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Abstract:

A novel ternary composite of graphitic carbon diri(g-GN,4) / graphene oxide (GO)
sheets / BiIFe®(CNGB) with highly enhanced visible-light photoaltic activity toward
Cr(VI) photoreduction is prepared and characteriZdet characterization and photocatalysis
experiments corroborate its reasonable band gdigieaf charge separation and transfer,
widened visible-light adsorption, easy solid-liquséparation, good stability and superior
catalytic activity of CNGB. Three CNGB samples watifferent ratios of g-eN, and BiFeQ
(CNGB-1, -2, -3 with 2:4, 3:3, and 4:2, respectWethough possessing different adsorption
ability, eventually remove all Cr(VI) ions via pleaatalysis within 90 min. The catalytic
efficiency of the composite is the highest at pHirireases in pH decrease the catalytic
ability. The inorganic anions such as SOCI, and NQ only slightly affects the
photocatalytic process. The matching of the bamdcsire between BiFe{and g-GNg4
generates efficient photogenerated electron magrdtiom the conduction band of g, to
that of BiFeQ@, which is also facilitated by the electron bridgiand collecting effects of GO,
and holes transfer from the valence band of Bf-®Cthat of g-GN4, yielding the efficient
separation of photogenerated electron-hole paid #re subsequent enhancement of
photocatalytic activity. The research provides eotietical basis and technical support for the
development of photocatalytic technologies for @ffe application in wastewater treatment

and Cr-contaminated water restoration.

Keywords. g-C3N4 nanosheets; BiFeDCr(VI) photoreduction; Heterojunction; Electradyt

ion
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1 Introduction

Cr is a common pollutant in industrial wastewatersduced by tanning, printing and
dyeing, and the fabrication of medicine and prestres (Mondal et al., 2014; Huang et al.,
2015; Liu et al., 2015b). As Cr-polluted wastewasehighly toxic and complex in chemical
composition, its pollution control has become apantiant part of water treatment research.
In water, Cr exists in the two main states of fewa Cr(lll) and hexavalent Cr(VI) (Kim and
Choi, 2011). Their morphological distributions nainly determine their behavioral
characteristics and toxicities in different mediat also affects their treatment methods (Li et
al., 2015). Cr(VI) is both mobile and highly tox{evang et al., 2014), while Cr(lll) is a
necessary trace element of the human body 100 tlessstoxic than Cr(VI); it can be
removed from water by the simple methods of préaiigin and adsorption [7, 8]. Therefore,
the typical process for treating Cr(VI) is reduci@g(VI) to low-toxicity Cr(lll) and then
removing Cr(lll) by precipitation (Kim and Choi, 20; Liu et al., 2014a; Huang et al., 2015).
Photocatalysis is an environmentally friendly tealogy that effectively reduces Cr(VI) to
Cr(ll) (Abdullah and Kuo, 2015). In this proceske photocatalyst determines the catalytic
efficiency, so it is important to find efficient ptocatalysts for removing Cr(VI) from
wastewater.

In recent years, g8l4, a metal-free polymeric photocatalyst with a Mesilight-region
bandgap and proper band edges, has been introdutlee field of photocatalytic treatment
and has attracted widespread attention (Fresnb, &t0d4; Zhao et al., 2015). The C and N
atoms in the g-6N, structure aresp®-hybridized, forming a highly delimited-conjugated
system (Shen et al., 2015). ThepNand Cp,orbits form the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecutabital (LUMO), with the band

positions of +1.4 eV and -1.3 eV relative to a nakimydrogen electrode (NHE), respectively
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(Liu et al., 2015a). The standard reduction po&trmf Cr(V1)/Cr(lll) is +1.38 eV, below the
g-CsN4 conduction band (CB). Therefore, from a thermodyicaperspective, the use of
g-CsNy4 for reducing Cr(VI) to Cr (Ill) is feasible (Zhargg al., 2015).

However, the application of gs8, in the field of photocatalytic treatment retaihg t
following two problems: First, the quantum efficognis low because of the high
recombination rate of photogenerated electron-lp@Ees. To improve the photocatalytic
activity of g-GN4, many new materials have been prepared, such as
Ag-Siy.oH1 5TapOp- HoO/g-GNy (Xin et al., 2016), g-eN4-TiO, (Sridharan et al.,, 2013;
Thankam Thomas and Sandhyarani, 2015)s§2ZnO (Liu et al., 2012), F-g-{Bl4 (Dong
and Zhang, 2013) and ®oping ultrathin g-GN4 (Li et al., 2018b). Second, @R, is
difficult to separate and recycle from solutionsudlly, the specific surface area is inversely
proportional to the particle size. Thus, the p&tgize of g-GN4 is minimized to increase its
specific surface area and thus improve its catafficiency. The separation of catalysts and
the purification processes for catalytic systenesamplex and costly. For this reason, some
magnetic materials, such aszBg(Zhou et al., 2013) and-Fe0O; (Xiao et al., 2015), have
been composited with gs84 to improve the solid-liquid separation ability dhe
photocatalyst.

BiFeO;, with a relatively narrow band gap (~2.2 eV), Hasth ferroelectric and
antiferromagnetic properties, as well as photogatabbilities under visible-light irradiation
(Wang et al., 2015; Sharma et al., 2016). CoupbilgeO; with g-GN,4 can form a new
composite. The magnetic material provides an atffectsolution of the problem of
photocatalyst recovery. In addition, the matchiagdpotentials between BiFg@nd g-GN4
permit easy migration of the photoinduced electiong-GN4to BiFeQ. The new routes for
photogenerated electron-hole pairs can suppressraienole recombination in the hybrid

composite photocatalyst, ensuring higher efficien€ythe electron-hole pairs (Wang et al.,
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2015). However, the direct coupling of ghG with BiFeQ; may limit electron transfer.
Graphene oxide, with its 2D ultra-thin carbon ndanadure and large specific surface
area, is an ideal nanomaterial as a scaffold cagrganomaterials on its nanosh€&igs and
Lu, 2011). Moreover, its excellent electrical coatikity can facilitate electrons storage and
charge transport in the photocatalysis system(Jera., 2011; Zhao et al., 2013; Hu et al.,
2016). Utilized as a scaffold carrying ghG and BiFeQ, the GO can provide a path or a sink
for charge migration and collection, enhancing tetectransfer and utilization efficiency and
electron-hole recombination. Meanwhile, GO can mewnany active sorption sites owing to
a large amount of oxygen-containing functional goun its structure, namely hydroxyl,
carboxyl, and epoxy groug€hen et al., 2015). Therefore, the coupling of kL BiFeQ;
and GO to form a ternary heterogeneous material sirayltaneously solve the above two
problems, thus promoting the application of gNgGbased materials in the field of

photocatalysis.

