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In order to further improve the photocatalytic performanceof BiFeO; (BFO),
novel Au-induced hierarchical nano bers/nano akes stru¢ured BiFeQ; homojunctions
(Aw-BFO, x D 0, 0. 6, 1.2, 1.8, 2.4 wt%) were in situ synthesized through
a simple reduction method with assist of sodium citrate unde the analogous
hydrothermal environment. The effect of loading amount of \nanoparticles (NPs) on
the physicochemical properties and photocatalytic actity was investigated in detail. The
Auj »2-BFO NFs sample show the best photocatalytic activity (85.6%), much higher than
that for pure BFO samples (49.49%), mainly due to the hierahnical nano bers/nano akes
structured homojunction, the surface plasmon resonance (BR) effect of Au NPs, as
well as the presence of defects (F&/Fe3C pairs and oxygen vacancy). Furthermore,
the possible formation mechanism of the unique homojunctio and the enhanced
photocatalytic mechanism for the degradation of methylenélue (MB) dye are proposed.
Itis proven that holes (i) play the decisive role in the photocatalytic process. Therpsent
work provides a fascinating way to synthesize ef cient hompunctions for the degradation
of organic pollutes.

Keywords: bismuth ferrite, homojunction, SPR effect, defects, p hotodegradation

INTRODUCTION

Nowadays, energy crisis and environmental deterioratissués are severely detrimental for
economic development and human healtvgéng et al., 2013 Semiconductor photocatalysis as
an e cient and green technology can convert solar energpiclhemical energy to dispose of these
issues \(Vang et al., 2013; Wang H. et al., 2D1In order to fully exploit the solar energy, it is
necessary to explore visible light responsive photocatalyisewcellent photocatalytic activities
(Zhang et al., 2097

