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(1. M>BHL?9=9IAF;G<KN:DJE�8�� 100080; 2. M>BHLIACL�8�� 100049)0 -� nj�{�fDhg$[<��+t4Ja�eB*�%��nj /�L*�%�[fA&P� (�� ∼631◦C) ; 9.8×10−6/K, � 8YSZ eZ:[fA&P� 10.0×10−6/K(�� ∼631◦C) V�#R� 700◦C fH� 300h /�	*�%�[fA&P�D1'��4�!k�r /�%�� 700◦C Rn�P�[�g��*��e�k� 700◦C UÆ SOFC [*��4j[lg[njT
�� 700◦C R� 8YSZ x� 300h /'�uVTF[\-x��o w e�<��+t4Ja�eBÆ*�%�ÆfDhgÆfA&P�5�j}q�TQ171 ��_���A

1 .*�-v6L�gD (SOFC) Æ}BR�\6l93WI6<g9\g6lJ8�oa Æ�Gd<}`����h�_
d
 SOFC �	(�	_Y���	 SOFC o� ,lÆ�9���NT�9�A�`_
d�>A (600∼800◦C) �	 SOFC ÆVO!86pl\gd [1,2]. �	 SOFC \7d2}ÆixÆA,��!`�	 SOFC \pl�[q�,qG�.$�UÆ,�F*6`y=[q�A<�	 SOFC w#\Ex(�2} [3,4].5O� SOFC ,�2�\plEx�> _���4(' (��'(K) x
_���ÆAvv6h:�BWg_��sjI�'$Xm [3]. �4��ix�or6\JmJ8OsJQ� SOFC Q2\��h�S5O,�h9yR)Æ�8I�w#FI [5]. '�B'(KoK�`Æ�m�Q�29�_
ds��{pl�4	 [1∼3,6∼16]. `s�'W<,�2�y.�}b.$�J>T<3G\mÆ'\gEih:
.nCX%��W\,�' ÆAS\TFE`�mt�Ng�#L�M\q=�'\gB'Q�z9w~UG�6 [4], T?;�g�
#QW7,��a
 Sohn _h\pl!1�Jtw\,�' ((K) h 800◦C gI� 300h 0�gB'Q��SS� 7.1%, \|6SS� 20.8%[8], gB'Q�\UQ�6;;~UG\g�
�9B SOFC \Ei�f
�M�n))Æ'\gEihÆVOpl\Cd2}
�C{H�}B� 8YSZ g[;gB'Q�\d\,�'�pl�
' 700◦C S\gEih�1�8w9�'� 8YSZ  700◦C 6l\mh�B'\dK#Al\�6X
�n��� 2005–08–11, �f&mn���2005–10–10tz!��  IN_yk<^ (20406023)72vy� ? � (1979– ), 6�)�ok}	 �(��
�DUv	 E-mail: qszhu@home.ipe.ac.cn
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868 H > 0 � j � 21 p
2 �+
2.1 b�g4\��	�\�NJ\ SiO2 � B2O3 � BaCO3 � La2O3 � Y2O3 ( ZrO2, �%Zp(>E�p3
R��}o*+_XY>�8�℄	gR�>�|MM�S�A6 1300◦C, -A
5h, `0e'#�O`�℄6�A\G

2.2 b�g	%�d�R'Q�A 15mm×4mm×2mm\=|-�	ÆAgB'~ (L75/1550, LINSEIS,Y!) |MM�S� 10◦C/min � �6'\B'q6d�7�'\B'f<
/#gB'[Zz�^i'\I�Al (Tg) (B'q6d (Tf). <��07igB'Q�\zxh�)B'\��wF�)�wF7�tN�\�NY"\Gs4W<
'\gB'Q�
�	 DSC-TG 7�~ (NETZSCH STA 449C,Y!) 7i'\I�Al (Tg) �NgAl (Tc) �Ng�4Al (Tp) �Bz\Al (Tliq), 7� |MM�>bf�Alz:<�A6 1300◦C, �A� < 10◦C/min.