There are different views on the reduction mechanaf Cr(VI) by g-GNg4-based
materials. Most studies suggest that Cr(VI) is ested directly into Cr (lll) by
photogenerated electrons (Sridharan et al., 20iBeial., 2016). Hu et al. (2014b) attributed
the reduction of Cr(VI) to the direct transfer digbogenerated electrons and the indirect
transfer of electrons by <Q In addition, the study by Dong and Zhang (2018)veed that
F-g-GN4 formed by fixing the formate anion on the surfadeg-CiN4 could change the
surface potential and increase the adsorption (fICions. The F-g-GN4could also change
*O, -mediated indirect reduction to direct photogeremtatelectron reduction, thereby
improving the Cr(VI) photoreduction. Likewise, Weit al. (2016) also reported that
hydrothermally treated g8, in HNO; aqueous solution could induce one-step Cr(VI)

reduction directly by electrons owing to the chanf#s surface chemistry.
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In summary, although many studies on the photogatareatment of Cr(VI) have been
conducted, the photocatalytic mechanism of Cr(\)tlee surface of g-Dls;-based materials
requires further study. In this study, magneticaldsponsive BiFe©was coupled with
monolayer GO and g8, to form a g-GN4/GO/BiFeQternary coupling material (CNGB),
which has the characteristics of good stabilityeasonable band gap, high catalytic activity,
easy solid-liquid separation, and good visibledighsponse. The effects of environmental
conditions on the photoreduction of Cr(VI) by thBIGB were studied, and the microscopic
mechanism of Cr(VI) photoreduction was deeply itigag¢ed. This study has important

practical significance for improving the efficienofCr-contaminated wastewater treatment.

2 Materialsand methods

2.1 Synthesis of CNGB

All chemicals used in this study were analyticadag reagents. The g, powders
were prepared through the calcination of melammevyhich 30 g of melamine was added to
a crucible and washed by ultrapure water and eth&ext, the crucible was placed in a
muffle furnace and heated at 70for 40 min, then heated at 600 for 3 h. The obtained
light-yellow materials were ground to obtain gNg powders.

GO was prepared using the modified Hummers metivadd et al., 2010; Hu et al.,
2014a; Hu et al., 2016). Briefly, graphite powdeese firstly pre-oxidized by ¥5,0g, P,Os,
and concentrated sulfuric acid to obtain pre-oxdigraphite. Then, the pre-oxidized graphite
was deeply oxidized by concentrated sulfuric adégNG;, and KMnQ at different
temperatures. Next, the graphite oxide layers wseparated from each other by
ultrasonication to obtain the GO suspension.

The BiFeQ was prepared by the sol-gel process (Luo et @ILOP in which 0.08 mol
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ferric nitrate and 0.08 mol bismuth nitrate weresdived in 200 mL of 2-methoxyethanol,
and then 0.2 mL of 0.1 mol/L nitric acid was added100 mL of ethylene glycol, 0.08 mol
citric acid was dissolved, and this solution wadeatlto the above mixture. The solution was
heated and stirred at 60 °C for 1 h, and then deattd00 °C for 10 h to obtain a light-yellow
gel. The resulting gel was poured into a crucibte &eated at 200 °C for 30 min, then
calcined at 500 °C for 2 h. The product was coaled ground to obtain the BiFeO

The typical preparation of CNGB photocatalysts waasfollows (Wang et al., 2015):
appropriate amounts of these synthesizedN: (3 g), GO (0.5 g), and BiFe®3 g) powders
were firstly dispersed in 100 mL methanol assistedltrasonication for 3 h at 50. After
volatilization of the methanol in a fume hood angling at 80! for 6 h, the CNGB powder
(CNGB-2) was obtained. Another two CNGB composamples with different mass ratios of
g-GN4, GO, and BiFe@ (CNGB-1, 2:0.5:4; CNGB-3, 4:0.5:2) were preparedaading to
the methods described above.
2.2 Characterization

The phase compositions of the materials were aedlyzy X-ray diffraction (XRD)
using a D/max-2500 (Rigaku, Japan) diffractometeithwCu Ko radiation. The
microstructural morphologies of the materials wenearacterized by a QUANTA250
field-emission scanning electron microscope (FE-SH¥#I, USA). The surface elements
were analyzed using ESCALAB 250Xi X-ray photoelentrspectroscopy (XPS; Thermo
Fisher Scientific, USA). The magnetic properties tbE sample were measured by a
MPMS-XL-7 vibrating-sample magnetometer (VSM; QuantDesign Instruments, USA).

The samples were analyzed by a NICOLET 5700 Fotnamsform infrared spectroscope
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(FTIR; Thermo Nicolet Corporation, USA). Photolurestence (PL) spectra were recorded
on a FLS 980 fluorescence spectrophotometer (Edjmbu Instruments, UK).
Thermogravimetric (TG) curves were obtained usil®8>d Q600 thermal analyzer (TA, USA)
in atmospheric conditions from room temperatur&@00 °C (flux rate 100 mL/min, heating
rate 10 °C/min). Ultraviolet-visible (UV-vis) difae reflectance spectra (DRS) of the samples
were recorded on a U-4100 UV-vis diffuse reflectigpectrophotometer (Hitachi, Japan)
using BaSQ@ as the reference. The electron spin resonance)(Ei§Rals of the spin-trapped
radicals were examined on a JES FA200 spectronq#&L, Japan) using the spin-trapping
reagent 5,5-dimethyl-1-pyrrolind-oxide (DMPQO) under visible light irradiation.
2.3 Photoel ectrochemical measurements

The experiments were performed on a CHI 660D watkst with a three-electrode
model, namely the counter, reference and workiegtedde(Deng et al., 2017). An Ag/AgCl
electrode soaked in KCI solutions and a Pt eleetnodre used as the reference and counter
electrode, respectively. The working electrodesewfabricated as below. 0.02 g of prepared
sample was dispersed in 2 mL 0.25% Nafion solutiwaugh ultrasonic dispersion for at least
30 min. Then, 0.1 mL of aforementioned solution wiaspped onto a 1 cm x 2 cm FTO
substrate. Next, the extra part was scratched wshlgde to ensure the available surface area
of 1.0 cnf on the FTO substrate. Three electrodes were placed0.5 M sodium sulfate
electrolyte solution with a 300 W Xe lamp equippeith a UV cutoff filter illuminating the
coated samples to form a photoelectrochemical $gstem. Electrochemical impedance
spectroscopy (EIS) was similarly performed on ariofab workstation (AUT85812) using

abovementioned three-electrode model.
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2.4 Photocatalytic activity test

The photocatalytic performances of the samples rbvtlae photoreduction of Cr(VI)
were tested under visible light irradiation. A 300Xe lamp (CEL-HXF300, Beijing China
Education Au-light Co. Ltd) equipped with a UV cfitélter (A > 400 nm) was chosen as a
visible light source. Briefly, 200 mL of a 5 mg/lr@I) solution was added to a beaker, and
the solution pH was adjusted to the desired vaeadiing 0.01 or 0.1 M NaOH and HCI
solution. Then, 0.5 g samples of the as-preparadlyséss were added into the Cr(VI)
solutions. The resulting suspensions were magmigtstarred for 1 h in darkness to establish
the equilibrium of Cr(VI) adsorption-desorption dahe photocatalyst surfaces before
irradiation. At given time intervals, 5 mL sampleSthe suspensions were taken from the
beakers and filtered through 0.45% membrane filters for analysis. The concentratibn

Cr(VI) ions in the samples was determined by a g&csrophotometer at 540 nm.

