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Abstract: Nowadays, water pollution is one major of the environmental problems and it is very
urgent to solve such problems by various means. In recent years, photocatalytic oxidation technology
attracts extensive concerns, which has become a new treatment technology. Although, semiconductor
photocatalysts have exhibited excellent performance in the treatment of organic pollutant, there still
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exits many problems to be solved. BiFeO; with a narrow band gap is considered to be the promising
candidate as semiconductor photocatalyst in the visible light range. Therefore, it is very important to
conduct critical studies on the preparation of BiFeOs;-based composite photocatalysts with high
photocatalytic activity. This paper gives a brief review on the research progress on bismuth ferrite
nanocomposites photocatalyst in our research group in recent years.

Key words: Bismuth ferrite; Graphitic carbon nitride; Reduced graphene oxide;
Nanocomposites; Photocatalysis
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MG A ORI 72 26 B L TiO, %5 %8 2847 2 4 LD TiOo, RSB R MR AR 2, T T,
R T ReE ks, ARG, HHREMMRZENIT Y, Jel bR m—m
e sk R AETE T FE LUK, AN 390 nm LA R ISR AMEA Jama R, i K BFHYE R AT o LE AR,
XA R PR 1] T L SE R AN . TiO, FYE AR 7T 5 B A 40 A FIBART 2 o 3. 44K ZnO H
FHIES 5 T3, A TiO, 4 LA I ) S AN HEAL B 3R O AL AT S — B AR,
WAL, CARIERZE SKIEE ZnS. SrTiOs. CaTiO; 1 La,Ti05 26071,

A L A B D Y5 7 V0 B A B8 O T WX, B S A R R B R B, e A AT 1) K
D7 RIS A o T A A R — M A 7 e B A, BT AR SR T AR 2 AR AT S,
AR TERE kN, AT REXS AT ILYemi R . T RE TS 4RI R BHAE, %2 70 CLBCA 6 AL AT g
Mo BEFEE AT RN R O TR 2 A e AR LR AT OB AR EEEA Fe,05. WO
SESEARI ), FeyO5 I WO FZRME 58 FE 20 HITE 2.8 eV M1 2.5 eV 247, B AR I KT WG 57
FYREMDORAETARA Yoo R T RBR S, AR, B2 B E A 1T W6
WEE, 1 CdS. MoS, Al In,S3 251, — R B4R Z AL 7)1 Bi,WOg. BiVO, Al BisNbO, 251 A
AU R AL, I — RS AR SR A O DG A IR IR N
BRI 92 A s, 10200
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H 2006 FE RIE BRI KL (BiFeO; Nanowires) HIGEAIL SISk, HET BiFeOs Yl
OIS I L FH A S A1 I a3 o L 3 R R FH K BH B 1 B A B 2 B FE B Ea HLTS e i
KA/ DL B OK B RS LA . B BiFeO; A X B IZE N T2 BE (2.1 eV ~ 2.5 eV), HAEIUFH
A EIRISCRE 7T, AERIE 75— 3 T+ HLmT Wi [l [ e Ak R

Z RTINS A AL TiO, KB K, & IR BB TR 1 SR 15 2%
KR BiFeO; WIS 3 4% LLIE— D385 e MR, th4bh, 5 BB UTAC Y HoAth 2 SR 2 & th o2 40
il A B 2 R IR A T3 T B I AL S8R A RO& A% - 76 B ARIE 1) BiFeOs YA R N, Gao
25 NPURL ALO; M 4 HE ) BiFeOs KRS HEALT, 725 AMEIRE N RIS IL 1 K il
Oy, B UHE/R T BRERATE AN R B RIS . JLF IR, Luo 25 NPHRH /K #EHI 4 tH StTiO;
L7 BiFeOs fl Fe,05 4K, KIS LG Yt B B RIS . IR, Zou
25 NP —25 RGEHEC T BiFeOs YK BRI AE B (B 4h—mT %) HRE T AL AELIE M, Huo
2 NP A B 4 T AR ST BRI R s sk 0 Ha] ISR AT THE, SRiek
DU RSN LRERTIAOS, S m . BJE, AR ITES . S L R &
ST TE RIS R IT T ISR 7Y, JsRAE T W T S (i A 3R

BT ARG A R 5 LRSI RS 2 UIAE DG, DR e v H B AT v V6 P ot T % B ) 4K
BRI ARG SR i OR3P . 2011 48, Fei 25 A\ PON I o408 /K ik i it R it ok 2
BRI THE {111} AR Z R RRIERR G5 DL {100} AR K IHOK S 7 2584 1) BiFeO;,
e B L LA [ 1 T B2 7 1) BiFeOs T K Bk B BT A AT LEIA R . 2013 4F, Li 2 NPk
THCKIRST L BiFeO; —4E45HK), J15 Au 9UKRFHHMTRE S, W WOGHEAL FES: 4 h K~
A= 80 pmol FAR, AEEUE AR H 4l BiFeOs ) 20 fif.

