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ABSTRACT

The visible light driven semiconductor photocatalyst is a promising material in environmental pollution
mediation. Silver orthophosphate has attracted considerable attention for its applications in this field.
But the photocatalytic activity and stability is limited due to its photocorrosion during photocatalysis.
In this work, a modified reduced graphene oxide (RGO) based silver orthophosphate heterostructure
nanocomposite was synthesized by sol-gel and hydrothermal method. The nanocomposite was
characterized by XRD, SEM, Raman, FTIR, diffuse reflectance spectra (DRS) and photoluminescence
(PL) spectroscopy. The XRD and SEM indicated the formation of cubic silver orthophosphate
nanoparticles deposited on RGO sheets. The FTIR and Raman spectra showed the interaction of silver
orthophosphate nanoparticles with RGO. The DRS showed higher absorption of visible radiation and
PL implied that these nanocomposites could effectively separate the photogenerated electron—hole
pairs. The photocatalytic activity was tested in decolourization of Acid Blue 25, a toxic anthraquinonic
dye in aqueous medium under visible light illumination. The kinetics of the degradation was studied
by modified Langmuir-Hinshelwood mechanism. The result of this work revealed that heterostructure
nanocomposite of silver orthophosphate grafted on reduced graphene oxide sheets could be easily
synthesized by simple sol-gel and hydrothermal method and the photocatalytic activity of silver
orthophosphate was greatly enhanced when integrated with RGO.
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1. Introduction

A wide variety of organic pollutants are introduced into
the water system from various sources such as industrial
effluents, agricultural runoff, and chemical spills [1]. Their
toxicity, stability to natural decomposition, and persistence
in the environment has been the cause of much concern to
societies and regulatory authorities around the world [2].
Dye effluents from textile industries and photographic indus-
tries are becoming a serious environmental problem because
of their toxicity, unacceptable colour, high chemical oxygen
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demand content, and resistance to chemical, photochemical
and biological degradation.

The treatment of environmental pollutants in waste water
by active semiconductor photocatalysts has recently attracted
considerable attention for its ability to completely oxidize
organic contaminants to carbon dioxide, water and mineral
acids [3-5]. Photocatalysis based on semiconductor is the
most promising technology due to its potential applications
in many aspects mainly in degradation of organic pollutants.
[6,7]. Titanium dioxide (TiO,) has been extensively studied
as a photocatalyst for the degradation of pollutants and solar
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energy conversion [8]. However, due to its wide band gap
and low quantum yield, it has some limitations in application.
Silver orthophosphate has attracted considerable attention
for its applications in this field [9,10]. But the photocatalytic
activity and stability is limited due to its photocorrosion
during photocatalysis. During the photocatalytic process,
the transformation of Ag" into Ag usually takes place, which
results in the photocorrosion of Ag PO, in the absence of
electron acceptors [11]. The recombination of photogenerated
electron—hole pairs, the redox potential of generated electron,
and the surface status of Ag PO, are considered as factors that
affect its photocatalytic performances. Further, along with the
photocatalytic reaction, the appearance of by-product, black
metallic Ag particles, would prevent visible light absorption
of Ag PO, which decreases the photocatalytic activity. To
overcome this problem, AgX (X = Cl, Br, I), Ag nanoparticles
and carbon quantum dots (CQDs), g-C,N,/Ag PO, hybrid
photocatalyst were utilized to design some heterostruc-
tured nanocomposites with Ag PO, [12-16]. The AgX, Ag
nanoparticles CQDs and g-C.N, actually promotes the trans-
fer and separation of photogenerated electron-hole pairs on
Ag PO, particles, which eventually improves the stability of
Ag PO, by decreasing the photocorrosion.