3 Resultsand discussion

3.1 Characterizations
3.1.1 SEM

The morphologies of the as-preparedfN4 BiFeG;, and CNGB-2 were investigated by
SEM, and the results are shown in Fig. 1. As casda®m from Fig. 1a, the g/, appears to
form aggregated particles containing many irregataaller crystals (Liu et al., 2012). From
Fig. 1b, the BiFe@are composed of fine particles with grain sizeamgroximately 100 nm.
For the CNGB-2 heterojunctions (Fig. 1¢ and d), ititeoduction of g-GN4 and GO causes
interesting changes in the morphology of Bige®he GO sheets have typical fabric-like

shapes and crumpled nanostructures, while thgNy-Gas a layered structure with a few



208 stacking layers (Wang et al., 2015). The Big@@noparticles are randomly distributed on the

209  surfaces of the GO and gT;sheets.

WD | mag | det ‘ti\t‘ HFW . : HV WD | mag

210 20.00 kV[10.2 mm|20 000 x |ETD |0 °[14.9 pm 20.00 kV[10.2 mm |40 000 x |ETD |0 °|7.46 pm
211
212 Fig. 1. SEM images of (a) gsNa, (b) BiFeQ, (c) and (d) CNGB-2 heterojunctions.

213 3.1.2 XPS

214 To study the binding states and the elemental csmipos of the as-prepared ghG,
215 BiFe(O;, and CNGB heterojunctions, XPS analysis has beaducted (Fig. 2). As shown in
216  Fig. 2a, the survey XPS spectrum of CNGB shows tiratmain elements of the prepared

217  samples are Bi, O, Fe, C, and N. As reported inpoewious study (Hu et al., 2016), the main
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elements of GO are C and O. Therefore, C in therbginctions mainly originates from
g-CG3N4 and GO, while O mainly originates from BiFg@nd GO. The CdXPS spectrum of
the CNGB-2 obtained at high resolution is demomstiran Fig. 2b. This spectrum can be
curve-fitted into five different peaks at 284.484261, 285.30, 286.90, 288.01, and 289.0 eV,
corresponding to C-C (in GO), C-N (in gMG), C-O (in GO), C-0O-C (in GO), N-C=N (in
g-C3Ng) or C=0 (in GO), and O—-C=0 (in GO) groups, respett (Ma et al., 2012; Shen et
al., 2015; Hu et al., 2016; Wang et al., 2016).nrféig. 2c, the O 4. characteristic peaks at
529.81, 530.50, 532.45, and 533.28 eV are attiheit® the Bi—O (in BiFeg), C=0 (in GO),
C-0O (in GO), and O—C=0 (in GO) groups, respectiyBlgng et al., 2017; Wang et al., 2017).
From Fig. 2d, the binding energies of N dt 398.49 and 400.24 eV can be assigned to N
atoms sp>bonded to two carbon atoms (C—N=C) and bridgingogen atoms N-(G)
respectively (Xiao et al., 2015; Wang et al., 201&)om Fig. 2e, the Bif4spectrum is
deconvoluted into two peaks at approximately 15%88 164.54 eV, corresponding to the

binding energies of Bif4, and Bi 45/, respectively (Wang et al., 2017).
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Fig. 2 (a) XPS survey spectra of gNg, BiFe(;, and CNGB heterojunctions; High-resolution
spectra of (b) C4 (c) O X, (d) N s, (e) Bi 4 of CNGB-2 heterojunction.
3.1.3 XRD

Fig. S1 shows the XRD patterns of the g§NG; BiFeG;, and CNGB heterojunctions.
From g-GNg4, two diffraction peaks are located at 13.0° andi27Avhich can be ascribed to
the (100) and (102) diffraction planes of gNg (JCPDS 87-1526) (Xiao et al., 2015). For the
BiFe(O;, many major peaks are observed and can be asdigrffractions from the (012),
(104), (110), (006), (202), (024), (116), (122)18D, (202), (214), (300), (208), and (220)
planes of the single-phase perovskite structurBib&€O; (JCPDS Card No. 20-169) (Luo et
al., 2010). In the XRD patterns of CNGB-1, CNGBad CNGB-3, the major peaks of both
g-C3N4 (JCPDS 87-1526) and BiFeQICPDS Card No. 20-169) are seen, confirmingttiet
synthesized CNGB heterojunctions contain diffeanbunts of g-gN4 and the BiFe@
3.1.4 FTIR

Fig. S2 shows the FTIR spectra of the 4§N&; BiFeG;, GO, and CNGB heterojunctions.
For g-GN,, the absorption peak at around 808 tim attributed to the out-of-plane bending
modes of C-N heterocycles (Kang et al., 2012). déwks observed in the range of 1200-1600
cm’ correspond to typical aromatic C-N stretching atlims (Zhang et al., 2015). The peak
at 1639 crit is ascribed to C=N stretching vibration (Su et 2015). As for BiFe@ two
strong peaks are observed at 438 and 552, arnrresponding to the O-Fe-O bending
vibrations and the Fe-O stretching of kegboups in BiFe@ respectively (Luo et al., 2010).
The characteristic peaks of GO appear at 1103 (@-0), 1396 cii (C—OH), 1628 cn

(C=C in the aromatic ring), and 1718 ¢{C=0 groups) (Zhao et al., 2011; Ma et al., 2012).
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All peaks of g-GN4, BiFeG;, and GO are also present in the FTIR spectra ®GNGB
heterojunctions, which further indicates that th€sljl, and GO are successfully combined
with BiFeG; (An et al., 2016).