2.3 	�i%�,R�}O`�\'}o�M>�� 5◦C/min \� �A6 920◦C, `0��AS6
700◦C,  700◦C �"�A 100 ( 300h 0����AO`�6�A
RgI�0\'Q�A 15mm×4mm×2mm \=|-�7�gI�0\gB'Q�

2.4 s' �%�,R'J�A 5mm×5mm×5mm \=|-8�7,\ 8YSZ =- (\o,l># 98%)x�}og�>�� 5◦C/min\� �A6 920◦C�^�'� 8YSZs��̀ 0S6 700◦C,$�"�A 100 ( 300h,R�AO`�6�A0�	 SEM(QP S-360,�!) pl'� 8YSZ\℄.y�T~

2.5 b�g"^�,R'QA 5mm×5mm×1mm \=|-8�7, 8YSZ =-x�4	ÆAU8i (OFSJ) pl'\q6f<
� 5◦C/min \�A� �6 890◦C $O 600◦C t��) 10◦C ;z}%*E
/#Al�d��szihw9'\�Tp6Al��WAl (VdAl)�B�VAl

3 xpr��
3.1 �lb�gÆu/<��+� SOFC \,�'ix&Q�SE�xW [7,8]: (1) ����W2�\gB'Q� (CTE) xfz9aC=��9[g�
� (2) o�%\=IgEih� (3) o+�\"l���0+�\�WAl�B' SOFC �WAlS,;�I�j� (4) ���W2�o,%\6l\mh�,w~UG\6ly�� (5) ogr�h
5Ox�xWGw�39{HG+�\,�'
�plO"l(gEih\Tl^i���7$-Q�OgB'C=h\Tl�o�
BaO�)Æ'\gB'Q��O6l\mh\Tl�o� ZrO2 �Y2O3 �La2O3 ��w'



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

4 H > ��℄�<� SOFC *�%�fDhgnj 869�g[; 8YSZ \6l\mh
h#�#{HB�spl�^i�A< SiO2 38.3mol% �
B2O3 27.4mol% � BaO2 31.3mol% � La2O3 0.6mol% � Y2O3 0.8mol% � ZrO2 1.6mol% \,�' [17].

3.2 b�g	%�`35 1 Æ'\ DSC [Z��
[Zz^iM'\I�Al Tg < 650◦C. J0GW}�Og��
Og�o�\Al<'I�� TQ\Al
20t�GW}�}g��C<'\NgAl (Tc), 5>U� Tc = 774◦C, �6�'\Ng�4Al Tp = 795◦C,  '\Ng�4Al��'\Ng� PXTQ
�20GWt�Og��<g-k6Al�ymÆ'\z\Al (Tliq), 5>U� Tliq = 893◦C. 5 2 Æ'\gB'[Z��gB'[Z^i\'I�Al Tg < 631◦C, �� DSC 7�~7G\ Tg Wd
�5 2 %�\gB'[ZH ZX\gB'Q�< 9.8×10−6/K(RT∼631◦C), �\1AlYM8 8YSZ \gB'Q� 10.0×10−6/K Wd��1M,�'� 8YSZ gB'Q�o,%\C=h

4 1 %�[ DSC ZY (10◦C/min, {L<)

Fig. 1 DSC curve of the newly developed sealing

glass(10◦C/min in air)

4 2 %�[fA&ZY (10◦C/min, {L<)

Fig. 2 Thermal expansion curve of the newly de-

veloped sealing glass(10◦C/min in air)

3.3 b�gs#�5 3 Æ'dK#Al�6\T~
O5>z�uG�' 700◦C �dK(w~i)���+w' 700◦C �W��;oU%\h
 770◦C �'�Tt�p6
 810◦C ��'\"���A3d�+�Al\��'\VdAl� +�AlS�'z�	� SOFC �W
' 840◦C ��Wd�V�z� 8YSZ E�es�+�AlmÆ
'\�VAl

4 3 +0�kR%�[p4e; (����� 5◦C/min)

Fig. 3 Shape change of the sealing glass as a function of temperature (heating rate of 5◦C/min)

