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Abstract: The La0.6Sr0.4Co0.2Fe0.8O3−δ(LSCF) composite oxide was prepared via combined EDTA-

citrate complexing process with concentrated nitric acid treatment. The treatment would result in

the self-combustion of solid state precursors at low temperatures. The effect of preparing conditions

on LSCF’s catalytic properties was investigated by using decomposition of peroxide hydrogen as the

model. The FT-IR results of the solid state precursor and the pH values of aqueous solution of it

were studied to determine the mechanism of the thermal decomposition of organic in the precursor and

of the self-combustion process. Moreover, XRD was employed to characterize the crystal structure of

LSCF calcined at higher temperatures. The study shows that the treatment can depress the growth of

crystallite and improve the catalysis for decomposition of peroxide hydrogen. Of the all samples, the

LSCF-40-900 has the highest activity to the decomposition of peroxide hydrogen.

Key words perovskite-type oxide; La0.6Sr0.4Co0.2Fe0.8O3−δ; HNO3 treatment; decomposition of

peroxide hydrogen
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 � 22 G��ao�P���[vdr.:���ÆB5+�osdJ7�+�K.�oXSy�P5�}%��vtvQ#y9? [6−8].s�WM�-.y��<sgk	:?X9yKn!9�s�T_y-.Pmk�#,��z�m<+4[�4\��g;ye)L
9�svn9y'ZC+�ro8y��`�	�4Woo��s�T_y-.�m<z>+4IT�4\DEg℄ye)��ado��	3w� EDTA- !��s�y LSCF -.�U+v LSCF �)ye)L
�t 1000◦C[9], #Kn!9�� 200◦C. Bell }V4W~x37y%�s�v La0.8Sr0.8MnO3, ���e37ys�%�u�8yy,�)FCm<s�ro8yydo��?3n7 [10]. [oo��s�4d�oXyWMw�:G.w/��yITvd��<J!9yE}Xyx`�Y$y
pHk [11] �X7yo
}4��u�-.y��Cm<s	� EDTA- !�od�d�U+�b{<s�tÆ��lEpA-y<s4�(v1D�|q9u<sCXy��	[R�\1y��w�e�4W$w�� Ba0.5Sr0.5Co0.8Fe0.2O3−δ (BSCF)K%:G.2�Wf�uv;L�eky BSCF m<#3Wfy`�4 50%[12]. 4\v,?x4d�oXy�JWM�+�<sb%WMy4��AU+�B��dJT;��y-.	!A�4W$w�� LSCF K%:G.2�vWf�XH;L`�e�dJT LSCF -.	
2 \|
2.1 3f-��t�w ?OyIG+ZY�-	��)CXo�yy	t#�%�tty Sr(NO3)2 -.a%�.�y Co(NO3)2 � Fe(NO3)3 � La(NO3)3 Y$^I��w�!�viIT	 Co(NO3)2 �
Fe(NO3)3 a La(NO3)3 Y$y$
4W EDTA �d���M�	� EDTA-Æ�Y$^b�Y$w�X^%�ty!�	/��� EDTA: !��Æ�y��#G 1:1:2:10. �!�N?ky:GY$pHH/8℄ow�+-[ 150�200a 250◦C`8℄ 8h kvtK%:G.	HTK%:G.aLt�L�+-? 20 � 30 � 40 a 50mL y$w�
(67wt%) �32�Wf�WfkXpH8℄ow�H 250◦C `UWfvt�_K%:G.	Æk���_K%:G.'^�1�w�+-[ 700�800�

900 a 1000◦C `�evt LSCF -.	�+y$^�yG� LSCF- KoL
 - w�Wft - �eL
�℄� 250◦C Kok; 20mLw�Wf 1000◦C�eky-.+ LSCF 250-20-1000,z	
2.2 }U-���"^4W pH ' (PHSJ-5 }�bX8ÆR�'5EjC�) =�37L
8℄kK%:G.�Y$y
pH k	4W5j"hAP/ (FT-IR, AVATAR-360)O?37L
8℄kXtwyz>_�fb� pHk,y)T	-.;��k�U? X hm-��h (XRD, D8-Advance) ��8yy7n)F2����`�"D 10◦ ∼ 90◦. -.ydo��4W���+,t�O?����+,�p℄Nf
[13]  z	8MIH 0.05gLSCF do�^!95w�X^ 2.26mol/Ly��� 7.5mLa 1mol/Ly
NaOH30mL, =�L
G 26◦C.

