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Preparation and Properties of SrFeO3−δ Based Mixed Conducting Membrane

Material Doped with Cu and Ti
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Abstract: A series of SrFe(Cu,Ti)O3−δ membrane materials were synthesized by a citric acid complex

method. The crystal structures and phase stabilities of the materials were studied by TG-DSC and XRD.

It is found that Cu and Ti doping content has great effects on the phase component and the oxygen

permeability of the materials. The addition of Cu can increase the oxygen vacancy concentration and the

addition of Ti can enhance the structure stability. SrFe0.6Cu0.3Ti0.1O3−δ has pure perovskite structure and

exhibits high stability and high oxygen permeation flux which is 0.7mL·min−1·cm−2(STP) under air/He

gradient at 900◦C.
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�5*�Ae|r�1f$L	F=�h�9,v{Q\H,\Z Co, y�Xf0�;EY���H<=��fe60?[���? Bi �A0?
Sr10−n/2BinFe20Om(n=4 � 6 � 8 � 10)[11], La-Ga-O^�A0? [12,13], La2NiO

[14]
4+δ B Y(La)Ba2Cu3O

[15]
7−δi	+� Teraoka i [16] f0��i"('�1<g Cu \H; AF�Y:f6#u�Y(0?fe6h7	Fk�A Cu \H\Z Co \H AYY{j℄?C��,�Ci�2lHL	�-$��<=�A Cu �Ti <gfXD`[e60?��9< Cu B Ti f<g:�0?�[�1Be6"hfJ�	

2 f�0>
2.1 ?l;I6�/�� Ti(C4H9O)4:HNO3=1:2(`��), x(KFp*mb 6mol·L−1 f�K�<')~}����I�q �87� 7qp*��7q TiO(NO3)2�<�L�<Jv�/H TiO(NO3)2 �L	�w0?fP*j:����:� Sr(NO3)2, Fe(NO3)3,

Cu(NO3)2 B TiO(NO3)2 �<�XDI}��e��w��A/��lVK���M =1:2:3 f�3m�lVKB��M�L�Do��<f pH �q 5.5.i 80◦C �D[m�')~}���<1��wm&'5Æ�Ee[�O�D�f)~|��"I�C.�qGf|����_�m�T;y�.�I!qm|��Ii 80◦C �z##m 12h db�
[	x�
[i 900◦C �&! 5h �C�[	
XRD $}2L XPERP-PRO 2#?� CuKα #���Y�p 2θ=20◦ ∼80◦,�Y+� 0.01. TG-DSC��i NETZSCH STA 449C ����? 	 6r�i\}}���A 10◦C·min−1 fIM+y�

1000◦C.

2.2 ^b;,x
df�[0_�� <200 bf�[�℄m���Ml5I2L)#&\�C��i 200MPa�-C φ20mm×2mm #Qf^s	x^si 1200◦C�!� 5h, +{yIMq 2◦C·min−1, "Id
φ(17∼18)mm×1.5mm f�W^s	
2.3 o�{a4h2L|T�6=8ui 750∼950◦C ffe6:	^sX/G5�q`=�W�	^sf=z`#m#}�HI 200mL·min−1, F=z`(N>}�HI 35mL·min−1. s}I`�	� HP4890D}��y?	 6?:���i	��yr6A�`�E�H:f CH4 $qf"r:� TCD r6�

�y�q 5A ����	  hf\6�/	J=f6}+�\}J=f:2L/6 (1) jL'VA$I	
F leak

O2
= F leak

N2
×

√

28

32
×

0.21

0.79
(1)

3 PEGj\
3.1 SrFe(Cu,Ti)O3−δ v[2Z;TlQCg 1 f (a) q8u SrFeO3−δ f XRD yg� u{���q4�"('��1�℄9P[
fg�Ti�9 Sr B Fe X6�Cf7��1	i
SrFeO3−δ � Sr fpTq +2, P1 Fe fpTHq +4, Fe4+ /�fpn�1�q 3d4(t32ge

1
g), E)|r��C�*n�Lm��C 3d n�V�FPf

Fe3+, qrE�[fn"��[V>*Y:f6#u	S�1 ,z�0?h��C0�f"('1�X{�E� f PEY4��6 (2) q�E�fjL/6�̂ f=11�[q0�f4�"('�1	 f �q/0�� 1 b`��[b�C�*b!	o$ SrFeO3−δ  Fe Æ9 +4 p�o f=0.92;�Æ9 +3p�o f=0.89.  uS�1 ,z�Fe3+fTi��E"('1�9)2f��C`��[>*g�	
f =