In recent years, modification of some semiconductor
photocatalyst with graphene oxide (GO) has drawn much
interest in the field of photocatalytic degradation of organic
dyes [17-19]. Graphene has been recognized as versatile mate-
rial to enhance photoinduced charge transfer for the improved
photocatalytic activity of semiconductors [20-22]. It can thus
perform as an ideal co-catalyst candidate for fabricating
graphene-based semiconductor composite photocatalysts
[22-25], hybrid composites of some conventional photocat-
alysts such as GO/ZnO [26,27], GO/TiO, [28] and GO/Ag/
AgX [29], Ag,PO,/GO [30], Ag,PO,/GNS [31], Ag.PO,/rGO
[32], Ag,PO,/rGO [33] have been reported. In these hybrid
composites, deposition of the photocatalysts in GO sheet
increases their visible light absorption efficiency and the
separation ratio of photogenerated electron—hole pairs have
been greatly enhanced [23,24]. The technique of incorpo-
rating GO with conventional semiconductor photocatalysts
improves the photocatalytic performance of the semiconduc-
tors by harnessing the cocatalyst role of GO to separate the
photogenerated electrons and prevent the recombination of
electron—hole pairs [20]. Using this concept, we have devel-
oped a modified reduced graphene oxide (RGO) based silver
orthophosphate heterostructure nanocomposite by a simple
sol-gel and hydrothermal method. The prepared material has
been used for decolourization of Acid Blue 25 from water.

2. Experimental section
2.1. Materials and material synthesis
2.1.1. Materials

AgNO, procured from Merck KGaA (Germany)
was used as the Ag" ion precursor. Acid Blue 25
[1-amino-9,10-dihydro-9,10-dioxo-4-(phenylamino)-2-anthr
acenesulfonic acid, monosodium salt] (C.I. number: 62055,
molecular formula: C,H .N,NaO,S) was procured from

Sigma-Aldrich (USA) and is used without further purification
All other solvents and chemicals used were of analytical grade.

2.1.2. Synthesis of graphene oxide

The GO was synthesized by modified Hummers” method
[34]. In this method an acidified KMnO, solution was pre-
pared by adding 9.0 g of KMnQO, in 200 mL of 9:1 mixture of
concentrated H,SO, and H,PO,. Then 1.5 g of graphite flakes
was added to this solution under continuous stirring at 50°C
for 12 h at 500 rpm. The reaction mixture was cooled to room
temperature and poured onto 200 mL of ice cold distilled
water containing 3 mL of 30% H,O,. The mixture was then
repeatedly centrifuged and washed successively with water,
30% HCl solution and ethanol. The solid product of GO thus
obtained was finally dried at 80°C in an oven.

2.1.3. Synthesis of reduced graphene oxide

To synthesize RGO, 0.6 g of GO synthesized as above was
dispersed in 100 mL distilled water and 0.1 g of NaBH, was
added to the GO suspension. The mixture was then heated
to 100°C for 24 h. The solid product thus obtained was cen-
trifuged and washed repeatedly with distilled water. The
product was finally dried at 80°C in an oven. The Schematic
illustration of synthesis of GO and RGO were shown in Fig. 1.

2.1.4. Synthesis of silver orthophosphate Ag.PO,

Silver orthophosphate (Ag,PO,) was prepared by using
silver-amino complex as the Ag* ion source. 100 mL 0.2 M
of ammonia aqueous solution was added drop by drop to
100 mL 0.1 M of AgNO, solution to form a transparent solu-
tion. 100 mL 0.2 M solution of Na,HPO, was slowly added
to the above solution with constant stirring and crystals of
Ag.PO, was obtained. The solid product is washed several
times with distilled water and finally dried at 80°C in an oven.

Reaction involved:

AgNO, +2NH,.-H,0 - [Ag(NH,),]NO, + 2H,0 1)

3[Ag(NH,),]NO, + 6Na,HPO, - Ag,PO,
+2(NH,) PO, + 3Na,PO, + 3NaNO, @

Overall reaction:

3AgNO, + 6NH,H,O + 6Na,HPO, - Ag PO,
+2(NH,) PO, + 3Na,PO, + 3NaNO, + 2H.O ©)
2.1.5. Synthesis of GO-Ag,PO, nanocomposite

In a typical synthesis, the as-made 155 mg of GO was dis-
persed in 100 mL distilled water and sonicated in a sonicator

