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Bi2V0.9Cu0.1−xSnxO5.5−δ l<z�S�H2bY�W2&rNtdBi9 !��������������� �
(�����
~�|�����}Æ���	|��
������� 230026)v o� .=&��9}6=( Bi2V0.9Cu0.1−xSnxO5.5−δ(0≤ x ≤0.75) t-;6p� X-ray 	K!Æ�r!F�o'Z�!4� γ ���#��!F� Sn 
5�^Pw,(��Jt
m�Æq�X5 Sn C�G?;+*
Xp!T+*"�ÆP
H�Æ%�Q1&.��ra℄
Bi2V0.9Cu0.05Sn0.05O5.5−δ ENlAHt%
�Q+T0A{)!A!C%lA�o
�( 0 ��Bi2V0.9Cu0.1−xSnxO5.5−δ ; %��[JÆXp!Æ%+TÆPyV!;*�TQ174 \`�L��A

1 qjio<d ZrO2 �\'D&<qz,nDdnrr-,0U&L�d-,/b^-�d ��yzCd��ds-�n� (800◦C), a-�D�*-,���D	#d<��O�io��0-�DwKfVGd
e+IG)
�d*p�Qz[_)ded>�
\)�^Q#Xuhdx�>d'Dnrr-,�0 Bi2O3 \Ld'Dnrr-,b^-�d)~
Xa�<7qZuF0 γ-Bi4V2O11 Ku"{
3��C>\|?)~dkk [1∼4].yz �|{\n�Qn3d�d γ-Bi4V2O11 �Xjd1BuE|� γ ↔ β ↔ α � ��-,dn\5�9xj [1]. \)io�d γ �� ���`y98'1>
'd Cu �
Co �Ni � Zr gN7LV V, BO\m)N�\ BiMeVOx a-u.<7qG{ (Me i6UN7� x \LVN7d2')[2∼4]. y+ÆKu'#7�\z,nDdnrr-, (?Oe�x'io), Y�\uhd&��I-,~�DhXd:>`h [5].

BiMeVOx d�QK6UN7 Me Bj�) [4]. Mg|?X�vN76Uu�|{0 Cu*�LV V �> Bi2Cu0.9V0.1O5.35 dn��Qn3
Yf| [6]  ��_ Bi2Cu0.9V0.1O5.35([X 450◦C :�aVHE�>&�aD�dq� (α-Bi4V2O11), Qz\mn\5DnUxj
a�< Bi2Cu0.9V0.1O5.35 d�dio�?'#3
 M.C.Steil g �) Bi4V2O11 'PN76U9Kud{io��|{�`DN7d6UD H�	-,dio� [7]. �fwn��Qn3d Bi2Cu0.9V0.1O5.35 Kux
) Sn6U ���wF7)-,6U9d�q
\�Yq" <UC?wn��Qd;�
fu?w�7�Qn3d Bi2V0.9Cu0.05Sn0.05O5.5−δ([x
)&�R2'�#�sF7)bL,Op
M#GE� 2005–12–26, M�f"#GE�2006–03–31,6aA� .^�x��Ku (20371045, 50332040){x/5� o�� (1979– ), N�$�	 Th=^F� 1 b	 E-mail:wliu@ustc.edu.cn
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2 Kk

Bi2V0.9Cu0.1−xSnxO5.5−δ 
Kdp�/>'��:
�<�Y'��w<u�sMd
Bi2O3, V2O5, CuO, SnO2, F7oJ9X 650∼800◦C yPM��gk\M�
M�9d
,VPoJ9{Q,��Æ!�s.wob℄	!~ (d50) \ 0.80µm. XKyXWx�YOF>	V{g|� (300MPa) Ib
\)b^n℄d�qds�j?wXKx
){W℄�s
(0 5◦C/min �d��eu). ([dBs���L�`O�X17u2'b^
([dzKq""b�>
L X �~"� (Cu Kα P� philips x’pert.pro). z�0/�> powderx �eJ�#>
�{�~_0R7Ib
([d"DYq"�<*3/>�En} SEM (Hitachi/X-650).([dn��r2'"Xn<��s. (CHI604B) 
x
d�/>d"%nRm2
�_X-
([U,9U
%hX 700◦C VH 1h, f9���pd\�ux
2'�ds�Z\ 300∼700◦C, > 50◦C u-2'k
([�dk 700◦C �d-v�a9�x
jd2'�y9V�d2'�">-�{�>


S 1 Bi2V0.9Cu0.1−xSnxO5.5−δ (0≤ x ≤0.75)t-'Z
 X Æ}!ÆS^
Fig. 1 X-ray powder diffraction patterns of

Bi2V0.9Cu0.1−xSnxO5.5−δ(0≤ x ≤0.75)

&�R2'X��$&�gd�n
x
�2'ds�Z 550∼750◦C, 2'O�K�n0
f| [8].

