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Effects of Structure Evolution and Quenching on Structure and Electrical Properties of
BiFeO;-BaTiO; Piezoelectric Ceramics Near Phase Boundary

YANG Li, CHEN Chao, JIANG Xiangping, HUANG Xiaokun, NIE Xin, RAO Hanwen
(Jiangxi Key Laboratory of Advanced Ceramic Materials, School of Material Science and Engineering, Jingdezhen Ceramic Institute,
Jingdezhen 333000, Jiangxi, China)

Abstract: (1-x)BiFeO;—xBaTiO;(BF—xBT, x=0.28,0.29,0.30,0.31) piezoelectric ceramics were prepared by a conventional sintering
technology. The relationship between the phase structure and dielectric, ferroelectric and piezoelectric properties of the ceramics near
the phase boundary was investigated. Based on the results by X-ray diffraction, all the samples present a pure perovskite phase
structure without any impurity phase, and all the ceramics are located around the rhombohedral-pseudocubic phase boundary. The
phase structure gradually transforms from rhombohedral to pseudocubic phase as x increases, and the content of R and pC phase
tends to be equal when x=0.30, showing the optimum electrical properties (i.e., piezoelectric coefficient (d33) =165 pC/N, remanent
polarization (P,)= 26.80 pC/cm?, and the Curie temperature (Tc) = 465 °C). In addition, the changes of Raman vibration mode and
diffuseness factor of the samples after quenching indicate that the quenching process can effectively improve the long range order
degree and the temperature stability of ferroelectric phase of the samples, resulting in a further increase in the Curie temperature of
BF—xBT ceramics. For a ceramic BF—0.30BT, the enhanced dielectric and ferroelectric properties are obtained due to its more proper
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R/pC phase ratio and quenching process. Also, the relationship between the phase structure evolution and piezoelectric properties of

BF—xBT ceramics was revealed, and the electrical properties of BF—xBT ceramics were further optimized by quenching process, so as
to provide a reference for broadening the application temperature range of the BF—BT system materials.

Keywords: bismuth ferrite—barium titanate; phase structure; quenching process; piezoelectric ceramics
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Table 1 Rietveld refined lattice parameters of BF—xBT ceramic samples

Lattice parameters o . Cr o, N

x/mol Phase structure — - Reliability factor Ry, /% C Vinm
a= b=c/nm o=p=y(°) pC

0.28 R 0.401 5 89.825 9.64 87/13 0.0647
0.28 pC 0.405 5 90.000 0.0667
0.29 R 0.3997 89.771 9.52 59/41 0.0639
0.29 pC 0.402 4 90.000 0.0652
0.30 R 0.400 1 89.784 10.32 57/43 0.064 1
0.30 pC 0.403 1 90.000 0.0652
031 R 0.3997 90.100 8.13 39/61 0.063 8
0.31 pC 0.402 0 90.000 0.0650
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Fig. 3 SEM images of BF—xBT ceramics
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+ 1538 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(6): 1533-1541

2022 4

H: y R ARG €N Curie W 8. y EHOK,
D) S5k I8 PR A LBt TR R AR . X6 T IR Bk AR, p M
N1, BRAER R o BN 2P0 RESEE T E
(1) Curie-Weiss T1# 45 a1 5c~ Kl 5d fras, y
M 1.684 FEEI 1.457, RECREUP FEARZRE] 7 A
st T4 2 FEL A [ 1E R R LR L AR
2.3 Raman g5

K 6a~ &l 6b A RT~500 C i Bl N x=0.30 K&
KA x=0.30Q VK FE ) Raman J6itk . MRIZFES 5
Mrofhn, =T =K BiFeOs BA 18 NME2Er
THE: 44,+54,49EPY, o 4, 1 E $REHIEFIR A
A Raman yEHERZLANEYE, T A, RN EE

—=—RT —e— 400 C
—a—450 C —— 470 T
+—500 C Peaks

Intensity

200 400 600 800 1000

Ranman shift/cm™
(a) Raman spectras of x=0.30 sample
800
%

750 A
5
= 700 -
g i
g F F
<
o~

000 '/'\i—v/s"\./ﬂ\-

450 1 1 1 1 1

0 100 200 300 400 500
77°C

(c) Partial Raman modes of x=0.30 sample

Raman MZAMNEYE. K, =R =/ BiFeO;
P e B 13 /> Raman JRENEE), 40P 6a Fron, Xt
T x=0.30 #£4%, Raman U2 BN SEALRFAE, A
FABERE 5 4. B ALBS FIILEFERS, @i
XIFE i Raman 134T Lorentz &, nI133|
9 ANRAZ Y Raman FRBNIE(VI-v9), P EL 71 9 183
263, 323.379. 483, 549, 647. 687 cm ' 1 768 cm .
ALK, BF-BT PR Raman JRENEAN HUEK
T4 BiFeOs, XEZRH T 5N BaTiO; 4t/
W 2 A = 05 R Sr 7 AR AR S, ST AR S 8
Raman UEANH00 F B, R0 I R R FE h 9072
BiFeO;-BaTiOs—Bi(Mg,»Ti;2)Os 14 % 1121,

® —=— RT —e— 400 C
B\ —4—450°C —~—470°C
—— 500 C Peaks
z
5
=
V3
A\ / X/ Y
2NN
200 400 600 800 1000
Ranman shift/cm™
(b) Raman spectras of x=0.30Q sample
800 Vo
&
é’ 700 v8
g Z =
=]
<
=1
300 -\./l{./._v
450 . . . . .
0 100 200 300 400 500
7/C

