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Abstract

Abstract

Nowadays, multiferroic materials have attracted intensive research interests due to their
abundant physics and important potential applications. BiFeOs with coupled ferroelectric and
magnetic ordering above room temperature has been considered to be the most likely candidate
multiferroic material for daily applications. It has a thombohedrally distorted perovskite structure
with space group R3c. BiFeO3 shows both ferroelectricity (7.=1100 K) and antiferromagnetism
(Tn=650 K) at room temperature. However, several obstacles have hindered the applications of
BiFeOs: the preparation of pure phase BiFeOs is still difficult; its ferromagnetic magnetization is
very small at room temperature; the origin of its magnetism is unclear; the saturate ferroelectric
hysteresis is difficult to be observed due to the large leakage current. All these problems are related
to the volatility of Biand the valence fluctuation of Fe. Thus, we have tried to find the efficient
preparation methods for the pure phase BiFeOs;. Strongly enhanced room temperature
ferromagnetism with saturate magnetization of 3emu/g at 300 K has been observed in porous
BiFeOs; prepared using cotton templates. Finally, we studied the influence of the structural
transition on the multiferroic properties of BiFeOs by La and Co co-doping. The main work is listed
as following:

(1). La doped BiFeOs, Bi(Fep95C00,5)O3 and Bi(Fep9sMng ¢s)O3 ceramics have been prepared
by sol-gel method with rapid sintering process. Small amount of La doping or codoping can
effectively suppress the impurity phases in BiFeO;. The magnetic measurements show that 10% La
doping on Bi sites has little influence on the magnetic properties of BiFeO; and Bi(Fe(.95C00.05)Os,
while significantly enhances the magnetization of Bi(Fep9sMng5)O3. Raman measurements show
large structural distortion by Co doping or La and Co codoping on BiFeOs;, which explains the
significant enhancement of magnetization.

(2). We have prepared pure phase BiFeO; and its derivatives by tartaric acid modified sol-gel
technique.

(3). The pure porous BiFeO; powders have been successfully synthesized with cotton template,
followed by leaching with diluted 20% nitric acid. Strongly enhanced room temperature

ferromagnetism with saturate magnetization of 3emu/g at 300 K has been observed. The enhanced
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Abstract

ferromagnetism has been attributed to the enhanced double exchange interaction with increased
angle of Fe*"-0*-Fe’".

(4). The influence of structural transiton on the multiferroic properties of BiFeOs has been
studied by La and Co co-doping. The x ray diffraction patterns indicate a transition from
rhombohedral structure to tetragonal structure at x=0.20, which has been confirmed by the Raman
measurements. The band gap increases with increasing x to 0.20, and then decreases with further
increasing x to 0.30. The structural transition has significant effects on the multiferroic properties.
The remnent magnetization and saturate ferromagnetic magnetization decrease abruptly with
increasing x to 0.10, and then gradually increase with increasing x up to 0.30. The coercivity is
significantly reduced with increasing La doping concentration. The ferroelectricity is improved by
La doping, and the polarization increases with increasing x to 0.10, then decreases with further
increasing x up to 0.30. The simultaneous coexistence of soft ferromagnetism and ferroelectricity at
room temperature in tetragonal (Big7oLag30)(Fe.05C00.05)O3 indicates the potential multiferroic

applications.

Key words: multiferroics; BiFeO;; doping
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H A SR TV ARFIGOR B A BOR I E R, 20 BiFeO3 i iR ATBiFeOs 44 K 45 14 (41
GRITRL . KA B IR T 1L AR SRR B 22 [ AR (R B rh st

