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SrO-CeO2 ��lk�Va�[#nx�u6;9�4 7�5:8
(/0-31.2�/0 515063)&  	 v SrCO3 1 CeO2 *���,� XRD 1 TG/DTA �;Q�ev� SrO-CeO2 �?<37`7JW;,=�g*xE�Y?i.mf
 950◦C s��{��%|}n; Sr2CeO4;uY?i.m�
 950◦C s��|}`B{ep��{��.�sDE SrCeO3 1 Sr2CeO47J�� 950◦C �n�6n37* Sr2CeO4, � 1000◦C vg�6n37* SrCeO3. SrCeO31 Sr2CeO4 7J�!P�=�1W;I+�Y.m�
 1000◦C s� SrCeO3 � SrO 1 CeO2!|}n;�u Sr2CeO4 �� SrCeO3 1 SrO |}n;�Y.mf
 950◦C s� Sr2CeO4� SrO 1 CeO2 !|}n;�u� 950◦C �n SrCeO3 �� Sr2CeO4 1 CeO2 |}n;�ry�Quig*��D� SrO-CeO2 �?"J|}("�#r SrCeO3 gl
y JCPDS36-980`R9g*lY��;��&&A/�g*�.� Sr2CeO4 7J`W;I+rDLx&A3n.C`�L� q S	W;I+� SrCeO3; Sr2CeO4; SrO-CeO2 �?*�^wg	O 614, TQ 13 Æ�M�{	A

1 !�� SrO-CeO2 ��/��4k>8 SrCeO3 2 Sr2CeO4 ��{�3oa
%fw2vT~�W#v|F\+a��%8� 1981 9 Iwahara e\ [1] %� SrCeO3 afw�G�J��0-B[�afw�Æ�w SrCeO3 +3�+���-2�2�B*A�w_\q��-B[j+� [2∼5], $���O7a9>��0Z�j�2H�I�Ge� 1998 9 Danielsone\ [6,7] � SrO-CeO2 ��/yF�q23oay'+� Sr2CeO4, ��Ik+$�yFa)q�W>#y'+���=�A$I4oj0Js�JvyE/�a�d'��q2N{La')y'25)y'+� [8]. 4K\+u�"���0#K{ [1,6] �`^ - :^{ [9,10] �'&4<{ [4,11] 2>d 8k{ [8] 4<���2>48�$s�Ca[-mZ�U�afw�G�z�KSR02}~jhKh4a�{,�� Sr2CeO4 y'� [12], $sE8KaX<->mZ�fw��1-� XRD 2 TG/DTA �<R�fw� SrO-CeO2 ��>48a#K}~)#��wK�℄aqRK%1G/���s SrCeO3 2 Sr2CeO4 8KaX<->Wz℄w�[)�qRiVaS:h+�a SrCeO3 hm�z JCPDS36-980[13].{vfw SrO-CeO2 ��>48a#K}~K
{�3oaxy�
2 ��℄Yvj���� SrCO3 +�<K� CeO2 aKn+ 99.99%. �℄;�:VK~�a�`�~
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SrCO3 2 CeO2 ����'Kf%/A�f08:\�LHI�*�(!��HH�/mZ�j�jh0n+ 850∼1200◦C. m>aq�h!�_� SHIMADZU �Æa XD-610 V XmI�2hmt0l�
m�+ CuKα I (λ=0.15405nm). 1[2[3�<��r'dtG7o4a LCT-1 V�<t0��p0�$+ 10◦C/min, 0nSX+�0( 1200◦C. My2ym'B-� Perkin Elmer �Æa LS55 V�''Bt0l�� Xe bGMy'��
3 rfi�z
3.1 Sr2CeO4 j SrCeO3 W�Ro)" 1�"�E� SrCO3 ��2 SrCO3/CeO2 D4��a TG/DTA�<UI�s� SrCO3�� (" 1(a)), TG UIh 835∼1010◦C 6ar3��� SrCO3 ��i->/ CO2 a���)���0S6�DTA UIhEF/Da=[��EX-� 930◦C�oa�=[�s~� SrCO3 a#�K��s�1w��"+
2:1(" 1(b)) 2 1:1(" 1(c)) a SrCO3/CeO2D4���vjt�?D4��/ SrCO3a-�h	K SrCO3 ��-�Ke��"�Z��2D4��a[r30S2 DTA