Among the variety of visible-light-driven semiconductor tegals, BiFe®@ (BFO) has attracted
a great deal of attention due to its narrow band gap (2% eV), good chemical stability and
low cost {Vang et al., 2013; Niu et al., 201%n addition, the room temperature multiferroic
property makes it easily recovered from the treated water tadethe secondary pollutiondhang
et al., 201). However, the rapid recombination rate of photogeneratetdi&bn-hole pairs and low
guantum yield limit its practical application-uo et al., 2011; Srivastav and Gajbhiye, 2012; Niu
et al., 201h Therefore, much e orts have been made to improve its photalyéic performance,
such as element dopin@g\(ang et al., 2012; Ahmada et al., 2017; Irfan et al., 2010, &fead., 2018
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morphology control lohan and Subramanian, 2013; Zhang Q.methylene blue (MB) dye over At BFO NFs under simulated
etal., 201} noble metal depositiori( S. et al., 2013; Zhang et al., solar light irradiation.
2015, and semiconductor coupling-{ Z. et al., 2013; Humayun
etal., 2015 _ _ EXPERIMENTAL
Compared to that of bulk materials, the reduced radial
dimension and the extremely large surface-to-volume ratid®reparation of Au x-BFO NFs
of one-dimension (1D) nano brous structure can promote BFO NFs (Ay-BFO NFs,x D 0 wt%) were preparedia a
the rapid transfer of photogenerated charge carriers to theol-gel method combined with an electrospinning technique.
surface, and thus enhance the separation e ciendy €. All the chemical reagents used for the synthesis were aoalyti
et al., 201R Furthermore, the perpendicular transport direction grade. Bismuth nitrate (Bi(Ng)3 5H>0) and ferric nitrate
of photogenerated electrons and holes can further e ectivelyFe(NGs)3 9H,0) with the Bi: Fe molar ratio of 1.11:1 (to make
inhibit the recombination of photogenerated electron-hplgEirs  up for the loss of Bi ions during the calcination process) were
(Mohan and Subramanian, 20)L3Therefore, the synthesis of dispersed in methylglycol by ultrasonic to form a homogereou
BFO sample with nano brous structure is in favor of enhancingsolution. Then the viscosity and pH value of the solution were
the photocatalytic activity. adjusted by 2.5mL of glacial acetic acid, called solutiog Af
Noble metal (e.g., Ag, Au, Pt, etc.) deposition is also apoly(vinylpyrrolidone) (PVP, Mv D 1,300,000) was added to the
e cient way to enhance the photocatalytic activity i(et al., mixed solvent of N'N-dimethylformamide (DMF) and ethanol
2015; Niu et al., 2015; Zhang et al., 20JAmong them, Au  with the volume ratio of 2:1, called solution B. Solution Bswa
nanoparticles (NPs) exhibit excellent a chemical stabditd a added dropwise to solution A with constantly stirring for 24 h
characteristic absorption peak in the visible wavelength eangto form the pre-spinning solution which has a pH of 2.0. The
due to the strong surface plasmon resonance (SPR) elect (pre-spinning solution was loaded into a plastic syringe cotedc
S. et al,, 2013; Li et al., 201Fhe deposited Au NPs can not with a stainless needle and then xed onto the electrospinning
only act as electron-trapping centers to reduce the recontlzina system. An optimized high voltage of 15 kV was applied to the
rate of photogenerated electron-hole pairs, but also can sct aeedle with the ow rate of 0.4 mL/h. The distance was 20cm
light harvesters enhancing the light absorbing ability sa&l from the needle to the rotating drum collector. The as-spun NFs
catalytic sites for the photocatalytic reactionir( et al., 2017; were dried at 60C for 4 h, calcined at 35C for 30 min with a
Chiu et al., 201p Signi cantly, the formed Schottky junctions heating rate of 2C/min, and then calcined at 60C for 120 min
between Au NPs and BFO nano bers (NFs) can adjust thavith a heating rate of 3C/min in air.
interfacial band structure and thus promote the separatiod an ~ Au NPs deposited BFO NFs (A&BFO NFsx D 0.6, 1.2, 1.8,
transfer of photogenerated charge carriers. 2.4 wt%) were synthesized by a simple reduction method with
In comparison with heterojunction built with dierent sodium citrate. In a typical procedure, 57.38 mg of BFO NFs were
semiconductors. Besides the band alignment of tworst dispersed in 50 mL of deionized water, followed by adding
semiconductors, the creation of heterojunctions is als@ certain amount of HAUGI (3 mmol/L) and sodium citrate
dependent on other properties of semiconductor, such ag0.04 mol/L). Then the suspension was kept stirring at Tfbr
electron anity and work function (Ye et al.,, 2007 The 30min in oil bath. After cooled to room temperature naturally,
homojunction is constructed by the same semiconductothe obtained products were centrifuged, washed with deixhiz
materials with dierent crystal phases, exposing facets owater and absolute ethanol for several times, and then dated
semiconductor typesetc, which can avoid the disadvantages of80 C for 24 h. The loading amount of Au NPs on BFO NFs were
heterojunction fabrication lluang et al., 2017 The enhanced 0.6, 1.2, 1.8, and 2.4 wt% (mass ratio of Au to BFO), which were
photocatalytic activity of heterojunctions or homojunati® de ned as Ay sBFO NFs, Ay >BFO NFs, Ay gBFO NFs, and
is mainly dependent on the space charge accumulation oku,4BFO NFs, respectively.
depletion at the interfaces of two phase& (et al., 201)/The
homojunction structure can also introduce an internal eld Characterization
to e ectively facilitate surface charge separation, retangé t The phase structures were identi ed by X-ray di raction (XRD;
recombination of photogenerated carriers, and thus remhlkka D8 Advance, Bruker AXS, German) with Cu Kradiation
improve the photocatalytic performance. However, there ane fe (I D 1.5418 A) at 40 kV and 50 mA in a Zanging from 20 to
reports on the fabrication of BFO homojunction, especially fo 70 . The morphologies were observed by eld emission scanning
the aspect o situ synthesis. electron microscope (FE-SEM; Sirion 200, FEI, USA). The
In this work, an distinctive Au NPs deposited BFO transmission electron microscopy (TEM) and high resolution
homojunction, in which BFO nano akes are assembled onTEM (HRTEM) were performed at a eld emission transmission
the surface of BFO NFs, was situ synthesized through a electron microscope (TEM; Tecnai G2 F20 S-TWIN, FEI, USA)
simple reduction method under the analogous hydrothermalwith an accelerating voltage of 200 kV. UV-vis di use re ecten
environment. The e ect of loading amount of Au NPs on spectra (DRS) were measured at room temperature by UV-Vis
the physicochemical properties and photocatalytic activitg waspectrometer (UV-Vis; UV-3600plus, Shimadzu, Japan) with the
investigated in detail. Furthermore, it proposed a possiblevavelength range of 350—800 nm using Ba$® a re ectance.
formation mechanism of the unique homojunction and the The measurements of magnetic properties were carried out by
enhanced photocatalytic mechanism for the degradation cd superconducting quantum interference device magnetomete
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(FM, MPMS XL-7, Qunatum Design, USA). The elementobvious change of the nano brous structure for BFO NFs with
chemical states were characterized by X-ray photoelectrohu NPs deposition, but some thin nano akes are embedded in
spectrometer (XPS; PHI-5300, PHI, USA) with an Al K-ray the surface of nano bers, and the number of nano akes insesa
radiation. The photoluminescence (PL) spectra were measuredth the increase of the loading amount of Au NPs.

