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(1. X℄[aZ`Y^`b�X℄ 100022; 2. \_[aZ`Y^`b�
d 450052)Q K� ,< Raman 29mg#Mkg0L Pb(Zn1/3Nb2/3)0.2(Zr0.5Ti0.5)0.8O3 (0.2PZN-

0.8PZT) gVa;f0m - Um�A���i�p~Um� E(3TO) � A1(3TO) |�C0m�
Rl |�_6N�a�℄�2.Um� E(3LO) � A1(3LO) |�C0m� Rh |�_6N�a�℄�(Xkg0La 0.2PZN-0.8PZT a;f0m - Um�AB�N9��$LIk XRD �p~N(\�5=�i�pD Raman 29f0m - UmWZ|��Y2!Y0La PZT )a;f0m - Um�A��N�!!D�� � ��Raman p~Æ PZT ��Æg0LÆ XRD p~U;
���O437 >C{1"�A

1 LI
Raman 3:vt%OIxX[O.h��Onh�F%OhWb<q�C�O�=}S [1∼4]. %O"{�[7*t Pm3m OH� Pb(ZrxTi1−x)O3 (PZT) N Brillouin g�9BN

12 y
!}
N Curie x^36OenIxg�`wZ8Jt 3T1u+T2u; 1y T1u }ANQdx^36Oen�gb�o&�db Raman Fo&�O�NQdx^3�`wn�5
A+E,V�}Ab�o� Raman\F&�O��g�en��1n(Vnn�=�T1u(3) OqE"	7�D/# [5]. 1nO Rl �Rh }A�VnO E(3TO)D E(3LO) /VnO A1(3TO)D A1(3LO) }Aq#`rB T1u(3) NQdx^�O�
!}�t
!}q^� T2u }Ab
Raman ��o\Fo&�O�4t� silent mode ��NQdx^3�� T2u }An�tVnO B1+E �1nO A2+E, `w"	t�oo&�� Raman &�
ol��F (MPB) sHOyxX� [Pb(ZrxTi1−x)O3] BNhWO1n� (FR) �Vn� (FT) �B	�
6>��bB8Evx℄ PbTiO3, ?B MPB 9 PZT ��B	�� B wHq|���� Raman 3:�"	7{�O\"dZ
 PZN (Pb(Zn1/3Nb2/3)O3) NJx�NB1nI��[7*t
R3m[6]. 5.8j PZN O PZT b<��IxC�D MPB sHO PZT *��l�^3��
Raman }AS�D PZT *��lOdZ
N PZN-PZT �,fg� B wqIxBN
hbq�Zq#� Zr4+ � Ti4+ � Zn2+ � Nb5+ QTR�> B wqIx|�^Q�� Raman X[7	|{�O\"	�
��� Raman 3:�l=B%O PZT QhWb<Ox^��
 Fihlo Qj� Raman3:
�%OlS� MPB u5O PZT Ox^���)Yl1n�E�3/E��VnO4Æ+(� 2005–05–13, 4�F�Æ+(�2005–06–30��E%� �JI�FuI#X1eS3 ��WS��� r�� (1971– ), ��TC$N;	 :G A*�jvV	 E-mail: zhumk@bjut.edu.cn
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634 { + + m  � 21 T�F [7]. _f	�\p"gO�" PZT b<$f<?1nJ[?O�C��" [8]. N1Mb��O:�nx� Harrad %Ol1M Nb ( La O Pb(Zr0.95Ti0.05)O3 *b<N(lx^�O Raman 3:
��
ulhW - ihW��3/wRx1n��7�O Raman 3:�" [9]. FF�j� Raman 3:q��%O1MAHO PZT *b<g1n - Vn�B	���K�8 [10]. D*qy�N%O1M��=
-= XRD ':q�OC��j�b 45◦ sH1n� (002) ':�Vn� (002) � (200) ':Oq��'M1n - Vn��O��
�yKnj� Raman 3:
�q��%O Fe2O3 1Mb 0.2PZN-0.8PZTb<g�C�O:�
j�b(lI�b8O Raman X[}O�0��b�^Oq��%Ol PZT *b<Ixg1n - Vn��O�s

2 0J�� ��*8 u5t 0.2Pb(Zn1/3Nb2/3)O3-0.8Pb(Zr0.5Ti0.5)O3, -=h)�5��7Che�
PZN-PZT b<,�
Hn TiO2 � ZrO2 � ZnO � Nb2O5 � Pb3O4 � Fe2O3 O:^ ≥99%.