Modified Hummer's
Methox

" NaBH,, 100°C

“# 24 Hours

Fig. 1. Schematic illustration of synthesis of GO and RGO.
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for 1 h to give a GO aqueous suspension (1.55 mg mL™). Now,
0.01 mol of AgNO, was added to the above GO suspension
with constant stirring for 1 h to ensure a electrostatically
driven assembly of Ag" ions on negatively charged sheets of
GO. Then, 100 mL 0.2 M of ammonia aqueous solution was
added slowly drop by drop to the above solution. After that,
100 mL 0.2 M solution of Na,HPO, was added drop wise to
the above solution with constant stirring. The mixture was
stirred for further 30 min. The GO-Ag PO, nanocomposites
were collected by filtration and drying in an oven at 80°C.

2.1.6. Synthesis of RGO-Ag,PO, nanocomposite

To synthesize RGO-Ag,PO, nanocomposite, the above
mixed suspension was transferred to a Teflon-lined stainless
steel autoclave and kept in an oven at 120°C for 4 h. After
the hydrothermal treatment, the autoclave was allowed to
cool naturally to room temperature. The solid RGO-Ag.PO,
products were washed several times with distilled water and
was dried in an oven at 80°C. The Schematic diagram for the
Synthesis of GO-Ag PO, and RGO-Ag,PO, nanocomposites
were shown in Fig. 2.

2.2. Characterization

Powder XRD pattern was recorded by Bruker AXS
(Germany) X-ray powder diffractometer model D8 Focus
using Cu K radiation with 2 © ranging from 10° to 80°
with a step size of 0.020. The FESEM images were taken by
Zeiss FESEM Model Sigma (Germany). The Raman spec-
tra were recorded by Renishaw (UK) Raman Spectrometer
Model Renishaw Basis Series with 514 Lasers. FTIR spectra
were obtained by PerkinElmer (USA) FTIR spectrometer
Model C-107727 in the range 450-4,000 cm™. The diffuse
reflectance spectra were recorded by Varian Cary UV-VIS
NIR spectrophotometer model 5000 equipped with diffuse
reflectance accessory in wavelength range of 200-800 nm
with BaSO, as reference. The photoluminescence (PL) spec-
tra were obtained by PerkinElmer (USA) fluorescence spec-
trometer model LS 55 with an excitation at 350 nm. The BET
surface area of the nanocomposite is obtained by nitrogen
adsorption method using BET equation at 77 K with the help
of Quantachrome Autosorb-1C Surface Area Analyzer.

2.3. Photocatalytic activity

In a typical reaction, 200 mL of 20 umol/L dye solution
was taken in a double-jacketed photocatalytic glass reactor

GO-Ag:PO4

[Ag(NH3),1" on

Nanocomposites
GO sheets

Product washed
&Dried in Oven
at 80°C

Tafflon Lined
Autoclave

Product washed &
Dried in Oven at 80°C

Fig. 2. Schematic diagram for the synthesis of GO-Ag PO, and
RGO-Ag,PO,nanocomposite.

(borosilicate) and 250 mg of the catalyst was added to it.
The photocatalytic reactor with the solution was placed on
a magnetic stirrer and kept in dark with constant stirring
to achieve an adsorption-desorption equilibrium. After
60 min, the dye solution was illuminated with visible light
by a halogen bulb (24V 250 watt 7748Xhp G6.35, Philips,
India) fitted with a glass filter to cut-off short wavelengths
(A <420 nm) [35]. The concentration of the dye solution after
attaining adsorption—desorption equilibrium was considered
as the initial concentration. 5 mL of the dye solution were
then collected at a regular time intervals, centrifuged by
Remi Centrifuged machine model R 24 and the concentra-
tion of the dye was measured by visible spectrometer (Elico
(India), model SL-177) at A__ =600 nm.

The percentage degradation was determined by the
equation:

Co _Ct

0

%D = x100 (4)

where C and C, are the initial concentration and concentration
of the dye solution at time f, respectively.