1.4.1 BiFeO; By Z5#4

19694F, MichelZE NV ki 5E T BiFeOs ) AR S5 1), ABATTAI F X R AT 45 (X-ray
diffraction, XRD)Zr#HT T BiFeOs 5 g FE i, [RIARH W FAT S04 7 2 & R R AE
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GER IR Fi T BiFeOs LA WM MIARFS T 451y, 2= 1A B NR3e, @bk H 3 Na=b=c=
5.633A Flo =B =y =59.4°"""), S A 1412 7R o MEKHT ST 5 5K 45 4,
DA B 803 1 A%, Bi B[ 111107 230, 140\ AR N Se[ 11154 i Ar, S
OB AR AR X — R A AR TR B TR & BiFeOs A 1R K 1 1 R ARtk o
W iR N AR B Ak ATA 100puC/em®. {H2, BRI 7T T 9296 2 BT - JEfL2%
T HORIRE S B R BT S BUFe AN . FETE S P A AH S T DR, i 23 7 AR AR K 1 s FLUA,
70 B8 R i I [001] 5 17 B 43 0 73 3.5uC/em® [ FE AR Ak (% B D [111] 5 1] &4
6.1nC/em?) "), T BiFeOs 1 S kMl 1 F i Fe® -O%-Fe™ a3 e/ P B ), Wi 1.4.1
BRI, b F A4 TR rp ot (57 B BT B F e B R S PAT HES ), R R Bk g Fe, 3

B 7S IR A TN~ 650K .

[111]

K1.4.1 BiFeOs R ia SRR A,

1.4.2 BiFeO; BIHi%

BiFeOs BT 2 A2 A 7 (K GRY S RRE I, EFe 851 A B /S A B i 30 1 85
B, XL RS TR RIS I AP AT . A BRI AR ER M P AT, TR HRA—
AN R RS RE AR S T SR R AL, AMTSECT — A BAHUH M. SR, XL
[ E N, A ARERINIEA B IEZ 2k H A, B EE ) ~62 nm, WE1.4.27%,
X R A 25 A P B AN T AR AN LR, DR IR AU BiFeOs R I H AR 55 1) B
Yo ATART AN, AR GIEE AR RO /N T X — IR SRS R, B TR R T R A e 42,
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EE R

AT I 38 56 AR A . 3 L A Y PV B it v A O k) B o AR A, L o
PR J5L A

[141)

F 1

=64 nm
K1.4.2. 64nm REWREBELEHRERP,
1.4.3 BiFeO; HIEk BB 14
19704F, Teague2 A2 ¥ 4 76 W IR FE R W22 5 BiFeOs B A 1 1 1 R WAk (TE VAR
LR, A LSRRI TR, T AT DI BiFeOs Bk (I3 FBT),  15<100>77 [ )
WALAE A3 50C/em®, HS<1 1 1577 B ALAE 6. 1uClom, T 5 2\ BiFeOs 1k

JEtE. SRIM, BiFeO; BRI A A A E @z /T AT, AOBiFeOs H A itk
e R L BEL PR R B e % SR C R ) i s R I 2 UK B R AR ARE ), B R N %

Rk, HG TR, BiFeOsHIALE [ & WAL M % AESuC/eom” il . (R JLAEAA]

100 200 300 400
Film Thickness (nm)

Il't.*lagnetization {(emu/cc)
(=]

4
. R (b)
Eox
81
100 I 1 s,
=
150 = . ‘e I - I’I [ [ | -;
[l 1] [ bl -5000 -2500 O 2500 5000
=200 = Magnetic Field (Oe)
[ ] M [ ] [ ] [ | » [ ] » [ ]
-6000 -4000 -2000 0 2000 4000 6000

Magnetic Field (Qe)
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1.4.3. BiFeO (70 nm) B : B J 20 B8 5 B 9 254k (a) R R B i (b) ).

I FEAT I L % BiFeOs &5, KRS T ERM MR . 2R & SNMEBiFeO;H F
) &5 K R 1% 52 ) 4ot JEE B2 7 1) . Wang ™45 FI PLDIEAE STO(100) 4 &6 il %15 3 1 1
B 2R B0 K N3 V/iem: Oelf DY 7 855K 45 ) BiFeOs T, & 1.4.3(b)Fin, F:[001])7 [

(A K AL BE Pk 63uClem”, T4 HEALAE293955uC/em”
YunZ5 P 7 S5 ER T 45 K BiFe O T AR MKIE90 K, B 20 V153 1 i KM Ak o &
(Ps~158uC/em?, Pr~146C/cm?), iX—45 Bt 5Ederer X i 5 45 AT S 1R LT

