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Abstract: The microstructural changes originated from Cr doping in 0. 2PZN-0. 8PZT piezoelectric ceramics were investiga-
ted by means of XRD and Raman scattering. The phase transition from rhombohedral to tetragonal and the increase of crys-
tal tetragonallity are caused by Cr addition. The studies about the lattice parameters and the phase transition through Raman
scattering are confirmed by XRD. So, the microstructural changes induced by doping in the piezoelectric ceramics with tet-
ragonal and rhombohedral structures simultaneously can be revealed through the analysis of the Raman vibration modes in

different structures.
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1.1 HReE

KR & B EAR B GE A A e i, iR R,
%5 0.2Pb(Zn,,Nb,,,) O, - 0. 8Pb( Ti s Zr, 5 ) O, (0.
2PZN -0. 8PZT) +xCr,0,,x =0 ~ 1. Owt%. & 3¢,
ZnO 1 Nb,O,1B-& 5 7E 1000°C #8455 4h, FK1F AT K
ZnNb,O,. $RJE , ¥ ZnNb,0, 5 Ti0, , ZrO,, Pb,0, %0
Cr,0, R EEKE, 3 M. EB . EH (H12mnm,
120MPa) HEBZ S , 76 1250°C B4 2h & ke &
1.2 XRD 4#f

FZEH 53 BT R A B R X S & 43 5F 2 (XRD,
Bruker AXS D8 Advance) , ¥4/ K N 0. 005°,
LA Lorentz R4 B 2 1 75 (002) . (200) f1=TJ5
(200) frgt v ey Ao B AR AR E T N E M4
& Tetra% ’

Tetra% = — I(Tzoo) R+ I(T(m) R
A, L0y + oo, S PETT(200) F1(002 ) 47 5 68 5%
B 3 Iy =77 (200) 177 5 0858 BE . AR 3579 )7 (002)
F1(200) Ry ST A & , T3 105 S5 H ) B8 BB <.
ar JUFE cr/a, F G MERR Vo iR = (i 5f ik
(200) QI B, HHE=FEHWE BB S o
EJE Al o FIG KR Ve.
1.3 Raman ¥ 5494

Raman #9312 % B 3 8 59 #5 = (Jobin-Yvon
T64000 Raman Spectrometer ) M| &, ¥ Y6 288 B K
488nm, % tH T3 50mw. S BPAHILTE PZT B & i
Raman 3R Z1#=X, %F 0. 2PZN-0. 8PZT P % fJ Raman
R HEATIRE . NG HHE 5 Raman 156

x 100%

- B HBURE, R Lorentz iR BUIL-& #1743 1.

# 1 399 7 3CHR % PZT 4 R #) Raman #R3I B 5>
7. 550cm ™' B9 = 75 B 5T 6 R 534N 500em ™! &b
#0075 E(3TO) # 4 #5F0 600em ™' 4L U 5 A,
(3TO) B4t ig, B =H— DU MR — ML . &
134347 ix 85 Raman S 5135 B A8 4k, AT B E =7 . I

JiARAE , B AR T

Ieisroy + Lo
Tetra% = EGT0) AI{370)

x 100%
Izisroy *+ Lagroy + Iy,

A, Terra% AW HHE&E, IE(37‘0) F IA1(37'0) 43 HUxF
RN TPUJ54E E(3T0) 1 A, (3T0) A K BUIR
Iy A= H RS R .

#1 100 ~650cm 'y PZT {4k % AY Raman IRZHEEH
Table 1 Raman vibration modes in PZT system in the
range of 100 ~ 650 cm ™'

Vibration mode Raman Shift /cm~! Bonding Mode Phase Structure

E(1TO) ~145 Pb-O vibration Rhombo or Tetra
E(2TO0) ~200 BOg rotation Rhombo or Tetra

Silent ~265 B-localized Rhombo or Tetra
A, (2TO) ~324 BOg rotation Rhombo or Tetra
E(2L0) ~425 0-B-O bending Tetra
E(3TO) ~530 0-B-O bending Tetra

R, ~565 0-B-O bending ~ Rhombo

A, (3TO) ~600 0-B-0 bending Tetra

2 &R5

2.1 XRD &#

1 AR Cr B7BWETE 260 =43 ~45.5°K)
XRD #5#f3 18 & Lorentz BRI BHER. °T WL, 17 5%
e A B B BF ROF H B B R W INR. X e
XHRLF PG5 46 (002) | (200 ) 177 4 F1 =75 48 (200) i
5%, 08 T 69 748 4k 7T S B = J7 A A G 5 FE K B AR
(002) F1(200 ) 7T 5 58 BE B T 45 SEAT TARALTT
EHEF B DU R eE BE T =7 SR B BB, T S 3
A R BRARAEIE B BEE Cr BB AEm, =7
(200) 77 5F 55 BE AR, T P9 77 (200 ) 71 (002 ) 477 5t 35

Simulation P~
o Experiment S

Va.u.