3.1.5VSM

To study the magnetic properties of CNGB-2, the metigation hysteresis curves of
BiFeO; and CNGB-2 were measured using VSM (Fig. S3). miagnetic hysteresis loops are
S-like curves. The saturation magnetization)(Moercivity (H) and retentivity (M) are 2.95
emu/g, 75.22 Oe, and 0.28 emu/g for Bige&hd 1.45 emu/g, 47.53 Oe, and 0.10 emu/g for
CNGB-2, respectively. Both samples have near-zestentivities, indicating that the
magnetization almost disappears when the exteragnsgtic field is removed. The BiFgO
and CNGB-2 exhibit superparamagnetic behavioroamrtemperature (Hu et al., 2014a),
which is important for the convenient recycling tiese heterojunctions. After the
photocatalytic process is completed, the CNGB-2hmgollected from the aqueous solution
by a magnet and the clear solution can be decarfit¢du et al., 2014a).

3.2 Investigation on charge separ ation and optical properties.

Serving as a charge bridge, GO can promote elettemsfer from CBs of gDl to
BiFeO; and holes in turn from VBs of BiFg@o g-GN,in the process of visible-light
photocatalysis, thereby inhibiting the recombinatod the photogenerated carriers (An et al.,
2016). It is confirmed through the comparison ddirge separation properties among 5>
g-C3N4-BiFe(Q;, and CNGB-2. PL spectroscopy is widely used tecestigate the separation
efficiency of the photogenerated carriers in phatakysis. Higher PL signals indicate lower

separation efficiencies for the photogeneratedtelas and holes (Deng et al., 2017). Fig. 3a

13
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shows the PL spectra of gy and CNGB-2 heterojunctions at the excitation wength of
400 nm. The g-eN4 and g-GN4-BiFeO; show comparatively strong PL intensity, while the
CNGB-2 heterojunction has a much lower PL signahe Tresults confirm lower
recombination probability of free charges in the @2 than other prepared samples by
employing GO nanosheet as a charge bridge betwe€Ng and BiFeQ. The
charge-transfer-bridge effect of GO can be furdwmroborated by the photocurrent-time (I-t)
curves in Fig. 3b which demonstrates better photeat response of CNGB-2 than
g-G3N4-BiFeO; and g-GN4. EIS measurement shows the photogenerated chamsdar at
solid/bulk interfaces and smaller arc radius cgagent lower charge transfer resistafhce
et al., 2018a) . Obviously, as shown in Fig 3c, dieemeter of arc radius lies in the order
CNGB-2> g-GN4-BiFeOs> g-GNy4, confirming that CNGB-2 heterojunction exhibits ge¥a
charge separation and interfacial charge trandfan tother pure or binary composite
materials.

The optical properties determine the ability ofhefocatalytic material to absorb light.
Therefore, the optical properties of the gNG; BiFe(;, and CNGB heterojunctions were
investigated and the results are shown in FigF8ain Fig. 3d, the g-§N, sample has a sharp
absorption edge at ~460 nm, attributed to thensiti band gap of g-Bl,(Wen et al., 2016).
BiFeO; shows an absorption edge at 642 nm. Comparecktg-BN, sample, the adsorption
band edge of the CNGB heterojunctions is slightlg-shifted under visible light, indicating
that the absorption of CNGB heterojunctions shiftsa lower-energy region. By coupling
BiFeO; with g-GN4, the photocatalyst can absorb more visible lighgenerate electron-hole

pairs, thereby improving the photocatalytic effimg (Wang et al., 2015). The band gaps of
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g-CsN4 and BiFeQare estimated as 2.70 eV and 1.93 eV, respectiValy.energy levels of
g-CsN4 and BiFeQ were calculated using the Mulliken electronegéativheory (Fan et al.,
2015; Liu et al., 2017). The CBs of gN; and BiFeQ are located at —1.13 eV and +0.58 eV,
respectively. The valence bands (VBs) of gNCand BiFeQ are at +1.57 eV and +2.51 eV,
respectively. The band gap of pure gNgand BiFeQ are narrowed by coupling them on GO
to form CNGB, among which CNGB-2, with the ratiog3gf>;N4 and BiFeQ at 1:1, possesses

the lowest band gap energy.
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Fig.3(a) Photoluminescence spectra, (b) Photocurrepbree density, (c) EIS Nyquist plots
of g-GN4, g-GN4-BiFeO; and CNGB-2 , (d) UV-vis spectra gy, BiFe(Q;, and CNGB-1,

2, 3.

3.3 Photoreduction of Cr(VI)

In order to evaluate the photocatalytic capabiityhe prepared CNGB heterojunctions,
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Cr(VI1) was selected as the target contaminant. [densag the characteristics of wastewater,
the material preparation process was firstly omedi and the influences of pH and
competing ions on the photocatalytic process weuglied. Furthermore, the recycling
performance of the CNGB heterojunctions was algestigated.
3.3.1 Optimization of CNGB heterojunctions

Fig. 4a illustrates the photocatalytic activities g-CsN4, BiFeG;, and CNGB
heterojunctions with different mass ratios for Q)(\h aqueous solution under visible light
irradiation. We can see that the gNzonly remove 14% of Cr(VI) by adsorption after 6Ghmi
After irradiation with visible light, the Cr(VI) igradually reduced; the removal efficiency
reaches 95% after 240 min. In the adsorption peBifleG; has a larger adsorption capacity
for Cr(VI) ions than g-@N,4, with approximately 36% Cr(VI) removal after 1 When the
system is irradiated with visible light, the phattadytic reduction rate of Cr(VI) is low and
the removal rate of Cr(VI) reaches only 54% aftdD Znin. However, the photocatalytic
properties of CNGB are much better than those of ggGN4 and BiFeQ@. From Fig. 4a, the
CNGB-1 has the largest adsorption capacity for Qr(While Cr(VI) can be completely
reduced by all three kinds of CNGB heterojunctiovithin 90 min. This means that the
different ratios of g-6N4 and BiFeQ only affect the interaction of the photocatalysttwihe
Cr(VI) ions, without significantly affecting the meoval process of Cr(VI). The CNGB-2 was
used as the photocatalyst in the following expenise
3.3.2 Effect of pH

The solution pH is important in the photocatalyirocess because it affects the aqueous

chemistry and the surface potential of the photdgst In general, the pH range of
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wastewater is relatively wide (Hu et al., 2014a)efefore, the influence of the pH on the
photocatalytic process requires study. Fig. 4b shtive effect of the initial solution pH on
Cr(VI) ion removal by the CNGB-2 heterojunction. \&en see that the pH value has a great
influence on the removal process. When the pH visliZ 100% of Cr(VI) ions are removed
within 120 min, and the removal rates are decreasatinuously with increasing pH value.
When the pH value is 8, only 35% of Cr(VI) iongeésluced. The Cr(VI) speciation (5 mg/L)
as a function of pH value, as calculated by thealisMINTEQ program, is illustrated in Fig.
4c. Under different pH conditions, Cr(VI) ions exis different forms such as Cg®,
H.CrO4(aqg), CeO;, and HCrQ (Hu et al., 2018). When 2.0 < pH < 6.0, HGrQs the
dominant form of Cr(VI). When pH > 6, the main fowh Cr(VI) ions is CrQ*". Compared
with neutral and alkaline solutions, HCyOis more easily captured by the CNGB-2
heterojunction and abundant iromote its reduction by the photogenerated elastrThe
photocatalytic reduction of Cr(VI) occurs as folleyLiu et al., 2014a):
HCrO,” + 7H* + 3e, - Cr** + 4H,0 (1)