Fe2O3 O5.jq#t 0 � 0.15 � 0.30 � 0.50 � 0.90wt%. L�� ZnO � Nb2O5 %�}N
1000◦C w7 4h, 'M�&f ZnNb2O6. +��ZnNb2O6 D ZrO2 �TiO2 �Pb3O4 �Fe2O3 �
Nb2O5 Q%� ~�� 850◦C �G7 2h, 5. PVA Of�"Æ (φ12mm � 120MPa)�	>�B 1250◦C 7C 2h e�7b<,�


Raman 3:
�-=�3:}A�1�t Jobin-Yvon T64000 � Raman 
�1�,
&3 488nm, M7~t 50mW. {R PZT f�O Raman X[}A�j� Lorentz �R����4lzy Raman 3:rO�0��^

3 ���7!
3.1 PZT�T�$3MD��" 1 
�ly� [1,2,5,11,12]b PZT f�O Raman X[}AOq�
?" 1 Z:�(lO�C��"	7(lO Raman X[}A�N Raman w067	{�O�"
�g 530 �
600cm−1 9OVn Raman }A E(3TO) � A1(3TO) D 560cm−1 91nO Rl }A\FenC�O 3T1u NQdx^�qEO
!�}�d 700 � 825cm−1 9OVn E(3LO) � A1(3LO)}AD 760cm−1 9O1nO Rh }A\F 3T1u }AqE5O
!t}
6>�{RVnO
A1(3TO) � E(3TO) D1nO Rl O�b�^�Z3)Y1n - Vn��O"E


Itetra% =
IE(3TO) + IA1((3TO)

IE(3TO) + IA1(3TO) + IRl

× 100% (1)({RVn�X[} E(3LO) � A1(3LO) D1nO Rh O�b�^�)Y1n - Vn��O"E

Itetra% =

IA1(3LO) + IE(3LO)

IA1(3LO) + IE(3LO) + IRh

× 100% (2)Ag� Itetra tVn�O�b�^� IE(3TO) � IA1(3TO) q#b8Vn� Raman }A E(3TO)� A1(3TO) O�^� IRl
t1n� Raman }A Rl O�^� IA1(3LO) � IE(3LO) q#b8Vn Raman }A A1(3LO) � E(3LO) O�^� IRh

t1n� Raman }A Rh O�^
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3 � q

�P�g0L 0.2PZN-0.8PZT gVa; Raman 29#M 635| 1 200∼1000cm−1	< PZT 8� Raman #2[1,2,5,11,12]

Table 1 Raman modes of PZT system in the range of 200∼1000cm−1

Vibration mode Raman shift/cm−1 Bonding mode Phase structure

E(2TO) ∼200 BO6 rotation Rhombo., tetra.

Silent E+B1 ∼265 B-localized Rhombo., tetra.

A1(2TO) ∼324 BO6 rotation Rhombo., tetra.

E(2LO) 425 O–B–O bending Tetra.

E(3TO) 530 O–B–O bending Tetra.

Rl 565 O–B–O bending Tetra.

A1(3TO) 600 O–B–O bending Tetra.

E(3LO) 700 B–O stretching Rhombo.

Rh 765 B–O stretching Rhombo.

A1(3LO) 825 B–O stretching Tetra.

3.2 Fe�P 0.2PZN-0.8PZT6�� Raman-/�'�?n 1 F(l Fe2O3 1Mj� 0.2PZN-

0.8PZT,�O Raman3:
�
j2�MPB9O PZTf���Ix�_hyu5*q
g�wdF Ti4+ O Ti I��g�wdt Zr4+O Zr I�
Nw Ti��Ti I��lHSw�`�> Zr I�G.VnC��Nw Zr ��
Zr I��e Ti I�G.1nC�
N MPB9�hU`7CJ���7	l1n - Vn�B	�
 Fe3+ G. B wIx��> B wbq�bB*�xfOg�f<w0�?d5�l`6|�
Vh1M7�OIfC�b4�=R�H
 BO6 �xff<���7�IxzY�f<�"�%N Raman 
�6"	7�8O�" [2]. t)YzX[}AO�

m 1 'k Fe2O3 0Li+�N Raman 29	�.��$

Fig. 1 Raman scattering spectra and the

Lorentz fitting for different Fe2O3-doped ceram-

ics

(a) 0.0; (b) 0.15; (c) 0.30; (d) 0.90b�^��0wd�= Lorentz �RG�l��9

j�b Raman 
�gzX[}AO�0��b�^\ Fe2O3 1Mj�"Oq��Z3AB Fe2O3 1Mb 0.2PZN-0.8PZT b<�C�O:�

3.2.1 V&)N (�180∼400cm−1)n 2 � 3 q#t 180∼400cm−1 ks�O Raman �0��b�^\ Fe2O3 1MjO�"��
Z:� 267cm−1 9O silent }A\ Fe2O3 1MjOQ5dk<�R�n�0[���b�^NR1Mks�'\ Fe2O3 1MjOQ5dQ5
 Silent }Ab8B�PtO B wbqOX[�u}A�R�n�O0["{ Fe3+ G.Ix�>�*�xfPtO B wbqOX[g2R9/�> B wbq|-4
b*�xfOg��?dH
Qdx^=R
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636 { + + m  � 21 T
200cm−1 9O E(2TO) }A0�R�n��%��b�^=R
 Fihlo a7� PZT ?1n�Vn�_=� E(2TO) O�b�^k<?�J/�%�Æ\k<�R [7]. 6>� E(2TO) �b�^O=R"{1n�N�Vn�k<n�
>o� 324cm−1 9O A1(2TO) }A0�w�n��%��b�^Q5
%O"{�N1nO PZT g�0��.(J A1(2TO) }A�d\p PZT g Ti/Zr �OQ5� A1(2TO) }AU?��.J%k<���^3 A1(2TO) }AZvtVn�O.y b [7]. A1(2TO) }AO�b�^OQ5��"{1n�k<N�Vn�n�


m 2 180∼400cm−1 jr'k|�N Raman v/
Fig. 2 Raman shifts of the modes in region of

180∼400cm−1

m 3 180∼400cm−1 jr'k Raman |�N�a�℄
Fig. 3 Relative intensity of Raman modes from

180 to 400cm−1

3.2.2 
&)N(400∼900cm−1)n 4 � 5 "B 400∼650cm−1 ksO Raman �0��b�^\ Fe2O3 1MjO�"�

m 4 400∼650cm−1 jr�'k|�N Raman v/
Fig. 4 Raman shifts of modes in the region of

400∼650cm−1

m 5 400∼650cm−1 jr'k Raman |�N�a�℄
Fig. 5 Relative intensity of Raman modes from

400 to 650cm−1
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3 � q

�P�g0L 0.2PZN-0.8PZT gVa; Raman 29#M 637�
Z:�NR1Mjks��1nO Rl }AO�b�^{�=R�%�w�n�0[�VnO E(3TO) � A1(3TO) }AO�b�^'\1MjOQ5dQ5�%�R�n�0[

Raman }A E(3TO) � A1(3TO) \b8BVnO O–B–O Op%X[�d Raman }A Rl b8B1nO O–B–O Op%X[
 Rl }A�b�^O=R"{1n�I�O98�du}A�w�n�O0[P"{ O–Zr–O X[g2ROQ��?B Zr4+ N ZrO6 �xfgF& (111) iw0O�^3 Rl }A�w�n�O0["{1M7� a i℄`
Vn E(3TO) � A1(3TO) }A�b�^OQ5"{1M7�OVnI�OQ
�u}A�R�n�O0[P"{ O–Ti–O ;N9/�d Ti4+ F& (001)iw0O�̂ 3hyVn}A�R�n�O0["{1M7� ciOQ3�Vn^PFVhh-"w0OC�
b8B1n�VnO Raman }A�b�^O�"
6B1nI��VnI�`7On��Vn� Raman }AO�b�^OQ5"{1M7�OVnI� TiO6

m 6 >� (1) � (2) 2YNUm��iC Fe2O3iN��
Fig. 6 Content of tetragonal phase as a func-

tion of Fe2O3 addition by equation (1) and (2)

m 7 650∼900cm−1 #E'kWZ|�N Ramanv/
Fig. 7 Raman shifts of the modes in the region

from 650 to 900cm−1

m 8 650∼900cm−1 jr'k Raman |�N�a�℄
Fig. 8 Relative intensity of the different Raman