2.4. Adsorption study

To compare the adsorption capabilities of the compos-
ites synthesized, the adsorption of Acid Blue 25 on Ag,PO,
GO-Ag,PO,and RGO-Ag,PO, were tested by mixing 50 mg of
the catalyst with 50 mL of dye solution in 100 mL Erlenmeyer
flasks in a constant temperature water bath thermostat shaker
for 60 min under dark. The unadsorbed supernatant liquid
was decanted from one flask after regular time intervals,
centrifuged and then the concentration of the dye was deter-
mined with the help of visible spectrometer. The percentage
adsorption also was determined by using the equation that as
in case of % degradation.

2.5. Percentage mineralization

The photocatalytic degradation of the dye studied was
followed by examination of the maximum reduction of the
carbon content in the dye solution by estimating the chemical
oxygen demand (COD) by spectrophotometric method [36].
The reduction of COD values confirms the degradation of
organic pollutants in water. The % efficiency of the photocat-
alytic degradation was calculated by the following equation:

Initial COD - Final COD)

% Efﬁdemy(n)=( Initial COD

x100 )

3. Results and discussion
3.1. Characterization of the photocatalyst

The powder XRD patterns of GO, RGO, AgPO,,
GO-Ag PO, and RGO-Ag PO, are shown in Fig. 3. A char-
acteristic peak of (0 0 2) at 20 = 11° reveal the conversion of
graphite to GO [37]. The peak due to (0 0 2) is disappeared
and a broad peak 20 = 25°is seen in RGO which confirms the
conversion of GO to RGO [37].
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The formation of AgPO, is confirmed by the XRD
pattern of Ag PO, which reveals body centred cubic (bcc)
structure (JCPDS No. 06-0505) which is in accordance with
previous results [38]. GO-Ag PO, and RGO-Ag PO, shows
similar XRD pattern as those of bare Ag PO, which suggest
grafting of Ag PO, particles on GO and RGO sheets, but the
characteristic peak of GO at 20 = 11° and RGO at 20 = 25°
are not found due to very low diffraction intensity of GO
and RGO as compared with Ag.PO,. The particle size was
calculated from (210) (211) and (320) peaks by using Scherrer
equation:

D =kA/BcosO (6)

where k= 0.94 for crystals with cubic symmetry, A =0.154 nm,
B = full width half maxima and © = diffraction angle. The

RGO-Ag,PO,
I | lA N U W N Y
E]
3
= GO-Ag PO,
%} A A J ‘ A WY A Ag3 ¢
£
= l AgPO,
| A A 1 A A A A
(V)] RGO
A2 GO

- Y

0 20 30 40 50 60 70 80
2 O (degree)

Fig. 3. Powder XRD pattern of GO, RGO, Ag,PO,, GO-Ag PO,
and RGO-Ag,PO,.

Mag = 20.00K X Time :17:20:20

Signal A = Intens

EHT'= 3.00kV.
WD = 7.0 mm

average particle size for Ag PO, GO-AgPO, and RGO-
Ag PO, was found to be 60, 54 and 46 nm, respectively.

Fig. 4 depicts the XPS spectra of C 1s of GO and that
of RGO-Ag PO, composite. In the C 1s of GO, two intense
peaks are observed, one at binding energy of 283 eV due to
graphitic carbon and other one at 286.6 eV due to hydroxyl
C-OH. Whereas the intensity of the later goes on decreas-
ing due to the removal of the functional groups containing
oxygen during the hydrothermal synthesis. This reveals that
reduction of GO to RGO is achieved [39].

The FESEM images of the as-prepared samples are shown
in Fig. 5. The FESEM image (Fig. 5(a)) reveals that GO has
sheet-like structure which may provide enough surface area
for adsorption.

The FESEM image of bare Ag PO, (Fig. 4(b)) shows that
the compound has varying sizes. The Ag PO, nanoparticles

— ((1s) in RGO -Ag,PO,
—C(1s)in GO

Intensity (a.u.)

