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Fig. 1. XRD patterns of BFO-BTO+xwt%MnO, samples: (a) x=0; (b) x=0.05; (c¢) x=0.10; (d)



x=0.20; (e) x=0.50 and (f) x=1.0.
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Table 1. The Rietveldtefined lattice parameters, volumes and R factors for

BFO-BTO+xwt%MnO, ceramics.

T3 (%) A S (A) MM & R R H¥F
R PC

R PC a ¢ a R PC Ry (%) R, (%) ¢

75.64 2436 5.6400(2) 13.8964(0) 3.9893(6) 382.92 63.49  6.98 4.65 237
0.05 7297 “2703 5.6411(7) 13.8983(8) 3.9902(5) 383.03 63.53 591 4.06 145
0.10 7270 27.30 5.6390(5) 13.8909(8) 3.9938(5) 382.54 63.71  5.23 3.81 1.24
0.20 6848 31.62 5.6398(2) 13.8962(4) 3.9911(4) 382.79 63.58  6.39 449 185
0.50 67.21 3279 5.6458(1) 13.8768(6) 3.9898(0) 383.07 63.51  5.80 4.09  1.50
1.00 66.41 33.59 5.6487(1) 13.8299(8) 3.9914(5) 382.17 63.59  5.88 435 136
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Fig. 2. Mn 2p XPS spectrums of BFO-BTO+xwt%MnO, saniplesi(a) x=0.20; (b) x=0.50; (c)
x=1.0.
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(e) x=0.50 /5%01
Fig. 3. SEM images of BFO-BTO+x %@Q samples: (a) x=0; (b) x=0.05; (c) x=0.10; (d)
x=0.20; (e\% nd (f) x=1.0.
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Fig. 4. Permittivity and loss tangent as a function of temperature and frequency for
BFO-BTO+xwt%MnO, samples:(a) x=0; (b) x=0.05; (c) x=0.10; (d) x=0.20; (e) x=0.50 and (f)
x=1.0.

4 HAEAAEHIZE (1100 kHz) T, BEO-BTO+xwt%MnO, Ff 5 78 5 & (T) N %
i~773 K G RARXS T HL 3 EL o A1 FLARFE tand SIRERIC R WE PR, *t
F BFO-BTO+xwt%MnO, &, 24 x<0.05 N, FE&EI B IR 2301 A H
I, x=01) 557 K MiTfEE—MIKIRA A TEIE, XEWRFE BFO-BTO Ff il fEiX
B BT R 22 T AR 9 IR S5 (D) o TIAE B iR E 703 K BRLAFAE 75—
A HLBE g, X NGB BFO-BTO A il 40 F 8k FEUMH (I S7. 7 AH ) B A8 BT DI
HLAH(SZ 7 AR, 3% — 5 B A i (0 - I R AR e AR UL B (Th) o X — BB S
¥ Leontsev Z#1 Chaudhary Z54% S5 1,24 x > 0.10 i, BFO-BTO+xwt%MnO,
) 2 ) A PRI B T X B 38— B A TG, X — TRV B FAR | AR Sk A
2 IR LR E 2 x> 0.10 IF, % ol PRk FEURE 5 2 Dy It R £ iR 252 4 L BULAE
el DX, TR AR T 773 K J 4 ANRELEEE] x > 0.20 FESh T, AL E
FAN, MR 1 kHz B, BFO-BTO+xwt%MnO, P& 1 e, 7555 — KM #5738
TR LI E 2> BN 4,256, 6,758, 7,172, 17,973, 11,717 F19,041 (4 SiRE i 43 51



N MnO. Mn0.05. Mn0.1. Mn0.2. Mn0.5 F1 Mn1.0), &5—AHEEAZIE 53 51 N
557K, 663K, 687 K, 689K, 621 K i1 609 K. 45 % H, BFO-BTO+xwt%MnO,
B e, JoRPEERES Mt 504 B G IR W K, M x> 0.50 )5 & B% Mn*
BRI G, AN, 2 x<0.10 B, BEEMRAIEM, T, M1EIFLY
B, SR, 2 x>0.20 B, BEESERENG N, i e T G ) A A B TR
¥al, Jai i g Ak iR BRI F B TRAT A AT ALY A FEERE A2 DAl A
BN H S5 R (1/tand) B — N BB SR, AR BN 3 s el i Jot BT 1B e
M 4 AT F H BFO-BTO+xwt%MnO, M & 7EAR IR IS RERN, 7E 400 K B, #
i IR N 0.259, 0.0486, 0.0411, 0.0918%/0.321°F1 0.304 (5F N AE 43 51

N\

N MnO. Mn0.05. Mn0.1. Mn0.2. Mn0.5 F1Mnd\0)s G5 £ %, 4 x <0.20 I,

2> Mo 5 4% 0] DUA 2RI BEOSBTOQ M e, o, Mnl0 fIHiFE
B/, FIF Mn*'%t BFO-BTO P b p el PRI T FEML 10/ FRARFE, X W] g
BT 54 Mn*" 3 F S5E S M AMEE R . HES Mn" BRELE, Ky >
0.20 i, Mn*" B5FH B LA S A IR B i, 380 BFO-BTO P % (1R B K6 S i
NFtwE. H—I7m, ANEMREET, Frarm ans S E R K7
(=550 K) Bt 2 16 K, e B, H T OR300 0 O B B 5 T
FEAE, AEAS IR SRS A TEARIIRT ,  H TR T ) 2 () AT A A 45 R
K 5 (a) N BEO-BTO+xwt%MnO, g% 1E 20 Hz~2MHz SR VEH N e, A tand.

