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Abstract:Organicpollutants(e.g.BisphenolA)devastatetheenvironmentand

humanhealtheveninresiduallevels.Duetothestabilityofemergingorganic

pollutants (EOPs),advanced oxidation processes (AOPs)like semiconductor

photocatalysis,arebeingexploredforthedegradationofthesepollutants.Thispaper

reportsthephotocatalyticdegradationofBisphenolAusinggraphiticcarbonnitride/

silverphosphate(g-C3N4)/Ag3PO4)hybridphotocatalystundervisibleLED light

irradiation.Thehybridphotocatalyst(g-C3N4/Ag3PO4)wassynthesizedusingsimple

in-situ precipitation method.The hybrid (g-C3N4/Ag3PO4)photocatalystwas

characterized by x-ray diffraction (XRD),scanning electron microscopy-energy

DispersiveX-ray(SEM-EDX)andfouriertransform infraredspectroscopy(FT-IR).

ThephotodegradationofBisphenolA using(g-C3N4/Ag3PO4)photocatalystwas

studiedconsideringtheeffectsofpercentageloadingofAg3PO4.Thebestcondition

wasfoundtobe70%Ag3PO4/g-C3N4.
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1.INTRODUCTION
Effluents from sewage treatment,urban

waterways,andindustrialwastewatermaycontain
residualorganicpollutantsthatsarenotreadily
biodegradable can create severe environmental
pollutionproblemsbyreleasingtoxicandpotential
carcinogenicby-productsintotheaqueoussystems
(Katsumata,H.et.al,2004).

BisphenolA (BPA),amonomerwhich is
widely used for the production polyacrylates,
polycarbonates and epoxy resins, is annually
producedinlargeamounts(about7.6x108kg)inthe
UnitedStatesalone(Staples,C.Aet.al,1998).The
accumulationofBPAinwatercancausedetrimental
healthproblemsevenatlowconcentration(1.0-10.0
mg/L)because itis found to be an endocrine
disruptorandacarcinogen(Okada,H.et.al,2008;
Keri,R.A.et.al,2007).Thus,advancewastewater
remediationtechniquesmustbeemployedtototally

removeBPA.
Duetothehighconcentrationoforganicsin

theeffluentsandtothehigherstabilityofemerging
organicpollutants(EOCs)(i.ePlasticizersandDyes),
the usual biological treatment methods are
ineffectiveforthecompleteremovalanddegradation
of organic pollutants (Cycon,M.et.al,2009).
Conventional methods such as adsorption via
activatedcarbon(Moussavi,G.et.al,2013)whichis
non-destructiveastheyonlytransfertheorganic
pollutantsintosludge,givingrisetoanothertypeof
pollution (Chaudhuri, S.K et. al, 2000), and
treatmentwith ozone(Kusvuran,E.et.al,2013)
whichsuffersfromhighcostoftheprocess.

Recently, advanced oxidation processes
(AOPs)aregaining recognition from researchers
(Ledakowicz,S.et.al,2001)forthecompleteand
effectiveoxidation ofa widevariety oforganic
pollutants. Among the AOPs, semiconductor
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photocatalysis greatly attracts attention due to
stabilityofthesemiconductormaterialandcomplete
degradationoforganicpollutants(Chiang,K.et.al,
2004).

Recently,silverphosphate(Ag3PO4),witha
promisingnarrow bandgap(Eg≥2.4eV),showed
goodphotocatalyticperformanceforthedegradation
oforganicdyesandoxygenproductionfrom water
splitting under visible lightirradiation with a
quantum efficiencyof90% atwavelengthshigher
thanthatofotherreportedphotocatalysts(Chen,X.
et.al,2015).Inspiteitspotentialasaphotocatalyst,
itsuffersfrom photocorrosion,solubilityinwater
(Ksp=1.6x10-16)andparticleagglomerationupon
synthesis(Ren,J.et.al,2017).

