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Preparation and Microwave Absorption Properties of Ce-doped BaTiO3
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China; 2. Institute of Petrochemical of Heilongjiang Province, Harbin 150076, China)

Abstract: Nano-particles of Ce-doped BaTiO3 were prepared by sol-gel method. The structure,

micrograph and microwave absorption properties of the materials were characterized by using X-ray

diffraction (XRD), Raman spectroscope, Scanning Electron Microscope (SEM) and vector network an-

alyzer. The BaTiO3 powders doped with different Ce contents have the same crystalline tetragonal

structure. With the increase of Ce content, the crystal sizes of the BaTiO3 powders decrease with

lattice constants a enlarges and c decreases. Within the bandwidth of 2–18GHz, the reflection loss of

0.2% Ce-doped BaTiO3 powders is increased and reflection peak has blue shift compared with pure

BaTiO3 powders. Reflection losses of 0.2% Ce-doped BaTiO3 powders are increased by 15dB and 30dB

at 5.8GHz and 7GHz, respectively, and the bandwidth is widened two times. The above shows that

Ce-doping can greatly improve the microwave absorption properties of the BaTiO3 powders.

Key words: Ce-doping; BaTiO3; microwave absorption properties

1 hew*#L℄{�0 �|y%�3b��R�%L3��3U#�5���Ypv�=�o?5�p5�?o?5���V3W5aU PTCM�3m5)3g5nR [1−6]. Gw*#L℄%D�\TQR%N(�b [7−10] �r�(p [11] aU+!
�3A5 [12−15] )^�
��>�/ed?N?�AÆ�3gG+).=Y�%Q/�|?L℄�>���O{%y>U� [16−18]. w*#L℄�XT(�7U%|?L℄ [19,20], �0|
9>�!�6>uSuk*+|?L℄%T��k�w*#%r5D�G�rfL℄d?|
5�%\6|
!C�eMP%fg
�";9
 2007–10–18, ��b!";9
2007–12–28wr)-
eF9 (1979– ), ����C�s	E-mail:liu6643513@yahoo.com.cn K
3[:
j
��z
	E-mail:yujief@hit.edu.cn



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

892 s H J [ ; � 23 "�X�%%3����)^� �<A%5P�8)Ai5}"�X�%G|?L℄%r5qvm2D�O�%y>U� [21,22],8℄�rfL℄%3�5����l�L℄n'A5�;1a}L℄^t*%��A5
%�X�%R�zCg	 BaTiO3L℄%08KCg%���Y|��A%�N�H^t|I%3�Pg�-�L℄%�33"��KEyL℄%d?|
A5��N�\!�X Ce rfw*#L℄d?|
A5^�%�qikk  
k��*�q9)�Xzi\!�%�NvUw - �wSN(Y�X Ce \! BaTiO3 de�:G�X Ce %J_G BaTiO3 L℄%���d?|
A5%r��1YD��:>Y�Xz\!r5%qvJE

2 =f(��
2.1 }ÆoyE~Q �u�rX6V%	*# (Ba(CH3COO)2, by|) � *z (Ce(NO3)3, |> 99.99%)Y�U��:
�R�"_[5�C5Z�^Nz (HO(CH2CH2O)nH,8=|), x�H℄HU�D"�#��XzUV�6Vu�^z (CH3CH2OH, by|) ,_�X6Vw* 4{ (Ti(OC4H9)4, 8=|) R�x�B'&�1�%9ax�Kn��0RY�<w,_9^* (CH3COOH, by|), �#��XzUV�D"&�Q�%?
Uw
rUwK�*p�
R�}A.k�Q�%;b�w�%bp�g8 4h 1_[ 80◦C t(�Rt( 12h, "�t�w
rt�w% 850◦C �sj 2h, V1"��Xz\!w*#de

2.2 ,#�sk�U��eH�H��{Q*�	 D/max-rA �n�
BADE D1 `� X n�Hn℄U6�U�KnÆ
�i 35kV, 
3gi 25mA, Cu(λ=0.15418nm)�qi X n���a�Fei 0.25◦/s, a�Xgi
20◦ ∼ 90◦; NvQ* HITACHIt^% S–3000N+a�3��WeHNgbD>7U5�.y
Ivn� Renishaw ��t^%�t�d Raman �+℄�1 Raman�+eU�N�?ei Ar+ 514nm,o��n 150W,U��n 7.5W,a�Fei 1800Line/min,,�wdi 10s.