We can see that the acidic medium is beneficialCid¥/1) reduction because of the existence
of abundant HFida et al., 2015) (Liu et al., 2014a). Under hjgt conditions, the capture of
CrO,*” is difficult because of the electrostatic reputsiietween the CNGB-2 heterojunction
and Cr(VI), and Cr(VI) does not react easily witie tphotogenerated electrons, thereby
decreasing the Cr(VI) removal rate (Hu et al., 2018
3.3.3 Effect of competing ions

Cr-containing industrial wastewaters often contaany electrolyte ions (Liu et al.,

2015b), which can affect the species of Cr ions thiedchemical characteristics of the water

17



356

357

358

359

360

361

362

363

364

365

366

367

environment [40] and further influence the migratidoransformation, and regression of Cr
ions. The electrolyte ions in the solution alsoeeffthe photocatalysis of Cr(VI) ions.
Therefore, the effects of MaQ,, NaNG;, and CaCl on the photoreduction of Cr(VI) by the
CNGB-2 heterojunction were investigated in thidgfiand the results are shown in Fig. 4d.
No significant effects of NaN©and CaCl are observed. In the adsorption stage, the Cr(VI)
adsorption is significantly inhibited by adding 488, mainly because of the competition of
SO with the Cr(VI) ions for adsorption on the bindisiges on the surfaces of the CNGB-2
heterojunction (Hu et al., 2018). In the photoagatial process, Cr(VI) is still completely
reduced within 100 min in the presence ot8la;, indicating that Ng5O, has less effect on
the photocatalytic process. This may be becaus8@4€ in the solution can react with some
of photogenerated electrons to generate §@nd then the electrons can be transferred

indirectly to Cr(VI).
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Fig. 4 (a) Photoreduction of Cr(VI) by gsl84, BiFe(;, and CNGB heterojunctions under
visible light irradiation:Cocy= 5 mg/L, m/V = 2.5 g/L, pH = 2.0, (b) Effect of pkalues on
the photoreduction of Cr(VI) with CNGB-2 heterojtioo: Cocry= 5 mg/L, m/V = 2.5 g/L,
(c) Distribution of Cr(VI) species computed by \asWMINTEQ at different pH values, (d)
Effect of 25 mM competing ions on the photoreduttid Cr(VI) by CNGB-2 heterojunction
under visible light irradiationCocr() = 5 mg/L, m/V = 2.5 g/L, pH = 2.0.
3.3.4 Reuse of CNGB-2

In order to determine the practicability and reapdity of the CNGB-2 heterojunction,
recycling experiments were performed and the resr demonstrated in Fig. S4. After the
first cycle, the CNGB-2 heterojunctions were regede washed, and dried, and then used in
a second cycle. The recycling experiments wereopadd three times. As can be seen from

Fig. S4, the adsorption capacity is reduced shgimbssibly because the oxygen-containing
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groups on the surface of GO reacts with free rdslidhereby decreasing the binding sites
available for Cr(VI) ions in the next cycle (Wang &., 2013). We also find that the
photocatalytic performance of the CNGB-2 heterofioms shows no significant decrease
after three cycles.
3.4 Possible photocatalytic reaction mechanism
3.4.1 Roles of reactive species

In order to study the main active species in sotutior Cr(VI) reduction during the
photocatalytic reaction and to understand the m@aanechanism in depth, three typical
scavengers of tert-butyl alcohol (TBA, 10 mM), KSOs (10 mM), and
ethylenediaminetetraacetic acid disodium (EDTA-2NEH) mM) were added to the
photocatalytic systems as quenchers of radicaldH)s@lectrons (&, and holes (1),
respectively. As shown in Fig. 5, the addition 6frhiM TBA causes almost no change in the
photoreduction of Cr(VI), indicating that the highdxidizing *OH is not the main reactive
species inhibiting the photoreduction of Cr(VI). @hK,S,0g is added into the photocatalytic
system, the photoreduction of Cr(VI) over the CNGHieterojunction is significantly
decreased, implying that the photogenerated elexteze a dominant reaction species in
Cr(VI) reduction. The photocatalytic reduction of(\@l) is dramatically improved by adding
EDTA-2Na, which may be because the reaction of E2ZNa with photogenerated holes

hinders the recombination of photogenerated elestamd holes (Xiao et al., 2015).
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Fig. 5 Trapping experiments for the photoreductwdrCr(VI) over CNGB-2 heterojunction

under visible light irradiationCocr() = 5 mg/L, m/V = 2.5 g/L, pH = 2.0.

The roles of the active species in the photorednatif Cr(VI) are further confirmed by
the ESR technique in Fig. S5. No obvious signalsDMPO--O, and DMPO-+OH are
observed under dark conditions for the CNGB-2 logteiction. However, notable signals of
DMPO-<0O, and DMPO-+OH are observed after the systems eadiated under visible light
for 5 and 10 min, indicating that sOand «OH are produced during the photocatalytic
reaction (Wan et al., 2017). Because the redoxngiatevalue of OH+*OH (+2.40 eV) is
slightly lower than VBs of BiFe®(+2.51 eV), HO or OH can serve as hole scavengers and
react with holes on VB of BiFe{to produce *OHLiu et al., 2014b) (Deng et al., 2017).
Likewise, the producing of <O is ascribed to the reaction between dissolveda@d

photoinduced electrons on CB of gNG because the redox potential value efO, at -0.33
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413 eV is lower than CB of g-4N, at -1.33 eV(Deng et al., 2017). This process not only
414  consumes photoexcited holes through the reactidles with HO to produce «OHbut also
415 induces a *@-mediated Cr(VI) photoreduction, thereby increading separation efficiency
416  of the photogenerated charge carriers and acdelgrdte photoreduction of Cr(VIDong
417  and Zhang, 2013).

