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Abstract: The densification and grain growth kinetics of microwave and conventional sintered ZnO

varistors were studied. It reveals that there are no differences in the components of microwave and

conventional sintered samples. Microwave is beneficial to the densification and can lower down the

sintering temperature. Both densification and anti-densification processes affect the densities of the final

products and the evaporation of Bi component is the main cause. The grain growth exponent values (n)

are 2.9–3.4 for the ZnO varistor sintered by microwave, and lower than the ones of conventional sintered

samples. And the apparent activation energies (Q) of microwave and conventional sintered ZnO varistors

are 225 and 363kJ/mol, respectively. Bi2O3 liquid phase, spinel phase and the ′′nonthermal effect′′ of

microwave are the main factors to co-influent the grain growth of microwave sintered ZnO varistors.
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918 W N 5 . ~ � 22 �#�Bw&�ÆF�[, ZnO �Dryfy#�Bw&W$8�BSKM��-K�&�� Senda8 Bradt hu [1] [,JP ZnO fy#�BW$S
3, SKMS (224±16)kJ/mol; Han hu [2] [,J1C Mn 4*f ZnO �D8Tf�BW$S 2.4∼3.4,SKMS 100∼150kJ/mol. �4 Sb2O3 f ZnO �Dry�?1l�fy#�BW$ (>5) 8SKM
(>490kJ/mol)[3].O.℄t��3rQ>S�6/J4frPT�fT�W8fMw�=�tq&�"U�1℄tfN=y8
<yh:o�C�"S�rQ>fk&�bT|�"U℄t*{��6OF�q�bX
�n�h!�O.�q�bX-X�
bX
�
�q8<�$
��2K.4O.℄t��3rQ>Sm�Z=J4℄t�"UÆ�^�{fnM�"UO.℄tf�|:o�a�1/�f%��=8&-d{� %�tf99O.�q ZnO�Dryfy#�Bg�8bOq*�+[,O.�q ZnO �Dryfy#�Bw&W$8�BSKM�
2 2G�Æ�%��W ZnO �SkM/�<=�t! o�ruW Bi2O3 � Sb2O3 �Co2O3 �MnCO3 �
Cr2O3 �Ni2O3 �Al(NO3)3·9H2O�h�d>℄Y�℄xn�u%��zY�FqYhH9�hH 4∼6h=�A��#���EG\ φ24mm×1.1mm 8TT=�T=?{9S 3.2g/cm3 ,S�9?{ (5.67g/cm3)f 56%; 520◦C aQj 2h; �(℄tY 900∼1200◦Ca�V 20∼120min,� 10◦C/min 	V� 5◦C/min iV��- LongTech MW-L0316O.�V5 (2.45GHz,

3kW) �^�<K9V�9V�- Archimedes �9*
Zf=P?{�- Rigaku D/max2550VB3+X�e�� (XRD) vxZh�[�-{Ar| (SEM,

HITACHI S-2360N) -:R.=
ZfbOq*�[
y#G\ G �� Mendelson[4] Æ�[, (�"u K=1.56). -OFr5?C
V{a�qvxy#�B���!�OF�q�V 1∼4h, 	V*{S
2◦C/min, iV*8S 1◦C/min.

3 ���5&
3.1 I+�<"A*I 1S 1100◦CO.�q (MS)8OF�q (CS)�(vx 20min 8 2h = ZnO �Dryf XRD I℄�.I 1 ÆQ�)d%��^Ef ZnO �Dr

yfh{Eq*Lo�\�x�.kyh ZnO �� Bi h8`y�h*E�&FO.%�1G�#
ZnO �Dry6/fh{E�I 2�1CV{aO.�q
Z?1Cf�V�baf�f8g��0tO.℄t�bf�B8℄tV{f	��
Zf�f8|	�"S ZnO �Drybf�fk��.4 Bi fF��Ef�V{:��℄t�b:B�:1�4 Bi fF��"U�f8��:^�-q�V�b:B��f8:^�_? 1100◦C Rd��f8#A!lC:�#A? 0.35%∼0.50% Rb�� 1200◦C �
Zf�f8Fb|	��f1C�V�baf;(�:Fb��f8�℄ 0.70%∼0.90%. OF�=%�f�V�b�?S 2h. .I 2 Æ��J�O.�qf�f8!OF�q�:��Kk��OFf	V*{!O.Æ�:
��℄t�bfCB�
F�*C^�Ef�

H 1 N- (MS) 7NE (CS) ~pe ZnO �Cqxe XRD H\
Fig. 1 XRD patterns of microwave (MS) and con-

ventional (CS) sintered ZnO varistors

H 2 0BUz`N- (MS) 7NE (CS) ~p ZnO�Cqxe
e7
Fig. 2 Weight loss of microwave (MS) and conven-

tional (CS) sintered ZnO varistors at different tem-

peratures
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�8�)k ZnO �Dry8T6/?{fk�")�#��h�q�9� ZnO �Drybfk�>℄Y Bi2O3 ? 817◦C�p#E�h��24 ZnO y#gP�℄*- ZnO �Dryf\?�I 3 �1CV{a ZnO�Dry8T6/fh�?{ (�9?{S 5.67g/cm3). h!lOF℄t�O.℄t�
Zv��t�V{;{WJbKai�K1�4
ZJ4f
�lKQJ�"UO.6OF1Cf℄tO��
O.M^^Zv\?A�W�ik-\?A3zfV{�? 900◦C��
Zf\?{�z:��?�V 2h=Æ℄b�9?{f 99%,^^�4OFf 93%. 0tV{	�b 1000◦C, ?{�0R<��|�Æ℄b 99.7% �|�? 1000◦C�|�?{��ai�K� ZnO �Dry�q3Fb�q�\?A�-)kfq1�0tV{f	�� Bi fF�1t�T=;-_*ik��fF�=?yrL3a^*f�^v�wE^f
�pX�mK�"U�E?{fai�?
1200◦C ��T=f?{|kÆaib 97% �a��OF�q3M℄bf|�?{S 96%, 8k4O.�qf
Z�K6OF�qfl^f�f8883
�81,��v�3PF-O.Zv\?Af�-��V�bfB|?1CV{a�
Z?{f)k1:^1C�.I 4Æ��b�? 900◦C��0t�V�bfC℄�?{1}C^�#��q�9�K�y#�B�XA3F�\?A�-fq1��? 1000◦C���V�b�\?A�-)k1^�Æd?�V{ay#fXA�\?Af)k:n�.4U��f6 900◦C �h;1^�"UÆ�J}U�fy#�Bk��.&��zO^�^� 4�\?A3F [5], "Uy#fB^�?{f)k:n�`V{�4 1100◦C =��V�b:B�B?{:n�KC
�B�ba Bi f^*F�#bf�\?A�-fq1�
3.2 �61�
$CI 5A∼D � 900∼1200◦C a�V 20min f ZnO�Dry?R.��=f SEM IV�IbFb�J�900◦C af
ZbB[?1^*l^f
���y#bf�h (Ibl+f4�) :5ly�-yr�1000◦C�'�
�^�$�z"9�wE��flnf
��y#bfZ_�3yr&�f�h�z�y#hfB^�0tV{f	�8℄t�bf�B�n
�?y#�B3Fb1}f�3�zQJT=�X�QJf
�?T=J�UEl^f�"
�� 1100◦C �T=J
�$�z:��

X1�rl^f
�83?yrL�̀ V{\||	b 1200◦C, y#v�3C^�q�?yr|K-831�$^
�K�BJ
-�rlnf�^�wd3!�K� Bi F�=3af
�0�p3F�3? ZnO T=Jf�I 5E∼H �hCV{aOF�q ZnO �Dry 2h f&�w;IV�WIb�!Æ��JO.�qf
Z8OF�qf
Z?lkf�qV{ay#^nM hC�0tV{	��O.�qfy#Fb^4OF�qf
Z�y#�2�$
<�Æ��3y#�Bw&�ÆF
Gn = K0 · t · exp(−Q/RT ) (1)�[,O.�q ZnO �Dryfy#�Bw&W$8�BSKM�ab�G S[
y#^n�n Sy#�Bw&W$� t S�b� T S	�V{�

