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Abstract: By synthesizing reactive powders via a self-sustaining combustion synthesis, the EDTA-

nitrate process, Sm0.15Gd0.05Ce0.8O1.9 was prepared. The resultant powders were dispersed with the

terpineol as the dispersant by different methods such as ball milling and high-shear dispersing. Coag-

ulation factor (CF) was adopted to denote the agglomeration degree of nano-scale SGDC in this work.

The effect of agglomeration on the densification behaviors at different sintering temperatures was in-

vestigated. The studies indicate that agglomeration retards densification in the stage of sintering. The

powders with better dispersion exhibit a higher sintered density at the same temperature. After effec-

tive dispersion measures taken, SGDC can fully densified at the sintering temperature of 1300◦C. The

densification temperature is significantly lower than those reported previously.
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Sm0.15Gd0.05Ce0.8O1.9 �^wL�u`�y�r�D��<�ti�,XlAm Sm0.15Gd0.05Ce0.8O1.9lx%T"'qB9NQ�lx_`Y�
v��^�Z�;I0?6XB(�OuG�nfOv�_rg_�."
SOFC �_(<^j�_`�;I{FX�wL�B(���nr�!~L�ei_!3{R��M� CeO2 
�;IYg>`��8��Lo 1600 ◦C n���8(��o{ 95%; Reiss	�g_L� 1700◦C �8��8B(�xw�:� 95%∼98%[9]; Huang 	C�}0 - I01FX� Ce0.9Gd0.1O1.95, � 1585 ◦C �8�(�eow�:� 99%[10]; K. Yamashita wbuX� Ce0.8M0.2O2(M=Ca2+,Sr2+,Sm3+,Gd3+,Y3+), �
1450◦C �8��8B(�eo 98%[11]. 7Rn>^�iL��8���/tx<%>`�F%71=h�>`oURw\��-a/f� SOFC <%��-&r{��VJ�℄7e�`?x;��o.oU� SGDC �8<D�B(�9xa���i<NQ�ti�,XlF%�AO=h� Sm0.15Gd0.05Ce0.8O1.9, ;7�MbU!�oU`�9�nX`��U!�oU\��aJ�"�NQ�oU"� SGDC �8rB(�9x��%�
2 U{x�
2.1 E=�b��r� Sm0.15Gd0.05Ce0.8O1.9 L 5 ( / U m
Ce(NO3)3·6H2O � Sm2O3 r Gd2O3, Sm2O3 r
Gd2O3 �Æ*K};��0
;}; Ce(NO3)39�ZS}b�u���e���k+�AkK�����;�5 pH :��u\�{x��y�

"��w�u}b8?
v (Tg;��D3{+E&5 1), O�K84D\�k\>7 [12,13], s{3�>7��{DuY�
 SGDC �
l>`�
2.2 SGDC �b��Q)R�>`C�keL�a�0��D�elx;	��;7B9i4rL#f��;	�
2.2.1 KB�Q)Mm��Bbf��mi4
A�φ3mm �
φ10mm��min 6:1�9�/8�}bL [14],℄�2R92+i4
 (4n XQM, >Fb�%Th℄NQR) B9i4;	�i4YG�x 250r/min,�9" ;7x 2h r 6h.

2.2.2 �'JP#�Q)Mm��B bC�L#f;	��
 (4n FA25 model, �jC�f FLUKO Æ`
0F!��Z>) B9;	
w�YG;7�x 10000 r
28000r/min,�9" \x 30min.�6�O71;	{HiI"R�{�_}`[T;70/x SGDC-a(i4 2h) � SGDC-b(i4 6h) � SGDC-c(#f;	 10000r/min)r SGDC-d

(#f;	 28000r/min). )AO[T8��C�Ln 700◦C ���(� 2h, �-�G�x 5◦C/min.

2.3 �/ÆA�d��T,)(�{� SGDC>`��e�I��k
�yE�$H��)+�K+�p�9��0�D�e�5%��)R�*\

�V�
� (Ni-GDC)����0
 (KW-4A4�LebD�t�`L1)F2�Hi%G�2{'Zx�o{ 10µm, 
sI" 12h{���C�L 1◦C/min��? 600◦C, ��
2h,
s-?2���leG�;I2;7n 800�
1000 � 1300 � 1400◦C ����8 4h, ��G�x
2◦C/min, -�G�x 5◦C/min.

