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1 (a) Bi1—zCagFeO3 FEM K XRD #; (b) FEanfE 30°—34° JEHAHI XRD i
Fig. 1. (a) X-ray diffraction (XRD) patterns of Bij_,CazFeOgs samples; (b) XRD patterns Bij_,Ca,FeO3

in the range of 260 from 30° to 34°.

Rl FERFHESE (0, o, V) BEBRET (8) RIRBALSREE (M) OMBALRIEL (M) AAEE (T, To) ZH MK

Fe3+/2+ 145

Table. 1. The structural parameters (a, ¢, V), t (tolerance factor), Ms, My, TN, Tc parameters and the ratio

of Fe?t /Fe3*tfor Bij_;Ca,FeO3 ceramics.

it a=b=c/A a=p=~/(°) V/A3

My, /emu-g=! Mg/emu-g=! Tn/K To/K Fe?t/3+

BFO 3.942 89.4028 61.248 0.9065
BCFO-5% 3.941 89.4205 61.221 0.8973
BCFO-10% 3.937 89.6101 61.019 0.8869
BCFO-15% 3.935 89.6225 60.932 0.8765
BCFO-20% 3.934 89.6435 60.827 0.8662

0.00267 0.199 644 878 21/79
0.03445 0.2832 641 878 23/77
0.109 0.33225 641 878 27/73
0.0258 0.2126 644 878 32/68
0.0304 0.217 644 878 32/68
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LS R ) XRD 77 5 P B f) R0 e (B AR X 5 5. 24
z > 0.151f, BiFeOg Ff it £ 47 5 14 (104) 5 (110)
SEAE S, RIVRE I 5 1A 45 0 H JER (R RS TH i %
AR SRy T Ty s 41 S A B 70 T R R i T 0
WA L AR M (0 R B R R 2 —

Hk, 1T Ca?t 242 (Repe+ = 0.099 nm) W&
/NT Bi*t (Rpia+ = 0.103 nm), $% Bi;_,Ca,FeOs
PF i 1 R O BOZR WIS, A Bi _, Ca, FeOs il
PR, 37 W R BLAE XRD A7 5 3 06 1) 44 s
Bl L), ] RRAE A R 4 7 XX R AT R

2dsinf =n\ (n=0,1,2,--), (1)

NP, d 2 T AL, 6 5 S S T 5 NS T 1 ) A
M X BHERIBS, n R RTHHE. P Ca?t 42/

T Bi*t R BiFeOs ft& 4D, AR,
A AR AR A 1 d AR, A ONEME, GRG0 18
FEOR, AT R A NS A R 5. T UL BiFeOs b
i K & I 2 O AR S g T B I B 28 AR DT R
AN BoRA Ratn LU .

3.2 XREWHR

Bi;_,Ca,FeO3 (z = 0, 0.05, 0.1, 0.15)Ff
il [ SEM S W 35 B2 By o, AN P 2 H AT
Bi;_,Ca,FeO3 Ff i I &k AR KB ar, dobn R
29°80.5—2 um. XtT BiFeOs Ffif, R R
LS WIS RYAp Y T Y (1) AT RS o Al TR €2
& — EMSLER, ki RS2°8 500 nm. BEE « A
W 0, SRR IR E ST BRI T R [ A Sk
R, B R ST ETE R, BSR4 0.5 pm i
KE|2 pm.

SEM 312> M % W: BiFeOs 7E & T fE ip A4
Ko R BNEI R TE A R E A 650 °C
(kT BigOs MM 55825 °C) & 1F K, K Bidt % &
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BT TE BiFeO, e B> AL A B
Ca* 352, T HELE B M ep = AR AR B 2 1 S %
Bz, PR A S AL AR T R R [20,21,290,
CaZt 4202 = Ca2" + 0, 1 +V3", (2)
2Fe’™ +0%7 — 2Fe® +0.502 T +2V5. (3)

2 Bi1_,;Ca, FeOs £ i 1] SEM K] il
(d) Bio.g5Cag.15FeO3; (e) Big.gCap.2FeO3

Fig. 2.

1M BiFeOs # fi H 48 25 A7 ¢ BE 1 389 K & IR 78
BiFeO3 & i it 72 o 48 % 7 1912 3, ik BiFeOs
b AR K 2R R T BiFeOs dfRL I A K, &k
FOTWRHER, X—45 £ XRD K% kE 142
LG FUESE.

