<Y��&},:w2�B�	�2�'d_L℄�h� {ÆYOi�l1�w8�k�~}wM~1�	

4 _n
1. < Si3N4 h Al2O3 QH�
��rR
T%J/kD?����℄ Si3N4 3Y��℄ Si3N4 3Y�w
{�0Æ Si3N4 h){wLw)~G<� Al2O3; V[wLw$j~Q℄�Æ/<�wLw�q�℄�$j~&s5g	
2. �℄ Si3N4 3Y<&L℄J��n/W�Z=��W��ZE� Si3N4 ��{){�Aw
wL3�L℄�qe�,:wVJQ�_DL℄�Y�,wOi�l 1400◦C �W 2h w< k�*u,:wVJQ�Q 127.85MPa,(L℄�Q 26.23%.

3. �℄ Si3N4 3Yw2�B�h2�'d�� {hL℄�wM~
L℄��2�B�wM~$� { SiO2 wM~C�r��2�'dl1�w8�k�L℄�h� {wM~1�	?d
�
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