Byconstructingaheterojunctionbetweeng-
C3N4 andAg3PO4,thestabilityandphotocatalytic
activityofAg3PO4isenhanced(Kumar,S.et.al,2013;
Meng,S.et.al,2015).Therearestillnoreported
literaturesregardingphotocatalyticdegradationof
anyEOCs(i.eBisphenolA)usingg-C3N4/Ag3PO4

photocatalyst;thus,thiswasconsideredforthestudy
ofthisenvironmentallybenignandeasytoprepare
photocatalyst.Also,thiswouldbethefirstattemptto
takeintoaccounttheeffectsofAg3PO4loading.

2.METHODOLOGY
2.1MaterialsandReagents

SilverNitrate(AgNO3,Loba-Chemie,99%),
Sodium Phosphate Dibasic(Na2HPO4,Hi-Media,
99%),Urea(CO(NH2)2,Univar,99%),Ammonium
PhosphateDibasic((NH4)2HPO4,Sigma-AldrichAR)
anddistilledwaterwereusedforthepreparationof
photocatalysts.BisphenolA(Merck,99%,Analytical
Standard)wasthesamplepollutantdegraded.

Visible LED light was purchased from
Philips(Model:13W,1400lumen,Cooldaylight,
λrange=400nm-750nm;withλmax=460nm).

2.2PreparationandCharacterizationof

gC3N4/Ag3PO4hybridphotocatalyst
Bulkg-C3N4waspreparedusingthemethod

ofDong,F.et.al(2011)withsomemodifications.Ina
typicalprocess,10gofureainacoveredcruciblewas
heatedusingamufflefurnaceat550⁰C(averagerate
of10⁰C/min)for2hrsinair.

Preparation of g-C3N4/Ag3PO4
nanocompositeswasdoneviainsituprecipitation
method(Kumar,S.et.al,2013;Zhang,et.al,2013)
withsomemodifications.Two-hundredmilligrams
(200mg)ofg-C3N4wasdispersedindistilledwater

(100mL)usingultrasonicator(Branson8510E-MT,
44kHz,250W outputpower)for15mins.Whilst
under ultrasonication,25mL ofAgNO3 solution
(appropriateamountsofAgNO3,seeEq.1)wasslowly
addeddropwisefor15mins.Aftertheaddition,the
solution wasstirred foranother2hrsatroom
temperaturetoenhanceAg+ -g-C3N4 interaction.
Lastly,25mL ofNa2HPO4 solution (appropriate
amountsofNa2HPO4)wasslowlyaddeddropwiseto
Ag+-g-C3N4 solution undervigorousstirring.The
obtainedsolutionwascentrifugedandtheresulting
precipitatewaswashedseveraltimesusingdistilled
wateranddriedinanovenat60⁰Cfor24hours.

Forcomparison,pureAg3PO4wasprepared
using the method mentioned above exceptthe
additionofg-C3N4.

(Eq.1)

where:

mAg3PO4=massofsilverphosphate

Note:themassofAgNO¬3andNa2HPO4isdeterminedthroughstoichiometric

ratio

Analysisofthecrystalstructureofthe
photocatalyst was done using X-ray powder
diffraction(XRD).Thesamplesweregrindedand
pelletizedbeforescanning,andwerescannedfrom5°
to55°with0.04°incrementforevery1secondof
measurementtime.TheXRDpatternswerecollected
usingaOlympus-TerraPortableXRD.

Thesurfacemorphologyofthesynthesized
photocatalystwasinvestigatedusingaPhenomTM
proXscanningelectronmicroscope(SEM)equipped
with Energy Dispersive X-ray (EDX) for the
determinationoftheelementalcompositionofthe
semiconductors.

FTIRspectrawereobtainedbyusingPerkin
ElmerFTIRspectrometer.Powderedphotocatalysts
werepelletizedwithpotassium bromide(KBr)in
1:100 proportions.The results ofspectra were
collectedinthewavenumberrangeof400-4000cm−1.

2.3PhotocatalyticDegradationofBPA
PhotocatalyticdegradationofBisphenolA

was carried outin a customized photocatalytic
reactor(Fig.1)equippedwithaLEDLamp(13W).
TheLEDLampwaspositioned5cmabovethecolloid
surface.Temperatureofthesolutionwasmaintained
atroom temperature(~28±2⁰C)byacoolingfan
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inside the reactor to minimize thermocatalytic
effects.