(d) Partial Raman modes of x=0.30Q sample

K6 BF—BT M ZHf i AR Raman B % #87)> Raman 585 1 FEAR 105G 2 T 26

Fig. 6 Variable temperature Raman spectras and the partial Raman modes change with temperature of BF—xBT ceramic samples

Kl 6b Jy x=0.30Q VK J5 i it A2 i Raman Jt
. HE 6b FTLAEH, HAREKFEMAHLL(E 6a),
FIE T VEJJERER Y Raman 6 H B35 B 48 T (il B
%, JHEMT 263 cm ' F1 379 cm ' [ Raman 14
(v2+ vd)o X T BaTiO; ZEEk M, 80 H s
¥] Raman U /2 KRR AT 72k L A 1) B 3 R R 22T
U, VEKJERER v2. v4 Raman W[ 535484k,
HIREE ]2 i I E T eI T & R S R
$&T+ BF-BT kM &K FEE 7

K 6c~ & 6d AT 483, 687 cm' Al 768 cm!
(v5+ v8 F1v9) Raman W& I i B BE T P2 (1) AR A0 0K &
k. & 6c Frax, XFTHD x=030 FEfh, =ik
T L& Raman EANMHECN 9. & iR Z 1K T 5, Raman
U PR o PE T AR 55, MR L T.~465 CHY,
Raman W v8 flv9 B#TAL/F V2 H R KA. HilkE
i5%] 500 ‘CHf, Raman MR ED 2 6 1S, X2
BT T S0P it R AR i F A AR AR, T i T )
SEJ5 A B S AR S 30 Raman R B



25055 6 1

W R S M FEBHE S A AL K BiFeOs-BaTiO; J B P % 45 44 15 . 2 M RE 1 R

e 1539 -

AN R Wk 6d B, x=0.30Q ¥ KFF )
Raman W 230 H 5 x=0.30 & WALt . 7
K JE FE S ) Raman I v8 flv9 — B 4ERFE] 475 Ty
SRAFAE, RV K REA %38 & BF-BT M &2k lAH
FHZE R R FE AR e v, A L FR B s I A R
RAEGHBEEITINEAA, X5 ERAEERER
WXL RS .
2.4 BREE. EEEMEENIRT

Kl 7a~K& 7b A A E R T BFBT A x=0.30
KRR G EK B ERE S TE 80 kV/em HLY FHIH
Wi (P-E) 5 BRI (-E) X R, HE 7a B
H, T RE S R [ 2k R R AT IR, &
LT SR Bk AT . R4S x=0.30 I, P IiAE|
KAE A 26.8 pClem® s 355 i i =75 R 7.5 /)
FHELIA S8, 2 x=030 I, WAHS B0, MR
BT 40 S 2 e B M A 22 AR )T 2%, R FRBE LE
HhESHLYS T A o B A E W), B S E A
s PO, IR MPB, S5 55w I e Ak R
(K175 1 WANG 25t A7 48P, & 7b  x=0.30 &
KGRV KAE S B 2 S Rk, KR
Pl WA smE PAEM 26.8 uClem® (x=0.30) T3]
27.78 uClem” (x=0.30Q). 45 LW HKAF TR
FHEE S ORI BE, LRI, WKEKE T EiR IR
BiR Bi JURMIERN ], R T 06l B s i
B, BRAR T HIR P Y. BAh, M LE #iZRaT L
B, x=0.30Q ¥R EA T S IR, X
HAIESE T VR K B SPEAR TR R R, B
BREBELE AN R ORI RE F, AT HE SR T Ak
5% B RER L,

% 2 N BFBT M) das ko Om 55 1 EERE
B x B3I, dy SeIKIERUN, H ds 5 P e

[ A 38, PE M R B R (2 R

dy; =2¢,6,0,F, 2
Horf: gg NEENHEERG o NI B
O NHESE REG Poo T P N H RIS
E.HARQ)ITLLE H ds 5 Prve RIE L, 2 x=0.30
B, MOE RGP RRIA B B fE: d53=165 pC/N .
P=26.8 uClem’. £=818. ¥ KJ5 M x=0.30Q K&t
A AU

40

201

P /(uC-cm?)
<

-80 —60 —-40 20 0 20 40 60 80
E/(kV-cm)

(a) Ferroelectric hysteresis loops

| —=— x=0.30
—— x=0.30Q

20

P /(uC-cm?)
b
f=) (=)

3

-80 —60 —40 20 0 20 40 60 80
E/(kV-cm)
(b) P-E and I-E hysteresis loops
K7 BF-xBT M BT ity A1 2 i PR (] 2 A P il 2
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Table 2 Main performances of BF—xBT ceramic samples

x/mol ds3/(pC-N) T./C tano/1kHz &/1kHz PJ(uC-cm®) Ec¢/(kV-cm) k! % Om Reference
0.28 153 488 0.044 789 23.58 33.14 32.64 38 This work
0.29 160 481 0.049 884 20.64 29.53 33.56 37 This work
0.30 165 463 0.047 818 26.80 30.77 34.61 35 This work
0.31 145 437 0.051 1070 19.87 25.00 30.61 36 This work
0.30Q 188 480 0.041 1030 27.78 31.71 36.52 32 This work
BBFT-AQ 165 410 20.00 25.00 [34]
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