WER IR Bt A A — PR ARAT ML AT S A JCBYER AR o
1.4.4 BiFeOs I 175 5%

BiFeOs/& — MRAF I HAH Z 2R RL, HIRKM AR . R EWAER S —
Beih i, BIAERI SO AR A 5 Sl NBREEEUAE, S ECBRE R, TR HRIRECRR H T
EAEMEEE R AR BRI . S — 5T, T RS, (S ERI N R
MG RRLE, BEFRONER TS . DRIk, H A A S A P TR R T ) A H SRR A
SREKHLME, IS BSRMEE BN E . HATALE FEA LUR LA S0 Jri%: (1) BiFeO;
FEENAAR: T BCEHERE, SR TR 5 (A B WPLTIO;,  BaTiOs%) 5 Hiiil
FR AR o (2)15 24 Sk H T AN 8286 7735 DR A L o6 3 sl i % 70 R 5 BiFeOs
BATB 4. WIBAMB MBI B B HA-BA IS, AfBI:— i La, Nd, Dy, St
Tb, Ba, Pb%; BB 4 —M NCr, Mn, Co, Ti, Nb%; A-BA7 345244 fLa-Ni, La-Mn,
4% QBEMBE AL HAl A — L5050 X BiFeO, v M5 AT 3 T — & 5 (1
Bag»sSro7sTiOs, BisasLag7sTis0nS)EA1E—#E, JFxf AR 7T

1.4 AR XHEER X

ZHMEHAI R & 2 MEae, SRS RE T E 2 B hE. R eEas SA7 8,
I, e A S SUAT T R ORI AT 5, W] 1 A2 BRI N 5 ) % . {E
Silm AR Z YRR WD, RSP LA R PR OS2 B AR T AR
sUR L. BiFeOs M H B« B8 RIIMPEHE ST A ILHIME—E =R T RN AR &
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B Al

BREGVE R B AR 2 UATRE, B I M REE RSy, JF HRAVENLEEIE B 15 20 DI )
B g J7 1l T R IR T 7 B AR R AR AR 3 B0 FIRAEAEBOR, IR KFEEE M R
il 7 HAESERR R N o BRI, BRSRIE 2 AT VA RIS RIBiFeOs s« FLTERE, IRFTASHIAR
WX BiIFeO, T HE AR M & — TAR H B LT L . AR SCERFFE S B ITR, B
Rl 2 i, I LAREA RSeE A e AT VR RE e R LB 0%, ASEELZUABiFeOs il 4%
LB TERBIFeOs ML HITERE, JFiE— D IRFULHI AR BIFe0; 1 BE AR o

15 AW EETAE

AAE BREEUBEE T, H U S BA R AR

(1) B LafEANBA, PLRCoBiEMnTEBLIIB2%, KA IR-%E I % ) % BiFeOs 1
A, HPF 90 4 e WA ot FLA i PO R T

(2)  FEVEBCBEIIE: il e 2% 571, AL & T Z, 133 Z0HKIBiIFeOs M 4 .

(3)  TERNAI-BHBER &I, Gl 5l N4 RBNCRTE S — @ e i B A
R = R R 1 ) Al A BiF €O 0

(4)  RHEIR-BERER] % T (Biiag)(Feo.osCo0.05)O0s RANKE iy, BT FEAN R 145 4% B0t
(Biixlax)(Feo.0sCo0.0s) O MIAH K Al A& L5 KT M DL G HAME R 5 48 A A1 B v 45
IR R
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BEF XRFERFE

21 5|5

LR, BATCE 2 RIEMBHORE. BEEEREREAT 7 A4, IBiFeOs2 H A N IE K
DL B2 1 REAE =R DL R D S Bk ME AN R L AT B 2 —, AL, BiFeOs A £ FAH
MEREERB BN 2. H AL 2 R R BiFeOs il & LZ O AR E . A
B B SR A BRI R SR i (R AL T i

2.2 VBR-Ie i ) IR B

TR (Sol) R ARVE I TRI PR, B — PP HUR Gt BARRURLAT 9 JBAZ AL B4 ot m B B
USR], ST R AR . 38 I (Y [ R RS 91 ~5 nm, PRI AR R AR TR
(BRI /N RS o BB (Gel) AR TR, RAE— € A NI EIR ZRBh R 10— Ff [ 25
Py