3.4 b�g	�i%
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870 H > 0 � j � 21 p'� ÆASm�w~Ngsz9�JgB'Q�w~UG�6�Os�_�,��\=IEih��M,�'\gEih%7Æ�QXJ9�,.	� SOFC \�P
5
4 Æ'\gB'Q� SOFC 5WAlS#gI��M\�6�z�uG'\gB'Q� gI� 100 B 300h 0��"< 9.8×10−6/K ( 9.7×10−6/K, 300h 0\�6a< 1%,  �s~K\M:z:8 (~KM:< ±1%), U��
,�'o~<%\gEih
5 5Æ' 700◦C S 300h gI�O0� 8YSZ T?gB'�\o��z�uG�' �A
300h 0T?=l\gB'�E2(�6�S� 8YSZ \T?gB'�C=Z,%
�xz1�
'�+� 700◦C S5W\ SOFC \,�� �A ∼631◦C, 'T?=l\gB'�� 8YSZ \Wd�s 631∼700◦C, 'z�/#8/\�uY�&ug�

�M� -��A ∼700◦C, '( 8YSZ 2M,;;~&Q\g�



4 4 700◦C R%�[fA&P�"fH��L[�4
Fig. 4 CTE variation of sealing glass as a

function of annealing time at 700◦C

4 5 %�� 700◦C R 300h fH�N/�
8YSZ S>fA&�[n�
Fig. 5 Thermal expansion behaviors of the

sealing glass before and after annealing at

700◦C for 300h

4 6 %� /8YSZ \-� 700◦C fH� 100h(a) ' 300h(b) /[ SEM )D
Fig. 6 SEM photographs of cross-sectional views of the glass/8YSZ interfaces after heat-treatment

at 700◦C for 100h (a) and 300h (b), respectively

3.5 b�/ 8YSZ gs' �%5 6 Æ'� 8YSZ  700◦C gI� 100 ( 300h 0\℄.gi*E
�5zO�'�
8YSZ 2M,a"YZ,��sS℄.(i)y�8
' gI� 300h 0y(w~1U\�6
'� 8YSZ  700◦C gI� 100 ( 300h 0\℄.���.n5 7 %�
O
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4 H > ��℄�<� SOFC *�%�fDhgnj 8715>z�uG�gI� 100h 0�u8.l�< 3µm, sgI� 300h 0�u8.l�< 5µm.�M�
'� 8YSZ oU%\6l\mh


4 7 %� /8YSZ \-� 700◦C fH� 100h(a) ' 300h(b) /[\-���-
Fig. 7 Typical elemental profiles for different elements at the interfaces of 8YSZ/glass after annealing at

700◦C for 100h (a) and 300h (b), respectively

4 x�
1. '\gB'Q� 9.8×10−6/K(�A ∼631◦C) � 8YSZ \gB'Q� 10.0×10−6/K(�A ∼631◦C) \d
gEih�s!1
'o~<%\gEih� 700◦C gI� 300h0�JgB'Q�E2(�6 ( ~K\M:z:28).

2. 
'z 810◦C�W� 8YSZ �W�1�� 8YSZ o,%\6l\mh� 700◦C� 8YSZ y� 300h 0�=O1U℄.y�
�M�
'Æ 700◦C V��f\>A SOFC \�^,�2�
|��
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Thermal Stability Investigation of a Newly Developed Sealing Glass

as IT-SOFC Sealant

PENG Lian1,2, ZHU Qing-Shan1, XIE Zhao-Hui1, HUANG Wen-Lai1

(1. Multiphase Reaction Lab, Institute of Process Engineering, Chinese Academy of Sciences, Beijing

100080, China; 2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A sealing glass, based on the SiO2-B2O3-BaO-La2O3-ZrO2-Y2O3 system, was devel-

oped for intermediate temperature solid oxide fuel cells (ITSOFCs). The coefficient of thermal

expansion (CTE) of the glass is 9.8×10−6/K (RT∼631◦C), very close to that of 8YSZ electrolyte.

The glass shows a very good thermal stability, even after heat-treatment at 700◦C for 300h, little

change in CTE detected. The investigations also reveal that the glass is chemically compatible

with 8YSZ electrolyte and no obvious interfacial reaction can be observed after the glass contacting

with 8YSZ at 700◦C for 300h.

Key words intermediate temperature solid oxide fuel cells (ITSOFCs); sealing glass; thermal

stability; coefficient of thermal expansion


