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Preparation and Catalytic Properties of Graphene-Bismuth
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Abstract: BiFeO; (BFO) is a novel recyclable photocatalyst which benefits from its appropriate theoretical band
gap and room temperature ferromagnetism, yet the relatively high recombination rate of photogenerated
electron-hole pairs and low quantum yield limit its practical catalytic performance. Here, a composite material of
reduced graphene oxide and BiFeO; nanocrystals (RGO-BFO) was successfully prepared via a hydrothermal
self-assembly process with about 10wt% RGO loaded 85wt% BFO nanocrystalline (~10 nm). Specific surface area
of the composite is about 5 times of that of pure BFO particles. Furthermore, this nanocomposite demonstrates the
enhanced ultraviolet absorption behavior as well as its intrinsic visible light absorption, with an energy gap (£,) of
2.0 eV, which is about 10% lower than BFO particles (2.3 eV). As a result, a significantly higher catalytic efficiency
of nearly 100% of the RGO-BFO was obtained as compared to the 25% value of BFO after a 40-min process of
adsorption and photodegradation for methylene blue. The improved performances may be attributed to the
additional photogenerated electron-hole pairs and lower recombination ratio, which can be proved by the result of

photoelectric response. As an intrinsically ferromagnetic material, it could be easily recycled from the solvent
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system, and its repetitive catalytic efficiency maintained 89.1% after 6 cycles, showing a good catalytic stability.

K ey wor ds: bismuth ferrite; nanocrystals; graphene; catalytic degradation
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Fig. 2 Morphology and composition characterizations of RGO-BFO nanocrystal nanocomposite
(a) SEM/EDX; (c-d) TEM/SEAD and (e-f) AFM
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Comparision of specific surface area between RGO-BFO composite and BFO
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Fig. 3  Structure and composition analysis of RGO-BFO nanocrystal nanocomposite
(a) XRD patterns; (b) FT-IR spectra; (c) Raman spectra; (d) TG curves; (e-f) XPS peaks
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Fig. 4 Physical properties and photocatalytic MB degradation performances of RGO-BFO nanocrystal nanocomposite
(a) M-H magnetic curve; (b-c) UV-Vis absorption spectra and calculated result of optical band gap; (d) Absorption spectra of MB
solution under various time nodes; (¢) Degradation effects of various controlled samples; (f) Cyclic performance of the composite



730 AL M OB IR

36 %

TN AT B8 05 5 WL B 2 Mk RESE B K, X AT RE 2 i
TR G A AERENE S BAEA T, A R R
B AR 3 5 T AR R AR AR REE o T L & B M RE
RGO-BFO E & MRS T Wb, I FH G T K A
A0 PR o 4y 9 SR B R AR IR, AT 5 240 B
A, B 4(b, ¢)/& RGO-BFO & A M EHI £ 4b—1T W
(UV-Vis)I otk Jon 2k & MKl 4(b)A] &1, BFO
RAE 421 nm KA F RIS, X2 BT 450 A
woE S e AR B TR (02p27_>Fe3d3+)[26]; [iii}
RGO-BFO & & M KA AT WL 6 W e 9% Bt # &
394 nm, T HAEEAMEHE B (352 nm) =4 T Ko
e, BB RGO BEA RIR 2 &M BB IE
W i B2 R4 SR R E L, BRI R TH T RGO-BFO
AWM EHE BFO ANE AT WG A P B, 17 L3658 1
MGG ), X TTRE S A B RAR & R
Je AL SRR K A B RE A DG . S, i
UV-Vis Y AT 5 H1 RGO-BFO #4 B8 45 55 1
AR E E, vl Ll I () TR AR 2
(Ahv)*=B(hv-Ey) (1)
Horfr, by G T HERE Eppon(eV), 4 ORI, B
KGR R S M H B By A AR FE
Ephoton NI AAFR ST B, H V)Mo MR F

FIt7R « R FA AR [ J5 251 4 BFO M EHI E fH M 2.3 eV,
I RGO-BFO E &M KLY E (BN 2.0 eV, a2k
IR/ 10%, XU RGO W& TH
HMEMR RO PERE . A5 T8 B 9N B T3
SO T B S, JERRE T A EHE, A R
Hby 1 B (A 70 B AL TR 1