T BERIE( Sol2Gel i, fAIARS2G V5) Wi LATCHL) B Ja e sh AR i AR AA, 7RV
SRR SR, JFREATKME . 4 LA OB, EIER T R AS R B TR A &R, IR R
e, EORLIR] S 18 58 T i = 48725 [A) P 48 S5 R IRTBE, BRIe PY28% TR) SR 7 2 25 I sl PR RV 771, T
JRBEIE . Bt TR BRI 4 O 1 Y BRI ST B R I BRI 2
AR TR AL S R BT AL, PR AR B T B ) A B E A
EWE AR TTET . SRR, WIRBURBARTEBTE . AR Z R RE MR, IR AE
G0 )5 e LA 6 O R A BB Rl SRR (T o) A S AR & B 245 2D
Rz,

VAT JECI 5 L R B B A I S S T

(DI 4 #h BH B3 1M 51 K 53 T 7 77 S T MI(HL0), " FL A 588 24 (R O
o

M(H,0),” " =M(H,0),.1(OH) .1yt H" (2-1)
QKRN @l Eh K A KR, OH 2 A1E A5 BUARORER A TV Jld S B 1) B4
M(OR),+xH,—M(OH),(OR),.,#xROH--------- M(OH), (2-2)

YRI5 Ky
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e 7K 4 8 -M-OH+HO-M—M-0-M-+H,0 (2-3)
el 45 B -M-OR+HO-M—M-O-M-+ROH (2-4)

i 7K B 5 ) 4 58 s 2 T FSEM-O-MUBE () = ZE R 4%, AT SE IR AL A

BRI AR A A A — R BRARIR L, A48 BP0 T AT LA A 73 B IR 2 A
s AT TR BE AN TR A SHE 22 PENIOP=2 Al p FA D) Citt R 2 SO i BUR ST ¥
JRIELEI P28 45K o IR IR BEIR I AL AT A 2 i A, JnZR R AR RO . e
W AR . HAR 2RI FNE L — M BN ST ik, el %R, a
fERhL B A TR, SefF A1, SRR . BRI Bl R & 2- 15T

wemmn R )

l K AL
[ﬁ¢%%ﬁmﬁ%%&] [ﬁ%%mmﬁm ] e s

P-H H iR )
He AR R IS HREA
S

\ 4
B2-1 B B B
i HIVA Rt R 2 B L BAT BN RE
(1) H T B — BB b B Y B8 S ST A FRCR ) T R FSAEORG EE RP, [RI L
HC T AFEAR K A IR 18] N SRAS 017K RO S0 0E, AR B s S M) Z AR W] B2 E 71

ACF AT ST
(2) BT GIL RS R, A SRR 5595058 BMB A — BB TL %, SBlA Tk
SR

(3) S AHS ARG, A2 SOSOR2S Zy AT, 1T HAY RR BRI & R, — BRI
JZ- U AR 2 T 2HL 43 FOT HCEE GRS BB P, 17 ST e B2 B 2 73 BROR FETIOK VG L N, IR e S S
BOAT, R,

(4> AR T4 2 Horfoke, T H AT RAEVELL S B VTR A 7 o R B H I REAE TR
WA A5 o, AEBUK B RS RE RN R AT, R A & 20 7 B AR M ] e fE BRI A &R
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ANVETERTRLESAR , 1A 2R A2 2 SIPE AU .

(5) IR i T SR A4 mT LSRR Al iy HL i F Bt i i R e AE AR T P AT, DRI i T o) 6 i
AR A, EL AT A v X SN A A 7 A ]

(6) Jx MR A Bt IO 254 2 T3], KR S b

(7) v fai i, BRAERE,

V- A AR S e ) 5 562 H RT3 A R M LB B B, AT S8 DR AL
Y, WHERAE: FUCE R BNE -SRI 7 N A, W LREU LA 2B =kt
AR KRR RAL, TR R T OO 2R M VF 2 SR B, I e

2.3 AR I R )

LA B IR FAFAE K A DA O I ) S8 R PR G MR 50, RO BRI . B
MR T A OV A S AR AR DT %, BRI B R LAY R AR B LR
XTRTIRARBEAT 513, B RCEATRF IR R KRR, 2 A5 SE AR ] R AR E W S5 A R SEBUs
TRE R R ERE . @Bl — e A AR RO RGR  #15 2 1) B A it
IR N LY BS R