3 B9�dN
3.1 wb&K07WXf-�s�aO?y}w��37L
8℄kyK%:G.y<s	�s� 0.01molLSCF ^ 50mL w�t�:G.2�Wf	8℄L
+-G 150 � 200a 250◦C. ?w�Wf 250◦C 8℄y:G.q�Ekth	a�U'T�h	a�UGw�+,Cmy NO2, \q:G.�mF{&`�/'TCkyUt	�?w�Wf 150 a 200◦C 8℄ky:G.q�0Efth	a�U'T�>:G.3�m&`	:G.yU+,WM4D:? TG-DTA 2�+Z�4Wbx%��G�=T:G.w?=&E}X+,y4xL
	!t�:? pH'J FT-IRn)dy%��:G.y+,WM2�v��	Gv�o��4��0v? EDTA G�d�	�a�}ty:G.[37L
`8℄ 8h, X�8℄kyK%:G.YH�w��_��m7%V
�!�ITk=vy pH k℄= 1  z	a= 1wU+MT���KoL
yn;� pH ka`�kn;�[8℄L
 >200◦C k� pH k >7. [�L8℄& pH y`���\q EDTA +,mJv
(CH2COOH)2N(CH2)2OH a HN(CH2COOH)

[14]
2 , 4GbqxXty���kH EDTA,  +��L
yn;+,F���_<	p8℄L
it 250◦Ck –COOH z>Kx+,�Oa��z�dy/�
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< 1 26K	Jnj9F-ÆX#x pH j
Fig. 1 Dependence of solidification temperature of

the solid state precursor on the pH value of its corre-

sponding aqueous solution

< 2 26K	Jnj9F-x FT-IR <.
Fig. 2 FT-IR spectra of the solid state precursor

solidified at various temperatures[Kt�k%g\0CT_� pH k��n;BH_��	= 2 bzv:G.[37L
8℄ky
FT-IR =/	 1390 J 1595cm−1 qWy[�.}
COO− y(.�a=wU+MT[ 150 a 200◦C8℄k� –COO− z>�E+,��[ 250◦C 8℄k�bq=Ip.y<
kkx_��� –COO−z>�-p�bJO?ty pH k(onOd	4W�:G.U+,WMy��Ug�[ 150a 200◦C 8℄k COO− z>/�E�-p�\q/��&P��d	p^w�k�BH pH ky��ro EDTA- /��dXy0�P�D	`��vft/��a%Iz>wCT_��w�[DL`+,��E/��do9�2��4\bqlEfty NO2 mJ	�[ 250◦C 8℄k�:G.wy –COO− z>(z!bJ5+,�/��3��zy�l� +�w�ydo+,�?g<�4\rovkt NO2 ymJ	+,!9)�k�WEktw�H�m+,�b{H+,yw�J:G.�Jv	eayY�	

�b�	eaY�XpH8℄ow�H 250◦C`2�8℄� E�+[8℄WMw��mv�S	�Sky�_K%:G.y XRD =/℄= 3 z	a=wU+MT��SkyCXw�E7�℄nmJ	 150 a 200◦C y�+Sek LSCF (.y<
g_�� 250◦CyLg<	b}BH 250◦C8℄k/��[�E –COO− �lqJw�mJvw���/�w��(-}W�L�y/�w���Z&odXySeEg<ydo�? [15],vSeL
k0n;� +CXy)7
!�in;	�?CXwIE SrCO3 mJ�B\?=SeL
9�H 900◦C[16].4Wb�t�U+MT�250◦C8℄ky:G.�;w�Wf�SkUxv#℄y7.)F	%`_R�O?vw�?t� 250◦C 8℄kK%:G.yWfWM��SWMy<s��)CXytG 0.01mol, w�y?t+-G 20 � 30 � 40 a
50mL. ? 20mL w�Wfq0Eft NO2 'T�>[ 250◦C `3��S	b�� 20mL yw�3�++B�Gyw���G�o��6�:G.�S	� 30mL w�}}-k�4G[t�wEq��m�S�Eq^3�	�w�?t >40mLk�BHw��Wt�SeWM(DF{	= 4 G37tw�Wfk�_K%:G.y
XRD =/	a=wU+MT 20mL w�Wfk�4G�E�m�S� +HTe7�℄n	� 30�40a 50mL w�Wfk��mv�S�IE LSCF nmJ�n}7q!mJvkty SrCO3. a=wrU+MT LSCF)7
�w�ty_R_R;	g�b�w���G%x�o��"y_U++;SeL
a�GSeq�	4\ 50mL w�Wf