2.3 Q�XAIarN"%�Xz\! BaTiO3 de	u;�5

PV- 75%B'Nk 2.00mm/%3bn'L℄�Iv HP8722ESHi9{Vatby℄�U6P$%n�3b��n��n%yH%7H (ε′ � ε′′ �
µ′ � µ′′).

3 +&(F6
3.1 }ÆoyE~Q /J,#�U
3.1.1 XRD �UT 1 iBP Ce \!V (0.1% � 0.2% � 0.3% �
0.4%) % BaTiO3 de XRD T+��PKn�N"%|w*#deqG-by
{T 1 65by"u6�e�P$&.kY ^�w*#d���NQ�R�
� XRD Th:z�Q�	 Ce �Gp%M8vv���� Ce 1�aK=Ed�^��[ BaTiO3 �|
	m\! BaTiO3 % XRD T+�-��X Ce %J_}" BaTiO3 ��6Gp%Hnh9>2^;h.q68
�� Bragg ^o 2dsinθ = nλ % ^����d!�� 1

d2 = h2+k2

a2 + l2

c2 , GHnh�1\,�1b8D"6�P$%��Q� a � c, ��L℄%��Q�b8�5� ρ = 2M
NAVcell

, Vcell =
√

3
2 a2c(0RÆ M i
LPV� Vcell i�oHM� a % c i�|b�� NA = 6.02 × 1023), 1\,"�P$%~> ρ���HM Vcell. P$%'&N�{ Scherrer�� D = kλ

βcosθ (0R�D i�N%N�� k i℄5b�� λ i X n�%?e� β i�h6hG 0.2 18k%2>D� θ iHny>) \,D"
����Y5 1.�5 1 1a(u�	m\! BaTiO3 �-�Cg���G%% Ce3+ F�Cg���% Ba2+ 1'k�|b� a -���|b� c h%���HM2%
G�BP\!Vz\! BaTiO3 �`L℄K

S 1 ~W Ce [ BaTiO3 
d$ XRD S*
Fig. 1 XRD patterns of Ce-doped BaTiO3 powders
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Table 1 Lattice parameters of Ce-doped BaTiO3 powders

Substitution a = b/Å c/Å c/a Vcell/Å
3 ρ/g·cm−3 D/nm

0%Ce 4.00537 4.02856 1.00579 64.63 5.9923 63.1

0.1%Ce 4.00720 4.01591 1.00217 64.49 6.0057 40.5

0.2%Ce 0.00872 4.01681 1.00202 64.54 6.0070 39.8

0.3%Ce 4.00900 4.01396 1.00124 64.51 6.0032 39.5

0.4%Ce 4.01146 4.00816 0.99918 64.50 6.0045 36.7G�-
 Ce Z�T+���5m=A��L�Yo0"�=� Ce Z�/_�5�L�7�jh CeLf/_zo#�L3��&i�L3�I��
LW�L#q
�Ov-
Z�T#+^��z`� a +��Z�Th 0.2% v��z`� c �#Wn�C�7/��y�AOZ�T# Ce 
Z�zv5Æ�#~}[�g#ptAO�&i.��#~[�AO�jJl1AO[�g�z`�#05U|5AO�J�W+-Z�T#+^ADf"�YoA� 1, ��-
Z�T+��N"y�[�YoA��K[��k&K[�#L�"�Tvv�d��##�D�
3.1.2 Raman %8�T�R 2Q/_'t�Ce }V|! BaTiO3 #~Æof	Eo#:vf#f,.4�8=s*�fnJ=b,Z�7�y�}Vx#Z��5W�LL���W+ c/a f"���Eh2+8�|
m�1Of℄�
J|�?�Eo#Æ:of�ls*�Ove|~0g�fL�8�+8��I?mO+8�J?mO#K8E�Of#E�1(9pt�#s*of�l#Ov:4?Wof#���|�f��+���vf4+��/i}VZ�0� BaTiO3 b
P�p�[�A0�F��^}
�K[��7� XRD `w���k�
3.2 SEM �Ty SEMR�/> (R 3), }VxZ� BaTiO3 �|�
FlY�a�Y�-LL�`C# 1∼40µm?b�hA�*,a��"G)$��``2{��=Q
F/O�.f82�:"`���\Y��{# BaTiO3 �|�
Fh{�b�xZ�
Fh�>b�
3.3 z�l��4��	B�i^��z<IZ#G)�D/>��1}<M�z<IZv�M��T_5<1 1}��z<IZ�1}<#�3ptM�m�1`�#m}�

lS}O�<3;�#1}_#pt
S6$_m�,~�#�`6� ε = ε′−jε′′ R µ = µ′−jµ′′..Q ε′ � µ′ `6Em�1`�xG�m}�lxG��3IZE�T#L8�O� ε′′ � µ′′ `6Em�1`�6G�m}�l6G��3IZE1}�T#1 �O�y�~Z�TN"# ε′ �
ε′′ �µ′ �µ′′ 05�k�!�5_)xI_Z�Th 0.2% #}VxZ� BaTiO3 IZhJ�+{.1}O�� BaTiO3 1}O�#Xh�>?}VxE BaTiO3 b<z�?2#q��k�)�I5L&#kZ� BaTiO3 #}VxZ� BaTiO3 # ε′ �
ε′′ � µ′ � µ′′ CiR 4.yR 4(a) /_'t�# 2∼12GHz S���VeÆ�kZ�u'!#}VxZ�u'!#�1`�xG ε′ G)g��lr	�kZ�u'!�1`�#}VxZ�u'!�1`�xG`6�p# 22∼24?b�22∼23?b�# 12.0∼18.0GHzS���VeÆ�kZ�u'!#}VxZ�u'!#�1`�xG$t�WM}f�kZ�u'!�1`�xGft�# 14.4 � 16.4GHz, J}VxZ�u'!�1`�xGft�# 14.8 � 16.8

GHz. #<}��VeÆ�}Vx#lZ|!N"#�1`�xGOq?Z�Z8W� 0.4GHz, fCp|f"�

S 2 ~Wy[ v("
d$ Raman �*S
Fig. 2 Raman spectra of Ce-doped BaTiO3 powders
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S 3 Ce [ BaTiO3 dG$ SEM 4�

Fig. 3 SEM micrographs of Ce-doped BaTiO3 powders

(a) Undoped BaTiO3 powders; (b) 0.2% Ce doped BaTiO3; (c) 0.4% Ce-doped BaTiO3

S 4 ~Wy[ �l[ $ BaTiO3 �_J[2~P�� m�
$
�C�
Fig. 4 Relationship between the electromagnetic parameters and frequency of Ce-doped and undoped BaTiO3 powders

(a) ε′ − f ; (b) ε′′ − f ; (c) µ′
− f ; (d) µ′′

− fkZ�u'!N"R}VxZ�u'!b
�1`�6GFt�WW}f (XR 4(b)), `6t�# 15.2 � 15.8GHz. }Vx#lZ|!u'!�1`�6GOq?Z�Z8W� 0.6GHz, �Cp|f"�7�jh Ba2+ Bf��h 1.43Å, Ti4+ Bf��h 0.64Å, Ce3+ Bf��h 1.03Å, Ce3+ Bfv� Ba2+ � Ti4+ Bf?b,
 Ba2+ BfWR�j� Ce3+ BfE�#� Ba2+ Bf�J Ce3+ Bf#
Ba2+ nE��IL��Fb��4�Ti4+ nE�Æ�
L�L2n�s*��L+
Æ�
L�Ov Ti4+ nBf�B%)nJ
/hOO5#pt

UÆ�
L��1`�xG�6Gp|f"�}�lxG�6G05�kXR 4(c) � (d) 5��}VxZ�u'!IZ�kZ�N"�+}�lxG�6G$�v�Z8�.CU|5+��:$�#WfC�kZ�u'!N"#}VxZ�N"fC$t�# 12∼18GHz VeÆ�}VxlZ�I1}O�Oq?Z�7[S�xlZ|�L�5�y��|Lf#3�'o��|-L0"�Lf3�0O0��|!�zK0��z`�05�l
0?�I�|Lf#l);98�l+����|!z��Z�v��+�3
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3.4 z�l��4N�V>G_�i^IZ#b<z�?2/_yTl1 nB�#3
�Drg�1}<yBZlN"v�Tl1 R(dB) /_�3
~[+�

R(dB) = 20lg

∣

∣

∣

∣

Zin − Z0

Zin + Z0

∣
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∣

∣

= 20lg

∣

∣

∣

∣

Zin/Z0 − 1

Zin/Z0 + 1

∣

∣

∣

∣

(1)~Q Zin/Z0 h&'l*�h�
Zin

Z0
=

√

µ/εtanh[j(2πft/c)
√

µε ] (2)~Q� Zin, m&IZ#l*�Z0, hy2bl*�
c, Æ&� t, -=� f , 1}<�l� ε = ε′–jε′′, m�1`�� µ = µ′–jµ′′, m}�l�qSSN"# ε′ � ε′′ � µ′ � µ′′ C�Z~ (1)#~ (2), `5-=h 0.25cm,t Matlab/m[+tW5-=#N"#Tl1 -�l05#B��XR 5 5��# 2∼18GHz �lVeÆ�kZ�u'!| 9 }z�f�tfnJ�s# 4.4 � 5.6 �
7.0�8.2�9.6�10.8�12.0�13.2�17.8GHzv�.Q� 4.4GHz vTl1 fC
� –25dB; 5.6 �
7.0 � 8.2 � 9.6 � 10.8 � 17.8GHz vTl1 fC# –10∼–15dB ?b� 12.0 � 13.2GHz vTl1 fC# –5∼–10dB?b�# 8∼12GHzVeÆ�Tl1 v� –5∼–15dB ?b���4=�h 0.6GHz.xZ�|!u'!IZ#Tl1 fOq?Z�:f8+8�w. 5.8 # 7.0GHz v#z�f8=`6+^W 15dB# 30dB. # 8∼12GHzVeÆ�Tl1 �℄Cv�/
 –5∼–15dB,��4=Z4�
1.1GHz.

S 5 ~Wy[ �l[ $ BaTiO3 �_J[Um2!� m$
�C�
Fig. 5 Relationship between reflection loss and fre-

quency of Ce-doped and undoped BaTiO3 powders

jg5��xZ��℄CvWu'!IZ#z<?2�Z�#}Vx[S�_
_}[�q�u'!IZ#b<z�?2� (1)Z�}Vx0�y��L�5#�zK0&i�LA�*�L�3�t�~Ba9~�|b<#.ÆGx;+^Tl���5_IZ#<}b<�#z�?2!�Cv� (2) Z�,ib��O�W�|a�1f�Vd�6���g�CvIZ#1�l�+�IZ#qf1 �+�3�hz<2�#Cv� (3)}Vx�M�q�1�OfqÆ�9#s.�9<p0IZ#b<z�?2�y�xBf�.7JBf#���X{���#�LÆG℄q{H#1�Of�+�IZ#O5qÆ1 �+�3�hb<z�?2#Cv�
4 +6

1)GtSu -�uX�L&#xZ�u'!�|b
�� XRD J5h�[���kZ� BaTiO3�+��5m=A���L�5��z`� a +���z`� c f"���FL0"�E�AOZ�TxZ� BaTiO3 �^IZJG�-
Z�T#+^��z`� a +��Z�Th 0.2% v��z`� c�#Wn�C�7/��y�AOZ�T#
Ce 
Z�zv5Æ�#~}[�g#ptAO�&i.��#~[�AO�jJl1#AO[�g�z`�#05U|5AO� Raman Æ)
WE=xW XRD `w��� SEM 3�=�}VxZ� BaTiO3 b
l\Y�a�-LhA�*,a��"G)$��``2{��

2) xZ�|!u'!b
#Tl1 fOq?Z�:fC��#+8�w. 5.8# 7.0GHzv#fC`6+^W 15# 30dB. # 8∼12GHzVeÆ�Tl1 U|5Cv�/
 –5∼–15dB,��4=Z4W
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