2;30 I 2|84 I 2&|38 I 292 296
Binding energy (eV)

Fig. 4. XPS spectrum of C 1s in GO and RGO-Ag,PO, composite.

EHT = 6.00kV

Mag= 100KX WD=

Fig. 5. FESEM image of GO, Ag,PO,, GO-Ag PO, and RGO-Ag,PO,.
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are distributed on the GO sheets as seen in Fig. 4(c). The
FESEM image of RGO-Ag[PO, (Fig. 5(d)) implied that
hydrothermal treatment of the GO-Ag[PO, composites
convert GO to RGO with slight decrease in size of Ag PO,
particles. Fig. 6 shows the energy dispersive spectroscopy
elemental microanalysis of Ag, PO, and RGO-Ag PO,. The
peak corresponding to Ag, P and O elements in Fig. 6(a)
indicates the formation of Ag, PO, while that corresponding
to Cof GOin Figs. 6(b) and (c) confirms that GO-Ag. PO, and
RGO-Ag,PO, composites were successfully synthesized in
this study. From the analysis of the wt%, it is found that the
ratio of Ag to P is close the chemical composition of Ag PO,.
The GO contents of the GO-Ag.PO, and RGO-Ag PO,
composites were found to be around 10% (w/w).

The average particle size was found to be 60 nm, 50 nm
and around 50 nm in bare Ag.PO, GO-Ag PO, and RGO-
Ag PO, as calculated from the histogram plots as shown in
Fig. 7 which is in agreement with that calculated by Scherrer
equation from XRD data.

Fig. 6. Energy dispersive spectroscopy (EDS) pattern of
(a) Ag,PO, (b) GO-Ag PO, and (c) RGO-Ag PO,
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Fig. 8 displays the FTIR spectra of the GO, RGO, Ag,PO,,
GO-Ag PO, and RGO-Ag PO,. In the FTIR spectra of GO,
characteristic peaks at 1,720; 1,630 and 1,058 cm™ corresponds
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Fig. 7. Histogram plot showing particle size distribution from
SEM images of (a) Ag,PO,, (b) GO-Ag,PO, and (c) RGO-Ag,PO,.
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Fig. 8. FTIR spectra of the GO, RGO, Ag PO,, GO-Ag,PO, and
RGO-Ag,PO,.
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to stretching vibrations of carboxylic C=O, C=C and alkoxy
C-O [40], respectively, with a broad absorption peak centred
around 3,400 cm™ and another one at 1,630 cm™ are due to
O-H stretching vibrations [41]. In case of RGO, the absorp-
tion peak at 1,720 cm™ corresponds to stretching vibration of
carboxylic C=0. The peak centred around 1,610 and a broad
peak at 3,420 cm™ correspond to bending vibrations of ~-OH
and stretching vibrations of the RGO sheets, respectively
[6]. At 1,390 cm™ another peak is seen which is attributed
to the tertiary C-OH group stretching vibration [42]. The
absorption peak at 1,142 cm™ is related to the stretching
vibration of C-O-C of epoxy and alkoxy groups in RGO.
In the FTIR spectra of bare Ag,PO,, the absorption peak at
540 cm™ corresponds to O=P-O bending vibrations, peak at
850 and 1,097 cm™ correspond to symmetric and asymmetric
stretching vibrations of P-O-P rings [6]. The peak at 1,383 cm™
is attributed to the stretching mode of vibrations of P=O [43].
In addition to these, two peaks at 1,650 and 3,420 cm™ are
observed due to the -OH bending and stretching vibrations
of H,O molecules adsorbed [43]. Similar peaks are observed
in the as-synthesized GO-Ag.PO,. In the FTIR spectra of
RGO-Ag.PO,, two new peaks are observed a 1,260 and 1,575
cm™ which corresponds to the skeletal vibration of GO
sheets and C-O stretching vibration of epoxy C-O-C which
reveals the conversion of GO to RGO [6]. While the peak at
1,122 em™ corresponds to the stretching vibrations of P-O-P
group instead of 1,097 cm™ as observed in bare Ag PO, which
suggest that the Ag PO, particles strongly interact with the
RGO sheets [43].