AN BARIR T IE BRI — 22T 20, IWT AR ST ER, ZBAXHE
IREE S OE IR 7o ARARBIAEMDES M N, 76 DR B LR 1 22 4 2 RS M A R
SINFRIAE Ty, TR F PSR EEET D RE, X2 AL VIR 45 KA R ARG BE T AE
AR T AORAWIE N B8, SR A RE 8 RIS . 8 AR
2 REXEEOREEROR, BRI RUITRXS HARIIR, B n] PSRBT B i o

PAET A 3 A R RG24 ALK AR, C 4 iy H BT S ALK AR & B #4
MRACAE N RIRIEIET 4E, BAT AR RETHAT L. WIEREEH EoRE, & iR R |
TESFH LRI, e HRTUCTT B . BANEAR, JER T R R, 2 REEREIR
Zikd o MACREAT RIBIRAIE SRR IR E GAIRE RIS SO MO RUEE 21 72 0 R U AT HL4S
Gk MEAEBCKRE, MIEEEMAGAER. FA4ER. RBRERMD BT K.

K FHRRAEAE BRI 5

CIRRAE AR 2 5 IR AR R R K O 77, 38 B 7 A BUIA RIS AT, ATt 4 1 x
WG g KM N BA R RIER R, 2%, BAAIENNS%. 5
H v Y HLK BER s o B EE BT 2 L o R I K b 1 FA IR & 1 B A 2
Ve, ATRASEDG (. SEA S e il 2 A A P e 22 5 T A5 BN
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2.4 SEISRIEFEL
2.4.1 X §H4:475F(XRD)

V8 3 FER XS R AT 5 70 HT(X. Ray Diffraction, [&IFKXRD) 5% il #% 1 Bt AT 20 A
FOGE SRS T 0 XU ERATHT AT /& S B R AR 454, AT AR ST (K B I B, T
FHSRAI 70 St AH B L), WA PR 40, AR fE . S5 SUR . AR T IS XU LR AT (X-
Ray Diffraction, XRD) & HI FI XS £ B difd, w1528 3R 30 A T8O B — 57 R & h
FHUHEAR BT R 7 BUR . BT iR N & T 2R, T, &5 U )
HAELE [ 8 ARG R TR TWAE R, fEREe Ty M ERAEMK T, B RATS . ik
FIER, ATSF AR T di A & S AR IO B I 25 SR . B IR ) 2 0T AT S e, AR
RHAEWE (107 B 4 A i WA s IRFEXRDATS B, FI AT h s A 2

2dsin @ = nd

KON RHEE, o CHEEEEL (b k DTG ETEE, ot M, Ay
XTI (Ka)

3R AT A R BiFeO B AR 1 45 M R AL 18 I X IR 2ok RATHA CHFE, Ko SRSZIL,
A5 3 U RE b APDAH, AT 23 BT 2 54 2 AH AR A

2.4.2 ¥RENHEGRAETRTT(PPMS)

YRR G558 11 (Vibrating Sample Magnetometer, VSM)F) TAE J5 PR A B FE i i B AR F2 8
(V30 20 v AR ity AF S TR0 2 Bl VR /DN 2 SR SRR 3, DRI 45 385 o DO ool AR RS B PRI S
7, PRXETHESN B TRORBOR . KBl s TR G S, B R sh ke
AR T .

A5 3T 43 BiFeOs e 48 1 A 5 2 1) R AIE T~ B U 3t 1o 48 Rl 22 1)y e A 3R P 0 i 2 4 o
(PPMS-9, Quantum Design, =9 T, &6 H2 K~300 KD KRB LR T SLIR) . 7]
PAAS BISC T St VAN A SRS . TR WAL SR EE . B S5 G5 B

2.4.3 SREEEFIEN

Ko 1] 2% B35 Z4 R BR AV IE, 18 C F Precision Premier TIA1 8} H R GE 25 A Mk & Gk o4k
Ve, RIEHLHEYEREMIEA TR T ERMAGE, PrEs MRS SR R A 55 B 45 S i
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AR HBAT(P=Q=CV). M, FFah i) — A AR AR M IXEh i s, 53— > iR o2k
Yo K S SR B SR A HHE . = FE wh IR AL (R ] FELar) FERE 2P LR AR AR, 2T R
R HRAIDBOR . B0 T LA i b i R R FL o IR 2 A B 2-2 s

