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2006 � 11 T Journal of Inorganic Materials Nov., 2006-:��: 1000-324X(2006)06-1487-04#� - �� / #� �>~=� BaTiO3 '�/+W ℄ 1, YZT 2, RQX 3, RS[ 1, U\V 1

(1. LDCMFMOFEMP�GJ 250100; 2. LDKENMPAIHMOEBMP�GJ 250100; 3. GJCMFMFEMP�GJ 250022)9 7� -HJ
���#B{�Rz�}�lwy{B/W�a8�m�x BaTiO3 �J���-H
4}y68�F BaTiO3 �J��W 180◦C qD�682?n 12h; hP?n�W
BaTiO3 ��> 1◦C/min WH	a�2?nh 1100◦C, URj�W BaTiO3 kF���hgUW BaTiO3 kF��-H!z� (IR), X C�2C (XRD) �<Æ_t��Z (SEM) Y9�{VeU'�a�
 � ��BaTiO3 ; kF���6J - �J�682?*����TQ343 -1�%��A

1 85̀L�|jR�X BaTiO3 lG�KM#JAXs`�T`)�k��s\DIMlG`8%�d
d�[3�`v% (PTCR)[1]. 9�G BaTiO3 lG��'�G,	LpMj
X�%%EpXNI�<L���TI BaTiO3 ��n�A�%&.VyM�X)� [2]. BH� BaTiO3 lG��Xn�:fR4
1^X:�fn�N#i�:7Z���7K - �Kq�:lG��`L?�J^
M4E�AO��Dd��bU)?3'-;w�eiZ [3]. 1k��KX[Æ�wt4QklG��Xk�)M2�^G,N���LkK.�$JAX)o�q9�[Xk�)�NXh����,Qk BaTiO3 lGXT`4[NNB" [4]. �:t
��K��X3�o7RE lG��)�Xq6B`��MVSk�XlG�����pI7K - �KN793�R�Xtq�Q�o�K��?>.N+zL1�o�1$VY�3�oVSk�X BaTiO3 lG���
2 $6��<9-:bwX~�mx7MSw"Kdp�EL�=3N#7S�e$=: 0.03mol XA$C|�VSs">X78 A. 9- 0.03mol XKd�&=::bwKd�=3+�N#7S�VS78 B. A �B v78-�$+� 4∼6h, `=�3�3+z79�nV BaTiO3 7K�hV7KXT
�l'[p�l'L?Wl'
d�7Ko2N79*o 
��XE �I'u�e<=6M 30cmX�K���GhVX BaTiO3 �K���Id5~z�79�lM 15.0mL X�8__~=�X**�rD�p�M 180◦C �rD 18h. rD���u&	"�	 2005–12–19, &�3�	"�	2006–04–14Æ�2�	 �<�6Y0℄n[:& (863 :&)(20002AA332040)�;��	 � G (1972– ), ��℄Q�HJ� )4�.!	 75�� E-mail: chm−chencl@ujn.edu.cn
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1488 Æ 0 , z , � 21 a1m0iT
�<�>.79�XT
��Y 5h VSQ�oX���GQ�oX��lM�O�pXg&&y�? 1◦C/min XI
b�IT
=3S 1100◦C, &XH
d 
 1h, u1m0iT
�VSk�X BaTiO3 lG���5�X XRD z�.I Rigaku D/MAX 2200 PC %rÆ X D�3D;�Cu Kα }D�.I TGA/SDTA 851e METTLER %3z�;XP&&y�ihn�X�K��V( b�?z��K��XzS�;�I
b�� 20◦C/min; ��&	.I Hitachi S-520 =�`[V(�1���1e$X{�X Nicolet �^X 5DX FT-IR "{�!;?.I KBr .�qV("{�!z��lG���d.I Sartorius �d/b
`� (Sartorius, YDK01) /b�
3 ��
(�3z�R� �Q�o'$X�K��XÆ�wz!� 62% � 88%,  �793�oe?L#\y.�K��pX\z�L1��

w 1 ��W)u?nNe�W!z� 
Fig. 1 IR spectra of the gel fibers with differ-

ent treatment

(a) The gel fibers before treatment; (b) The fibers

after solvothermal treatment; (c) The BaTiO3 ce-

ramic fibers obtained from the gel fibers solvother-

mally treated and sintered

x 1 R��X*v�oOf�X"{�!�x 1(a) R�K��X"{�!�#pX�([* 3400cm−1 3:��| 1730cm−1 e�X���\X_
�U [3,5]. 1560 � 1415cm−1z!R}/Xvi9�i9_
�U [6,7].