K0 S?$�0tV{f	��O.�qf ZnO �Dryy#G\W 900◦C f 4.04µm B^b 1200◦Cf 21.28µm. y#�Bw&�
Afw&�ÆF (�
1) ��t�ÆFbfy=�Bw&�W$ n Æ�.a�i
�

nlgG = lgt + {lgK0 − 0.434(Q/RT )} (2)"U�J lgG-lgt Se�Sefs8�� 1/n. I 6�1CV{ay#hV�Bfy#^n6�bf,℄�Ib�$J- V{af n T� Bradt hu [1,6,7] Dz[,-P ZnO 8 ZnO-Sb2O3 ℄Ff nT�(S 3 8 6. Gunay hu [8] [,- ZnO-Sb2O3-

CoO ℄Ff n TS 5.2. n TÆ�W�℄Fb�^y#�BfO^� n T:^�&F℄F�y#�Bf�^�-:e� ��bf ZnO �DrySÆ℄Fb�ty#^nf")��1�4O_f�h Bi2O3 8sE?yrLy�y#�Bf`y�h�?OF�q%�af n TS 3.6∼4.2, s4
ZnO-Bi2O

[1]
3 8 ZnO-Sb2O

[7]
3 ℄FRb�PF?OF%�a�ZnO �Dryfy#�B�C�� Bi2O3�hfZvO_�-8`y�hfsE�-)C)k��?O.%�a�O.fZv�z�- [9] 8ikKAM [10] f��tq&��MZv ZnO kyhf�B�"Uy#�BW$ n TlkS 2.9∼3.4.0tV{f	�� n T13ai�&F<�V{1�4 ZnO y#f�B�w1� (2) &�E� (3) w��BÆ��3

lg(Gn/t) − 1/T �iJy=�BfSKM Q.

lg(Gn/t) =lgK0 − 0.434(Q/RT ) (3)I 7 !J- lg(Gn/t)− 104/T f Arrhenius le�abO.�qf n mS 3, OF�qf n m 4. ZnO �Dryfy#�B�. ZnO y�b Zn�of�z
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H 3 N- (MS) 7NE (CS) ~p ZnO �Cqxeg~>z5~pUze+\
Fig. 3 Relative densities of microwave (MS) and

conventional (CS) sintered ZnO varistors at different

temperatures

H 4 N-~p ZnO �Cqxeg~>z5�U�ae+\
Fig. 4 Relative densities of microwave sintered ZnO

varistor with different holding time

H 5 N-7NE~p ZnO �Cqxe SEM HU
Fig. 5 SEM micrographs of microwave (MS) and conventional (CS) sintered ZnO varistors

A: MS-900◦C; B: MS-1000◦C; C: MS-1100◦C; D: MS-1200◦C; E: CS-900◦C; F: CS-1000◦C; G: CS-1100◦C; H: CS-1200◦C;
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H 6 ZnO �CqxgU`ex"�A
Fig. 6 Isothermal grain growth of ZnO varistors

A: Microwave sintering; B: Conventional sintering

H 7 ZnO �Cqxx"�Ae Arrhenius kd
Fig. 7 Arrhenius plots for the grain growth of ZnO varistors

A: Microwave sintering; B: Conventional sintering2�℄
"�G 7, 
�Z+IM,?e_d
ZnO w!��QIKQ (225±19)kJ/mol, �MD}od ZnO �Bpwdw!��QIKQ
(363±54)kJ/mol.
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1. M,}o/l2�XdZ=?	)giZ=?Ty
> 900◦C �	M,}o 2h d�X=y

>99%,77C2MD
��.r}oTyd��	Z=?6	Z=?}+'A'i�Xd=y	_` Bi dD��iÆ'i '

2. �f Bi2O3 �^wÆf�'i ZnO �Bpw6Rw!��diÆ '
M,}o ZnO �Bpwdw!��u$}U"Q 2.9∼3.4, ��QIKQ (225±19)kJ/mol;MD}od ZnO �Bpwdw!��u$}U"Q 3.6∼4.2, ��QIKQ

(363±54)kJ/mol. M,d��ro$�
�Yu ZnOw!��
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