Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

£LIBAFI0. TBiFe, g58a, 150,~0. 3BaTi0FHRAILEMT, N HEMEEMBHMEEHRN
Bde i B EY W4 KAk £EF

Effect of Gd doping on the structure, dielectric and multiferroic properties of 0.7BiFe; ¢sGa) (505~
0.3BaTiO,ceramics

Yang Ru-Xia  Lu Yu-Ming  Zeng Li-Zhu  Zhang Lu-Jia  Li Guan-Nan
5] Fi{% B Citation: Acta Physica Sinica, 69, 107701 (2020) DOI: 10.7498/aps.69.20200175

TEZE [T View online: https:/doi.org/10.7498/aps.69.20200175
BHIZE View table of contents: http://wulixb.iphy.ac.cn

ZETT BRI HA S F

Articles you may be interested in

NA& X Big Nd Fe, ,Nig (Ti0, 2 A HAER S0

Effects of Nd—doping on multiferroic properties of Biy Nd Fe, ,Nij (Ti;O ¢ polycrystalline
YIHLEHL. 2019, 68(3): 037701  https:/doi.org/10.7498/aps.68.20181287

IRAE R FL BRI ST

Research progress of low—dimensional ferroelectric materials

PIBEAEAE. 2018, 67(15): 157701 https://doi.org/10.7498/aps.67.20180483

AEB A B FHTIO28k M 1) 28 — P BT 5

Ferromagnetism of undoped anatase Ti02 based on the first—principles calculations

PrPEeEdR. 2017, 66(5): 056101  https:/doi.org/10.7498/aps.66.056101

S — P JE PR 5T half-Heusler s 4 VLiBiFI CrLiBi ) 2 4 J@ Bk g vk

First—principles study on half-metallic ferromagnetism of half-Heusler alloys VLiBi and CrLiBi
YIBR2E4f. 2018, 67(21): 217501  https://doi.org/10.7498/aps.67.20181129

(1-x)Sr3Sn207+xCa3Mn207 B e 5 1 e HOE HL I
(1-x)Sr3Sn207+xCa3Mn207 ceramics and their photo—electric characteristics
PrPezd. 2018, 67(15): 154203  https://doi.org/10.7498/aps.67.20180954


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200175
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20181287
https://doi.org/10.7498/aps.67.20180483
https://doi.org/10.7498/aps.66.056101
https://doi.org/10.7498/aps.67.20181129
https://doi.org/10.7498/aps.67.20180954

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020) 107701

£L352:3t 0.7BiFe g;Gay 0503-0.3BaTiO; B & HI 4
1 9T PR REAN & Bk M BE R RSN

HwmED P E R

% A D

wEEY FEF

1) (VAR R BERLE SEAREBE, K 400715)
2) (TR RFEARH S RERAERE, K 400715)
(2020 4 2 H 4 Hig#F; 2020 4F 3 A 2 HUREMEDH)

K B AR B 45 R & T AR Gd B 24 & B 1Y 0.7Bi,.,Gd,Fey 9;Gag 505-0.3BaTiO, (BG,FCG-BT, = = 0,
0.05, 0.1, 0.15, 0.2) g%, REWFFE T Gd B4} BG,FG-BT K% 1) f IR G5 H . BOWIESR . A sk e DL & £ 4%
PERE R SZ MR JE A X SR AT SR S A L S BE B AT X ZOG L REIE AT TR W], Gd Bk s
fifi BG,FG-BT Fi % 22 iR (R3c) 450 A8 MG S J7 (Pdmm) 2584, dbki RsE & B B8/, NRB A Gd i}
(1 6.2 pm FEACEN 24 3.2 pm 2247, [AIEF & B Gd B 2468 % M il BEG-BT B % h Fe* 55 71y 7=k, 1>
AN IAATE. A FE RSB GA B4 T, Bl & i/ B PR AR Ak s PERE 45 B 0] 1 Bl . iE Y Gd
Z T Al A R BN L A R ARURE SR D | LV Rl O AR R L T R AR SR B N (B 35 9.06 pC/em?). [T
TERGYERETT T, Gd 18 44 B 88 5 R IR WEPE , Fo A W A 5 B2 15 T AN A i B X A I 2 it v