418 One thing worth mentioning is that the introductioh GO instead decreases the
419  generating amount of «OH, as is illustrated in [5§. The possible explanation is that the
420 existence of GO that is rich in various oxygen-eamhg functional groups enhances the
421  adsorption of Cr(VI) on the surface or interfaceGNGB-2 so that there are less chance for
422  H,O or OH to be captured by holes on its surface, compaitdthe photocatalysis system
423  with g-GNy4-BiFeQs;. As a result, although CNGB-2 produces less réslioat more Cr(VI1)
424  ions tend to be captured onto the active sitesSNiEB-2 and reduced directly by its electrons
425  whether collected on GO nanosheets or accumulatédeoconduction band of BiFgO

426  3.4.2 Mechanisms of enhanced photocatalytic peidooa

427 Fig. 6 shows the possible mechanism of generati@msfer, and reaction of the
428 photoelectron-hole pairs. In the photocatalyticctiem system, both g-8l, and BiFeQ can
429  be excited by visible light to generate photoetmtérand holes. The photogenerated electrons
430 can transfer from the CB of gs8, to that of BiFe@, because of the difference between the
431 CB edge potentials of gz, and BiFeQat -1.33 and +0.58 eV, respectivélan et al.,
432 2015). GO can act as an electron sink in collectamgl delivering electrons, thereby
433 facilitating the charge transfer and separatiomfiwles. Hence, the Cr(VI) ions adsorbed on

434 CNGB-2 are reduced to Cr(lll) by the electrons drsed on the surfaces of GO nanosheets.
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Meanwhile, the photoinduced holes can be migrateah VB of BiFeQ to that of g-GN,4 as
a result of the matching of VBs edge potentialg@:N, and BiFeQ at 1.57 and 2.51 eV,
respectively (Fan et al., 2015). As photogenerhtids are retained on the VB of gNg and
photoinduced electrons accumulate on the CB of @GifFethe recombination of
photoelectron-hole pairs is largely inhibited. Rig@nerated electrons on CBs of gNg
partly react with @to form <G, which is believed to be a mediator to reduce Cr(2ihng
and Zhang, 2013). And the photoexcited holes answoed by KO or OH to produce «OH
which is proved to play a minor role in oxidizingr(lll) back into Cr(VI), further
strengthening the electron-hole separation andampg Cr(VI) decontamination efficiency.
The combined effects of effective visible-light liztation, high separation rate of
photoelectron-hole pairs and accelerated chargesfea contribute to high-efficiency

photocatalytic reduction capacity (Deng et al., 201
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Fig. 6 lllustration of possible mechanism for Cr(Vphotoreduction over CNGB-2
heterojunction under visible light irradiation.

XPS analysis was performed on the CNGB-2 hetertipmcafter the photocatalytic
reaction, and the results are shown in Fig. S7isAseen from Fig. S7a, the XPS survey
spectrum of CNGB-2 after irradiation shows a sraalpeak around 580 eV. From Fig. S7b,
after Cr(VI) adsorption, both Cr(lll) and Cr(VI) sxon the surface of the heterojunction. The
O 1s XPS spectrum demonstrated in Fig. S7c can be detdrd into four different peaks at
529.97, 531.32, 532.06, and 532.99 eV, respectivdiich are different from those observed
before the photocatalytic reaction. This may beahse some oxygen-containing groups on
the surface of GO reacts with the free radical smte react with the Cr(lll) and Cr(VI) ions.

Based on these results, a degradation mechanisr@r{dil) can be proposed. Firstly, the
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negatively charged Cr(VI) is adsorbed by the CNGB+#d then the adsorbed Cr(VI) ions are
reduced to Cr(lll) ions by electrons photogenerdtgthe CNGB-2 (Fida et al., 2015). Finally,

the Cr(lll) ions are captured by the heterojunction
4 Conclusions

A g-C3N4J/GO/BiFeQ ternary coupling material (CNGB) was prepared gisansimple
method. The optical and photoelectrochemical measent collaborated greatest visible light
adsorption and charge transfer on the interface samthce of CNGB-2. The CNGB also
achieved high catalytic efficiency, a reasonabladbgap, good visible-light response, easy
separation from treated water, recyclability andb#dity. From batch experiments, three
CNGB heterojunctions with different ratios of ghG and BiFeQ(CNGB-1, -2, and -3 with
2:4, 3:3, and 4:2, respectively) all exhibited cdsbg removal of Cr(VI) ions. The catalytic
efficiency of the composite was maximized at pH'Be inorganic anions such as NCCI,
and SQ%, though affecting a bit the adsorption capacitgravfound to exert neglectable
influences on final removal of Cr(VI) through photdalysis. The recycling experiments
demonstrated that CNGB maintains great catalytrffop@ance after three cycles. The lower
chance of electron-hole pairs recombination andravgd photocatalytic efficiency were
ascribed to an effective electron transfer pathvidedd by CNGB-2 and broadened
visible-light adsorption. In the photocatalysis teys, the production of «Okere found to
scarcely suppress the photoreduction of Cr(VI)thatgeneratedO, can donate electrons to
Cr(VI1) so as to mediate the photoreduction prockss.believed that CNGB is an effective

candidate for the remediation of Cr-contaminatedtexsater.

25



480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

Acknowledgements

This study was financially supported by the Natiddatural Science Foundation of
China (Grant No. 51608208), the Natural SciencenBation of Hunan Province (Grant No.
2018333887 and 2018JJ3096), the China Postdoc8mi@nce Foundation (Grant No.
2017M610513), the Research Foundation of Educ@epartment of Hunan Province, China
(Grant No. 17K105), the Natural Science FoundatbrGuangdong Province (Grant No.
2016A030310246 and 2016A030310456), the ScienceTactinology Planning Project of
Hunan Province (Grant No. 2016TP2007 and 2016TP10d4d the Scientific Research
Staring Foundation for the attracted talent of @é#nSouth University of Forestry and

Technology (Grant No. 2016YJ001).

References

Abdullah, H., Kuo, D.H., 2015. Facile Synthesis retype (AgIn)xZnuxS/p-type AgS
Nanocomposite for Visible Light Photocatalytic Retion To Detoxify Hexavalent
Chromium. Acs Appl Mater Interfaces 7, 26941-26951.

An, J., Zhang, G., Zheng, R., Wang, P., 2016. Rengovignin model pollutants with
BiFeO;—g-GN4 compound as an efficient visible-light-heterogared-enton-like catalyst.
Journal of Environmental Sciences 48, 218-229.

Chen, H., Gao, B., Li, H., 2015. Removal of sulf#megazole and ciprofloxacin from
aqueous solutions by graphene oxide. Journal afrdams materials 282, 201-207.

Deng, VY., Tang, L., Zeng, G., Feng, C., Dong, Hang/ J., Feng, H., Liu, Y., Zhou, Y., Pang,

Y., 2017. Plasmonic resonance excited dual Z-sch&wO,/Ag/Cu,O nanocomposite:

26



501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

synthesis and mechanism for enhanced photocatgdgtibrmance in recalcitrant antibiotic
degradation. Environ. Sci.: Nano 4, 1494-1511.