Fig.1.Diagram ofthe customized reactor:(1)
magneticstirrer,(2)photocatalyst,(3)magneticstir
barand(4)pollutantsolution.

Inatypicalexperiment,100mLaqueous
suspensionsof10ppmBisphenolAandphotocatalyst
wasplacedina250mLbeakerandwassubjectedto
irradiation.Priortoirradiation,thesuspensionwas
magneticallystirredindarkfor30minutestoensure
the establishment of adsorption/desorption
equilibrium between the pollutant and the
photocatalysts.Finally,thestableaqueouspollutant
suspensionwasexposedtovisible-lightirradiation
underconstantstirring(300rpm).Every10minutes,
4.0mLofsampleswaswithdrawnandsubjectedto
centrifugation toseparateoutphotocatalyst.The
pollutantconcentration in the supernatantwas
evaluatedbymeasuringabsorbanceat276nmusing
UV-VisSpectrophotometer(Lambda25UV-Visible
Perkin Elmer). The percent degradation was
estimatedbythefollowingequation:

TheeffectofpercentageAg3PO4loadingon
thedegradationofBisphenolA wasinvestigated
usingthreedifferentAg3PO4 loadings(30%,50%,
70%)ing-C3N4/Ag3PO4 nanocompositeandsetting
theamountofphotocatalystconstant(0.500g/L)and
thepHequaltothenaturalpH.

3.RESULTSANDDISCUSSION

3.1CharacterizationofgC3N4/Ag3PO4

hybridphotocatalyst
3.1.1.XRDanalysis

The XRD patterns of 30%, 50% and

70%Ag3PO4/g-C3N4, Ag3PO4, and g-C3N4 were

illustratedinFig2.ItwasobservedthatAg3PO4was

indexedasbody-centeredcubicphase(JCPDSNo.06

-0505),whiletwobroadpeaksaround 32.0⁰and

18.75⁰intheXRDpatternofg-C3N4,corresponding

tothe(002)and(100)diffractionplanes,respectively.

Theresultsagreedwithpreviousstudies(Katsumata

et.al,2014).Itcanbeobservedthatthestructureof

Ag3PO4 wasretainedinthepreparedcomposites

Ag3PO4/g-C3N4.

Fig.2.XRDpatternsof70%,50%,30%Ag3PO4/g-

C3N4,Ag3PO4,andg-C3N4

3.1.2FTIRSpectroscopy

Fourier transform infrared spectroscopy

(FTIR)spectraof70%,50%,and30% Ag3PO4/g-

C3N4,Ag3PO4,andpureg-C3N4areshowninFig.3.

Forthepureg-C3N4,thepeaksataround1654cm-1

wasascribedtoC-N stretchingvibration modes,

whereas1254,1335,1430,and1591cm-1couldbe

assignedtoaromaticC-N breathingmodesofthe

triazinemoiety(Katsumataet.al.,2014).Forthe

pureAg3PO4,thepeakataround970cm
-1isassigned

totheP-Ostretchingvibrationmodesofphosphate

moiety.AllthecharacteristicpeaksofAg3PO4andg-

C3N4wereobservedinthepreparedcomposites.It

can beobserved thattheintensityofthepeak

correspondingtoP-Ostretching(970cm-1)increased

asthepercentageloadingofAg3PO4increased(See

Fig.3).Thisresultindicatesthattheprocessof

increasingtheAg3PO4loadingwassuccessful.
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Fig.3.FT-IRspectraofg-C3N4,Ag3PO4,70%,50%

and30%Ag3PO4/g-C3N4

3.1.3SEM-EDXAnalysis

ScanningElectronMicroscopy(SEM)images

ofAg3PO4/g-C3N4 withdifferent%Ag3PO4 loading

(70%,50%,30%),Ag3PO4,andpureg-C3N4areshown

inFig.4.Itisclearlyseenthatthemorphologyof

Ag3PO4wassphericalandinthesizeof100-200nm

which isdispersedon g-C3N4.Mostimportantly,

Ag3PO4 andg-C3N4 exhibitsthecloseconnection

withinthecompositewhichalsoshowsclearsurface

heterojunction connection between the two

semiconductors.