(a) BiFeOs; (b) Bio.o5Cao.05FeO3; (c) Big.sCao.1FeOs;

The SEM micrographs of Bij_;CazFeOs sample: (a) BiFeOs; (b) Big.go5Cag.05FeOs;

(c) Big.gCao.1FeO3; (d) Bio.s5Cag.15FeO3; (e) Big.gCap.2FeO3.
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TS, AR T A B AR A R R R
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M > 0.15 B, Ko K3 BiFeOs 1) Fe—O
M Bi/Ca—O M i M KA. 5Bi3T 42 HMH
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BIE z BILRR)
Fig. 3. Dielectric constant (e;) vs frequency curves for
all samples (the inset shows the dielectric constant of

Bi;_,Ca,FeOs as a function of Ca concentration z at
1 kHz, 10 kHz, 100 kHz, 1 MHz).

2 O 010 kilz —O~ BiFeOg
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4 Bij_,CazFeOs Ff il tano i f 284 (3 Bl =R
f£1, 10, 100 kHz fil 1 MHz AR T, R GFERE S
St @ (L)

Fig. 4. Dielectric loss (tano) vs frequency curves
for all samples (the inset shows the dielectric loss of
Bi;_,Ca,FeOs as a function of Ca concentration = at

1 kHz, 10 kHz, 100 kHz, 1 MHz).
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Fig. 5. Magnetization hysteresis (M-H) loops of
Bi1—;Ca;FeO3s samples at (a) 300 K, (b) 100 K, and
(c) 50 K, respectively.
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Fig. 6. The XPS spectrum of the Fe ion in the
Bij_,CazFeOs samples.
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Fig. 8. DSC curves of Bij_;CazFeOgs samples.
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Abstract

Multiferroic Bi1—,CazFeOs (z = 0, 0.05, 0.1, 0.15, 0.2) ceramics are prepared by sol-gel method. The effects of
Ca doping on the structure, delectrical, ferromagnetism properties and high temperature magnetic behavior of BiFeOs3
ceramics are studied. The structures of BiFeOs ceramics are characterized by X-ray diffraction (XRD). The results
show that all the peaks for Bij_,Fe, O3 samples can be indexed according to the crystal structure of pure BiFeOs.
The characteristic diffraction peaks of Bi;_;Ca,FeO3 samples become gradually wider and the (104) and (110) peaks
of BiFeO3 merge partially into a broadened peak (110) with Ca®" doping increasing. XRD analysis reveals a phase
transition in Ca-doped BiFeOs from rhombohedral to orthorhombic when z is larger than 0.15. The scan electron
microscope images indicate that Ca®* doping significantly increases the grain sizes of BiFeOs ceramic. The average
grain sizes of Bi;_,Ca.FeO3s samples range from 0.5 to 2 pm.

The dielectric behaviors of Bij_,Ca;FeOs ceramics change with content = and frequency. The dielectric constant
measured at 1 kHz reaches a maximum value of . = 4603.9 when « = 0.1, seven times as big as that of pure BiFeOs.
With further increasing the Ca content (z = 0.15, 0.2), the value of the dielectric constant is back to the level of pure
BiFeOs. The dielectric constant of Big.gsCag.2FeOs (er = 57) is less than one-tenth that of BiFeOs (er = 629.9). The
dielectric losses of Bij_,CazFeO3s samples become smaller than that of BiFeOs ceramic. This dramatic change in the
dielectric properties of Bi;_,Ca,FeO3s samples can be understood in terms of orientational relaxation of dipoles and the
space charge limited conduction associated with crystal defects at low frequency.

The magnetic measurements show that all samples possess strong ferromagnetism at room temperature expect
BiFeO3 which is weakly ferromagnetic. The X-ray photoelectron spectroscopy spectrum indicates the coexistence of Fe?*
and Fe®' in Bi;_,Ca,FeO3 samples. The ratios of Fe* /Fe®** are 21/79, 23/77, 27/73, 32/68, and 32/68, respectively.
The ratio of Fe® /Fe®" increases with doping Ca content increasing, and the magnetic preparation of BiFeOs is enhanced.

It is evidenced that the ferromagnetic phase transitions of Bi;_,CazFeOgssamples occur at 878 K from M-T curve
and the phase transition of BiFeO3 happens at 878 K by DSC measurement. The change in Tx of Bi;_,;Ca,FeOs depends

mainly on the Fe-O-Fe super-exchange strength and magnetic structure of relative stability.

Keywords: multiferroic, dielectric properties, magnetic hysteresis loops, magnetic phase transition

temperature
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