2.4 {6$Y��

2.4.1 E=�b SGDC �w�{�y, Rigaku Z>�O� D/max-rA Y�v 1 ��q[�\ (EDTA)- r\x�O) - F)�h�:yLS�|�!wÆ�W

Table 1 Stoichiometric reactions of EDTA-nitrate and sol-gel low temperature self-propagating

combustion

Oxidant Stoichiometric reactions

Ce(NO3)3 7C10H16N2O8+20Ce(NO3)3 →20CeO2+56H2O+10N2+70CO2

Sm(NO3)3 3C10H16N2O8+8Sm(NO3)3 →4Sm2O3+24H2O+4N2+30CO2

Gd(NO3)3 3C10H16N2O8+8Gd(NO3)3 →4Gd2O3+24H2O+4N2+30CO2

O2 C10H16N2O8+10O2 →8H2O+10CO2+N2
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2.4.2 C; SGDC e1}	�u��%℄A�mS^�7 (CF ) o31 SGDC �mSZ��

CF = dBET/dXRD (1)

dXRD .
g XRD �z�ZSD}_l� dBET .
g�) (2) �La�D}U[}N�
dBET = 6 × 103/ρ

TH
SBET (2)

SBET vZS�-3)Æ�t{ m2/g; ρ
TH
v℄{^�v�&��t{ g/cm3.

ρ
TH

=
4(0.8MCe + 0.05MGd + 0.15MSm + 1.9MO)

a3NA

(3)

a .1}� SGDC �DMR7�

g XRD F5� NA v�A���R7� M v�_��
2.4.3 SGDC �GR*	>	�u��%℄��6�&� (ρ

R
) o31�9G1P��&~Z��T��LY)v�

ρ
R

=
ρ

S

ρ
TH

(4)

ρ
S
v1P�#F&��ρ

TH
v Sm0.15Gd0.05Ce0.8O1.9�v�&��

SGDC �#F&�
g�	#�/oA7F���/�:kvC�=G�
ρ

S
=

m
S
ρ

H2O

w
W
− w

H2O

(5)

m
S
v SGDC �9G1PZS�G�� w

W
CJ:yZS�P�� w

H2O
vZSC�:JT��P�� ρ

H2O
v#R}��p^G� H2O �&��

3 +��^8
3.1 }Hl5_t�u� SGDC :#<^A7 XRD 9� (%j 1),
5� 700◦C &�y<^[i5V|5D �P	 z℄|5 |�3)W~n�Z1�[ia� (Q�1v 28.2◦, 32.9◦, 47.2◦,56.1◦,58.8◦,69.1◦,

76.3◦,78.7◦),�jJ(;z Gd2O3 � Sm2O3 P z�Q���<- SGDC ℄{^�5V[m~k�t�ysVa�ZSG 700◦C &�yR XRD Q�� z
��<-[i5V℄{^�


g XRD F�
5�R<^�D�D7 (a=

5.42509Å) �-f CeO2 �D�D7 (a=5.41111Å)\p� Sm3+ p Gd3+ �t_�N96v 1.08Åp
1.05Å, - Ce4+ �t_�N (0.97Å, 8 L{7) \p
/� Sm3+ p Gd3+ L�A CeO2 DMJ u[DMN'�&DMD7#p��D#a�<6D�D7- CeO2 �D�D7p�<- Sm3+ p Gd3+ [iA� CeO2 �DMJ5V℄{^�3 2	a� SGDC:#<^� 5M�:D7�j3 2 
5�G 700◦C &� 2h y�?M SGDC :#<^�U[}Np�� 20nm j
� Æ�
MZS�
g XRD F5�D}_lp� BET �LP��U[D}p+�.	*�s�� }x4��M}NF�5/[.	-
7��f `<-+/<^#�Æ8;.�mS�&�MF�}N796���sK6�3.�Æ<^mSP V� (Y) 1).?M SGDC ZS�mS^�7%3 2. 
l^a�;f9�b'�P�z� SGDC V	Rr�mS^�7 (CF ). YJ� SGDC-d � CF h
��r�A� 28000r/min �J!d�~9��UG�

k 1 SGDC ;$=_ 700◦C '� 2h z� XRD kW
Fig. 1 XRD patterns of SGDC powders calcined at