KR ZEARE, A PERE, R, R
PACS: 77.84.s, 77.22.-d, 75.60.-d

1 5 =

AR, RRGTE BRI DL A A 2
B rl, th FIAEAL RS PUATER . PRI TGS
J7 T LA BEAE R N A E I 32 38 T iz 6 10
KA 2 IR U R e B IR P IR, LSRR
W23 T HCORRYBR . 17 BiFeO, 7EE IR T BA
Rk R R (Te = 830 °C) Mgk Zs
IRIREE (Ty = 370 €)1 4R, 7€ BiFeO4 M %t
WA —SE R AR UL A8, g5, thF BT
G ¥R FeX B T 5 KA M Ak, MELLUH] 15
F| FAHIY BiFeO,. HK, BiFeO, P& H Fedt &+

DOI: 10.7498/aps.69.20200175

A Fe B, By i A S A B0 Rk T L O
K HLFHRAL. K, BiFeO, BLAT 23 7] 1 4 i 2 i
WELEA, RN 62—64 nm. X FhE5 25 5 & iR
HRAEe it m o R 2 R R R P 1 555 9 O, BRIV e
S5k 1B,

R T D BiFeOs B % A1 BHFAE ) L3R [n] B,
Wi BAnE T U S T 2 EkrkGe. HRrE2A
BT, S —RhETE AL B T o R B2
(41 La, Sm, Gd, Mn, Ti, Ga %5)0=12 DI A1
FIRAS R AR B, [ S DR H 1A P R e S ke
eLhHy , o H 2 80k, Makoed %5 19 % 3 Eu 48
%% BiFeOy 1 L5 | 2 HE54 N = F5 19 R3c [n] IE 3
G5 K Pn2la %% A2 AT H ) 4 wE AL R B A 3

R RBLE IS AR SIS (HEMES: 51802270, 51501159) Al H J 25 e KL AR B L 45 % (Gt vE S XDJK2019C111,

XDJK2019C003) ¥z Bh AL
T EEEH. E-mail: ymlu@swu.edu.cn
T BIEMEE. E-mail: liguannan@swu.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

107701-1


http://doi.org/10.7498/aps.69.20200175
mailto:ymlu@swu.edu.cn
mailto:ymlu@swu.edu.cn
mailto:liguannan@swu.edu.cn
mailto:liguannan@swu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020)

107701

0.18 emu/g (1emu/g=10"3 A -m?/g), ¥ &1k
MM B R . Wang 55 M 5@ B T IESE T
Co i#t A BiFeOg i it J5 BRI HL TS5 H FImE M,
JEEUE T WG AR G RO M AEALE, S 4.2 x
1010 G-cm?/V. %5 —F 2 BiFeO, M %5 HAb HA
5 2K L PR 1) ABO, R4S 2K A i % (40 PbTiO,,
BaTiOs Fll SrTiO; %)~ &4 B — It —=JT
LR EN NN 37NN PR R AR Y At NN TF 7
FEERHL L BRmETE R MCHR B RS M. AR Ak
o, W OB ECA UL R A R H R R PR R
BaTiO3 5 BiFeOg #i A A LB 5 &, 3R45 A [ 40
431 BiFeOs- BaTiOg BV, K IMIERFE L1 T
PR IR GE: 15200, el Buscaglia 55 21
% T (1 — 2)BiFeOs-2BaTiOs M AR R, KB
0.7BiFe04-0.3BaTiO; 41/ M & e = 1 F HA =Y
AL BOR R AP R R RE R RE, XTI Y 28548 S o
ST AR . Zhou 5 P2 RIE T Biy . (Bag.75Cag.25)
Fe, ,Ti, 03 (0.25 < z < 0.35) KEMAFAE N =7
R3¢ 4546 [6] DU J5 f) PAmm Z5 ¥ A8 | 24 o 4b T
0.29 < z < 0.31 P AEF BLAH B (MPB) X [H]
B, BEBHY 2800 Bk B R L. Zhao 55 29 & MLTE
(1-2)Bigg5 Ndg15FeggsMngp05-2BaTiOy i % 17,
2 4bF 0.275 < ¢ < 0.325 JulE N, Ba, Tidt$s
ZRBEAS I S 25 1 A Fe* B Ak, i — 2508/ i
U, JFPE A R DL R R R TR
2157 AR SERE - AT AT LR T R B
Ty itk — 0 Pt R Re LAk A &S ). A, Liu
RIS T Gats 42 1Y 0.7BiFe05-0.3BaTiO;
B, AL Ga M m/NT 0.05 B, B ABess
AE A5 2 $E T, IF H foe RF 3 K H o 0%
Ga & KT 0.05 BF, HARZSIRBEREAG, Aok
SEUIN, AT T2k H A MR RE 2 Ga I F
TN 0.05 B, AR IR L BB RS, 1593 5
4843 0.7BiFey osGag 0s05-0.3BaTiO;.
DAEHRGE, 7F Bi i L #B24H 10K Gd hE