Fig.4.SEM imagesof(a)70%,(b)50%,(c)30%

Ag3PO4/g-C3N4and(d)g-C3N4

Elementalcomposition ofAg3PO4/g-C3N4

withdifferent%Ag3PO4loading(70%,50%,30%)and

pureg-C3N4isreportedbyEDXasshowninTable1.

Table1.CompositionofthePreparedCatalyst

Catalyst PercentageElementalComposition
Actualvs(Theoretical)

Ag P O C N

g-C3N4 --- --- --- 22.1

(39.2)

77.9

(60.8)

70%
Ag3PO4/
g-C3N4

13.9

(54.1)

3.7

(5.1)

41.7

(10.7)

13.0

(11.7)

27.7

(18.3)

50%
Ag3PO4/
g-C3N4

8.9

(38.7)

0.7

(3.70)

24.0

(7.6)

11.2

(19.6)

55.2

(30.4)

30%
Ag3PO4/
g-C3N4

8.3

(23.2)

0.6

(2.2)

12.4

(4.6)

13.7

(27.4)

64.9

(42.6)

In Table1,itisshown thattheactual

percentageelementalcompositiondeviatesextremely

from thetheoreticalvalues.Forg-C3N4,theexcess

nitrogencontentmaybefrom adsorbedNH3and

other nitrogeneous by-product compounds. In

addition,compositesof70%,50%and 30%Ag3PO4

loadingexhibitanincreaseinNcontentmaybedue

tounwashedimpurities.Meanwhile,thedecreaseof

Ag,PandOcontentmaybeduetotheincreaseofN

contentinthecomposites.

ItmustbenotedthatEDXmeasurements,

maygiveinaccurateresults.Forinstance,between

50%and30%Ag3PO4loading,theresultforpercent

Agwere8.9and8.3respectivelywhichisverynear

withoneanother.Theambiguitymaybeduefrom

thetargetareaoftheanalysis.EDXanalysisisonly

accuratefortargetpositionsintheSEM imageand

notinbulksample.

3.2PhotocatalyticdegradationofBPA
3.2.1EffectofPercentageAg3PO4loading

Plotpresentingthechangeintherelative

concentration (C/C0)ofBPA as a function of
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illumination time in absence and presence of

photocatalystsisshowninFig.5.Thedegradationof

BPA intheabsenceofphotocatalyst(blank)was

appreciably low (~0%). Meanwhile, optimum

degradationefficiencyof72.71%wasobservedin60

minsinthepresenceofthe70% Ag3PO4 /g-C3N4,

indicatingthatthedegradationwasmainlydueto

thecatalyst(seeFig.5).

Fig.5.PlotofC/C0 vstimeshowingtheeffectof

Ag3PO4loadingonthedegradationofBPA

ItmustbenotedthatpureAg3PO4onlylead

todegradationefficiencyof59.12%,whichreveals

that the improved photocatalytic activity is

attributedtoadditionofg-C3N4.Thisenhancedeffect

is mainly due to the heterojunction formation

betweeng-C3N4andAg3PO4whichutilizesthemore

positivevalencebandedgepositionof(h+)ofAg3PO4

(E=2.9eV)andthemorenegativeconductionband

edgepositionof(e-)ofg-C3N4(E=-1.12eV)(Meng,S.

et.al,2015).

4.CONCLUSIONS
Inthiswork,g-C3N4,Ag3PO4,30%,50%,

70%Ag3PO4/g-C3N4weresuccessfullysynthesizedas
shownbyXRD,SEM-EDX,andFT-IR.Theeffectsof
Ag3PO4 loadingrevealedthat70% Ag3PO4/g-C3N4

showed the highest percentage degradation of
Bisphenol A over all the prepared materials
includingAg3PO4.
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