W LB BR AT R 2 EONASART TUEK RS (BiFeOs), IANEA BARY TELIRES (BisFeOu). -
1E 2007 fEFUA FEIOE T AR BiysFeOu G ERERT 70128, 1 it R B AT B R A ¥ T UK B R »
FREEBEHE 24 h (FRAHA], (REAT OB N E e 500°C 1Bk 1 h, BEEGAT
BiysFeOu M AR . AL K, BixsFeOu FEMTE 420 nm LA AT WL X35 P9 A 355 1 A6 IR L
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5 0,46, AR 7Ot TR E S .
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Lo O S RS 2 A5 I P R A A g B T SO S B 8 FH 4
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T I 4 G A AR R T 55 DA i LA AL M RE O 70 E BRGS0k R~ A TSR
JURE AL T o

— R, TR RN, SO R . LRI TR S N R A A SRR, ok
a5 =8 T o €| S T R TR S SR 2 A R e S WV o < A N = U 1 A | By & =T
FEMEAL I LR T AR e S BRI ) — AN E B R, SeEAFIRAREN, IR R
Ko T BEAE AR AR R T R S LR 23 15 I N A 6 AR 38R 3 0, DT 386 I Ak S5 7 ¥ 1 67 2, 4 v
FMEALPERE. 340, AR RS  BIGOR B, TR A R OB, AT S
AN B ZRT IR, AT B Rk e Ak s 10,

HAMEE I AR AR PR R R RITE T, B T DA 32 R T e s e AR B0m 79 S &
THT PRI EF [) FOHE A0 (R AL B R AR AL, 38 — AN B B 2@ AN RS 2 54 L T R st mT R
REL, e fe A B, B AT C I8 1 Tio, 2R RRESHC, J\Hiikgh kg —
M (111) SHHEERE, GPKF /0N (001) SRR, MYrkESEHA (100) i H#eE.

SR FH A5 b et (9 ) % T B A SR 55 7 1) BiFeOs G KA R} mT LASRAS B 47 (1 B 22 RO 4 M RE . A
IF5) i ] 25 B A R OG22 R A AT REAS IR . R 1 SRAS A [R v 14 () SR TR R B, KA R T 30 mT 4%

Fh SRR U P BR AT 2R R A B MR B BB i T A 1) LRI RKRE, Kb Rk i T 4 ] %ok
AR L EF M PR, $5H] BiFeOs 4K KL I RSE KNI SRR ERT FRE Y . Fa2s. Jese i
AR SR 5 By e s T P S ),

FATIRI I 18 25 v 42 B — Bk ki) 45 TSRS el i B2 IS 2K Bk R B BiFeOs, FHN
BAR BRI HUR E R R 2 el (PVP) 1N &K BiFeOs 9K &5 #4 i h vt 570, PvP 2 —
PR TR EY), R EER S FRINEMER, e BRI AT OB, 480 1l FH ke 4 i) 25 it
AKRAP RS AR RS TEER TG TER], SN W PVP I B0 2 /D B - e 30,

BAHESLIE B a5 %2 PVP X P2 sem, 32 il S 8 AL BRI MV R IR B 0.5 Mo 2BTE R
RL R G HIINE D & PVP 34T B, F=IRAEHE AR, HRSFECR, REUNMOKR RS . i PVP
IONERIEIN, BiFeOs RAFIZHTK/N. 4 PVP m4RELHG MK, BiFeOs RF R/NE NS AR
(P2, Mgk PVP &3 0.5 g i, BiFeOs 4KEE ML E MINIY —, =Ygy, wE 1 (a)
Fis, JRSFRZI4 200 nm, %8 KZ108 100 nm. Fi8EAR AR TR, AT AN E
RO, iR KR 50 nm /24 kAR R, IXFEITESE 2180 BiFeOs I LLR THIFA .