A 355 2R AT P e ) b RS IR s AR A fL L 4k
HL LA R i T R 125201, PRk Ak, #i 00K Gd
TPEFIRT AR, Gd B0 A AT Rk Fe B 1Y
BraStgol. R, FRATR A B AR B 2h ik, 7R 7
0.7BiFe gsGag 0:05-0.3BaTiO; 3t Al | #F 17 Gd
1) A NIBHES T8 ERLT 0.7Bi, ,Gd Feg 9sGag 0505
0.3BaTiO; (BG,FG-BT, = = 0, 0.05, 0.1, 0.15,
02) M ZHESh, IFRGE W 5E T Gd$B 24 X

BG,FG-BT B % i i A 254 | OWIE S JTTR AN
A AL B LSBT RERY S M.

2 SLIpit AR

FHUEG ) AR 2 % T BG FG-BT (z
=0, 0.05, 0.1, 0.15, 0.2) [ % A& Fg & . H BiO4
(99.9%), GdyO5 (99.99%), Fe,O3 (99.9%), GayOy4
(99.9%), BaCO; (99.95%), TiO, (99.99%) V& A &
MoRE, b2 O R AR IR A TEEREE L
(Mini-Mill Pulverisette 23, Fritsch) FEkES 3 h J5
A S g rh ) FEZS SR B R e T R, Bedh i
7 800 C fRif 4 h. Fibe 5 B AR HEAT — K B
2 h JEINAR LR (8%) 1F M R4 347 1
wi, DU DR B &R B M. 78 20 MPa 1R )
TR EA 10 mm, JEEE 1 mm @8 5, 78 500 C
TR 2 hIE BRG], B S FHE SR AR IR
FELRIR 2 h, YA E B =R . T8
HANE, FE RS IR A AN, 2 = 0, 0.05 1Y
FESBREEIRE N 955 C, z = 0.1—0.2 kLS begs
JEEE A 1000 “C.

FIH X Bk fiT 4% (XRD, 6100, Shimadazu,
Japan) FRAE B ZEHE 5 ) SR ARSE RS . R 14
5 (SEM, JSM 6610, Jeol, Japan) WL AE i &
T P TRAOURIEE B0 38 Ao BT S5 R ke ) B 25 e i 11 2%
. X GRS T RE TS (XPS, Thermo Scientific
K-Alpha+) RAEMZERE T Fe TRM BN AL, H
TR S R VR RE, b A ar i B R A T
O, SRGAERES R TR R AR, BT 5 7E
600 °C R 10 min il B H . R AH % LCR %
(E4980 AL, Keysight, USA) M3aLEE 5 M 20 C F
400 °C 7F 10 kHz, 100 kHz F1 1 MHz F #94 H 1
fiE. % PR A I R 2k HE 4 74X (TF analyzer
2000 E, aixACCT, Germany) 5¢ h{. i HZE &9
HPEREN & R 48 (PPMS, Quantum Design, USA)
FAE IR T P B e il R M fiE.

3 #XR5it%m

K 1(a) 44 T BG,FG-BT(z = 0, 0.05, 0.1,
0.15, 0.2) K& ) XRD K. v g, BR T 2 =
0.2 IRE T I 2540 BigyFe,O49 (PDF # 42-
0201) b, Fr A M % 24 O 0 AH 45 0 . 4 i 1E

107701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020)

107701

BiFeO; & T 67%, BF - BT [EV A 3577 4544 27,
M Gd &N 0, BFG-BT N 25 1A (R3c) 4%
H, AR XRD 245585 H A #E — 2 24 4o
K 1(b) fiis, 78 BG,FG - BT K&, Bz Gd &
N, WA R A 1) A I A%, 150 G A A
miE 1(b) S5E 1(c) FizR, (104) 15 (006) WY T
g, DL 1(d) Bt (024) WA 4»28, UERAH: Sy Ak
BER A T REAR . O T E B AR I BRI 2
4k, FIH Rietveld 77Xt BG,FG-BT M &k &R
) XRD K& SEA TR AR 540U & . RSB 45 R R
RAB IR B B i 22 T 854, 2 2 = 0.056—
0.2 IFER TSI 454 (PAmm). & 2(a) FIE 2(b)
S5k x =0 Mz = 0.1 FEEEBEE R, HAR
FBLE RS o = 0.1 L. TA XRD 2541
{d R, £ 10.8—15.6% (< 20%) Z ], MARZAE AN
AR 22 (BT 2 m] LIE IS IB UG RAF, 455R0]
ER 1AW TR RS, FTRMN S E