on the uorescence spectrophotometer (PL; Hitachi F-4600, The EDS mapping is performed to clarify the chemical
Hitachi, Japan) with the excitation wavelength of 230 nm and @omposition and element distribution in Au-BFO NFs, as

150 W xenon lamp as the light source. shown in Figure 3 It can be clearly seen that Bi, Fe, and
. o . O elements are uniformly distributed throughout the single
Photocatalytic Activity Evaluation nano ber (Figures 3A-D). Au NPs are dispersed well on

Twenty ve milligram of Au-BFO NFs were added to 30 ML BFO NFs, instead of agglomerating togethigig(ire 36). More

of 10 mg/L MB solution with ultrasound for 10 min. After importanﬂy' The EDS resu]tmgure 39 recorded at the €”
stirring in the dark for 30min to reach the adsorption- position in Figure 3A shows that the main elements of the
desorption equilibrium, the suspension system was exposed fano ake are Bi, Fe, Au, and O. It is worthy to note that the
simulated solar light irradiation (CHF-XM-500W xenon lamp, atomic ratio of Bi/Fe is almost 1:1, nearly correspondingtte t

Beijing Perfactlight Company, China). During the photocgt&l  composition of BFO. The trace amount of Au shows that Au NPs
reaction process, the suspension was taken out at every 30 mife also deposited on the nano ake.

interval and centrifuged to remove the photocatalyst. The MB |n order to further illustrate the morphology and
concentration was measured by a UV-vis spectrophotometer ahicrostructure of pure BFO NFs and Au-BFO NFs, TEM

the wavelength of 666 nm. technology is used. As shownfigure 4A the pure BFO sample
is nano brous structure compactly packed with nanoparticles.
RESULTS AND DISCUSSION The HRTEM image inFigure 4D is collected from the square
. area in Figure4A The interplanar spacing of 0.278nm
XRD Analysis corresponds to the (110) lattice plane of the rhombohedral

The XRD patterns of AvBFO NFs kD 0, 0.6, 1.2, 1.8, 2.4 Wt%) peroyskite BFO structureFigure 4B shows the TEM image
are shown irFigure L All the di raction peaks of pure BFO NFs

can be indexed to the rhombohedral perovskite structure with
R3m space group of the BiFe®hase (JCPDS card no. 86-1518
(Chen et al., 2007 The strong di raction peaks also imply the
good crystallinity. In addition, the crystalline struces of BFO
NFs are not changed after depositing Au NPs.