Qr = Qs. CeVE=CsVs, CeVy /Cs= Vs,

Vx

Kl2-2 il s A
2.4.4 3B F EHMIE(SEM)

MR AR A H B R, S2 B B TRl s R AR, S g i, aed ot
LG = RAE M, Za/ N i TR EVIBE RSB AE TS, A IR AR A
RIVECHERRE I HUR B 2 P75 5 o XL i {5 S AR BRI e A, 23 ek
Fette, AZRMAISES, HUREIERIR AR MK ZoF s R RE . RRE R T
HRAEDOEHF _EWAEEHPRIT S, JF XM ia a0 5 53R i i TR s s i [F 20,
XAE RDERATF A FE 5 Pl LA 5 9 EE AR O B (3 AR, IR B S SR 1 b R T A T 3RS
fiE.

AR SR SEMR ML 2% 1l 475 2 (I BiFeOs 1 il (U R I FE 3, WL 2 JURE K/ AR AL 7
o

2.4.5 RIEFHIE (Raman)

FLE GG — U GG . D RS B T b R AR B O R AR S B SRR AR
(KI5 SO OGBAAR TR 1 B 73> R 53R U PR SO D' A PO 3R 6 I K 1 AT 1
Ry, GERRNTLR AN . fr 2 RNGEIR T T IRSI (M s FER 3 5 ¥ 8, DL 258
W AT BLAS B 0 T IR B RE G (R FE IR B RE ) 5 e Bl RE R 45 F K R

AR SR F Raman )6 1% SR RALFE i A9 BE AT A, AT 23 A BF il 1) 45 A0 5 A2
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2.4.6 EINA] LA SEE L (Uv-vis)

RAMEE R B T TENOCER T, KA THBEFRERE 7 LR BPL—EK
KV B 1 SOCR IR S FE S N, — 58 PR e B A, 3 A Dl 9 P e AR AR, BABER
NREARRR, B RT % BRI EE CAD DA bR B AT 43 45000 £k & M0 R IR 6 1% o T
WA ' Tl SR W A 2k, i KO WBE AT AL 9 S0 2 (9 K D e R IR HSCiE I max, 8 TR AL I 46 (14
P A Foe R — i WRCHSCAH 28 R AEAS R e T2 110 368 0 Bk O 2R g IR AT o B AN IR T B A2 L L 5
JEMEAR A& % 2 L & W I AR

AR SCR I Uv-vis ot 18 2K I 52 A i 10 717 B3 o
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=5 4t BiFeO; RHI & R AR

31 5|5

fEgwdh, WAL 2B . BEFELNEAZHAESEU LRI
2 BV M BiFeOs i 7 A4 . (B2 B T BiFeOs B — A S M A X FR I, J& 1 462nm
(0B 1 @ 45 K 1200 T o 448 A Y Bk T AR £ 2 O R P LA % U ) T U % 1 2 Y i e A A
LGP, JBURL IR IR /N L4 E W RS % 1 i) 02 e 45 74 S M SR BiFeOs I REAE Y. B 735 20
R 1 5B BiFeOs T Mk ) — R 20 )73, Sr, BaZ5 Fl K #8730 B AXBi, Co, Ni%H k¥ #
fRFe, CLARAT A T BiFeOs 5 AR REVED"1 . Bl M (1) 3 58 1] LA {# BiFeO 1] RE .
FATE & 15 PR — A 24k B ek a8,

B2, & B AH K BiFeOs M %A1 kL AE % N XMERT, W1Bi,FesOo, BizsFeO30Z AR
R BN P — SR LR, R R R A R U A 1 TE AR SR, AT
BB, AT BRI NS G R, L I N, BRLaMHl AR N EH, £5
T K 9 VT P RR 7 58 4% T 4 I BiFeOs o FRATT I XRD A Raman e £ & (1 5 74 45 # 3
1T 70 HT, WE9C T Lais 4 K345 A BiFeOs 1 245 84 Wi e, FH SEMLEE 1 4% ity IR 1O R
~PRIESR, FPPMSHE T 300 KIS FE & 1 M-H 2% .