rA + rO
√

2(rB + rO)
(2)6 f q�E�� rA � rB � rO �&$7"('�1 A � B u/�B O2− /�f/���	��g 1 f (b) � (c) � (d) B (e) F*yg� A�H Cu ?:f!P� SrFe0.9−xCuxTi0.1O3−δ�A0?�[�1fJ�	^ Cu f<g: x=0.318u�C<N�f"('�1�� x=0 �0.2 B

f 1 SrFe(Cu,Ti)O3−δ ��7te XRD xf
Fig. 1 XRD patterns of SrFe(Cu,Ti)O3−δ samples

(a) SrFeO3−δ ; (b) SrFe0.9Ti0.1O3−δ; (c)SrFe0.7Cu0.2Ti0.1-

O3−δ; (d)SrFe0.6Cu0.3Ti0.1O3−δ; (e)SrFe0.5Cu0.4Ti0.1O3−δ;

(f) SrFe0.5Cu0.3Ti0.2O3−δ; (g) SrFe0.7Cu0.3O3−δ
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 Cu � Ti ;fe SrFeO3−δ \WC_Zd5.=e	�W!g.� 99

0.4 f8uwTi�g�	{� x=0 B 0.2 1>*fg�q Sr2Fe2O5; � x=0.4 1>*fg�q
SrCuO2. 0?�[�1f!P A`= Bf�E�0N,�:��T SrFe0.9−xCuxTi0.1O3−δ �A0?� A u�P Sr \H�9)!pf�o f �O B u\H/���fpY�t�	NT Fe4+ B
Ti4+ f/�����Y�RTH�i B u4�[f f <1, �-� Fe \HSV�!q��p� Fe pT{j1{/���pY� f �,mq/ 1, `��[f"('1��C�*b!�>*g�	L Cu	 <g1� Cu \H	�"('�1f B u�)� A�6Pb��p�/���YYt��A��T Fe4+ B Fe3+ f/����y8V4�[f�E�pY��
T 1, 0?f�1|r"Y(	^ Cu f<g:pmb 0.3 1��C<N�f"('�1	NT Cu \H"(q��p�Rf<g��`��[�6ArEn"�0?6#ufC:VO Cu ?:fpm�pm	�p/�)9=�|rf�6�Rf?:=(;V40?f|r"{j�PA^ Cu f<g:pmb 0.4 1RPg�>*�P1=:f Cu\H{q��p�A SrCuO2 ���H	��g 1 f (d) � (f) B (g) �*yg A�H Ti ?:f!P� SrFe0.7−yCu0.3TiyO3−δ �A0?�[�1fJ�	)? Ti f8uM�^� �C<[=f"('�1�℄9{��yj�O�
Ti <g:fpY�0?f��yY(��1,m|r	y9Eq Ti4+ B Fe4+ f/���E�
��
Ti4+ f|r":``MT Fe4+. PAL Ti \H,�Z B uf Fe \HP2T0?�C|rf"('1�	y; AS a B b 8*ygf���H�� SrFeO3−δ  10% f Fe \HL Ti �ZI��[f7��[
t"���yYYY(	℄9SrE�[n"�X�L� Ti f<gVt"0?f�6:�y�T0?fe6h79)2f	
3.2 2Z;�q�{aMt<{"('�1f SrFeO3−δ �PPvf6J���	^yy+(1Rh:�H-�6��^yy{j1RRh�6�>U�	��i�Q��6+R=D{^��)�1')�wQ	P0���� SrFeO3−δ f�6[�6: V{�:f 2%,�6[�6=D i 300◦C#Q�5	 [17,18]. g
2 
7< SrFe0.7Cu0.3O3−δ B SrFe0.6Cu0.3Ti0.1O3−δ8*8uf����<	 A�H�8*8ui
300◦C �wP=}�%f-�=D��HT$X��6fjI��xiP�}fj6-��&q
0.83% B 0.36%. 8*8uw={jf|rI

	�l�*j6-�S��℄9P�)bf|5yy	 SrFe0.7Cu0.3O3−δ S 330◦C f�5	=+f6j��iyy+(� 1000◦C f=D=�E&)~�y==Dfj6-�q 3.79%; �
SrFe0.6Cu0.3Ti0.1O3−δ l��}f6j�=D|5T 400◦C �
�� 1000◦C j6-� 3.20%. i
400∼900◦Cyy�qf�SrFe0.6Cu0.3Ti0.1O3−δ f6j�IM^� 9)!f�900◦CAI�5!�Æ� SrFe0.7Cu0.3O3−δ i 650◦C I6j�IM�*< !�A,%fIMj6�� 880◦C �5!�	N DSC 	� A�H�i~*yy�qf��O�8uf-��9=*TQ��f=D	�d�Df9�8u SrFe0.7Cu0.3O3−δ i 580◦C �
H�<=*����� SrFe0.6Cu0.3Ti0.1O3−δ f DSC	�i 580◦C �
9vMf�RPH����	����Ify8*8u	 XRD ����<
7 SrFe0.6Cu0.3Ti0.1O3−δ ���Em~f"('�1�� SrFe0.7Cu0.3O3−δ fygoH�< Sr2Fe2O5B SrCuO2 g���Pi~� h9NT�J0=Dg�f>*�`�8u SrFe0.7Cu0.3O3−δ f
DSC	� i 580◦CJH�<=*���	 u�
SrFe0.7Cu0.3O3−δ ���3f|r"�� Ti \Hf℄m A!�y����|r�[f1��'40?�P�ef6j�IM	
f 2 7te����Æ
Fig. 2 TG-DSC curves of samples