Microstructures

Figure 2shows the SEM images of pdBFO NFsk D 0, 0.6, 1.2,
1.8, 2.4 wt%). It can be seen frdrigure 2A that the pure BFO
NFs exhibit an uniform nano brous structure with compactly
packed and continuous nanoparticles. The diameter of BFO NF-<
is about 100-200 nm. As shown [rigures 2B-E there is no

BFO JSPDS 86-1518 Au JSPDS 65-2870

A Au, -BFO NFs

A Au, -BFO NFs
A “ Au, -BFO NFs
, “ Au, -BFO NFs
A A BFO NFs

(012) (104) (110)  (111)  (200)(024)
| 02) (116)  (018X300)  (220)(220)
! |
T M 1 M T M 1

20 30 40 50 60 70
26 (°)

Intensity (a.u.)

FIGURE 2 | SEM images of Ak-BFO NFs:(A) x D 0 wt%, (B) x D 0.6 wt%,
FIGURE 1 | XRD patterns of Ag-BFO NFs & D 0, 0.6, 1.2, 1.8, 2.4 wt%). (C)x D 1.2 wt%, (D) x D 1.8 wt%, (E)x D 2.4 wt%.
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FIGURE 3 | (A) The SEM image of a single representative Au,-BFO NFs, the corresponding elemental mappings ofB) Bi, (C) Fe, (D) O, (E) Au elements, and(F)
EDS pattern.

FIGURE 4 | TEM and HRTEM images ofA,D) pure BFO NFs and(B,C,E,F) Au; »-BFO NFs.

of Aui12>BFO NFs. It can be seen that the morphology isto conrm the structure of nano akes, the HRTEM is used,
still the nano bous structure. However, the surface of theand the result of which is shown iRigure 4E The interplanar
nano ber becomes rougher and the composed nanoparticlespacing of 0.397 nm is ascribed to the (012) lattice plane of the
appear to be more prominent after depositing the Au NPsrthombohedral perovskite BFO structure, further implying tha
on the surface of BFO NFs. Furthermore, new nano ake-likehe new formed nano ake-like structure is indeed BFO phase.
structures are formed and embedded in the BFO NFs. In ordefherefore, homojunctions will be formed between BFO NFs
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FIGURE 5 | Scheme of the possible formation mechanism of Au NPs deposid hierarchical nano bers/nano akes structured BiFeO3 homaijnction: (A) the BiFeO3
dissolution process, (B) metal-chelate complexs formation process(C) Au NPs and nano ake-like BiFeO3 structure formation process

FIGURE 6 | XPS patterns of the Ay 2-BFO NFs: (A) overall XPS survey(B) Bi 4f, (C) Fe 2p, (D) O 1s, and (E) Au 4f.
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and BFO nano akes. Fronfrigure 4B there is no obvious Au 2013. Therefore, the generated HCI can decompose the BiFeO
NPs deposited on the BFO surface. In order to clearly obserte generate Bf and FEC ions in the solution Figure 5A).
the deposited Au NPs, the magni ed TEM image is shown inin particular, the decomposition reaction prefers to occur
Figure 4C It can be seen that Au NPs with the size of aboutat the defects on the surface of BFO NFs where the higher
5nm are indeed deposited uniformly on the BFO surface. Theurface energy have. The defects may be generated during the
according HRTEM image is shown Figure 4F The interplanar  oxidation decomposition of organic material (PVP) under the
spacing of 0.236 nm matches well with the (111) lattice plane dfigh calcination temperature. Secondly, the citrate presetite
the cubic Au structure\(Vang P. et al., 20)7 solution can act as a chelating agent to react wify BF€©, and

The possible formation mechanism of the Au NPsAu®C ions to form stable metal-chelate complex&g(re 5B).
deposited hierarchical nano bers/nano akes structured BF In addition, due to the presence of defects, the citrate can
homojunction is proposed irfFigure 5. Firstly, the HAuC} is  anchor on the surface of BFO NFRgl(dunkotuwa and Grassian,
decomposed to Au@land HCI in the aqueous solution. BiFgO 2010. Finally, the uniform Au NPs and nano ake-like BFO
being regarded as the product of a combination 0@ and  structure are formed on the surface of BFO NFs under the e ect
FeO0g;, is soluble in the weak acidic environmeriigkar et al., of the citric acid in the analogous hydrothermal environmen
(Figure 50). With the increase of the HAuGl content (the
increase of the loading amount of Au NPs), moréBand F&©
ions pass from the defects on the surface of BFO NFs to the
solution, and more nano ake-like BFO structure are formed.