Fig. 9 shows the Raman spectra of GO, RGO, Ag.PO,,
GO-Ag PO, and RGO-Ag PO,. In the Raman spectra two
bands are seen at around 1,340 and 1,600 cm™ which
attributed to disordered sp? carbon (D-band) and ordered
graphite (G-band), respectively. In case of RGO, same
peaks are observed but the I /I ratio is increased to 0.96 as
compared with that of 0.85 in GO which is in agreement with
previous results [38].

This reveals that reduction of GO to RGO is achieved.
For bare Ag.PO,, a peak at around 912 cm™ is seen which
corresponds to the PO,* symmetric stretching vibrations
[44]. In the Raman spectra of GO-Ag PO, both the D and G
bands are seen (I, /I .= 0.85) in addition to the peak at around
912 cm™ due to the PO,* symmetric stretching vibrations of

13115 1589.6

RGO-Ag,PO,

Intensity (a.u.)

T T T T T
400 600 800 1000 1200 1400 1600 1800 2000

Raman Shift (cm'l)

Fig.9.Ramanspectraof GO,Ag PO, GO-Ag,PO,andRGO-Ag PO,.

Ag.PO,. In RGO-Ag PO, similar peaks are seen at 1,311.5
and 1,589.6 cm™ with I /I = 0.96. The position of the G band
(in wave numbers) provides information about the number
of layers in GO and RGO and that can be calculated by using
the following equation [45]:

W, =1581.6 + 11/(1 + n') @)

where W, is the position of the G band (in wave number),
W, is the number of layers and the number 1,581.6 cm™
is the position of the sharp peak in the Raman spectra of
graphite. The average number of layers in RGO is thus
found to be 1.67 (~2 or bilayer) as calculated by using the
above equation. The result of Raman spectra also confirms
the presence of GO and RGO in GO-Ag.PO, and RGO-
Ag.PO,, respectively.

The DRS of Ag.PO, GO-Ag PO, and RGO-Ag PO, are
shown in Fig. 10. The spectra show that the visible light
absorption enhances for GO-Ag PO, and RGO-Ag PO, com-
posites as compared with bare Ag.PO,.

The band gap (Eg) is calculated using the equation
Eg =1240/A [46], where A is the wavelength corresponding
to the point of intersection between vertical and horizontal
lines in the spectra. The Eg value of Ag PO, GO-AgPO,
and RGO-Ag PO, is found to be 2.45, 2.33 and 2.29 eV,
respectively. The narrowing of the band gap from the DRS
reveals that when Ag. PO, is grafted on GO and RGO sheets,
the photocatalytic activity of the material increases.

Fig. 11 displays the PL spectra of bare Ag PO,, GO-Ag PO,
and RGO-Ag PO,. A sharp emission peak at around 600 nm
is observed on excitation at 350 nm.

The Ag PO, particles when deposited on GO sheets,
the PL intensity decreases. On hydrothermal treatment
of the GO-Ag.PO, composite, the PL intensity decreases
sharply which indicates that the recombination of the
photogenerated charge carriers is diminished. This
implies that the nanocomposite can be effectively used in
photocatalysis [47].

BET specific surface area of bare Ag PO, and RGO-Ag PO,
is found to be 3.3 and 7.835 m? g™, respectively. While that
of GO sheets is 31.4 m*> g Thus it is confirmed that the
incorporation of GO with Ag PO, results in increase in
surface area of RGO-Ag, PO, composites.

Absorbance

‘Wavelength (nm)

Fig. 10. DRS of Ag,PO, GO-Ag,PO, and RGO-Ag,PO,.



M.A. Kausor et al. | Desalination and Water Treatment 140 (2019) 337-346

3.2. Photocatalytic activity of the material

Fig. 12 shows the photocatalytic degradation of bare
Ag PO, GO-Ag PO, and RGO-Ag PO, with Acid Blue 25 dye
with an initial concentration of 20 umol/L. For comparison, a
blank test with constant stirring was also performed.