3.2 VOB HI % BiFeOs B La $52 RILIB A BiFeO; MISRiTHE
32.0 BUTERAABAT, ZZEEAIEI& BiFeO; MSERITE

T B KRB, &0k Bl ke g o 72 # & B BiFeOs, (BiggLag)FeOs,
Bi(Feg.95C00.05)03, (Bio.9Lag.1)(Feo.05C00.05)O03, Bi(Feg.9sMng.¢5)O3 7l
(Big.gLag 1)(Feg.osMng05)Os P &4t , il &mAE R E3. 107~ 1 1E 41 Bi(NO;); 5HL0,
Fe(NO3)3-9H,0, Co(NO3),-6H,0, Mn(NOs),, La(NOz)s-nH,O 5 K} Al 5 {1 B 1 [ 25 B /R %k
AT B RV T40ml 2 — [ i, BT A5 B I WUBAE K B AEBOC T T, Friill T8 )5
¥ 2B T 7, E450°CH S R E R 4 24h. TR BB RAE A OHEE, K2
FeBCE B2 N Imm, EAR A 13mmK 3 f, AR50 8 B ER00 C Iy £, AU
NRELE20min. FELE SR NPT R, 20 E A NEER. S5k
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E= 4 BiFeO, FH % K mivERT 5T

Bl AT ] & tH BiFeOs, (BiggLagi)FeOs, Bi(Fep95C00.05)03, (BiooLao.1)(Feo.95C00.05)03 >
Bi(Fep.9sMng05)O3 1 (Big.oLag.1)(FeoosMng.os)OsFF it o il 25 FF i B 1Y J5URIAC b L3R 3.1

41 Bi(NO3)s » 5H,0, Fe(NOs); * 9H,0, 5 B & 1 [F & BE R
Co(NO3), *6H,0, Mn(NO3),, La(NO3); *nH,0 HHIFT R CeHsOr

ﬁiﬁ‘* 4L

40ml 2 I J

[K%%$,WCT$@

J L

[450°C 7 U T 4 24h ]:X RS (B 1mm, B 42 13mm) }

4 L

)
< ,él':ﬂﬁﬁ 800°C HI kP T, %45 B e 2 20min}

g

B3.1 RN G, ZBENERIH & Lais ik K382 BiFeO: I S R K IR
&

3.2.2 BABRAKAETIFIE BiFeO; RIKITIE

56 L1 BE R 451 (0.0 1mol ) AR U Bi(NO3)3-5H,0(4.851 g)AIFe(NO3);-9H,0(4.001
g), T R AE 5 45 20% 1% Bl B (40m ) IR AF o 242 A RV 1) T TR 3k 2 4 VA FALAE i IR
JG, WWOEIEMR, ARG T A R (CsHgO7-Ha0)(3.002g) PL 5 4 Ja BH B 7 %4 1: 18 R L 43
TN BNR AW T o B 4536 15 I Wk 3 108 3 7 TR R o, 3B VR A T 1) e AR T8 3]
Wh e pe 2 RS b, L INRGLEAT R R, IAREREOREF30°C, BiRRd R 7R
Pe— B, ARG, WG R AN, R AR R, AR
AR R I A, IR AT DURILC G MR, 5 SR R B, W1
FEPEPE EL B A 2R, TR B B T — SR 5 IR BRI o A4 13 31 1 s fie ik 72
160°C [f AT BRAA TR LA NS AT, BB AR SR AR SRR AL ¥ /N KT, LR AT LA
IWHER T EHE KT 05 BRI BURAE B 15 13 B v, O H BH g o BLS00°Cin #42
NI, EBREIFIREER L, B AT AR B (U AR RORL, RIS R AL (R
TR RS LUK, TE AR R 5 2 A e il D 1 Ok, RS EE /N . W A1 RV il £ 46 AH BiF e O
HIAE B I B 3.2 s o ol 4 A0 ot IS JEURHIE BE SR AN 3R 3.2 7
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K31 FFBRBRABEH, L _BAENE % LaB ik RILB A BiFeO; B L LE R

il BiFeO; (Bip.oLag.1)FeOs | Bi(Feg.95C00.05)03
Bi(NOs3)3-5H,0 0.0Imol 0.009mol 0.0Imol
Fe(NOs3);-9H,0 0.01mol 0.01mol 0.0095mol
La(NOs3)3;-nH,0O Omol 0.001mol Omol
Co(NO3),-6H,0 Omol Omol 0.0005mol