1480cm−1e�X��(X
>_
�1330cm−1� CH3 X|+_
�U [9], 745 � 932cm−1 RK C–H X�
|+_
� C–C XFf_
C$X�X[([*O 400∼650cm−1 eg��
Ti–O CX_
�U [3,4]. XId5~�oe$��D��X"{!x9x 1(b) hP�e?
=�\X_
�U|/+!K�^RKM
dX*gI��.tX*gZN�L1�oX\pX7Sd*gZN�Bk�K��p\379NNBB�x 1(c) Rx$hVlG��X"{!x�#pXNS 600cm−1 � Ti–O 

oXmb_
� ��|j�X&: [6].x 2 R BaTiO3 ��X*v�orE�X SEM ℄���K��Xf\S� 15∼20µm;X793�o$���f\S� 10∼15µm,  
�%��DlG��Xf\*S 10µm, k)X��X 
�P
��1*S5�|��&h�w:��XdsN"bU�)�bs\

<20nm; NH�i℄�X�vrE�K�Y793�oX BaTiO3 �K��z',onVX
BaTiO3 lG�� 
L+j&h�w:��XdsN"*bU�k)ds�MN�9x 3hP�^$&hRB�X�K��X3�o�;p�KML1�ozS3GX&ou=kQk��L�MNXo2Uf�^$&oI���+k;S��X 
�Qk��3G&h�|��XY�793�o$VSX BaTiO3 lG��Rk�X�I�K��r':lG��e'�L179Xy.R&:k�lG��Xq6B` [8], k)�� 
X&h),N��g|�I[(d�hVlG��X�dMSo��dX 93%.
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6 " � F�Y�6J - �J / 682pm�j� BaTiO3 kF�� 1489

w 2 BaTiO3 ��W)u?nqD�W SEM \�
Fig. 2 SEM images of BaTiO3 fibers under different treatment conditions

(a) The gel fibers before treatment; (b) The fibers after solvothermal treatment; (c) The BaTiO3 ceramic fiber;

(d) Cross section of the BaTiO3 ceramic fiber

w 3 �X�682?nW BaTiO3 kF��W SEM \�
Fig. 3 SEM image of the BaTiO3 ceramic

fiber without undergoing a solvothermal pre-

treatment

w 4 682P?n%�Q#W BaTiO3 kF��W XRD w 
Fig. 4 XRD pattern of the BaTiO3 ceramic fibers

with undergoing a solvothermal pretreatment and af-

ter sintering

The inset is the pattern at the range of 2θ=44◦ ∼46◦x 4RY�Q�o&AR$X BaTiO3lG��XXRDx!�t�0xhPX 2θ=44◦ ∼46◦
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1490 Æ 0 , z , � 21 ae?|Xz|+�e?
=�BaTiO3 lG��L��X|z| (200)� (002), �X 1100◦CLlG��p BaTiO3 dsR
bX_t�k*Rrt�RW�
4 ��.I7K - �KR�793tq�:yk�X BaTiO3 lG���793rDX79�d5~�M4 ��7K - �KR�793tqRn�k�lG��XL#tq���,0
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Preparation of Dense BaTiO3 Ceramic Fiber by a Sol-Gel and

Solvothermal Route

LIU Yong1, LU Qi-Fang2, CHEN Chang-Long3, CHEN Dai-Rong1, JIAO Xiu-Ling1

(1. Department of Chemistry, Shandong University, Jinan 250100, China; 2. Department of Materials,

Shandong Institute of Light Industry, Jinan 250100, China; 3. Department of Chemistry, Jinan University,

Jinan 250022, China)

Abstract: Dense BaTiO3 ceramic fibers were obtained by solvothermal treatment of the green gel

fibers, which were drawn from a sol using barium acetate hydrate and catechol-complexed titanium

isoproposide as starting materials, at 180◦C for 12h in n-hexane following a heat process to 1100◦C

with a heating rate of 1◦C/min for crystallization. The as-synthesized BaTiO3 ceramic fibers were

characterized by X-ray diffraction (XRD), Infrared (IR) spectra and scanning electron microscope

(SEM) techinques.

Key words BaTiO3; ceramic fiber; sol-gel; solvothermal


