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� BaCO3 �Sm(NO3)3V Ti(OC4H9)4<%��5�A-�tR\'�E� BaSm2Ti4O12,&"7�t(>z�E� BaSm2Ti4O12 �'4D℄��j�n2	T����;I�p��	�. 1000◦C ljq��Pjg_Ynwl BaSm2Ti4O12, �7�t>z�1i� 1300◦C l��3<;AOl BaSm2Ti4O12 Y�v{#4�9�K�Y��i;A��Y:>[�	� +*lY{G4DV
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1 ��v?���T:))smÆ�
5� h=:)sG%S*�*�h'�:q�rmL
�NQ��0=:)
;P�')PW;dP	$� λ ∝ ε
−1/2
r , PeHZ# ε

−1/2
r B>�	=�*X��)sJ�!bH�:dHmj��:)sG2!�k�� msy=��V��k sy=�2! Ba6−xLn8+2x/3Ti18O54(Ln=La-Gd)(εr=80∼100) mx}����L�m�� [1].^= Ba6−xLn8+2x/3Ti18O54 (Om�'�BaSm2Ti4O12 �N msy=���Im Q×fAWrm
;H&A�O� (εr=80.35, Q× f=8805GHz, τf=–11.7ppm/◦C)[2] �O�i,m1�.R	a)= BaSm2Ti4O12 %S6�M,-ZM<�F��Y/Ol m`v�voA�WY�,�,p-�ax�=fD m=8Wvo(:o*m,�,h [1].=��-ZM<�m:aax�Ol�h�kh - Ch�:m��)?{Wfv<Bp�Hq�	�1�6� [3∼10]. /:a�Hq��I���<J=S℄(mkh - Ch5E�!��b`�"NWrm<BA�p&x��h�1�.R [11]. Zv��!

Ba6−3xSm8+2xTi18O54 �(mkh - Ch<B���aDV�i	l Xu pi [12,13] x}�
Ba6−3xSm8+2xTi18O54(x=2/3) m EDTA �<J�q<BÆ Hoffmann pi [14] )5kh - Ch�F�� BaSm2Ti4O12 �(�'x}�/,+A�Q`v�Nsyh=m�\	�q��� 2005–12–27, �k�pq���2006–03–07��x|� \7C (1979– ), :�*�w||�
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1444 F R 0 � o � 21 �/�(DI�E,�B.�u=S℄(6��<J�q�<B BaSm2Ti4O12, x}��5EmZ|HWÆ�/N�'gN5E#8�u)?{�<B BaSm2Ti4O12 ^��k	
2 ��ti
2.1 ���
�<J�q�m'Æ%El/ 1  �	6� BaCO3 � Sm(NO3)3 W Ti(OC4H9)4 =&!�R�^�~�m Ti(OC4H9)4, /NI℄n�
�m
�NDi�	eD8t�k�I℄n�~�mB.�k��/Q�i�PIi�	^=!k�"FXD�℄n BaCO3, 6`kqD�℄nHq[�m Sm(NO3)3 k��I�i�D�M�m��}mk�m pH AB 6./ 80◦C mA�Q�$<
|5�m�D�k�Pf"= 4�m-5Ch	/ 140◦C mA�Q℄h 2h �XubHÆ�m
}��Du�// 250◦C ℄h 30min, Ch"==sE�m6/SJG	=!5EI>JULUP?{mU℄	=u�/kh BaSm2Ti4O12 %S�(�t��?SJG���D/ 600∼1200◦C ℄h 3h.

. 1 �;I�p�E� BaSm2Ti4O12 l&
$D
Fig. 1 Flow chart for the preparation of

BaSm2Ti4O12 ceramic powders by the poly-

meric precursor method

/)?{�I�6� Ba(NO3)2�Sm2O3W Ti(OC4H9)4 =&!�'Æ%El/ 2 �	/v���^�~�m Ti(OC4H9)4,℄n Sm2O3 # Ba(NO3)2. ℄n�~�m HNO3 k�i�Dkh�FX-5mk���!s~8�a�k� (9��=
Ba2+:Sm3+:Ti4+:C2O