3 3)+Q?
3.1 �us8$�P'��:7>d Bi2V0.9Cu0.1−xSnxO5.5−δu.([&d
L X �~"�q/
T 1A�
��G' P��([d"��=DGz'P�kADd"��Kf|�_d
Bi2V0.9Cu0.1O5.35d"���h7 [9],q�0R7\5��
a"G Cu4 SnX;� Bi4V2O11d:BD�0Uio�d γ �dQ#"�Pd
� 1 Bi2V0.9Cu0.1−xSnxO5.5−δ(0≤ x ≤0.75) ℄>nD�7R1%�7��O a � c p.7�R- V

Table 1 Crystal structure, lattice parameter a and c, and cell volume V for

Bi2V0.9Cu0.1−xSnxO5.5-δ(0≤ x ≤0.75)

Composite (x) Crystal structure Lattice parameter a/Å Lattice parameter c/Å Cell volume V /Å3

0.0 γ 3.9228 15.4515 237.7732

0.025 γ 3.9242 15.4475 237.8814

0.05 γ 3.9297 15.4403 238.4374

0.075 γ 3.9324 15.434 238.6678z�0/=��d </�
" 1. B" 1 �e�=� Sn 2' (x) d[_�z�KP=f[_
zz�0/ a 4 c  <q Z'P� a = x [_z[U� c v���= x [_zb
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6 ` n���e� Bi2V0.9Cu0.1−xSnxO5.5−δ %��[J
�p�[�Xp!J+TÆP�� 1425

f| [3] �_X> Zr � Sn � Ti *�LV Bi4V2O11 ud V �ioCd γ ���|{=
Zr J` Sn 6U'[_�z�0/ a, c 	[_�z�KP+=�[_�z= Ti 2'[_��z�0/ a b�� c [_�z�KPb�
B?}\ Zr � Sn 6U\mz�0/ a, c 	[_"BH Zr4+ J Sn4+ ��H V5+ ���3�~�U8
d�z Ti 6U��BH7�d&�a�w Zr � Sn �3�SuX γ �q"d ab ℄D�nyd&�a8
z�0/ a b��zz�0/ c d[U~y"BH Ti4+ ���~UH V5+ 8
d (rZr4+=0.72Å, rSn4+=0.69Å,

rTi4+=0.605Å, rV5+=0.54Å). a�z�0/ a db�\|\�>�\mz�KP=6 Ti 2'd[_z[_
j?d�$q/+�0>�6dO�_0r$
X Cu 4 Sn d�'' dm�x�=� Sn2'd[_�BH Snd`D (4+)�H Cu(2+), Ku\)�Cnu� �E8
&�aTsdxj�a\m)z�0/ a d[_�P�BH Sn4+ ���~�H Cu2+,Qz8
z�0/ c db� (rCu2+=0.77Å, rSn4+=0.69Å). z�0/ a d[b8
KPd[b�>*UHz�0/ c d;��%6 Sn 9z�KP?"[Ud

3.2 X4'sI4
Z

BiMeVOx d�Q'vK6UN7 Me�)�+K-,dYq"DBj$u�z-,d�q
\zywYq"D8U;� [9∼11]. {W℄�s"-v �-,�q
\n3d*v
T 2 " Bi2V0.9Cu0.1−xSnxO5.5−δ( x=0 �
0.025)([l	d~)?U)?5=dsd <t~
%v([
�)?dds (ts) �4'y�zT
U)?5�g`dds (tm) QX
760◦C, 9`dsQX 790◦C. �
= Sn 2'd[_�tm +=f���a(�:d�qds+*I���Owo([
9d�qds
\)�3i)r�qdsw([Yq"d;��j?w Bi2Cu0.9V0.1O5.35(x=0) ([�)'P�qds (700 � 770 � 800◦C) d�n'$��a	\ 5h. Bs2'|{ 700◦C �q([d�wBs 89.0% ,770◦C�q([d�wBsT^
94.0%, z 800◦C �q��([d�wBs=Dx-)I��zDAxj�jD 91.0%. j?w