XPS Analysis

The chemical state and elemental composition of; ABFO

NFs are analyzed by XPS technology. According to the overall
XPS surveyKigure 6A), only Bi, Fe, O, Au, and C elements
can be detected in the sample. The peak of C 1s located at
284.5eV is used for calibratiobfu et al., 2015; Chen et al.,
2016. As shown inFigure 6B, the two peaks centered at around
158.11eV and 163.42 eV can be assigned to the binding energy
of Bi 4f;— and Bi 4f=, respectively. It is con rmed that the
bismuth species in Aux-BFO NFs is the oxidation state @f3.

From the high resolution XPS spectra of Fe 2pHigure 6C

the three peaks located at 710.79, 717.12, and 723.20eV can be
ascribed to the Fe 2p, satellite, and Fe 32p peaks, respectively.
FIGURE 7 | M—H hysteresis loops of Ak-BFO NFs « D 0, 0.6, 1.2, 1.8, 2.4 In addition, the Fe 2p- peak can b? tted mto_ two peaks
wt%) measured at room-temperature; the inset shows the parally magni ed located at 711.05 and 709.11eV, which are attributed & Fe
curves. and FéC species, respectivel( et al., 201) The presence of
FEC species may come from the reduction offfespecies by
citric acid under high temperature environment. In order tceet

FIGURE 8 | UV-vis DRS spectra of A4-BFO NFs & D 0, 0.6, 1.2, 1.8, 2.4 FIGURE 9 | PL spectra of A-BFO NFs & D 0, 0.6, 1.2, 1.8, 2.4 wt%) at the
wt%); the inset shows the corresponding band gap energies. excitation wavelength of 230 nm.
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the requirement of charge equilibrium, oxygen vacancy sthou When Au NPs are deposited on the surface of BFO NFsMbke

be formed accompanied by the €especies. The O 1s curve value is enhanced with the increase in the loading amount of
in Figure 6D can be splitted into two peaks with Lorentzian- Au NPs. TheMs values are 1.07, 1.19, 1.22, and 1.27 emu/g for
Gaussian function. The peaks at 531.51 and 528.96 eV can BEO NFs with the loading amount of Au NPs &fD 0.6, 1.2,
ascribed to the surface adsorbed oxygeg@and lattice oxygen 1.8, and 2.4 wt%, respectively. The gradually enhanced niegnet
(Oiatt) species, respectivelBifarathkumar et al., 2016; Chen properties of Ay-BFO NFs could be attributed to the new
etal., 2015 The QygsSpecies may originate from the —OH groups formed nano ake-like structures, where the con ned diméunss
bonded to the metal cations in the oxygen defcient regiGng (15 nm) facilitate the enhancement of FM propertiésh@uhan