(a) % BigyFesOsg
. l* | =020
wn
=
: -A_—/[
=
i =0.15
o [ A E
@
~
ey l =0.10
E [ A L=
L
& =0.05
L A LrEE
) x=0
A A A
20 30 40 50 60 70 80
20/(°)
(b) (c) (d)
n _L_ AN
h=1
a
=
4 _/k, AN
2
[}
~
5 JL N
@ A
g |\ = —~
= ~, - ~N= T
Z) \Z SAZ ~E
31 32 33 38 39 40 41 45 46 47

20/(%)
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Fig. 1. (a) XRD patterns of BG,FG - BT (z = 0, 0.05, 0.1,
0.15, 0.2) ceramics. Enlarged view of peaks at (b) 32°

(c) 39.5° and (d) 45.7°.

SIS HAR L. KB 4], Bi:Fe:Ga:Ba:Ti
K ICE AE K 0.646:0.65:0.031:0.296:0.31. &7
GdJ5, 4 z4r % & 0.05, 0.1, 0.15 F1 0.2 i,
Bi:Gd:Fe:Ga:Ba:Ti % Jt £ W b H 2 51 N
0.623:0.029:0.657:0.033:0.291:0.31,
0.599:0.062:0.662:0.031:0.287:0.312,
0.568:0.098:0.660:0.031:0.296:0.314
0.534:0.132:0.659:0.032:0.294:0.31. M 1 A1,
Bl Gd #5245 B8N, P % i b A FR % i AR
AN, X JEH T G (0.0938 nm) BB TR N T
Bi** (0.103 nm) B & F 242 B S S IR ALY
WMIIER T Gd B HbE AT dids 2.

Kl 3(a)—K 3(e) y BG,FG-BT (z = 0, 0.05,
0.1, 0.15, 0.2) P ZEHES Y SEM ROWIE S IEE. ff
H Tmage J B A58 i % 14 347 ok R Bl 5 2%
HAMEIE R, 450 UE 3(f) Fiw. 2 =0, 2 = 0.05,
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—— Yous

— Year
— Yobs— Yol
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20/(%)

Bl 2 BGJFG - BT M % H 5 1 XRD BB (a) 2=
0; (b) z=0.1. T OL B OLMBOLIRLHM, HHE
B R — 35 22l RS R RN A hI S AL

Fig. 2. XRD refinement of the BG,FG - BT ceramics: (a) z =
0, (b) £ = 0.1. The red, blue, and green indicatethe experi-
mental, calculated and difference value, respectively. The
short bars indicate the positions of Bragg positions.
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# 1  Rietveld KiEH45H BG,FG-BT (z = 0, 0.05, 0.1, 0.15, 0.2) Fg% i 1S4

Table 1.  The lattice parameters obtained by Rietveld refinement for BG,FG-BT (z = 0, 0.05, 0.1, 0.15, 0.2).
T a/A b/A c/A V/A3 p/g-em3 R/ % d/%
0 5.6428(5) 5.6428(5) 13.8896(16) 303.01(6) 7.601(8) 11.2 96.41
0.05 3.9886(4) 3.9886(4) 3.9923(11) 63.51(3) 7.508(4) 10.8 99.28
0.1 3.9879(3) 3.9879(3) 3.9902(15) 63.46(3) 7.454(3) 12.3 98.91
0.15 3.9875(4) 3.9875(4) 3.9899(8) 63.44(2) 7.421(4) 13.8 98.68
0.2 3.9872(6) 3.9872(6) 3.9890(11) 63.41(2) 7.377(3) 15.6 98.63

o

K 3 BG,FG - BT (z =0, 0.05, 0.1, 0.15, 0.2) F& % i) SEM &4

(£) P2 ok T Bfi45 2 i AR L K 6 R

/A —
A A

Average grain size/pm
e

0 0.05 0.10 0.15 0.20
Gd content =

(a) z=0; (b) = 0.05; (c) z=0.1; (d) z = 0.15; (e) z = 0.2;

Fig. 3. The SEM images of BG,FG - BT ceramics: (a) z = 0; (b) z = 0.05; (¢) z = 0.1; (d) = = 0.15; (e) z = 0.2; (f) the composi-

tion dependence of average grain size.