modes in 650∼900cm−1�jOQ5�d1n}AO�b�^O=RPS{l1nI� ZrO6 O98
?V� Raman}AO�b�^���471n - Vn�C�`7O�bn�"E�?A (1) 4ZOC�:n 6. Z:�8j Fe2O3 1M�7�1n��Vn�O�mn������UwB 0.3wt% O
Fe2O3 1Mj9
D 400∼650cm−1 ksO Raman 3:q��aW�b 650∼900cm−1 ks�O1n Rh }A�Vn E(3LO) � A1(3LO) }AO�b�^�"G�lq��-MJl�W�s
n 7 �
8 t 650∼900cm−1 ks� Raman X[}AO�0��b�^\1MjO�"�^
Z:�G Fe2O3 1Mj <0.3wt% =�1nO Rh }A�R�n�0[�d��b�^\1MjOQ
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638 { + + m  � 21 T5d=R�VnO A1(3LO) � E(3LO) }A�w�n�0[�%��b�^\1MjOQ5dQ5
?A (2) 4ZOC�-oBn 6 g
Z:�*B TO }A� LO }A4ZOC�S��lO�s

3.3 XRD�?n 9 t(l Fe2O3 1MjO,�N 2θ = 45◦ sHL� XRD 5z/� Lorentz ��C�
 2θ = 45◦ 9':O�pi;l PZN-PZTg1n�Vn�O�B
?nZ:�\p Fe2O31M�1n� (200) O�b�^=R�Vn� (200) � (002) O�b�^Q5
t>�� (3)A4ZlVn��j T.P . (%):

T.P.(%) =
IT
(200) + IT

(002)

IT
(200) + RR

(200) + RR
(002)

× 100% (3)�g IT
(200) + IT

(002) tVn� (200) � (002) rOs':�^� IR
(200) t1n� (200) rO':�^
n 10 t�A (3) 4ZMJOVn��j\1MjO�"���"{GjO Fe2O3 1M�Gl1n��Vn�On�
V.�sD�yg Raman X[q�OC�F.
O�)℄l6OnhOZW�


m 9 XRD K�4y. Lorentz �Q��BÆ
Fig. 9 Fine scanning in 2θ = 43◦

∼ 45.5◦ and

the fitting of Lorentz function

m 10 XRD LINUm��i[ Fe2O3 0LiN�!
Fig. 10 Content of tetragonal phase from XRD

as a function of Fe2O3 addition

4 �! �j�q�(lX[}AO Raman w03/`w`7�b�^O�"�ABl Fe2O3 1M7�O PZN-PZT b<g1n - Vn�B	�O�"�s
C�"{� Fe2O3 1M��ewVnI��j�=R1nI��j�?d7�1nJVnO�mn��%)Yl�C�n�O��U�EHlQdx^�IfVn^�"OH6
6>� Raman 3:Zvt.h%O1MbhWb<q�C�:�O��}S
}�=B
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Raman Scattering Studies on Fe2O3-modified 0.2PZN-0.8PZT

Piezoceramics

LU Peng-Xian1,2, ZHU Man-Kang1, HOU Yu-Dong1, SONG Xue-Mei1, WANG Hao1, YAN Hui1

(1. College of Materials Science and Engineering, Beijing University of Technology, Beijing 100022, China;

2. School of Materials, Henan University of Technology, Zhengzhou 450052, China)

Abstract: Raman scattering spectroscopy is widely used to investigate the phase transition of

ferroelectrics, including the ferroelectric-paraelectric transition. In the present paper, the phase

coexistence of rhombohedral and tetragonal phases caused by Fe2O3 doping in Pb(Zn1/3Nb2/3)0.2

(Zr0.5Ti0.5)0.8O3(0.2PZN-0.8PZT) ceramics was investigated by Raman scattering spectroscopy in

detail. On the basis of the Raman scattering analysis on the tetragonal E(3TO) and A1(3TO)

modes and the rhombohedral Rl mode, or on the tetragonal E(3LO) and A1(3LO) modes and the

rhombohedral Rh mode, the tendency of phase transition induced by Fe2O3 doping was evaluated,

which has been affirmed by XRD results. This indicates that Raman scattering analysis is an

effective way to investigate the doping effect on the phase coexistence in PZT based ceramics.

Key words Raman analysis; PZT phase transition; Fe2O3 doping; XRD analysis