S 2 Bi2V0.9Cu0.1−xSnxO5.5−δ(x=0 � 0.025)
}
(>T(>84<
r
�;(ts}
Fig. 2 Linear shrinkage and linear shrinkage

rate of Bi2V0.9Cu0.1−xSnxO5.5−δ(x=0, 0.025)

as a function of temperaturea�v([dYq"*3 (
T 3) |{n�ds�q�z�([BsxjdO6K-,dYq" <D)
X 700◦C �q�([u2D8y���z!n��℄	!~\ 3∼5µm, �<b�qds'#� 770◦C �qd([��vn
�zsn���z!6D:U�℄	!~Q\ 6∼8µm; z 800◦C �q([dz!Gz59:U�G{)nUd�p4Y/g�\m)([�wBsU#��Qdxj
T 4 \ Bi2V0.9Cu0.1−xSnxO5.5−δ(x=0.025 � 0.05 � 0.075) u.([ (�qds��{W℄�sbG) d"D�<_Y
�wH Bi2Cu0.9V0.1O5.35(x=0) 6� x=0.025 ([X 800◦C �q��z!;~yDY��:�YES/Gz �k*3'^Y/gRX��wBs�T
92.8%. wH Sn 6U' x=0.05 ([��qdsI�^ 830◦C ��z!�Cw��Q\ 6∼8µmÆE� x=0.075 d([�qdsI�^ 850◦C z!~n��Q\ 4∼6µm. 0
�<Ku6
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1426 k M + * � � 21 �
Sn Dw<z!d�>�P�I�)([d�qds
BHÆKu�\&��d0UL�d-,�>�-�:>dsX 550∼700◦C, �qdsdI�D H-,d�� ���H�d:a�>�zw<z!�b
Y/g�ZD HI�-,dis


S 3 Bi2V0.9Cu0.1O5.35 W (a) 700◦C, (b) 770◦C, (c) 800◦C �p 5h 
!C
;
Fig. 3 SEM micrographs of Bi2V0.9Cu0.1O5.35 sintered at 700, 770 and 800◦C for 5h

S 4 Bi2V0.9Cu1−xSnxO5.5−δ &O��
!C
;
Fig. 4 SEM micrographs of Bi2V0.9Cu0.1−xSnxO5.35−δ

(a) x=0.025, 800◦C, 5h; (b) x=0.05, 830◦C, 5h; (c) x=0.075, 850◦C, 5h

3.3 Bi2V0.9Cu0.1−xSnxO5.5−δ � geCT 5 \ Bi2V0.9Cu0.1−xSnxO5.5−δ u.([dn\5Kdsd)ut~ (([�qMePT 4), \lI

�Xa�j�G)jd2'dq/
X Cu 4 Sn �'' dm�x�[_
Sn 2'�([n\5H Sn=0.025 �xjnUW�bI([6?xjq 
0*iGd"6
Sn \ 0.025 d([Xox�d�d2'D-s9�zbI��X{�>2'1Bun\5	w783
j?e_Kuu Sn d`D*�H Cu, Sn 2'd[_4`�Kuud&�aTszfb
�gD XRD �Gdz�0/ a = Sn d[_z[U+KOh7
&�aTsdb
\mn\5+��xj�a3GÆKuu&��d\n"t}&�aRf�{d
OW?��Gt~X 500◦C ÆED-�9d� ��<)G<Qd <
f|�_ [6,9∼11]a� PH γ-γ′ � �hd γ′ �w:d"&�a*�D�d��&�ad*�D�\mn\5xj0UG<Q[_
 Sn=0.025([n\5d59xj�}\"'PdYq"\md
(
T 3). \)�3i3G-,dYq"w-,n�Qd;��j?wT 3(b) K (c) 'P�<Yq"d Bi2V0.9Cu0.1O5.35 ([?x
)n��Q2' 
q/z� 770◦C �q([X{�>1Buw7d83� 800◦C �qd([�wH 770◦C �q(['vn\5xj8y�zkX�� rL�jdn\2'DGzDs{�
a-Ds{�+�bB �` [10,12] *3^
f| [11] ?�_n�z!d([6:Q#2pJ`b�av γ-γ′ � 
j?wz!ES'PdYq"([dn\2'+d�)ak
�
�*�Ibn3dn��Q-,�-
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6 ` n���e� Bi2V0.9Cu0.1−xSnxO5.5−δ %��[J
�p�[�Xp!J+TÆP�� 1427,dYq"�p+"k)w*d