! 1 SrCO3 1 CeO2 C3��` TG/DTA �;TH
Fig. 1 TG/DTA curves of the mixture of SrCO3

and CeO2 powders

! 2 SrCO3 1 CeO2(2:1) C3��s'�.m?i7` XRD !A
Fig. 2 XRD patterns of the mixture of SrCO3 and

CeO2 (2:1) powders calcined at different temper-

aturesUI SrCO3 ��a0�h+H�q)�� 835∼1010◦C r30S6�" 1(b) � (c) m>�"r3� 18% 2 13%, �D4��/ CO2 a���[)ar3H�24�aVp0(
1010◦C 8aD4��mZ8K�<�h+D~m>/F�.��|��K$��}~o<� Sr2CeO4 2 SrCeO3 4�K�h	vjh+/ SrCO3 2 CeO2 D4���p0tar32=[��� SrCO3 a�i�v4�Kao<��� SrO 2 CeO2 a#K}~��" 1(b) �
(c) �Z�Z SrCO3 � 1010◦C �o�i%�8��>0nU`hp( 1200◦C, SrO 2 CeO2^℄U`}~�X DTA UI�b?;�}~->/a1[ F(/D�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

2 C �x��	 SrO-CeO2 �?<37`"J|}I	ev 359" 2 � 3 �"�E�1w�+ 2:1 2 1:1 a SrCO3 /CeO2 D4��t(�0n�j8a XRD "B��" 2(a) �" 3(a) �Z �� 900◦C �jt��2D4��/}&EF
Sr2CeO4(JCPDS22-1422) To8K���0nA� SrCO3 2 CeO2(2: 1) ��aE0}~48+KKa Sr2CeO4, v SrCO3 2 CeO2(1:1) ��aE0}~48� Sr2CeO4 2 CeO2 aD48�vjtw 10◦C a0nX�Xl�h	#K}~FNa0nSX+ 870∼940◦C. Z�j0nhp( 950◦C t (" 2(b) 2" 3(b1)), �}~aC|fq�m>/�tEF Sr2CeO4 2
SrCeO3(JCPDS23-1412) To8K�7o48+ Sr2CeO4; X�>�j0nhp( 1000◦C(" 2N 1 Sr2CeO4 h SrCeO3 ��%O
+��X�U�QZ"�

Table 1 Reaction formulas leading to the formation of Sr2CeO4 and SrCeO3 at different

temperatures

Compounds Firing temperature Reaction formulas

Sr2CeO4 T <950◦C (1) 2SrO+CeO2 → Sr2CeO4

T >1000◦C (2) SrCeO3+SrO→ Sr2CeO4

SrCeO3 T ∼950◦C (3) Sr2CeO4+CeO2 → 2SrCeO3

T >1000◦C (4) SrO+CeO2 → SrCeO3

! 3 SrCO3 1 CeO2(1:1) C3��s'�.m?i7` XRD !A
Fig. 3 XRD patterns of the mixture of SrCO3 and

CeO2 (1:1) powders calcined at different temper-

atures

(c1) 2" 3(c)), }~C|fqa7o48�+ SrCeO3. � 950∼1200◦C a0n~(6��2��E0}�E_�Ca4�K�X�(�a�j0nA � Sr2CeO4 2
SrCeO3 8KaX<->}Q�>/Da1"� 1 �"�E��28Kao<}~}�Z�j0ng� 950◦C t� Sr2CeO4�� SrO 2 CeO2 "d}~o<a�}~}