2−
4 =1:2:4:13.5). s~�&)= 5mL/min, s~5EIk�m pH A�M�m��
F/ 7∼8 �`	

. 2 7�t(>z�E� BaSm2Ti4O12 l&
$D
Fig. 2 Processing procedure used for preparing

BaSm2Ti4O12 ceramic powders by the controlled

co-precipitation methods~6BD�?{JR�NqU�eD�H�
NNqU	/ 80◦C ��D/,+A�`v�khPm BaSm2Ti4O12. Ba2+ � Sm3+ : Ti4+ m6`?{��QÆ�
F� Ba2+# SO2−
4 Æ�}B�s BaSO4 ?{� Sm3+ # F− Æ�}B�s SmF3 ?{�/ H2SO4 mY
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6 L [6B�n
�;I�p�;A BaSm2Ti4O12 1445/Q� Ti4+ # H2O2 Æ�}BKs TiO2(SO4)2 k�	a}o3
U�'�I,Y/5Sm
Ba2+ � Sm3+ : Ti4+, $5:a�V	6`un?{JI	
2.2 f�o
6�:�h�K (DTA) :hL�K (TG)(STA 449C, Netzsch, Germany) �x}S℄(m�q5E�~A�&= 5◦C/min, 6��QQ�	����"JB40K (Fourier transform

infrared spectroscopy, FT-IR, Nicolet 7000-C) �KS℄(/,+A�`vDmo*	`v�(mxZYB)5 XRD zx�K (XRD, Model D/max Rint2550 Rigaku CO., Tokyo, Japan)kh�6� CuKα zx�r2�&= 4◦/min, 2θ �;= 10◦ ∼70◦. �(m�z�-:f+6�<
xr2yy/9	
3 zsv��/ 3 #J� BaSm2Ti4O12 �<J�q�F�m�(mh�Ko3	/ 100◦C �SJUw�UG������! DTA [XI?! 80◦C �vmLh��
�S℄(m3�0B	
DTA [XI/ 345 : 460◦C �vJU�!�h��+���Tw�U:w�!UG�mX����
��TJ�q:�H D	 TG [XS�S℄(/ 700◦C DG�ZE,-
}\m"H	
. 3 BaSm2Ti4O12 �;IR\'l TG 9
DTA ZW
Fig. 3 TG and DTA results for the

BaSm2Ti4O12 polymeric precursor

. 4 BaSm2Ti4O12 �;IR\'.+*��_uCl FT-IR J
Fig. 4 FT-IR patterns of BaSm2Ti4O12 poly-

meric precursor calcined at different tempera-

tures/ 4#J��<JS℄(/,+A�`vDm FT-IR K	K/ (a)I?! 3426�2924cm−1mLÆ℄�%��! O–H : C–H my�;�8 [15,16], 1565cm−1 LmLÆ℄��!Vd)<JI COO mÆ��y�;�8 [17], 1384cm−1 LmLÆ℄��!`G)<JI COO my�;�8� 1060cm−1 LmLÆ℄��! CO2−
3 m;� [15,16], 785 � 640 � 574cm−1 LmLÆ℄��! Ti–O ;� [15∼18]. / 400◦C, 1565cm−1 LLÆ℄^��/ 1472 � 1630cm−1 LJUmLÆ℄�%��! CO2−

3 mLÆ℄ [19,20] :`G)<JI COO m;� [15]. �A�mu�/~ � 1472 � 1384 � 1060cm−1 pLÆ℄Pf"p�/ 800◦C 6`^��$5T��TJm�q	Q�6B	K (d) IJUm?! 858cm−1 LmLÆ℄��! Sm–O my�;�8 [21], �`vA�m~ NU�� 3U	/ 5 = BaSm2Ti4O12 �<J�q�F��(/,+A�`vDm XRD zx/K�^=
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1446 F R 0 � o � 21 ����/ 6 #J�8�u�F�m?{J/,+A�`vDm XRD zx/K	
��h�/�<J�q�I�/ 1000◦C mkrA�Q~
�khPm BaSm2Ti4O12 ZÆ�/)?{�I�#-Z�Z��j� 1300◦C m A4=khPm BaSm2Ti4O12 Z [1,22]. )=/�(F�I�Hq�m<BA��I)-Z��r?���=S8Æ�"Y�m�,h�((7!D8��t1mo3b?;�F�5EI�("Y�M<m�,��q���=����y�)?{�<B�(�Æ�J"Y�m�-�
Z
�,m�Bw�I)-Z�m�,h�7?��a�(m`vA�b#-Z�Z�	u�/mx}$5�fD j,+<BA�m%L�m&�
�8��6`,+mZ|Hg=#Æ�/N	/�<J�q�I �NZ"5El/ 5  ���(/ 600◦C ℄h 3hDjCUH~d#	℄hh 800◦C, JU Sm2Ti2O7# SmTiO3 Z�NI Sm2Ti2O7 =QxZ	u�/℄hh 900◦C, SmTiO3 Z^����JU
BaTi2O5 # BaSm2Ti4O12 Zmzx�	
A�t~B 1000◦C ��K� BaSm2Ti4O12 4�>
UN!ZmY/	���y�/�<J5EI�S℄(�h�q;} SmTiO3 �Sm2Ti2O7: BaTi2O5 I`Z�",)5�QÆ�}B BaSm2Ti4O12 Z�

BaTi2O5+Sm2Ti2O7 →BaSm2Ti4O12 (1)# XRD m�Ko3Z��/ 3 Im DTA [XW 500◦CDY>=-/9h5Smh`���:
=
�!Æ�5EILh��h`�Zt^PÆ��zh`�,5S D�/�aDV [13,17,23] I�JU���U℄	

. 5 �;I�p�E��'.+*��_uCl XRD .J
Fig. 5 XRD patterns of BaSm2Ti4O12 poly-

meric precursor calcined at various tempera-

tures for 3h in air

. 6 7�t(>z�E��'.+*��_uCl
XRD .J
Fig. 6 XRD patterns of BaSm2Ti4O12 precipitated

precursor calcined at different temperatures for 3h in

air

S=Sm2O3, T=TiO2, BC=BaCO3, BT=BaTiO3,

ST2=Sm2Ti2O7, BT4=BaTi4O9, BST=BaSm2Ti4O12#�<J�q�Z��)?{�mZ|"g=6`,+	l/ 6  ��/ 700◦C `vD��(m XRD /KCUJ BaCO3 �BaTiO3 � Sm2O3 : TiO2 mzx� (?{JmYBI�^u�/
~). / 900◦C ℄h���JU Sm2Ti2O7 Zmzx��+� BaCO3 Z^�	~AB 1100◦C, Sm2O3 : TiO2 Z�Pf
w� BaTi4O9 � BaSm2Ti4O12 Z��fB	\n℄hB 1200◦C, Sm2O3 : TiO2 Z^�	/ 1300◦C, `�Zm BaSm2Ti4O12 fB	$�t�Z|"5E�E,2fJ�QmÆ�/N�
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6 L [6B�n
�;I�p�;A BaSm2Ti4O12 1447?{J → BaCO3, Sm2O3, TiO2 (2)

BaCO3+TiO2 →BaTiO3 (3)

Sm2O3+2TiO2 →Sm2Ti2O7 (4)

BaTiO3+3TiO2 →BaTi4O9 (5)

2BaTiO3+BaTi4O9+3Sm2Ti2O7 →3BaSm2Ti4O12 (6)Se��Æ�/N#-#Æ�Z�� [1,22]./ 7 #J��<J�q�F�m�(/ 1000◦C `v 3h Dm SEM 7G	
��h� k�(=�k_m�U�Vm1�(	B.�:
�NfBm��?SI`(WZ�k mA�fD<B5EI�(,
 0u;}1� [24].

4 z�6��<J�q�<B� BaSm2Ti4O12�(�/ 1000◦C mrAQ`vS℄(Ok`�Zm BaSm2Ti4O12, Z��Q�/8�u)?{�I2j� 1300◦C m A4=khPm
BaSm2Ti4O12. �8 jm<BA�le,+Q�
�!��,+mZ|"g=:Æ�/N D	/)?{�I�Æ�/N#/-Z�IZ��+N<BA� Æ�/�<J�q�I��!}B� BaTi2O5 I`Z�V�Xu�
BaSm2Ti4O12 Z/rAQmfB	

. 7 �;I�p�E��'. 1000◦C _u
3h Cl SEM 6F
Fig. 7 FESEM micrograph of BaSm2Ti4O12

polymeric precursor heated at 1000◦C for 3h

in airg~
Æ
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Synthesis of BaSm2Ti4O12 via Polymeric Precursor method

ZUO Ming-Wen, LI Wei, SHI Jian-Lin

(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: A polymeric precursor method by using citric acid as the chelating agent was invesi-

gated and single-phase and well-crystallized BaSm2Ti4O12 powder was synthesized at 1000◦C for

3h. As a comparison, an oxalate co-precipitation method was applied to synthesize BaSm2Ti4O12

powder, but 1300◦C was needed to get the pure BaSm2Ti4O12. The different phase behavior

and reaction sequences are here believed to answer for the different calcining temperatures needed

via these two wet chemical methods. In the co-precipitation method, when heating the precipi-

tate, intermediate phase Sm2Ti2O7 reacts with BaTi4O9 and BaTiO3 to produce BaSm2Ti4O12,

which is similar to the solid-state route. As to the polymeric precursor route, however, BaTi2O5

intermediate phase produces during the thermal decomposition process, which results in totally

different reaction sequences from the solid-state reaction mechanism, and promotes the formation

of BaSm2Ti4O12 phase.

Key words BaSm2Ti4O12; microwave ceramics; chemical synthesis; reaction mechanism