(a) SrFe0.6Cu0.3Ti0.1O3−δ ; (b) SrFe0.7Cu0.3O3−δ

3.3 SrFe(Cu,Ti)O3−δ v[2Z;o�{aXD`[e6^0?fe6h7X{�1�6f�j�"hB0?f6#unye{r�~>IMiEHP��:f4�	 SrFeO3−δ 0?�%� A�CY:f6#u�-� Fe /�� Cu /��ZI�Eq Cu/�fv�pT:jT Fe/�fv�pT��[6#ufC:SVpm�P2TY(0?fe6h7	� SrFe0.9−xCuxTi0.1O3−δ �A0?	 e6"h�9��� x=0 f^s!�I$X
�%��fBz���	 e66=Æ
x=0.2�0.3 B 0.4f^s=!���C<a��
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100 } _ . = ( � 22 �y��f^s�$X�ev~	g 3 
7<0?f6'e"hOyyf!P�(	+� (b) � (c) �
(d) �^� A�H� SrFe0.9−xCuxTi0.1O3−δ fe6h7O Cu \H<g:fpm	pYIt���D XRD f6=�<� A��0?fe6h7X�1m~"P��4�	iXD`[e6^�6/�fLm`=�[�1uT�Cf6���	 	N�f"('�1��[f-6��f�CB�*9�ef�S=-�w�P�bf6/�n`MÆ�^�[Ti Sr2Fe2O5 B SrCuO2 y8fg�1�NTy��)Ti6���6/�n`ME��RTfTiV�0?~[f6/�Lm|b��$L�`�0?fe6:!�	+�g 3f (a) � (b) � (e) �^�� A�H Ti <g:� SrFe0.7−yCu0.3TiyO3−δ fe6h7fJ��{e6:O Ti ?:fpY�[
t�	��XPB�
Ti /�i�Fp1 A|rTi�EPi B u℄m Ti \HVt"�[f-f6#u�Sg 2 ; A�H<g Ti If0?6��:t�<	

f 3 SrFe(Cu,Ti)O3−δ ��℄rd59Nxxe O�Æ
Fig. 3 O2 permeation flux of SrFe(Cu,Ti)O3−δ mem-

branes versus temperature

(a) SrFe0.7Cu0.3O3−δ; (b) SrFe0.6Cu0.3Ti0.1O3−δ;

(c) SrFe0.7Cu0.2Ti0.1O3−δ; (d) SrFe0.5Cu0.4Ti0.1O3−δ ;

(e) SrFe0.5Cu0.3Ti0.2O3−δ=*�fXD`[e6^0?)�:P(fe6:���$:(f|r"	23�<$[�!Cq SrFe0.7Cu0.3O3−δ f^sie66==D�C�B�{b;yI�̂ sfa��yE:�E�f-7f 4{�P�)h��4L	<g TiIf0?
SrFe0.6Cu0.3Ti0.1O3−δ fe6|r"db<EYfY(�	 e66=I^s��Em��S 900◦CA(T 10◦C·min−1 fIM{y�̂ s)V~B���6=e6"h���E�
fe6:	EP�0? SrFe0.6Cu0.3Ti0.1O3−δ b1�P�(fe6:B

|r"�Poi(y6�/=DdbHL	
4 P\A Cu B Ti -��Z SrFeO3−δ f Fe, �0?f�[�1Be6h7P�:J��<g Cu h3pm�[f-f6#u�S�Y(0?fe6h7	0? SrFe0.7Cu0.3O3−δ �P�(fe6:�℄9{|r"E:��{<g Ti  AY(|r"�℄9e6:VO Ti?:fpm�{j	SrFe0.9−xCuxTi0.1O3−δf�[�1� x �fJ�� x=0.3 1��C[="('�1Æ x <0.3 1�>* Sr2Fe2O5 g�Æ x=0.41�>* SrCuO2 g�	N�f"('�1�0?fe6"hP2�g�fTi�0?f6/�Lm|��$L�`�0?fe6:{j	3Vrw
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