! 4 SrO-CeO2 �?`J$?
Fig. 4 Phase composition of SrO- CeO2 systemZ 1 /a} (1); vs� SrCO3 2 CeO2(1:1) D4����" 3(b1) � (b2) � (b3) � (b4)��E�� 950◦CmZ#K}~t�}~C|fqa7o48+ Sr2CeO4, �>�jtXa�V�E.��q�B�Vv85\Yk"(Ora->�Z SrCO3 K�KOr8� Sr2CeO42 CeO2 U`}~o<E83la SrCeO3 K�{v SrCeO3 8KaX<->�B}~}
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(1) }~o< Sr2CeO4, Sr2CeO4 � CeO2 mZ}~o< SrCeO3, }~}Z 1 /a} (3).Z�j0n�� 1000◦C t� SrCO3 2 CeO2 D4��℄�B}~o< SrCeO3, � 1200◦C �j 5h P�E_KKa SrCeO3 m> (" 3(d)), ��� SrO 2 CeO2 "d}~o<a�}~}Z 1 /a} (4); vs� SrCO3 2 CeO2(2:1) D4����" 2(c1) � (c2) � (c3) ��E�� 1000◦C mZ#K}~t��� SrCeO3 8Ka�Bo<� CeO2 ��K�KOr�w8�>�jtXaU`�V� SrCeO3 2 SrO U`}~o< Sr2CeO4. Z�j0n+ 1200◦Ct (" 2(d)), Sr2CeO4 aX<-> 1000◦C taQX���{M�Z�j0n�� 1000◦Ct� Sr2CeO4 8KaX<->�BX</XK SrCeO3, SrCeO3 � SrO }~o< Sr2CeO4,}~}Z 1 /a} (2). " 2(e) +KK Sr2CeO4 m>t 1350◦C �j8a XRD "B��"�Z� Sr2CeO4 � 1350◦C /D4o�i��< SrCeO3. s��(��j0nA4<aKK
Sr2CeO4 F SrCeO3 m>�E XRD B)�/D1"�/X<K,a1"sq�h!)�/D�M�
3.2 SrO-CeO2 	�Wb�\$ey

SrCeO3 2 Sr2CeO4 }�� _q��XEh!1"bU�� Sr2CeO4 /� Ce �B 6�k�BX<Æ,�;-�E/q� CeO6 ?,ha 4 �k�B�"��$�� CeO6 Æ,� ��X<Æ,� �aq,�;h!�vqAa��}}0ok�B Sr2+ ;-�vs� SrCeO3, *� CeO6 Æ,��- `a�}9KÆd�X< CeO6 Æ,�&&h!��w
SrCO3 2 CeO2 +��,���2>48t�Z�j0ng� 950◦C t&}~o< Sr2CeO4;Z�j0n�� 950◦C t��}~->/℄�tEF SrCeO3 2 Sr2CeO4 8K� SrCeO3 2

! 5 JCPDS36-980 1 JCPDS23-1412 ` XRD A
yr�
Fig. 5 XRD data of JCPDS36-980 and JCPDS23-

1412

! 6 '�W;I+3;` Sr2CeO4 l=`Lx&A (a)(T <950◦C) � (b)(T >1000◦C) 1xl&A (c)

Fig. 6 Excitation spectra (a)(T <950◦C) and (b)

(T >1000◦C) and emission spectra (c) of Sr2CeO4

formed by different formation mechanism

Sr2CeO4 �"�-}~} (2) 2 (3) vF9K9>�NvE0E_�C;�a>48�Z
SrCO3 2 CeO2 D4��/ SrCO3 a1w�� x <1/2 t�}~/EFa Sr2CeO4 D℄-qa CeO2 }~} (3) 9>< SrCeO3, "( Sr2CeO4 Or+$�{vEE0}~48℄�
SrCeO3 2 CeO2 aD48�Z x >2/3 t�}~/EFa SrCeO3 ℄-qa SrO}~} (2)9>< Sr2CeO4, {vEE0}~48℄� Sr2CeO4 2 SrO aD48�Z 1/2< x <2/3 t�
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2 C �x��	 SrO-CeO2 �?<37`"J|}I	ev 361}~D℄�}~} (2) F (3) /p�|��K�vE0_\3l Qa SrCeO3 2 Sr2CeO48K (a" 5(a) �~). �zh	vjh+O�<�" 4 �E� SrO-CeO2 ��� 870∼1200◦C~(6aK%���wK�℄aqRK%1G/���s SrCeO3 2 Sr2CeO4 8KaX<->Wz℄w�[)�qRS:a�<h+�� JCPDS �<�<h�SrCeO3 � JCPDS23-14122 JCPDS36-