700◦C for 2hv 2 Sm0.15Gd0.05Ce0.8O1.9 D<�O`�muzZ
Table 2 Properties of the Sm0.15Gd0.05Ce0.8O1.9

solid solution oxides dispersion by different

methods calcined at 700 ◦C for 2h

SGDC-a SGDC-b SGDC-c SGDC-d

CF 1.19 1.12 1.07 1.04

ρ
TH

/g·cm−3 7.205 7.178 7.166 7.158

dXRD/nm 25.2 24.1 17.5 17.1

dBET/nm 29.9 26.9 18.7 17.8

SBET/m2
·g−1 27.9 31.1 44.8 47.1
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SGDC-a � SGDC-b, h3 �a 2h #�z 6h y�YmS^�7� 1.19 += 1.12. j℄{^ SGDC-az SGDC-d CF �S($+3-�ZS�mSZ��;�+
�9�:�o�k�
3.2 SGDC �-��G�	> sgj 2 Ua���6}�96v 800 � 1000 �
1300 �1400◦C �
g�	#�/�Y) (4)p (5)�LP�� SGDC �9G1P��6�&���
700◦C �[(}���RZSY�a B�GO&����6}�v 1400◦C  � SGDC-a � SGDC-b� SGDC-c � SGDC-d �#F&�[Bnzv�&�� 99%, iG�&~�+3-A�
}a�Ot��EDTA- (IH/sV� Sm0.15Gd0.05Ce0.8O1.9�6:B.~k��jj 2 
l^a� SGDC ℄{^� 800 p
1000◦C Y�a2
��&�� SGDC-d � 1000 ◦C ��6�&�v 64%, w�6}�Æ�z 1300◦C �Y�&�FF\Jz 98%lÆ� -6���fZ�}�\�gZJ�SGDC-a��&~�pv
�<	��Æ#p��f
�6}���mS^�7�
�ZS�6�&�R�J�sh
l�a6��mSd�� SGDC ��&~�+M�&N���s.mSoD� SGDC ℄{^:#Z:�	-z��j 3 Ua��;f�}���6 4h y SGDC�9G��6�&�NmS^�7�1~gm�mS Æ�&~�oD~#fZjjJ2�ao���
Pq���6}� (800 � 1000 � 1300 �
1400◦C) ��N℄mS^�7�#p� SGDC ��6�&�[	;fZ���+�

k 2 SGDC �A'���7~��`�k�
Fig. 2 Relative densities of the SGDC ceramics, as a

function of sintering temperatures, with coagulation

factors indicated

k 3 SGDC �7A'��nT_�8�`�k�
Fig. 3 Relative densities of the SGDC ceramics, as

a function of coagulation factors� 1300◦C  � CF v 1.19 � SGDC V	2
��6�&��wG�Vv	-�9�m�y��6�&��79�Y#p�
gJ!d�~9�� SGDC ZS (CF=1.04), N℄}���J��,a�l��&~���}�v 1300◦C  �inz`9�&~�?Ms3� SGDC �9G1P�s6[~j
4 P,�P	�ZS� 1400◦C ��6}��[i�&~��6y�D}V ~k��Spn��|�	^hN��jj 4J�
l^z�SGDC-d ��6}�v
1300◦C  �fZiGvkÆ�&~�+P�&~}�-la�|�}� (1400∼1600◦C)\
�#�
SGDC-d���
�&~}�T\�qÆJ�-3)Æp
�mS (3 2). T&�:#<^�6:B�z-�G��
4 +8

1. A� EDTA- (IH�{. - G.
}a�Ot�/D#� Sm0.15Gd0.05Ce0.8O1.9 :#<^�&�}�v 700◦C  D}V p�Sgm~k�i5Vpn� SGDC ℄{^�
2. ��6gZJ�mSJPoD� SGDC ��&~��fZ��6}���mS^�72
�[(<^�,aVJ��6�&��
3. A�J!d�~9� (XF 28000r/min)y�

SGDC �mS^�7v 1.04  ��6�&~}�
+
= 1300◦C. h}�-la��JP�|�
1400∼1600◦C ��6}�\
�#�
g mS�iD��UG�� SGDC �9G��6:B�
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k 4 1400◦C ! SGDC-a(a) � SGDC-b(b) �
SGDC-c(c)�SGDC-d(d)q 1300◦C! SGDC-

d(e) �Q�,�M*Q
Fig. 4 FESEM micrographs of the four typical

SGDC ceramics densified at 1400 ◦C and the

SGDC-d densified at 1300◦C

(a) SGDC-a-1400; (b) SGDC-b-1400; (c) SGDC-

c-1400; (d) SGDC-d-1400; (e) SGDC-d-1300y3jo
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