Mn(NO3), Omol Omol Omol
¥ R 0.06mol 0.06mol 0.06mol
A 40ml 40mol 40ml
5%l (Big.oLag.1)(Feoos | Bi(Feo9sMngos) | (Big.oLao.1)(Feo.osMn
C00.05)03 03 0.05)O3
Bi(NO3);-5H,0 0.009mol 0.01mol 0.009mol
Fe(NO3);-9H,0 0.0095mol 0.0095mol 0.0095mol
La(NOs3)3-nH,0 0.001mol Omol 0.001mol
Co(NO3),-6H,0 0.0005mol Omol Omol
Mn(NO3), Omol 0.0005mol 0.0005mol
Fr i IR 0.06mol 0.06mol 0.0595mol
. 40ml 40ml 40ml

£3.2 BWAMRASEGTH % BiFeO: 1 JF B L 3R
el Bi(NO3);-5H,0 | Fe(NO3);-9H,O | A | 20%MFHNO;

BiFeOs3 0.01mol 0.01mol 0.02mol 40ml
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E= 4 BiFeO, FH % K mivERT 5T

[001 1’1’101Bi(NO3)3 * 5H,O } [0.0ImOIFe(NO3)3 * OH,0 }

[ 0.02mol C6H807 ° HzO ]

JL

("20%i5# HNOx(40m1) |

<LJ7NC%#
[ Fmr

160°C 1556 T4 1 /N

RN RS

500°C IR b 7B 4h 2 /NI

[ﬁénﬂn]

F3.2 A BRYVE ] & A A BiFe O L 2 B
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F1207930° (1) B 5 A AR /N A AH U, Al I A 2 TR AR e bR o, XA JRAHIE S B ST AN
BixsFeOsoo 1E E3.4(b)H(c) H Bi(Fe.05C00.05) O3 FIBi(Feg 9sMng os)Os AL il 1t 2] 13X AN 44 AH
I . {EBiFeO;HIBifii#5 78 10% I La, 5 H)BisFeOso i AHE ANE 1, AL 10% I Lats
A, FAHBHFR . (BigoLag)FeOsiwanth 7 4EAHIR3 e 4 . SR AR AHIEBI sFeOso {5 7R BE WS 7E
(Big.oLag 1)(Fe.05sC00.05)O03 M (BigoLag 1)(Feo.9sMng 0s)Os I XRDATH U H F H], {H & 8 FH AT S U
WA 5 HL AT 45 44 Lalfi Bi(Fe.05C00.05) O3 AIBi(Fe.0sMno 05) O B 5 1R £ o IX Ui WA B 1L 10% I Lats
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c=13.805A; X+ Bi(FeosMng5)03, a=5.582AM1c=13.832A; X+ (BigoLao 1)(FeoosMngs)Os,
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A (Bio.oLao,1)(Feo.osMno.0s)Os I F B A4 BH 1 A I SEME 3.5 . AT LA Y, Latb ik
Je 3352 BiFeOs -3 R GL IS AL 5 (TR K/ . BiFeOs IBIRLA 24 A 5T,  BURL K/
T2 1-2um. B4 10% 1 La)5, B 5 IR0R B B AR 5], JF BRTRLA Bk, =
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(BiosLao1)(FeogsC00.05)O3 69 133 167 271 474 529 616
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Y7 ) R A TR U7 1k Il 4% 1 500°C R 8 45 X (BFO-500-77 £ R ) I XRD ] i B AT DL

H, BH LI 20% 005 i B IE Ve RE S, AHIEIR 2, JF B EEE, H2 41 20% 1 7
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3BT, 34135 A Kubelka-Munk 24 3R 05806284, Ak

F(R)=(1-R)*/2R

o R ONRIRE S AT S IR I8 O R BRI LU F(R) B AL bR, BB E(eV) A
AT (1 A48 b B RTAR 3 51 23 28 0 it 28 19 F(R)?=0 753111, B 4.6 w194 B i i - BFO-500-
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