B 1 AF Cr BREMERE 20 =43 ~45. 5° M4
X Lorentz REI A BHLR

Fig. 1 Fine scanning of patterns with different Cr addition
at 20 =43 ~45. 5° and Lorentz simulating curves
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Fig.2 Diffractions of (101), (110), (112) and (211) as
a function of Cr addition

BN, XKW, Cr BRFHUER G =J7 M m 19774
A WAHEESER G BB EAELRE2. 7]
WR,CE Cr BAAEFBHEEHH B ERE, TR Cr
AREA KBS T Eaatk , WAS T R, BT,
Cr BT T SN WA RER.

B2 k20 =31°,55°"MEH(101),(110),
(112) f1(211) f §1RE Cr B I B 7B 1L. BE Cr B3¢
B, AT BIEB R Cr BRER T &
WEAE ). 2 2 R0 M AR E R cr e, DITF
Eor/ar AR Ve, LR =FEHK SRR ER
ap PRI T (e, MBRER ViITESER. 55 G
T 0. 3wt% B, c, BEIE KT a, B FMEK, ¢/ a, B
Cr BZBRIEITIH K, FIA o K. BT C°" ¥
#(0.628) KF Ti** B F 24 (0. 6058) , i /M F
' BT 44%2(0.844). G #EA BONEIKSF, 7]
FE R TiOq R A =05 ZeO, 5 MU 4E , T
B e/ a M. cr/a, MEEREN B B TH
IBRE AL, X B Raman BUSORBISE.

£2 OAHNZAEUNFHRESH . HIBRBECrisx R
L
Table 2 Lattice parameters and phase contents in tetra-
gonal and rhombohedral structures as a function
of Cr addition
Tetragonal Structure Rhombohedral Structure |
e/d e/A cp/ar VAR Ten /% ep/A ap/® Vip/A® Rhombo /%

C/%

0.0  4.1136 4.0376'1.0180 69.61 79.4 4.083189.38 7.94 2.6
0.1  4.1158 4.0360 1.0193 69.72 84.64 4.053089.72 7.85 15.36
0.2 4.1165 4.0354 1.0205 69.76 92.57 4.043190.02 7.84 7.43
0.3 4.1212 4.0350 1.0211 70.00 94.12 4.032790.14 7.81 5.88
0.5  4.1211 4.0350 1.0212 69.99 93.5 4.026290.23 7.79 6.5
0.8  4.1214 4.0349 1.0213 70.00 93.4 4.020590.29 7.77 6.6

lau.

100 200 300 400 500 600
Raman Shift/cm™!

B3 KR CriZ &M% Raman BUH i Lorentz i3
Ma

Fig.3 Raman scattering and simulating by Lorentz function
of the ceramics with different Cr addition

2.2 Raman 4§

B3 AARF Cr BB ER Raman 8BSt
. 51T PZN-PZT B i) du AR 45 40 5 I AR AL 7F PZT
FIFEAHRE, Br AP & R BL A L E) Raman #8516
1. 7E PZN-PZT k&, B F B i FaaB T g 2 f
BT 5, FABNTFRES PR, RANK
MBS R. R FENRBRKEECHER, &
Raman $R 30§ & 4= LB AERD.

& 4a 1 4b 2 100cm ™' ~400cm "' {EE ) Ra-
man S SR ERE Cr BB FE GBS
BRI, 145em ™ 40 B A, (1TO) 2 # (4 {31 7 1]
Bah. FE T, A, (1TO) B F R AL BT c B
Jr iy, H xR T4y F7E BO N\ ik Kk 3h, Hia
BB RASMAZ RN BB, ST
c Bh77 1 BORRAL AL RS 3 hn. T 265em ™' b A9 Silent A
Kxd i F BO AN RS B L1 8 Fikah, Kk
Pish R B B FMEZEMER RS, B L
BT ESME BONE KT L. dltt, ATHR T
A5fk. B Cr B 24 B AN, 324em ™ LM A,
(2TO) 5Kl Cr 2% 493 I £ 71 = 53, 3+ L8
SRAEIEAN. A, (2TO) B ATYE N T MM — kK,
HE BB R m, R EAET = F—NHH
EEH].

& 5a F1E 5b 2 400cm ™' ~650cm "' 5 FE # Ra-
man S ES ISR ERE Cr BB WAk fiE Cr A
B8N, 565em ™ TR =07 RAER A 530,
515em ™' R IE B MO J7 E (3TO) B K 1 & 55 # 3,
600cm ™' BT ) A7 A, (3TO) A2 =X 1 (K 55 7 11 %%
. FEPI T B TiOs da M, Ti* " ¥ (001) J7 iR Ak
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Fig.4a Raman shifts from 180 to 400 cm ™' as a function of
Cr addition

B 4b 100cm™' ~400cm ' #i Bl Raman 3% ERE Cr B2 8
RIZE 4t '

Fig.4b Raman intensities from 180 to 400 cm ™' as a func-
tion of Cr addition
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Fig.5a Raman shifts from 400 to 650 cm ™' as a function of
Cr addition

& Sb 400cm ™' ~650cm ~' i ] Raman 3R BERE Cr 27« B 1
ik

Fig. Sb Raman intensities from 400 to 650 cm ™' as a function
of Cr addition
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