< 3 v�Vej�^J$9F-x XRD <.
Fig. 3 XRD patterns of secondary solid state precur-

sors originating from the solid state precursor treated

by HNO3
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< 4 26sv�Vejx�^J$9F-x XRD<.
Fig. 4 XRD patterns of secondary solid state precur-

sors originating from the solid state precursor treated

with different amount of HNO3ky�SeCX(DEg℄y7�℄7}	
3.2 wb&K0 LSCF Ff[#-�s= 5 G 250◦C 8℄yK%:G.; 50mL w�Wfk[37L
`�e v-.y XRD =/	a=wU+MT?L
�ek LSCFy(.�g<	[ ≤800◦Cq��+wE SrCO3 f[�[�eL
 >800◦Ck SrCO3 ^3�� XRD�=t	?0�

` vCXy7�<	a7�.�+��B Scher-

rer Cy	�vty7mQgzH, 1. 20mL w�Wfk-.y7mQg[�L (≤700◦C) �ek#z��[;L (>800◦C)�ek_GgZ�[ 1000◦C�ek7mQgG 24.8nm # 700◦C q_Gv 30%.)dw�Wft��SeWMy<s�U+?=[
20mL w�Wfk�E}X�-pyM
/3}gk� +-.�kye)��JH;w�Wfq [9]y#%4	�w�yv?U+.s7myGk�[w�?t >20mLk 1000◦C�e v-.y7mQgy_G0E 5%∼10%. bJw�Wfs�y BSCF)T}%oy�w�Wfkvty BSCF y7mQg#3Wfq�z 50%[12]. 4W7�<	y(o�e���w�Wfty_� v-.|�(j%7^�~(Ge 7^	[fpy7�℄})Fw� B–O �EG a/2, A–O �EG √

2a/2(a Gj%7�<	), ?��<�� (rA+rO) =
√

2(rB+rO).V��e�p3}QQ(\N^yy�^`���odXW��O ABO3 yz!)F��lE[\j4� t = (rA + rO)/
√

2(rB + rO)=1 q�7�℄}�oX9��OC	yj%})F�p\j4�( 1 q�7���m~(	= 6 G LSCF y\j4� 1  ig�n	�+ LSCF +EeA6
Table 1 Crystal structures of LSCF obtained via different processes

Cell parameter/Å
Sample Cell volume/Å3 Grain diameter/nm

a b c

LSCF250-20-700 3.8959 3.9000 3.8941 59.1663 19.0

LSCF250-30-700 3.8948 3.9137 3.8713 59.0107 17.8

LSCF250-40-700 3.8869 3.9062 3.9041 59.2758 19.1

LSCF250-50-700 3.9114 3.8870 3.9333 59.7998 22.7

LSCF250-20-800 3.8848 3.8952 3.8870 58.8182 21.6

LSCF250-30-800 3.9065 3.9072 3.8984 59.5034 18.6

LSCF250-40-800 3.8919 3.9002 3.8957 59.1341 21.6

LSCF250-50-800 3.9020 3.8871 3.9334 59.6594 25.6

LSCF250-20-900 3.8878 3.8933 3.8809 58.7422 23.4

LSCF250-30-900 3.9083 3.9076 3.9270 59.9745 18.6

LSCF250-40-900 3.8915 3.8988 3.8955 59.1028 19.5

LSCF250-50-900 3.8932 3.8968 3.8842 58.9271 23.4

LSCF250-20-1000 3.8943 3.9080 3.8846 59.1208 24.8

LSCF250-30-1000 3.9002 3.9016 3.8591 58.7227 18.6

LSCF250-40-1000 3.8853 3.9033 3.8933 59.0441 23.4

LSCF250-50-1000 3.9002 3.9171 3.8927 59.4703 25.6
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< 5 : 50mL v�Vejx�^J$9F-Z26K	�djx XRD <.
Fig. 5 XRD patterns of LSCF derived from the solid

state precursor treated by 50mL HNO3

< 6 LSCF x[i3�� [Fe4+] ` [Co4+ ] x'nM℄� [Fe4+]=nFe4+/nFe, [Co4+]=nCo4+/nCo(n l+���)

Fig. 6 Dependence of [Fe4+] and [Co4+] on the

tolerance factor of LSCF, where [Fe4+]=nFe4+/nFe,

[Co4+ ]=nCo4+/nCo(n is the mole number)

< 7 LSCF n���Æn*+��Dl
Fig. 7 Dependence of time on volume of oxygen via

decomposition process of peroxide hydrogen by using

LSCF as the catalyst

The catalysts are derived from solid state precursors

treated with (a) 20 mL, (b) 30 mL, (c) 40 mL and (d)