Dong, G., Zhang, L., 2013. Synthesis and Enhancd®ICPhotoreduction Property of
Formate Anion Containing Graphitic Carbon Nitriddhe Journal of Physical Chemistry C
117, 4062-4068.

Fan, T., Chen, C., Tang, Z., Ni, Y., Lu, C., 201Synthesis and characterization of
9-CsN4/BiFeO; composites with an enhanced visible light photalgat activity. Mater Sci
Semicon Process 40, 439-445.

Fida, H., Guo, S., Zhang, G., 2015. Preparation @ratacterization of bifunctional Ti-Fe
kaolinite composite for Cr(VI) removal. Journaladfiloid and interface science 442, 30-38.
Fresno, F., Portela, R., Suarez, S., Coronado,, 284. Photocatalytic materials: recent
achievements and near future trends. Journal oéfiddd Chemistry A 2, 2863-2884.

Hu, X.-j., Liu, Y.-g., Zeng, G.-m., Wang, H., Hu, >Chen, A.-w., Wang, Y.-q., Guo, Y.-m., Li,
T.-t., Zhou, L., Liu, S.-h., Zeng, X.-x., 2014a.fé&ft of aniline on cadmium adsorption by
sulfanilic acid-grafted magnetic graphene oxideethel Colloid Interface Sci 426, 213-220.
Hu, X., Ji, H., Chang, F., Luo, Y., 2014b. Simukans photocatalytic Cr(VI) reduction and
2,4,6-TCP oxidation over g«81, under visible light irradiation. Catalysis Toda342 34-40.

Hu, X., Wang, H., Liu, Y., 2016. Statistical Analy®f Main and Interaction Effects on Cu(ll)
and Cr(VI) Decontamination by Nitrogen-Doped MagmeGraphene Oxide. Scientific
reports 6, 34378.

Hu, X., Zhao, Y., Wang, H., Cai, X., Hu, X., Tang., Liu, Y., Yang, Y., 2018.

Decontamination of Cr(VI) by graphene oxide@7iOn an aerobic atmosphere: effects of

27



523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

pH, ferric ions, inorganic anions, and formate. rdal of Chemical Technology &
Biotechnology.

Huang, B., Liu, Y., Li, B., Zeng, G., Hu, X., ZhenB., Li, T., Jiang, L., Tan, X., Zhou, L.,
2015. Synthesis of graphene oxide decorated witte@double-shell nanoparticles and
application for Cr(VI) removal. RSC Advances 5, 388-106349.

Jiang, B., Tian, C., Pan, Q., Jiang, Z., Wang, .J.Yan, W., Fu, H., 2011. Enhanced
Photocatalytic Activity and Electron Transfer Menlsns of Graphene/TgOwith Exposed
{001} Facets. The Journal of Physical Chemistryl5,123718-23725.

Kang, H.W., Lim, S.N., Song, D., Park, S.B., 2002ganic-inorganic composite of gz{,—
SrTiOs:Rh  photocatalyst for improved ,Hevolution under visible light irradiation.
International Journal of Hydrogen Energy 37, 1160840.

Kim, K., Choi, W., 2011. Enhanced redox converssdchromate and arsenite in ice. Environ
Sci Technol 45, 2202-2208.

Li, H., Wu, T., Cai, B., Ma, W,, Sun, Y., Gan, $an, D., Niu, L., 2015. Efficiently
photocatalytic reduction of carcinogenic contamtn@n (VI) upon robust AgCIl:Ag hollow
nanocrystals. Applied Catalysis B: Environmentad, 18$44-351.

Li, J., Wang, J., Zhang, G., Li, Y., Wang, K., 2@1&nhanced molecular oxygen activation of
Ni?* -doped BiQ., nanosheets under UV, visible and near-infrareddiation: Mechanism
and DFT study. Applied Catalysis B: Environmentaf2167-177.

Li, J., Zhao, W., Wang, J., Song, S., Wu, X., ZhaBg 2018b. Noble metal-free modified
ultrathin carbon nitride with promoted molecularygegn activation for photocatalytic

formaldehyde oxidization and DFT study. Appliedfaoe Science 458, 59-69.

28



545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

Liu, J., Liu, Y., Liu, N., Han, Y., Zhang, X., HugnH., Lifshitz, Y., Lee, S.-T., Zhong, J.,
Kang, Z., 2015a. Metal-free efficient photocatalfst stable visible water splitting via a
two-electron pathway. Science 347, 970-974.

Liu, W., Cao, L., Cheng, W,, Cao, Y., Liu, X., Zlig'W., Mou, X., Jin, L., Zheng, X., Che, W.,
Liu, Q., Yao, T., Wei, S., 2017. Single-site actoabalt-based photocatalyst with long carriers
lifetime for spontaneous overall water splittingngewandte Chemie (International ed. in
English).

Liu, W., Ni, J., Yin, X., 2014a. Synergy of phottalysis and adsorption for simultaneous
removal of Cr(VI) and Cr(lll) with TiQ and titanate nanotubes. Water Res 53, 12-25.

Liu, W., Ni, J., Yin, X., 2014b. Synergy of photoalysis and adsorption for simultaneous
removal of Cr(VI) and Cr(lll) with TiQ and titanate nanotubes. Water Res 53, 12-25.

Liu, W., Wang, M., Xu, C., Chen, S., 2012. Fac¥mtbesis of g-eN4+/ZnO composite with
enhanced visible light photooxidation and photootidm properties. Chem Eng J 209,
386-393.

Liu, Y., Mou, H., Chen, L., Mirza, Z.A., Liu, L.,®5b. Cr(VIl)-contaminated groundwater
remediation with simulated permeable reactive bar(PRB) filled with natural pyrite as
reactive material: Environmental factors and effectess. J Hazard Mater 298, 83-90.

Luo, W., Zhu, L., Wang, N., Tang, H., Cao, M., Shg,2010. Efficient Removal of Organic
Pollutants with Magnetic Nanoscaled BiFe@s a Reusable Heterogeneous Fenton-Like
Catalyst. Environmental Science & Technology 486t71791.

Ma, H.L., Zhang, Y.W., Hu, Q.H., Yan, D., Yu, Z.Zhai, M.L., 2012. Chemical reduction

and removal of Cr(VI) from acidic aqueous solution ethylenediamine-reduced graphene

29



567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

oxide. J Mater Chem 22, 5914-5916.

Min, S., Lu, G., 2011. Dye-Sensitized Reduced GeaphOxide Photocatalysts for Highly
Efficient Visible-Light-Driven Water Reduction. Th&ournal of Physical Chemistry C 115,
13938-13945.