et al., 2016; Sun et al., 2Q1which can be converted to oxygen- et al., 201p. In addition, the rather large magnetic moment of
related free radicals to participate in the photocatalytictiesm.  Au NPs explains the enhanced magnetic properties with increase
Moreover, the more @ysspecies usually mean the more oxygerin loading amount of Au NPsealon et al., 20)2 From the
vacancies it possesses, and also the better photocatatytityac inset ofFigure 7, an obvious o -center displacement in magnetic
From Figure 6E the binding energies of 83.69 eV and 87.40eVeld axis is shown in theM—H curves. This can be ascribed
are ascribed to the Au 4% and Au 4§ peaks, respectively, to the exchange bias (EB) e ect of antiferromagnet (AFM)
indicating that the gold is present in the form of metallic - FM ordering in BFO NFs, where the AFM-core/FM-shell-
gold (Auo) in the Au; »BFO NFs. This can be ascribed to thelike structure can be formed in the well-de ned 1D structure
reduction by citric acid under high temperature environment (Sakar et al., 20)6Compared to that of the pure BFO NFs,
Therefore, the metallic gold have been successfully dedamite the o -center displacement of AuBFO NFs is relatively less
the surface of BFO NFs. Whereas, the binding energies of A 4f pronounced, which is ascribed to the enhanced FM spins caused
the Au; >BFO NFs are 0.3 eV below the standard binding energpy the emergence of nano ake-like structures.

of a metallic gold foil Jovic et al., 20)3indicating the existence
of electron transfer from BFO NFs to Au NPs for the di erent
Fermi levelsl(i S. et al., 20)3In addition, the loading amount
of AuNPs is measured to be 1.14%, almost equal to the thealeti
value of 1.2%.

Optical Properties

Figure 8 shows the UV-vis DRS spectra of ABFO NFs

c(x D 0, 0.6, 1.2, 1.8, 2.4 wt%) samples. It can be seen that
the pure BFO NFs exhibit excellent absorption in both UV
and visible light region. The absorption edge located at 575 nm
Ferromagnetism Analysis is due to the bandgap transition. When the Au NPs are
In order to investigate the e ect of Au on the magnetic property deposited on the surface of BFO NFs, the optical properties are
of Auk-BFO NFs, the room-temperature magnetic hysteredis (  obviously enhanced. In addition, the ABFO NFs exhibit a

H) loops are shown ifrigure 7. It can be seen that all BFO NFs weak absorption peak in the range of 6025 nm, which are
exhibit the weak-ferromagnetic (FM) characters, which i® du attributed to the SPR e ect of Au NP$/{la et al., 2016; Wang

to the suppressed cycloidal spin structure and the coexistenée et al., 201)7 The enhanced absorption in visible light is in
of FEC and Fé&C, thereby resulting in the FM spins in the favor of boosting the photocatalytic activity. Moreover, thand
system Ku et al., 2014: Modak et al., 201&he pure BFO NFs gap energies can be calculated from the plots of the {2 vs.
show the saturation magnetizatiotMg) value of 0.32 emu/g. the photon energyl( ) (Xu et al., 2015; Singh et al., 201the

FIGURE 10 | (A) Photocatalytic degradation ef ciencies of Ag-BFO NFs & D 0, 0.6, 1.2, 1.8, 2.4 wt%) on the degradation of MB dye under shnulated solar light
irradiation, and(B) kinetic linear simulation curves of MB photocatalytic degdation with Au.-BFO NFs & D 0, 0.6, 1.2, 1.8, 2.4 wt%).
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results of which are shown in the insetfiyure 8 The band gap Photocatalytic Activities

energies are calculated to be 2.11, 2.08, 2.02, 2.01, aheV1.9 Figure 10A shows the photocatalytic degradation e ciencies
for thex D 0, 0.6, 1.2, 1.8, 2.4 wt%, respectively. It is obviousf Aux-BFO NFs ¢ D 0, 0.6, 1.2, 1.8, 2.4 wt%) on the
that the band gap energies decrease slightly with the iserea  degradation of MB dye under simulated solar light irradiatio
the loading amount of Au NPs. The possible reason is that th€or contrast, the blank experiment without any photocatalyst
deposited Au NPs can produce some lower energy levels due it carried out under the same conditions. The result shows
the formed Schottky junction at the interface between Au NPshat the MB dye is hardly degraded under simulated solar

and BFO NFsRapadas et al., 20)L5 light irradiation. The degradation e ciency is only 2.77%ter
irradiation of 3h. When the pure BFO sample is added to
PL Analysis the reaction system, the degradation e ciency reaches to be