980 �2�z (a" 5 �~). JCPDS23-1412 � Mastromonaco e\� 1969 9�℄a�v
JCPDS36-980 � Longo � 1981 9�℄a�vjm>}�-�1w�+ 1: 1 a SrCO3 2 CeO2D4��t�0#K}~E_�� JCPDS23-1412 h� SrCeO3 � _q��q��.�+
a=8.584Å, b=6.011Å, c=6.155Å; v� JCPDS36-980 h� SrCeO3 � _q��q��.�+
a=5.997Å, b=12.308Å, c=8.615Å.4+vj_\a SrCeO3 a XRD B JCPDS23-141224�v JCPDS36-980 vTh�S:ah+�� JCPDS36-980 /�G�&�E�KshmMnU� 5% ahm�z��" 5(b) � (c) �Z� JCPDS23-1412 K��� JCPDS36-980 /tE�aq,hm�}�"�� Sr2CeO4 aq,hm��Ehm�z��� SrCeO3 2 Sr2CeO4�K Qtahmh+ (" 5(a)). {v SrCeO3 (Q� JCPDS36-980 aq�h!�M$��1G [4] h�G�℄+�KKa SrCeO3 m>��m/D.� Sr2CeO4 8K�1G [10] 2 [11]h�Ea Sr2CeO4 m>a XRD Bp/D.� SrCeO3 8K��,� SrCeO3 -B[j+�t�6-�2�F�>dS�����bH
(Z�m>/x��7EF Sr2CeO4 8K�
3.3 d}���A$'MyA� Sr2CeO4 4oj0Js�JvyE/�a�d'�X SrCeO3 (y'�" 6 �E� Sr2CeO4 m>aMy2ym'B�s�g� 950◦C(�0nA� SrO2 CeO2"d}~o<a Sr2CeO4 m>�My'B)�/D1" (Z" 6 UI (a)), EMy'B7�-� 255nm F	�vs� 1000◦C wha(�0nA�/XK SrCeO3 2 SrO 4<a Sr2CeO4m>�My'Bp�?q) (Z" 6 UI (b)), Xh	h+K��EMy'B7�6s(
280nmF	�vN 340nm�oaMy�Mnp/D�M�X<K,sym'B)�4o/D�M (Z" 6 UI (c)),Sr2CeO4 aym'B�q��W�EU�-� 465nmF	� Sr2CeO4aMy'B+�W��h!���� Ce4+–O2− [aj0JsW [6], X4KsEj0Jsy'K
^Y(PG [14]. s��2X<K,4<a Sr2CeO4 m>�q�h!)�/D1"�E'B�[a1z�7�y'/U Ce4+ a>d?u(��)�8KX<K,s SrO-CeO2��>48+��[a�M#_fw�
4 rz

1. w SrCO3 2 CeO2 +��a#K}~�Z�j0ng� 950◦C t��|��&}~o< Sr2CeO4, �ao<��� SrO 2 CeO2 a#K}~�vZ�j0n�� 950◦C t��}~aC|fq��|��/�tEF SrCeO3 2 Sr2CeO4 8K�� 950◦C �o�7o48+
Sr2CeO4, � 1000◦C wh�7o48+ SrCeO3.