BE— PR, BiFeOs 44K &5 M IR S5 AR ST T S B4R 5 o NaOH VR IR EE o AR LA
FRSEER AL R, 203 NaOH ¥Rk FE T A5 S i PVP RN 0.5 g S35, 24 NaOH ik Bt — 1
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B 1 1 [l % E NaOH % 7 ¥ % %13 | # BiFeO;
Y0k 454 SEM B (a) 0.5 M; (b) 2 M; (c) 4 M
Figure 1 SEM images of the BiFeO; nanostructures

obtained with various concentration of NaOH: (a) 0.5
M,b)2M;(c)4M

g 2 M B AE R T K1) BiFeOs N M
K1 (b) AR, XN TR B N 100
nm 2| 200 nm A%, HRIEESEN BiFeOs #1EHT
SRR AR SRR T R B, B ST AR
Pn R 55N {100} T AN [ & T 2 i 2= 5 M0
TEATRI AL R R . M4k 4R35 I NaOH ¥
WS 4 M BF, AR T KEAEIU RS2
FERIgK A, HAKFE M 200 nm F 500 nm A&,
RERERE S0nm 5, WE 1 (c) fiom. 49K
HBRES—ANYKA R L, B2 ES T —
EAUK R RS« KA R BEARIN, BRI T4
VTl ot o= & £ S TN o N T S E S Sy
YK Hoh — 230G AN [FIRR BE N TR ) A 306
AR REFECR R 2 ER . BiFeO; 99K
5] HAR T LRIFH, T BAZ 2540 1) &5 Sl MR e
U . 2 W76 SCHRTRIE BiFeOs WK 454 (012)
m R, HRNSFKZN 8 um, B KLAE 510
nm~ 550 nm Z [f]. 520, FRATHIFFHIZK
FRSFREN, JERE R, 510 S RO ) R <F
RN 2 L KR B A URE B ) B AL 5 1
Jii .

NT B RAFIES BiFeOs [ fhTH #
FetE o, F UM HL iR gs i, R o PR o
ME. (HRTEM) X H AT 7 W%, 48w 2
Fioce B2 (a)~(c) 7 AANGiERIR. SE7RFISN
K 45K HRTEM BHUE, B 2 (d)~ () 70lh
52 SR SAED Bl MW 2 (a). (b) HHTLLE
B, X NEE G AR TRIEE X 3.96 AL Y (012)
T, W SRR RIS T 1R BiFeO; 1 25 M
gt MME 2 (¢) R LLE H, BiFeO; 49K A
FI gl fE oy 2.82 A, 5354 (104) S

(JCPDS card No. 86—1518) I, [ 2 (d) & HE S H A ESATH I, Ui S8R BiFeO; 2%
gty HEERIEEUT. B2 () ARMIVETTTEATH SR, Bt BiFeOs ST RTE B 1 BT 1) B0 ft 4
e B2 () WRHESHRKAES AT, ] BiFeOs 99K i R 2 Maii, (35974
TSR A FIANE . SAED B B M S 4544, R OIER] BiFeOs W/ 2UAHES fa i), I 5CA W

SERIR LT 55 A B AH IO AT S B

FER] WOGCHRS T, FH B AR T LS VAR AL BiFeOs 24K S5 MFIHEAL PERE , TR BT S By & T
PRSI EE 1 h, DUV BOR B BB . A T HERR AR R R, A RS2 6 2 A T IR LA
A I MEAL T F R OEAT 2 AR . SRR LS R 3 Fin: =M REA —Emn
FefELIETE. o, BiFeOs; 3 7RI ZTARAALE 180 min &S5, 20 B FEMRULE] 38.7% F1 49.8%; Tfi
BiFeO; 492K J 1EAH [F] (1 S50 261 T B GLRHAEI T 69.1%, RINH & e B AR AR
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—

& 2 BiFeO; # & #7 HRTEM [& 048 57 89 SAED [&: (a) 474E1K; (b) L 7 1K; (c) 4k A
Figure 2 HRTEM images and corresponding SAED patterns of the BiFeO; samples:
(a) spindles; (b) cubes; (c) plates.

BiFeO; #K &5 MG M e 5 RS 2
& i T 25 A G 9K S5 R e fE AL PR RE B2 i 1
iR DR T A R A e A A 3 R O ) L A 210
TAFEMRE M. B, TR 2 rassE,
AT LAHEIRT (104) b [0 Y 2 75 & BiFeO; 492K 3K
P35 AL TS T () SRR R 2R

3 g-C3sN4/BiFeO3 7 W K 4& i B 77 5T

- RMEAFIBOGTE B, 2EAT A R0 B,
S5 PRI R 2T U FE I R 4 S WAL
FIMBE AR T AT,

f B A EAL TR (g-C3Ny) T H 2855 56
(X8 2.7 eV) B, HEALE. B2 HEE

(clen)