BT UL A, AR B SR AN A B i
KLy 7 MB B4 RGO-BFO 402K 5 & &A1 kHE
FEAEALERE o Sl A RHTE I =5 o 458 4 2 0% K B[]
DA R3S I B P12 J5 PRk AT A B AR . 7R
ARG BE AR FE G MB 7E 464 nm AL K4y
BT A [) B TB) A4 ) 1) B G D R A80R, &5 SR 4(d)
Fiiome B 4 @) n] DUE H, Bl A 58 A0 B g it )
MFIFEK:, 7F 464 nm Kb MB W UACUs i B BRI T F%,
RPEEMEMELA B A S s BEE R
fift J5 MBI FE T BRAR, A MEHE 464 nm &b 1)
WS SO B O Tl R AE R RS, R L 275 nm AR
U 2K, X5 MB [ AR Ja JLH04E I R R A 5P,
Pl I L C/Co(Co FKx MB I MHIMGIEE, C
FTR SR ¢ I 205 VAU B BE I R AR AL I R, o
BT gk 2 A MRV R R~ BFO 9 2K §5 kL
(~50 nm/~30 nm)FIEE AR AR, 45 R aE 4(e)

Fizm e WCTH B &5 BT &0, RGO-BFO 9k B &
& 2 17 5 B R B s (23.1%), 4 B B RGO
(7.4%)- 50 nm (5.4%) 5% 30 nm (8.7%) /) BFO Fiki
R 15.7%. 17.7% K% 14.4%; HLL RGO 5
50 nm/30 nm BFO UKL Bt 28 2 FIk 43 5l ey HY
10.3%5 7.0%, BHE G FRF RGO 5 BFO gk
i AR T T R AR I, AR A B A PR AR T kA
W BHER o« 5348, BFO GRoKFTURE I W B 255 B kL
JST sk /N 1 W A3 K, I T RO /DS, L
KTAeHRm, AR TR WK ARLS R T
A1, RGO RAMEPEfE MB A8 /740 L X ELAE 7T DL 22
WA, FCRIET 3%, BRI T 8%; MARN
~I BFO FiR 25 A G (A R B AR A I (2 23%), &
BCRLI N 28%. AL &, RGO-BFO 40K i & A 44
B 10 min RAMEFEFE MB RCRHUE B2 60%,
40 min F&f# MB ZCR A R1Z) 80%, UiH EALR
R AN e B AR BE . S b, I b A B AR
RGO-BFO & & MR A B fif %450 100%, 2 1
F RGO 1 BFO 41Kk i AR 5505

W YERe 4 R A RI VA FI T RGO-BFO &
MR IA ST b 73 B R T T H R A . ] 4(6)
Fii7~ RGO-BFO 9K i 2 A M EHEFAME A 6 IRk
B2k R, AR 5y )IE B AL TE 1 1Y) 98.7 %
96.7%- 95.8%- 91.7%-. 89.5%}% 89.1%, #KIR{#HF
B MEALTE T, Y RGO-BFO 9k E A1k &R
s —MvERe A B HAEFR L 803 @ i s A
24 BN S

RGO-BFO 4K it & & Mk B A BR R i
etk fe 2 H T A S IG B A5 &40, Ry FhRed
b - BEAH EAE F R B 2 RGO K H; [FE RGO 3%
T3 Ji 7= A2 () S5k B T T B PR A i, AT 7 L )
W Bt B8 22 R ekl 1 B v R A S AV R, A
T AR B P [RIVE 3G 58 T 2 &R . R
AN A IR IR S BT 4T T BFO MR &
R RN A AR, A RWE SR, M
BT DUE H, TER MRS RGO-BFO H &4
BHP G I 20K, MR AR — M aeE; MiE
RSB, S R SO TR, AN SRR DLES .,
[@] i, RGO-BFO & &K' LI 58 FE & BFO 17 6
%, T R S R O IR R A I B
I BB AR OGS S A A H I i B P - R
HEE ., AR K, % RGO-BFO E4&
1 RAEER AP IR R 7= A (1 HE S O B A7
TEI A I BFO R, T 25 7O SR AR R
TR MPERE . X2 T A BB A RLOK o



El i

BRSO SRR K i R G ORI 2 S LR R RERT T

ol® UVen UVoeff  RGO-BFO
e v v
@
<8
k=
j>)
54
Q
S
Q
=
=¥

0

1 1 I 1 I 1 1 1
0 20 40 60 80
Time /s

100

731
®
H,0+CO,
Dye /OH- HO'
ht Degradation
Seperation
R K/ Recombination

K5 RGO-BFO 4K & & & A4 KL L ma N2 AL ]
Fig. 5 Photoelectric response mechanism of RGO-BFO nanocrystal nanocomposite
(a) Photogenerated currents of the controlled sample; (b) Degradation mechanism of the nanocrystal composite
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