The degradation of Acid Blue 25 in the absence of the
catalyst was found to be negligible which confirms that
self degradation of the dye is not feasible. The bare Ag.PO,
showed weak photocatalytic activity with a degradation per-
centage of 55.4% after equilibrium is achieved at 90 min of
visible light illumination. The GO-Ag, PO, composite exhibits
better photocatalytic activity with a degradation percentage
of 68.8%. The hydrothermally obtained RGO-Ag. PO, com-
posite has the highest photocatalytic degradation percentage
of 82%. The result reveals that when Ag PO, particles are
grafted on GO and RGO sheets, the photocatalytic perfor-
mance was enhanced to a considerable extent.

Fig. 13 depicts the UV-Vis absorption spectral changes
of Acid Blue 25 dye degradation in aqueous medium under
visible light with RGO-Ag PO, composite synthesized by
hydrothermal method. The spectra shows that with increase
in degradation time, the absorption maxima at A__ = 600 nm
goes on decreasing and after 90 min of degradation it almost
completely disappeared.

The colour change of the dye solution degraded in
aqueous medium under visible light irradiation with

18-
16
14
12

PI Intensity
S
1

6- ,%C)—A&POA

4] RGO-Ag,PO,

4

590 600 610 60 630 640
‘Wavelength (nm)

560 570 580

Fig. 11. Photoluminescence (PL) spectra of bare AgPO,
GO-Ag,PO, and RGO-Ag PO,
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—— Ag}PO4
—a—GO-Ag,PO,

e — RGO-Ag PO,
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Irrediation time (min)

60 45 30 -15 0

Fig. 12. Photocatalytic degradation of bare Ag,PO,, GO-Ag PO,
and RGO-Ag,PO,.
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RGO-Ag PO, composite after regular time interval is shown
in Fig. 14. Decolourization of the dye solution was achieved
almost completely after 90 min and equilibrium is achieved.

3.3. Kinetic study of the photocatalytic degradation

The kinetics of the degradation of Acid Blue 25 dye
was studied by modified Langmuir-Hinshelwood (L-H)
mechanism which could be expressed as:

In(C,/C) = kt (8)

where k is the overall rate constant in min™. The plot of
In(C,/C) against irradiation time (min) for the photocatalysts
(Fig. 15) give straight lines which reveal that the degradation
of Acid Blue 25 follows pseudo-first order kinetics.

0.16- —— O min
—— 10 min
——20 min
0.14- — 30min
° ——— 40 min
§ 0.12- —— 50 min
.g —— 60 min
2 ——— 70 min
Z 010 — 80 min
—— 90 min
0.08-
0.06
400 500 600 700 800 900
‘Wavelength (nm)

Fig. 13. UV-Vis spectral changes of Acid Blue 25 dye degradation
in aqueous medium under visible light using RGO-Ag,PO,
composite.

(o min | 190 min

20 minj| 30 min} 40 min, | Sq_'r_nii |e0 min”'fq min (8o min} | 50 miny
p— wr e —

Fig. 14. Change in colour of Acid Blue 25 dye degradation
in aqueous medium under visible light using RGO-Ag PO,
composite.

2.0+

1.54

Irradiation time (min)

Fig. 15. Plot of In(C/C) against irradiation time (min).



344

From the analysis of the plot, the Langmuir-Hinshelwood
rate constant (k), first order kinetic equation and relative
coefficient (R?) for the degradation of Acid Blue 25 under
visible light illumination were determined and are shown in
Table 1.

The rate constant (min™) for each photocatalyst was
obtained from the slopes of the straight line obtained through
regression. The rate constant k (min™) for bare AgPO,
was found to be 08.48 x 10° min™ which has increased to
13.15 x 10° min™ and 18.87 x 10 min" in GO-Ag,PO, and
RGO-Ag PO, respectively.