Photoluminescence (PL) spectra are extensively used to stufi9-49% after irradiation of 3h. However, the photocatalytic
the transfer and separation of photogenerated electron-paies ~ 2CtVity Is still relatively poor. Once Au NPs are deposited on

in the semiconductor material. The peak intensity can re ectth® surface of iF_O NlFS' tr:‘e phgtoc;]atalyt::: acti\éities_ Ok-Au
the capture, migration and transfer e ciency of photogenezdt BFO N'_:S are opviously enhanced. The enhanced activities can

. . . be ascribed to the hierarchical nano bers/nano akes stuied
electron-hole pairs. The lower PL intensity usually mears th

S . homojunction, the SPR e ect of Au NPs, as well as the presence
lower recombination rate of photogenerated electron-holega of defects (FE/FEC pairs and oxygen vacancy). In addition, the
and also the higher photocatalytic activityahg et al., 2008 P Y9 Y). !

It can be seen fronFigure 9 that the PL intensity decreases photocatalytic activity is increased and then suppressed théh

obviously once the Au NPs are loaded on the surface of BFI crease in the loading amount of Au NPs. When the loading
mount of Au NPs is 1.2%, the photocatalytic activity is the bes
NFs. Signi cantly, the PL intensity of Ayp-BFO NFs is the > P y y

with the photocatalytic e ciency of 85.76% after irradiaticof
lowest. This indicates that the deposition of Au NPs on thesh P y y ’

surface of BFO NFs can e ciently inhibit the recombinatior o '.I'o evaluate the reaction kinetics of the degradation of

photogenera;ed c_harge carriers, which may be attributedhad t MB, the plot of InCo/C) vs. time is plotted inFigure 108

the Schottky junction formed between Au NPs and BFO NFs cayhich shows the kinetics of the degradation process by the
e ciently promote electron transfer from BFO NFs to Au NPS, e photocatalysts which follow Langmuir-Hinshelwood pseud
and thus decreased the recombination rate of photogenerateghi order kineticsequation, InCo/C) D kt, where t is the
charge carriersl( S. et al., 2013 However, the PL intensity jrradiation time and k is the rate constant{u et al., 201}
increases when the loading amount of Au NPs is too muchThe observed calculated rate constants k in the presence of
This can be ascribed to the fact that the excess amount @fank sample, AWBFO NFs ¥ D 0, 0.6, 1.2, 1.8, 2.4 wt%) are
Au NPs can result in an increase of surface defects, whigg2g 10 3, 200.23 10 3, 411.46 10 3, 623.27 10 3,

can act as recombination centers for photogenerated char@s2.85 10 3, and 472.69 10 3h 1, respectively. which also
carriers, thus leading to the increase in the recombinat@ate. indicates that the Au>BFO NFs sample exhibits the strongest
Therefore, it is necessary to deposit an appropriate amount gfhotocatalytic activity among the AtBFO NFs ¢ D 0, 0.6, 1.8,

Au NPs on the surface of BFO NFs to promote the e cient 2.4 wt%) samples.

separation of photogenerated electron-hole pairs, thus ecingn In order to evaluate the stability of photocatalysts, the réeyc
the photocatalytic activity. experiment is carried out. After each recycle, the photogatal

FIGURE 12 | Active species trapping experiments of photocatalytic
FIGURE 11 | Stability evaluation for the photocatalytic degradationfoMB dye degradation of MB dye over the Ay »-BFO NFs under simulated solar light
in the presence of Ay »-BFO NFs under simulated solar light irradiation. irradiation with the addition of EDTA, TBA, and BQ quenchers
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are collected by simple Itration and washed with deionizednano bers with larger particle size\(eng et al., 2014 After
water and absolute ethanol. As shown kiigure 11, there is forming homojunctions between BFO NFs and BFO nano akes,
no obvious loss in photocatalytic activity after ve recyclethe staggered band potentials would introduce a new internal
test, indicating that Ay-BFO NFs photocatalysts have goodelectrical eld to provide a driving force to reduce the charge
stability during the photocatalytic degradation of MB dye @nd transfer barrier. The formed homojunction can promote the
simulated solar light irradiation. transfer of photogenerated holes{hfrom the VB of BFO NFs