A LUF H « BFOBTO+xwt%MnO, M &[] e, Fl tand Fifi & A2 38 i 2218 T F, 1X
e B TR M R . M tand FEBESZRSEIS I, X B TR Am. 5
HMBE R SEACAR S E MBI, ANFESER T tand S5 R, T Mn & =65 0.5wt%
(IR S IR AN S0 ano B BB LL4E BFO-BTO M, il M BT 5
EERAMERZE R . h4h, BFO-BTO+xwt%MnO, FEFETE 50 kV/em T I IR
MRS R v WL 5 (b)o 72K 1000ms B, MnO+ Mn0.05+ Mn0.1 Mn0.2 I Mn0.5
(I3 FLRBUE 2 51 4.04x107 mA, 1.57%x107 mA, 5.95%x10% mA, 3.11x107 mA
247107 mA, S5REH, Mn*BAR KRS I R E4E BFO-BTO £,
I H /B Mn* 452 (BRI B AR, 24 x=0.1 AR AL TR B8R . TR FR R
FEROIALE FHES:, 5 2% MnO, A ¥GT) BFO-BTO H s % R B
FEAE, IR BIBRARARFE AR I RCR, M Mot B RN 0.1wt% I, BOR B



&l 5 (a) BFO-BTO+xwt%MnO, i EAEA RSR[5 FE;  (B),BFO-BTO+xwt% MnO, Fij &

@)

—o— x=0

—v—x=0.20
—o—x=0.05 —0>—x=0.50
x=0.10 —*x=1.00

‘Tok

100K

WHE | Hz

M

0.

8 (b)

~
tand
FELTE / mA

@50kV/cm

0 200

7E 50 kV/em I 3R LR

400
B[], s

600,

Fig. 5. (a) &, and fand as a function of frequency for BFQ-BTO+xwt%MnO, samples; (b)
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Fig. 6. The P-E hysteresis loops for BFO-BTO+xwt%MnO, samples with different electric fields

The leakage current for BFO-BTO+ywt% MnQO, samples at 50 kV/cm.
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Fig. 7. (a) The change of electric field when the electrocaloric of Mn0 ceramics measured; (b) The
direct measurement electrocaloric AT of Mn0 ceramics during the electric field changes from +30
kV/em—0 kV/cm and 0 kV/cm—-30 kV/cm; (c) The AT of BFO - BTO + xwt% MnQO, ceramics

at different electric field and the AT of BFO - BTO + xwt% MnO, ceramics with polarization
flip during the electric field changes from +30 kV/ecm—-30 kV/cm; (d) The AT of Mn0 ceramics
at different temperatures under 40 kV/cm and 50 kV/cm; (e) The AT/E of MnO ceramics at
different temperatures under 40 kV/cm and 50 kV/cm; (f)The theoretical AT/E of Mn0 ceramics.
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Abstract

As a kind/of ferroelectric and antiferromagnetic coexistent multi-ferroic
material, BiFeO; (BFO) has a theoretical saturation polarization over 100
nC/cm’, and a Curie temperature of 830 °C, which may offer a huge
electrocaloric effect. However, due to the evaporation of Bi,O; during the
sintering process at high temperatures, and the variation of chemical
valence of iron ions, there are lots of point defects and also a large
leakage current existed in BFO, which make the ferroelectricity of BFO
hard to be presented and measmured. Although the forming of solid
solution with BaTiO; (BTO) or other oxide ferroelectrics may mitigate

the leakage current, high loss tangent is still existed. In this work, it is



trying to address this issue in terms of adding manganese ions in the
BFO-BTO solid solution. 0.7(BFO)-0.3(BTO)+xwt%MnQO, ceramics
were prepared using the conventional solid-state reaction at high
temperatures. The microstructure, dielectric and ferroelectric
characteristics were investigated via doping with differerit’/Mn'" ions.
Results indicated that the crystallographic structure was rhombohedral
and pseudocubic phase coexistence. It was observed.that certain Mn*"
ionic content may lead to the reduction of lossitangent and leakage
current for BFO-BTO ceramics, whichi\was * accounted for the
compensation of Mn*" ions with the oxygenf vVacancies. In addition, it was
procured that the 0.7BFO-0.3BTO+0.5wt%MnQO, ceramic offered a
maximum polarization of 50.53 [i€/em? at 100 kV/cm. Finally, the direct

approach was used to measure the ¢lectrocaloric effect. It was found that
using Lu et al. proposed polarization flip method, the ECE temperature
change was observed\ to increase almost § times when changing the
electric field from. 0 to*-30' kV/m with respect to the changing of electric
field from 30 kV/cm to 0. This verified that the Lu et al’s method was
also applicable_ “to polycrystalline first-order phase transition

ferroelectrics.
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