()

0.2 —t

60 -30 0 30 60 90

Time / min

Bl 3 = im T A B4 A7 1 AR o oy A
P (a) R (b) LK () HAXKA

Figure 3 Photocatalytic activity of different catalysts
for the degradation of MO solution at room

temperature: (a) spindles; (b) cubes; (¢) plates
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VRS AT, BN AR S B AR B AR O T RIS, ATEET T RE s
555, HA BRI 52 ¢-CoNy 5 HAM SR & LIEE G EEE R s, XA L
IS 2t i e A P SO IR A, IR, KT g-CaNy B A Ak R IR iE 1%k
B Y. a0 Wang 25 NPTURIF BLZ CoN 45 (1) CsNWBiL, WO B & 6 AL 72 0 H B H ik
PERE, AR AL Bi,WO, it 68.9%. Xu 25 N*MRIIHI4 T g-C3N4-Ag,0 Fm &b, H
H R LGN 1:4 FOFE S BELE 4 min P PROE BF A RS uRHZI 50%, FF7E 30 min BFAF 90% /e 47

F—J5TH, R BBk R (1) BiFeOs; — ELAE N —Fh B B 2 BRI 12858, HAKR
LT HOC AR 5, AR AR D 2 e S S AL T T A S P EAT T 224 T B AR
BOEIEEE B (2.2 eV A2 A, BRIRAIEE 10 (i Ak 718 B H e i 1y T WGl /7, Rk ]
GRS T TR B AL T R . 22 BTIRIE T, Zhu 25 AU BiFeO; 4Kk 7181 TiO,
YR TE L BiFeOs/TiO, 26, KKIRE T ] WOeRIH 2, JemiRiae ) B9 . i, B
KA FE (K3, # BiFeO; SHM B SR E ST Ft R S, 0 Li 28 ANF7HRE 7%
BiFeOs KN FAEMITE AT S AK R T, BN 2 S AT, FAE T W ICHR S T YR AR
R HGRHHE R L4l BiFeOs BT 6 fi%.

RTINS HEAEYE, £ T, RATRHASOIRITEE
WER T —FB A g-C3Ny/BiFeO; AW MEALF . JEIRATAT AT, 245 M KA G AR H
g-C3Nu/BiFeOs K A W1E ] WIGHRES T FEARA L5 R iE o

K& S BT (TEM) MR T BTl 4% 1 g-CsNo/BiFeOs 4K & S /3 AR S M EE K B4 () N
4li g-C3N, ] TEM I8 Fr, RN R D ZHES EAREEM .. 2 g-CNy & =N 10% I, BiFeO; 442K

ﬂ‘ll“l“l“'ﬂﬂ

100 nm

K482 5H (a) 10%. (b)30%. (c) 50%. (d) 80% ¢ g-C3N4/BiFeO; X (e) 4 g-C3N, 44 % 4 # #1 TEM
BA. (o) FHE A% EK BiFeOs 41 KK T 8 b 4

Figure 4 TEM images of (a) 10%, (b) 30%, (b) 50% and (b) 80% g-C;N,/BiFeO; and (e) pure g-C;N,. Inset un (c)
is the size distribution of spindle-like BiFeO; nanoparticles




- 424 - EXE F, GRUE MBS R AT N KSR %40 %

R T g-CoNy FrRIH, A%, Wi 4 (a) Fon. BE% g-CoNy SEIEME] 30% , FiE 15
A~ g-C3Ny J R 1 BiFeOs KK TR R E D, I REEHE ¢-CN, & BN EIEINRIGE N
W, W 4 (c)y (d) From. BEEMERTBUKIL, i ¢-CNy & BN, BiFeOs KM 1) 7 X
PSRBT o (H 2 g-CN IRFEA I AAA 80% B, BiFeO; KL 4 BN SIMER A Z T, XUt
NREMEH BiFeO; FIES G S LG EA K. W g-CNy & &N 50% KIFEMHIHK T BiFeO;
ARKL T RIRAR AT G DL WAHRL FTRLAR 73 A AR [ 4 (o) @] T RAE R i RS oA
5y, EEEPLE 50 nm ~ 250 nm JEE A, FEIRAREZI0Y 180 nm. JEIL UL ERITHE, ATRUHERT
g-C3Ny/BiFeOs Y6 AL I At 70 RO 5 E L 9 2 i 12 2 B W 0 S T A 5 00, Xt v e ik
WL ORI 43 28, AR S5 B g JEA T,

o 1 2 3 4 5 6 7 8 9 10 M
Energy/KeV

Bl 5 4 & 50% # g-C3N,y/BiFeO; # & #) EDS & 3#
Figure 5 EDS of the 50% g-C;N,4/BiFeO; sample

Ak, FRATEMER T g-CaNy SN 50% 1) g-C3Ny/BiFeOs £ EDS i, £ 3% Xy P & B

7 C. N. O. Fe f1 Bi ;& &, W 5 flizn. #&T LA L SEM-EDS #1 TEM [ 58 o] AHEWT, SKH w25
B RERRINE T — RYIAF RN F g-C3Ny/BiFeOs 4.