3.4. Adsorption study

For better photocatalytic performance, the dye par-
ticles must be adsorbed on the surface of the catalyst. To
understand the extent of adsorption of the dye on Ag.PO,,
GO-Ag PO, and RGO-Ag,PO,, the adsorption capabilities
were studied (Fig. 16) and it is found that the adsorption of
GO-Ag,PO, (27.7%) and RGO-Ag,PO, composites (31.8%)
were (20.5%) much higher than the bare Ag PO,. Similar
results were also obtained with N-doped TiO, photocatalyst
(34.4%) with a catalyst load of 1.0 g/L and N-TiO,-RGO nano-
composite (12.24%) with catalyst load of 0.75 g/L for the same
period of time [8,48].

3.5. Mineralization of dye

The extent of mineralization was examined in terms of
the decrease in COD value. In the present study, 200 mL
of 20 umol/L dye solution was taken in the photocatalytic
reactor with 250 mg of the RGO-Ag PO, catalyst and it was
observed that there is a steady decrease in the COD value
(Fig. 17(a)) and increase in % efficiency, n (Fig. 17(b)) with
increase in the visible light irradiation time. The n value
increased from 8.35% to 84.75% during irradiation of light
up to 120 min. After 90 min of visible light irradiation, the 1)
value was found to be 78.26% whereas at the same time the
% degradation was 82%. The mineralization % efficiency (1)
was found to be lower than the % degradation. This might
be attributed to the formation of some smaller uncoloured
products which contributes to the increased COD values.

3.6. Mechanism

In GO-Ag,PO, composite, GO expands the light absorp-
tion range, enhances adsorption of the dye particles due to
increased surface area and also reduces photocorrosion of
Ag. PO, [25,27]. The combining merits of Ag PO, and GO
results in the enhancement of the photocatalytic activity
under visible light when Ag PO, is tailored on the surface
of GO sheets [30]. A probable mechanism for the increased
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Fig. 17. Variation of (a) COD with irradiation time and (b) %
mineralization (1) with irradiation time.

Table 1

Langmuir-Hinshelwood rate constant (k), first order kinetic equation and relative coefficient (R?)
Catalyst First order kinetic equation Langmuir-Hinshelwood rate constant (k) in min™ R?
Ag PO, In(C,/C) = 0.00848¢ 08.48 x 107 0.9946
GO-Ag,PO, In(C,/C) =0.01315¢ 13.15 x 107 0.9906
RGO-Ag,PO, In(C,/C)=0.01887¢ 18.87 x 107 0.9978
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Fig. 18. Photocatalytic degradation mechanism.

photocatalytic activity of the RGO-Ag,PO, nanocomposite
over bare Ag PO, is proposed in this study as shown in Fig. 18.
When visible light having energy higher than the band gap
energy of falls on Ag.PO,, the electrons in the valence band
(VB) are excited to the higher energy conduction band (CB)
leaving behind holes. The electrons in the CB are then quickly
transferred to RGO sheets and react with dissolved O, to form
‘O, ions which further reacts with hydrogen ions to produce
‘HO, radicals. The HO, along with H* ions combine with elec-
trons to generate H,O,. The holes in the VB are highly oxidiz-
ing which readily oxidizes donor molecules and react with
water to form ‘OH radicals. These .OH radicals along with
‘HO, and‘O," are responsible for the degradation of the dye.

4. Conclusion

The result revealed that heterostructure nanocomposite
of silver orthophosphate (Ag,PO,) grafted on RGO sheets
could be easily synthesized by simple sol-gel and hydro-
thermal method. The photocatalytic decolourization of Acid
Blue 25 dye followed pseudo-first order kinetics, which can
be fitted the modified Langmuir-Hinshelwood model. The
degradation results showed that RGO-Ag.PO, composite has
higher degradation percentage than the GO-Ag,PO, com-
posite. Thus the photocatalytic activity of silver orthophos-
phate was greatly enhanced when integrated with RGO and
the enhanced photocatalytic activity is ascribed to the higher
adsorption and small sized well dispersed Ag,PO, particles
on GO as well as RGO sheets.
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