2. SrCeO3 2 Sr2CeO4 8K�"Q�>�2X<K,�Z�j0n�� 1000◦C t�
SrCeO3 � SrO 2 CeO2 "d}~o<�v Sr2CeO4 �� SrCeO3 2 SrO }~o<�Z0ng� 950◦C t�Sr2CeO4 � SrO 2 CeO2 "d}~o<�v� 950◦C �o SrCeO3 �� Sr2CeO42 CeO2 }~o<�

3. DhE SrO-CeO2 ��� 870∼1200◦C 0n~(6aK%�� SrCeO3 ahm�z
JCPDS36-980 /D.� Sr2CeO4 aq,hm�� SrCeO3 (Q� JCPDS36-980 haq�h
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4. Sr2CeO4 8KaX<K,sEMy'B4o/Da�M�8KX<K,s SrO-CeO2��>48+��[a�M#_fw�Pv�

[1] Iwahara H, Esaka T, Uchida H, et al. Solid State Inonics, 1981, 3/4: 359–363.

[2] Yajima T, Iwahara H. Solid State Ionics, 1992, 50: 281–286.

[3] Uchida H, Maeda N, Iwahara H. Solid State Ionics, 1983, 11: 117–124.

[4] ^\��O^��	�:�d (XU Xiu-Ting, et al). �dP=� (Chem. J. Chinese Universities), 1996,

17 (10): 1519–1521.

[5] _'5�/�J (XU Zhi-Hong, et al). 6J*�� (Journal of Inorganic Materials), 1994, 9 (1): 122–128.

[6] Danielson E, Devenney M, Giaquinta D M, et al. Science, 1998, 279 (6): 837–839.

[7] Danielson E, Devenney M, Giaquinta D M, et al. J. Mol. Struct., 1998, 470: 229–235.

[8] Jiang Y D, Zhang F, Summers C J, et al. Appl. Phys. Lett., 1999, 74 (12): 1677–1679.

[9] Serra O A, Severino V P, Galefi P S, et al. J. Alloys. Comp., 2001, 323: 667–669.

[10]  �~�9e��9�-�d (LOU Tian-Jun, et al). 6J=� (Chin. J. Inorg. Chem.), 2005, 21 (2):

298–300.

[11] Tang Y X, Guo H P, Qin Q Z. Solid State Commun., 2002, 121: 351–356.

[12] �y��V ~�4Æ� (FU Shi-Liu, et al). 6J=� (Chin. J. Inorg. Chem.), 2004, 20 (6): 698–702.

[13] Longo V, et al. J. Mater. Sci., 1981, 16 (3): 503–507.

[14] Park C H, Kim C H, Pyun C H, et al. J. Luminescence, 2000, 87-89: 1062–1064.

Solid State Reaction Mechanism of SrO-CeO2 System

FU Shi-Liu, DAI Jun, DING Qiu-Ke

(Department of Physics, Shantou University, Shantou 515063, China)

Abstract: The solid state reaction process of the mixture of SrCO3 and CeO2 powders with

different Sr/Ce ratios was studied by using XRD and TG/DTA methods. The results show that

only Sr2CeO4 phase is formed for a firing temperature lower than 950◦C while Sr2CeO4 and SrCeO3

phases are simultaneously developed in the initial stages of the reaction for a firing temperature

above 950◦C. In the initial stages of the reaction above 950◦C, the major product is Sr2CeO4 for

close to 950◦C and it becomes SrCeO3 above 1000◦C. There are two types of formation mechanism

for SrCeO3 and Sr2CeO4, respectively. When the firing temperature is above 1000◦C, SrCeO3 is

formed directly by SrO and CeO2 while Sr2CeO4 is created by SrCeO3 and SrO. However, SrO

and CeO2 convert directly to Sr2CeO4 below 950◦C and SrCeO3 is produced by the reaction of

Sr2CeO4 and CeO2 for close to 950◦C. Based on these results, the reaction mechanism of SrO-CeO2

system is derived and the wrong results in the XRD data of SrCeO3 (JCPDS36-980) have been

clarified. The fluorescence spectra of Sr2CeO4 show that the formation mechanism has effect on

its excitation spectra.

Key words formation mechanism; SrCeO3; Sr2CeO4; SrO-CeO2 system