Mondal, C., Ganguly, M., Pal, J., Roy, A., Jana,Ral, T., 2014. Morphology controlled
synthesis of SnSnanomaterial for promoting photocatalytic reductiof aqueous Cr(VI)
under visible light. Langmuir 30, 4157-4164.

Sharma, S., Saravanan, P., Pandey, O.P., VinodP.V(dernik, M., Sharma, P., 2016.
Magnetic behaviour of sol—gel driven BiFg@in films with different grain size distribution.
Journal of Magnetism and Magnetic Materials 40D-187.

Shen, C., Chen, C., Wen, T., Zhao, Z., Wang, X., Xy 2015. Superior adsorption capacity
of g-GN4 for heavy metal ions from aqueous solutions. Jalugf colloid and interface
science 456, 7-14.

Sridharan, K., Jang, E., Park, T.J., 2013. Novsible light active graphitic £N,~TiO,
composite photocatalyst: Synergistic synthesis,wtjroand photocatalytic treatment of
hazardous pollutants. Applied Catalysis B: Envirental 142-143, 718-728.

Su, Y., Zhao, Y., Zhao, Y., Lang, J., Xin, X., Wang., 2015. Novel ternary component
Ag-SrTa0g/g-C3N,  photocatalyst: Synthesis, optical properties andibke light
photocatalytic activity. Appl Surf Sci 358, 213-222

Thankam Thomas, R., Sandhyarani, N., 2015. Temptate synthesis of graphitic carbon
nitride/titania mesoflowers. RSC Advances 5, 7288890.

Wan, Z., Zhang, G., Wu, X., Yin, S., 2017. Novelsible-light-driven Z-scheme

30



589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

Bi1.GeOy/g-C3N,4 photocatalyst: Oxygen-induced pathway of orgamitupants degradation
and proton assisted electron transfer mechanisnCrf¥l) reduction. Applied Catalysis
B-Environmental 207, 17-26.

Wang, H., Liu, Y.-g., Zeng, G.-m., Hu, X.4., Hu, X, T.-t., Li, H.-y., Wang, Y.-q., Jiang,
L.-h., 2014. Grafting off-cyclodextrin to magnetic graphene oxide via ethgtiamine and
application for Cr(VI) removal. Carbohydr Polym 11%6-173.

Wang, H., Yuan, X., Wang, H., Chen, X., Wu, Z.ngaL., Xiong, W., Zeng, G., 2016. Facile
synthesis of Si&s/ultrathin g-GN,4 sheets heterostructures embedded withsN;Quantum
dots with enhanced NIR-light photocatalytic perfame. Applied Catalysis B:
Environmental 193, 36-46.

Wang, J., Tang, L., Zeng, G., Deng, Y., Liu, Y.,ayaL., Zhou, Y., Guo, Z., Wang, J., Zhang,
C., 2017. Atomic scale g#84/Bi;WQOs 2D/2D heterojunction with enhanced photocatalytic
degradation of ibuprofen under visible light irraion. Applied Catalysis B-Environmental
209, 285-294.

Wang, P., Wang, J., Ming, T., Wang, X., Yu, H., Y&, Wang, Y., Lei, M., 2013.
Dye-sensitization-induced visible-light reductioh graphene oxide for the enhanced FiO
photocatalytic performance. Acs Appl Mater Intedfa®, 2924-2929.

Wang, X., Mao, W., Zhang, J., Han, Y., Quan, Caip Q., Yang, T., Yang, J., Li, X., Huang,
W., 2015. Facile fabrication of highly efficient@N,/BiFeO; nanocomposites with enhanced
visible light photocatalytic activities. J Colloldterface Sci 448, 17-23.

Wei, H., Zhang, Q., Zhang, Y., Yang, Z., Zhu, Aipbysiou, D.D., 2016. Enhancement of the

Cr(VI1) adsorption and photocatalytic reduction atyi of g-CsN4 by hydrothermal treatment

31



611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

in HNO3 aqueous solution. Applied Catalysis a-General 5218.

Wen, M.Q., Xiong, T., Zang, Z.G., Wei, W., Tang,TX. Dong, F., 2016. Synthesis of
MoS,/g-C3N4 nanocomposites with enhanced visible-light phaedgac activity for the
removal of nitric oxide (NO). Optics Express 24.

Xiao, D., Dai, K., Qu, Y., Yin, Y., Chen, H., 2018ydrothermal synthesis afF&03/g-C3N4
composite and its efficient photocatalytic reductiof Cr(VI) under visible light. Applied
Surface Science 358, 181-187.

Xin, X., Lang, J., Wang, T., Su, Y., Zhao, Y., Waig, 2016. Construction of novel ternary
component photocatalyst ¢SgH; sTaxOg- H,O coupled with g-6N4, and Ag toward efficient
visible light photocatalytic activity for environmt&l remediation. Applied Catalysis B:
Environmental 181, 197-2009.

Yang, S.T., Chang, Y.L., Wang, H.F., Liu, G.B., @h&., Wang, Y.W,, Liu, Y.F., Cao, A.N.,
2010. Folding/aggregation of graphene oxide anayislication in C&" removal. J Colloid
Interface Sci 351, 122-127.

Zhang, Y., Zhang, Q., Shi, Q., Cai, Z., Yang, D12. Acid-treated g-élN, with improved
photocatalytic performance in the reduction of ayseCr(VI) under visible-light. Sep Purif
Technol 142, 251-257.

Zhao, G.X., Li, J.X., Ren, X.M., Chen, C.L., WangK., 2011. Few-layered graphene oxide
nanosheets as superior sorbents for heavy metapatintion management. Environ Sci
Technol 45, 10454-10462.

Zhao, Y., Zhao, D., Chen, C., Wang, X., 2013. Ewmlednphoto-reduction and removal of

Cr(VI) on reduced graphene oxide decorated with, Ti@noparticles. J Colloid Interface Sci

32



633

634

635

636

637

638

405, 211-217.

Zhao, Z., Sun, Y., Dong, F., 2015. Graphitic carlnitride based nanocomposites: a review.
Nanoscale 7, 15-37.

Zhou, X., Jin, B., Chen, R., Peng, F., Fang, Y.1320Synthesis of porous &&/g-C3N4

nanospheres as highly efficient and recyclable gdaialysts. Mater Res Bull 48, 1447-1452.

33



Highlights

1. g-C3N4/graphene oxide/BiFeO3(CNGB) ternary assembly is easily prepared.

2. CNGB shows excellent photocatalysis of Cr([1) reduction and easy removal from
water.

3. CNGB shows maximized efficiency at low pH.

4. CNGB have little chance of electron-hole recombination.

5. CNGB shows great visible-light response.