In order to explore the possible reaction pathways duringo the VB of BFO nano akes, whereas photogenerated electrons
the photocatalytic degradation of MB dye under simulatede ) from the conduction band (CB) of BFO nano akes to
solar light irradiation, the trapping experiments are used tothat of BFO NFs. (2) SPR e ect of Au NPs. The enhanced
determine the main active species in this reaction systentocal electric eld in the near-surface region of BFO induced
Ethylenediaminetetraacetic acid (EDTA), tertbutyl alobfTBA) by the SPR e ect of Au NPs results in the further separation
and benzoquinone (BQ) are used as scavengers for holes photogenerated electrons and holes. The photogenerated
(h), hydroxyl radicals (OH), and superoxide radicals ©,),  electrons are thermodynamically favorable to transfenfrie
respectivelyChen et al., 2016; Qiao et al., 2017; Ji et al., 2018CB of BFO to Au NPs due to the Fermi energy of Au NPs
As can be seen frorRigure 12 when the TBA or BQ is added, is more positive than the CB potential of BFQI (S. et al.,
a slight reduction in MB degradation e ciency is occurred 2013. The formed Schottky junction at the interfaces can act
in comparison to the initial activity without addition of any as trapping centers for photogenerated electrons, contnilguti
scavengers, which means thad, and OH radicals are not the accumulation of photogenerated electrons at the surfdice
the main active species. However, the photocatalytic agtisit Au NPs and preventing the recombination of photogenerated
severely suppressed when EDTA is added to the reaction systesfectron-hole pairs. (3) Defects. The presence &f F&*C pairs
implying that photogenerated holes are the main active specigscated below the CB of BFO can act as electron/hole trapping

and play the decisive role in the photocatalytic activity. centers and thus reduce the recombination rafégng et al.,
2014; Verma and Kotnala, 20L& addition, the oxygen vacancy
Photocatalytic Mechanism can introduce the defect state energy level and e ectiveylete

On the basis of the aforementioned experimental and activéhe band structure, thus signi cantly improve the separatiin
species trapping results, the possible enhanced photocatalyfibotogenerated charge carrie®hang C. et al., 20)6Under the
mechanism is illustrated inFigure 13 It can be ascribed € ectofthese aspects, the photocatalytic activities are rieaidy

to the following aspects: (1) Nano bers/nano akes struedr €nhanced.

homojunction. It is well-known that nano akes with ultrath During the process of photocatalytic reaction, a few
structure possess higher valence band (VB) energy than that photogenerated electrons in the CB of BFO nano akes can

FIGURE 13 | The possible enhanced photocatalytic mechanism for the degdation of MB dye over Ai-BFO NFs under simulated solar light irradiation.
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react with oxygen molecules adsorbed on the surface tmainly attributed to the hierarchical nano bers/nano ake
form superoxide radicals O, ). The photogenerated electrons structured homojunction, the SPR e ect of Au NPs, as well
transferred to the Au NPs can react with ¥¢Fe’ pairs as the presence of defects 3E#e pairs and oxygen
and oxygen vacancy defects. Meanwhile, a little part ofacancy). This work provided a novel method to design
photogenerated holes in the VB of BFO NFs can oxidize the cient homojunctions with multiple functions in solar enesg
absorbed OH and H,O to hydroxyl radicals (OH) (Dong utilization.

et al., 2016; Hu et al., 20l Finally, the photogenerated holes

transferred the VB of BFO nano akes as well as the formeh UTHOR CONTRIBUTIONS

0O, and OH species can oxidation decomposition of MB dye
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Novel Au-induced hierarchical nano bers/nano akes sttuped  imaging and analyses. All authors have contributed to pregarin

BFO homojunction (Ay-BFO, xDO0, 0.6, 1.2, 1.8, 2.4 wt%) the review article.
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