z= 0.1, 2= 0.15 F = = 0.2 i M %1 fokr R
sH4y 51k 6.2, 3.4, 3.2, 3.7 A1 3.9 pm. M 3(a)—
K 3(e) AT, 76 o = 0 MIRER P, Ak TR
M ERES). it G+ ryEut, P i sk R i
/NI HARXS 5], XA AR R Gd B4l T
Bi TR ML, AR T &S MR, ST A
T BRI B0 T AR A K RS20 B
Gd B4 s, P& i) sk R AR R B .

iz = 0.15 B, fRLROTBCA SR, B oA b
LB B, X2 T G B FAB 4% 5 Y S e
AFEN. Gd* (0.0938 nm) Y242/ T Bitt
(0.103 nm) MY E 42, Y GA*H B4 B m i i
(NS LN E N5 5 e ZilNE N 8
Mo = 0—0.2 B, Y i By %R i % B 43 5 ol
7.3286, 7.4544, 7.3727, 7.3236 I 7.2764 g/cm?,
53 1 LS A H, A X B EE Y TE 96% LA

e, BEBHBE B A S

BiFeOg M % 1 ZBRMEAR KRR FE 1 U T FH S
R R = s VA U R S B Ay |
XPS X BG,FG-BT B % 5 HH (1) Bi il Fe TG &
PEATI A, i DL C R o s ) A B A T )
PIEZERIE 4 iR, K 4(a) I BGFG-BT (z =
0, 0.05, 0.1, 0.15, 0.2) PFZERES A Bi 4F B9 4>HF
FGE, 7T 158.57 1 163.82 eV Y PN s 3
BIXRLT Bi 4f; o F1 Bi Af; o, T %2 P40 2 [i]
MIRIFE LA 5.25 eV, s Gd & & 138 IR
A5 X R Bi TR U M B FAREATE TR
. [ 4(b) 1 Fe TR BLE LR AT LIULHH Fe TTE
Pi+-2 HhAI+3 M TR . Y o= 0—
0.2 B, Fe*+ 5§ F 1 ¥ B | 4 b 43 il hy 68.74%,
81.33%, 81.58%, 78.95% Fl 75.46%. Wi x (114
T, Fe+ ik B Se e in 5 v /b, 5t 3R Fe* B+
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Binding energy/eV

56
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K 4 BGJFG - BT (z=0, 0.05, 0.1, 0.15, 0.2) F§ %) XPS i (a) Bi 4f; (b) Fe 2p
Fig. 4. XPS spectra of the (a) Bi 4f and (b) Fe 2p lines of BG,FG - BT (z = 0, 0.05, 0.1, 0.15 and 0.2) ceramics.
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Effect of Gd doping on the structure, dielectric and
multiferroic properties of
0.7BiFe ¢;Gag 504-0.3BaTiO; ceramics’
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Abstract

The 0.7Bi;_,Gd Fej g5Gag ¢503-0.3BaTiO3 (BG,FG-BT, z = 0, 0.05, 0.1, 0.15, 0.2) ceramics were successfully
synthesized via the conventional solid-state reaction method. The effects of Gd doping on crystal structure,
microstructure, dielectric, ferroelectric and magnetic properties were systematically investigated. X-ray
diffraction analysis indicates that Gd doping induce a structural transition from rhombohedral (R3c) to pseudo-
cubic (P4mm) in BG,FG-BT ceramics. Scanning electron microscopy results show a decrease of grain size with
doping Gd in BFG-BT. The average grain sizes of the ceramics range from 3.2 pm to 6.2 um. The dielectric
constant and loss tangent are drastically increased and reduced respectively with introducing Gd into the
ceramics. Temperature dependent dielectric constant presents a broad peak in the vicinity of Néel temperature
(Ty) for all the samples, signifying strong magnetoelectric coupling. An increment in Ty is also observed as a
result of Gd-doping in the temperature regions of 230 to 340 °C. The leakage current density is reduced by
about two orders of magnitude under the electric field of 20 kV /cm. This can be ascribed to the reduction of the
oxygen vacancy concentration, which is confirmed by the X-ray photoelectron spectroscopy result. The
ferroelectricity and ferromagnetism are also improved after the addition of Gd seen from the polarization
hysteresis (P-F ) loops and the magnetization hysteresis (M-H) loops. The greatly enhanced magnetism with
M, = 0.0186 emu/g and M, = 1.084 emu/g is obtained in the ceramic with z = 0.2, almost three point six times

larger than that of the undoped ceramic.

Keywords: multiferroic materials, dielectric properties, ferroelectricity, ferromagnetism
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