NP g-C3NW/BiFeO; & FE DG AL

RE, W FCAE T DL R IR T P e PR A LI

1.0 M HTR R E T R P R 30 min,

Hank VG BB BEB T . 1B 6 94l g-CoNy 40

0.8 . gj?g* BiFeO; MIZ M g-C3Ny &[] g-C3Ny/BiFeOs F

Irels

= \ ., 10%CN/BiFe mn PR AL R A P o DA A m] DA B LR 3], 0T
8 0.6 N\ ———s—_._BO%CN/BiFe . N . v

s | \\\\‘\_‘&GNIBiFa DOGHRS R, FRAf) g-C3Ny F1 BiFeO; £ i B A

il NG —E MGG, 120 min AR TR T

- g P, 30%. g-CsNy &N 10% MK & K i b4l

0.2 T T T T T T T T g‘C3N4 *D B1F€O3 E’\]B%ﬁﬁ%{%%ﬁ%, Fiﬁ_% g—C3N4

0 20 40 60 80 100 120 140 1 - o

Time / min BRI, SE MR R E R .

B 6 Fim T % Fh e (7 7T A BR AT P A W AR Y g-CNy FEIINE] 50% B, g-C3N4/BiFeOs

| IS AT & ST BB AR RIA BB 75% . 4h4

Figure 6 Photocatalytic activity of different catalysts “ s s i
for the degradation of MO solution under visible Hhn g-CiNy &, E A AT B8R

light irradiation at room temperature TR, Hirh g-C3Ny B8 80% AL AR 7K
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AT EH BN 10% A1 30% HIFEThZ 8. iZR4EE B, g-CsNy/BiFeOs & A 4b 771 P i H I 155 11
PERE S E R B LA H VIR R N DI E ST TERE, AT ¢-CiNy & &N 50%
[f) g-CsNy/BiFeO; JHEM TG 2 #TH Zang 25 NI 1) g-CsNy/WO5 BEAT T UL, SEI6 45 R,
g-C3Ny/WOs /& Ffru] WL B[R JE 2 1R S VMEALT, fERT WOEHUN 2 h )5, AR P A 2
RN 50% Fidr, 2R KRR TERAT ] & LA

i A BRI, g-CsNW/BiFeOs GUK R & e A B 1 M FHR R G 2 SV E BE I 22 50
310 1PN I SO 1l I | oA = /0= Ree W 2 VAT o 4 R AR SO o 12 R i = o1y VA L 2
KANEERESUEEFEITE S, A AR RERITISE AT MTE L —

4 BiysFeO4o/rGO & 491 ¥ WL B bt 8B 3

VBRI & 8 SR SRR, BRIR B T L S B B M R 2 I AR S 512 T 09T
BRI D4R, BiFeO; & —Fhi WL I S RV ES AR S5 kR Bk 7 335N R I Bk H M D 2k
PEPU, l T HE AR AR SR (K 2.2 eV)PH, BiFeO; W 1E Jy— il 8 B (1 ] W o6ma S AL T4
HLA R B AL o A K ) R

HEERD A BiFeOs AL, R HRIEIR DA SRR TE BipsFeOuo b, AR EAE AR,
R BEIEI Y, E NEFRHOGEEM R .. O E R R E KR H % T
BiysFeOyo i, R T H G MR, B BiysFeOu BA A NAE W TEE (1.8eV), BE—H
HAA N AT (AT e AR, VA SR (R AR L A, BiasFeOu 75 T GRS T B A L
el FIRE B B (e AR PED . 55 B BRI K 5L, BipsFeOuo A2 BA MUMRENE (P, X —11
SR Z GG 30 B SR T AN I B

BRI B B ERRATRE, ORI R AR TS (1 S S T R E AR AR
SRIM, 70 S ORFIA S84 2 TS SRA7 1026 1 55 A AH AR FRIAS 78 2 ) S Th B e, 1T A 08 A S M
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