S 5 Bi2V0.9Cu0.1−xSnxO5.5−δ(0≤ x ≤0.75)t-'Zm[4
 Arrinenius s}
Fig. 5 Arrhenius plot of electrical conductiv-

ity for Bi2V0.9Cu0.1−xSnxO5.5−δ(0≤ x ≤0.75)

S 6 Bi2V0.9Cu0.05Sn0.05O5.5−δ ENH
%�Q84<
r
�;s}
Fig. 6 Oxygen permeation rate of

Bi2V0.9Cu0.05Sn0.05O5.5−δ ceramic membrane

as a function of temperature

3.4 mJUeCmOR&I-,*�{C�Q�eu��&dMd�-�DZ�*��&��L,dN_�F*p-,Q#L,n�0�℄C-,dnu�
wF7n�\K La0.6Sr0.4Co1−yFeyO
[13]
3−δ,8�38	a%k�zwH� BiMeVOx a-�M&��n\d-,�*�{C���&dMd�-�N1_�n�\n�">0��7R&I-,JN1Wu3��{
�f/>9-v�~�VX Bi2V0.9Cu0.05Sn0.05O5.5−δ ([d"DU
%h�f>\Wu3�a(X&L,d1Bun�Q(["DL,0�Cnu�
T 6 \ Bi2V0.9Cu0.05Sn0.05O5.5−δ d&N'Kdsd)uT
QTu�0�GXj?2'dds�ZO�b&N'�wH���q"d-,�� La0.2Ba0.8Co0.2Fe0.8O3−δ *�by [14]. a��6:K BiMeVOx �Dn�d��n\5�:x
0xj?/>n\/�Q�7
$:�:d&N' 
XK��dm�x�KudR&'�B Wagner �B (1) Y:b^
BHj?/>d"Wu3�D σe >> σi,
����> (2) �


jO2
=

RT

16F 2L
×

σiσe

σi + σe
× ln

PO2

PO2

(1)

jO2
=

RT

16F 2L
× σi × ln

PO2

PO2

(2)OWÆKuL�"M&��\K�A0m2
�_.2'b^d�n\5 (σtol) |*"��n\5d |�V σtol ≈ σi. a(B (2) ��Y:b^X�$2'd&��Mex jO2
d�7h
w�T 6 u&N'Y:h42'h��
�7Y:h*��[2'q/U 1∼2 �/'W�a3GY:LHÆKu"BK���pdgI"'
wd
B�=3�O-,&dL,1Bu"D&mB)y"|*�p67
a(�wÆKu�5x
"D�%�I�"D&mB95�>\:>a--,d)d
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Bi2V0.9Cu1−xSnxO5.5−δ(0≤ x ≤0.75) Kud6U �"G
 (1) Æ-,dp��1w-,dYq";�nU�xz;�^-,dn��Q��([1�E\m Bi2V0.9Cu0.1O5.35−δz!59:U��-,n\5jhUn\{�>2'G{�wDs� (2) Kuu V a Snd6�;_Qx-)[_Kud��n\�YCD H�	-,dYq"UI�-,d#��Q� (3) &�R2'/��s"G Bi2V0.9Cu0.05Sn0.05O5.5−δ Kuud&�R1B|*"B"D&mB�pd
�:[_
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Sintering Behavior, Microstructure and Transport Properties of

Bi2V0.9Cu0.1−xSnxO5.5−δ Oxygen-ion Conductor

WU Xiu-Sheng, FANG Shu-Min, JIANG Guo-Shun, CHEN Chu-Sheng, LIU Wei

(Laboratory of Advanced Functional Materials and Devices, Department of Materials Science and Engi-

neering, University of Science and Technology of China, Hefei 230026, China)

Abstract: The samples of Bi2V0.9Cu0.1−xSnxO5.5−δ (0≤ x ≤0.75) were prepared by solid-state

reaction. Room temperature powder X-ray diffraction (XRD) indicates that the synthesized com-

pounds present the tetragonal γ-phase structure. The measurement results show that doped-Sn

benefits to the control of microstructure of the sample and favor its mechanic property though it

doesn′t further improve the electrical conductivity of the system. The oxygen permeation measure-

ment result indicates oxygen transport in Bi2V0.9Cu0.1−xSnxO5.5−δ system is controlled mainly

by the process of surface oxygen exchange.

Key words Bi2V0.9Cu0.1−xSnxO5.5−δ; electrical conductivity; microstructure; oxygen permeation