50 mL HNO3. (e) The comparison of 900◦C obtained cat-

alysts originating from solid state precursors treated with

different amount of HNO3
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 � 22 G�I Co4+ _ Fe4+ YrwL\;�AGu�w;�m�Z/� LSCF uw Co _ Fe �ms9�#�Q
�iu�Udiusw LSCF u�D CO2+ _
Fe2+ eY�o�b�_1b��&E +4 �p�
LSCFwZh2��hs 1.014,�)Y 700_ 800◦C�i LSCF w5,'DJwtd�5\}&��
	)9�J��+4 �w Co _ Fe t�qM�2[�Y�J� >900◦C p5,'DFti$'D}&�
3.3 u`$I. LSCF (<xS*�q; 7 E15ru�Udi>J���u
LSCF �E
�)*bm�p�
�)*&Sw�6r�p�&mwCk�`; 7(a)∼(d) uS)LS) 900◦C�iw LSCF�Ebm�p�
H2O2 )*���Y� 800◦C ℄h� 1000◦C ���; 7(e)| 900◦C�i>�*Æ H2O2 bm��w""� LSCF250-40-900 Æ H2O2 )*wbm���[� LSCF250-20-900 Udwusw�*bm���~�:q LSCF Æ H2O2 )*bm��w2�f�� 1000◦C �i�AG9J_bm�'�"*��_��qnbm��" 900◦C p_���
800◦C pbm��N1Z/'�mAG'5�1� 900◦C p9��)bm�� 1|�[�[�bm�u Co _ Fe b�w�# H�� LSCF bmw�wjy�Yu�=r"�p�AG"u�w;�m��bm�u Co_ Feb�Z/��ms"9w�#�aDgGbm���w)9 [17]. �U�wu�tu LSCF Ii$'D'b"P�2U5�;�w""� LSCF-40-900�$3i$~'D��) LSCF-50-900 bm��" LSCF-40-900 ~�[��LSCF2b�mVuw�W"�_bm�w*�'Dz2��tÆ!wbm��Aj:q�
4 BN

1. I#8E,9u�UdiW�Tt�j�Q�7�

2. u�Udtu�iw LSCF Ai$5\td�5\}&�
3. u�UdS),q LSCF Y�UKu5kwEj�
4. u�UdÆ LSCF �E
�)*bm�pwbmw�Ajyj:q��=��Y r�u� LSCF250-40-900 Æ
�)*wbmw��9�!Gko

[1] Kharton V V, Yaremchenko A A, Kovalevsky A V, et al.

J. Membr. Sci., 1999, 163 (2): 307–317.

[2] Ullmann H, Trofimenko N. Solid State Ionics, 1999, 119

(1–4): 1–8.

[3] Kharton V V, Naumovich E N, Kovalevsky A V, et al.

Solid State Ionics, 2000, 138 (1–2): 135–148.

[4] s�,�� A�H M�|� (HUANG Duan-Ping, et

al). T|7x�� (Journal of Inorganic Materials), 2005,

20 (1): 133–138.

[5] s�,�� A�H M�|� (HUANG Duan-Ping, et

al). T|7x�� (Journal of Inorganic Materials), 2003,

18 (5): 1039–1044.

[6] Tan X Y, Liu Y T, Li K. Ind. Eng. Chem. Res., 2005,

44 (1): 61–66.

[7] Xu S J, Thomson W J. Ind. Eng. Chem. Res., 1998, 37

(4): 1290–1299.

[8] Hwang H J, Moon J W, Lee S H, et al. J. Power Sources,

2005, 145 (2): 243–248.

[9] Zhou W, Shao Z P, Jin W Q. J. Alloys Compds., 2006,

426 (1-7): 368–374.

[10] Bell R J, Millar G J, Drennan J. Solid State Ionics, 2000,

131 (3–4): 211–220.

[11] Wu Z T, Zhou W, Jin W Q,et al. AIChE, 2005, 52 (2):

769–776.

[12] Zhou W, Shao Z P, Jin W Q. Chin. Chem. Lett., 2006,

17 (10): 1353–1356.

[13] Jiang S P, Lin Z G, Tseung A C. J. Electrochem. Soc.,

1990, 137 (3): 759–764.

[14] Ryczkowski J, Janda B. Vib. Spectrosc., 2000, 22 (1–2):

163–167.

[15] Schwickardi M, Johann T, Schmidt W, et al. Chem.

Mater., 2002, 14: 3913–3919.

[16] Li S G, Jin W Q, Xu N P, et al. Solid State Ionics, 1999,

124 (1-2): 161–170.

[17] Deraz N A. Mater. Lett., 2002, 57 (4): 914–920.


