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Abstract 

In the current study, composite photocatalyst of Ag3Po4-Ag2CO3 impregnated in alginate beads was synthesized by co-

precipitation method and characterized by XRD, FTIR and SEM analyses. Photocatalytic activity of the synthesized 

impregnated beads was evaluated by degradation of methyl orange (MO) under sun light. The suggested parameters as 

PH(3-9) and catalyst dosage (0.5-3.5 g/l) were studied using the Response Surface Methodology (RSM) and the optimum 

conditions were as follows: pH=3and catalyst dosage= 2 g/l. And the methyl orange (MO) removal efficiency reached up 

to 67.9 % at these optimal conditions. Also kinetic and isotherm of the Photocatalytic degradation were determined in 

order to more completely understand the degradation mechanism. 
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Introduction 

Until the end of the nineteenth century, pigments were 
used to be extracted from natural substances, such as 
flowers, roots, and minerals. With the development of 
modern synthetic chemistry and chemical industry, 
natural dyes have been replaced by synthetic ones 
because they can be manufactured on a larger scale, 
however, this process represents a great threat for our 
environment and human health [1-4]. Therefore, the 
removal of polluting dyes from the wastes of industries 
before they get in contact with the environment is a 
mandatory step to reduce the pollution [5]. Methyl orange 

(MO) is commonly used mono azo dyes in laboratory 
assays, textiles and other commercial products, and have 
to be removed from water due to its toxicity [6-8]. 
Considering factors such as cost and efficiency, a great 
deal of visible-light-responsive photocatalysts including 
many binary/ternary semiconductors, such as WO3, CdS, 
MoS2, g-C3N4, Ag3PO4 and BiVO4 have been developed over 
the past decades [9-13]. Environmental problem of toxic 
wastewater and infected waters is one of the main 
subjects that researchers work on. Due to this, organic 
dyes are one of the main industrial wastewater pollutions. 
More than 50% of textile dyes is azoic dyes such as 
methyl orange which are recognized by nitrogen π-bound 
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[1-2]. Of the total world production of dyes, up to 20% is 
lost during industrial processing, causing environmental 
pollution and contributing to eutrophication that affects 
aquatic life [14]. This necessitates to degrading the dyes 
in effluents, at least to decolorize them before effluent 
disposal to environment. So far, many strategies have 
been designed to clear the dyeing effluents. Photocatalytic 
degradation of organic pollutants by using semiconductor 
photocatalysts is of growing interest for water 
purification [15-16]. It is a potential technology for the 
destruction of organic contaminants in water such as 
aromatic compounds which present a potential hazard to 
the environment. Methyl orange (MO) was used as a 
model compound, we performed our strategy by taking 
MO degradation as an example. Photocatalysis is a 
technique utilizing nanotechnology under thorough study 
now [5-7]. The process of photocatalysis is powered by 
photons that match or exceed the band gap energy of a 
given semiconductor. An electron in its valence band (VB) 
is excited to the conduction band (CB), leaving a positive 
hole in the VB that forms a hydroxyl radical with the 
hydroxyl ion in water, which is then available for 
oxidation. Meanwhile, the excited electron reduces 
oxygen in the CB, which can also act as an oxidizing agent 
[8]. However, the photogenerated electrons are unstable 
in the excited state, thus can easily recombine to their 
respective holes. This process dissipates the input light 
energy and results in low-efficiency photocatalysis. 
Therefore, the development of a more efficient 
photocatalyst is an important consideration [8-10]. 
Oxidation of organic compounds in aqueous solution is 
achieved by the reactive hydroxyl radical. The primary 
oxidant responsible for most heterogeneous 
photocatalytic oxidation (HPCO) processes is the hydroxyl 
radical, which is formed by the reduction reactions of 
holes with water or hydroxide ions. The mechanism of the 
formation of the hydroxyl radical is well discussed in the 
literature [17-22]. Ag2CO3 has been confirmed to exhibit a 
high photocatalytic activity for organic pollutant 
degradation, because the incorporation of a nonmetallic 
p-block carbon element into Ag2O can broaden the band 
gap, which can enhance the redox ability [23]. Therefore, 
Ag2CO3, as a p-type semiconductor, can form a p–n 
heterojunction with Ag3PO4, which is an n-type 
semiconductor. However, the used of Ag3PO4 powder is 
limited to simple applications because significant post 
treatment filtration is required to remove the catalyst 
from the final solution. Therefore, many researches 
undertook many attempts to entrap photocatalyst 
particles in some supports for degradation of dyes and 
adsorption of heavy metal ions, such as entrapping TiO2 in 

PVA-alginate [10] or chitosan [11-12]. These materials 
could provide considerable advantages: minimal clogging 
in continuous flow systems, easier solid-liquid separation 
and ease of regeneration and reuse of the catalyst. 
Alginate is naturally occurring linear polysaccharide 
composed of (1-4)-linked-D-mannuronic acid (M units) 
and –L-guluronic acid (G-units) monomers, which vary in 
amount and sequential distribution along the polymer 
chain depending on gelling properties [24-28]. In the 
present study, Ag3PO4/ Ag2CO3 impregnated alginate 
beads were prepared. The removal of dyes using the 
aforementioned beads has not been extensively explored. 
Thus, the aim of this study was to improve the 
performance of dye removal by using photocatalyst beads 
containing Ag3PO4/ Ag2CO3. The optimum conditions, 
kinetic and isotherm of dye removal were determined. 
Until the end of the nineteenth century, pigments were 
used to be extracted from natural substances, such as 
flowers, roots, and minerals. With the development of 
modern synthetic chemistry and chemical industry, 
natural dyes have been replaced by synthetic ones 
because they can be manufactured on a larger scale, 
however, this process represents a great threat for our 
environment and human health [1-4]. Therefore, the 
removal of polluting dyes from the wastes of industries 
before they get in contact with the environment is a 
mandatory step to reduce the pollution [5]. Methyl orange 
(MO) is commonly used mono azo dyes in laboratory 
assays, textiles and other commercial products, and have 
to be removed from water due to its toxicity [6-8]. 
Considering factors such as cost and efficiency, a great 
deal of visible-light-responsive photocatalysts including 
many binary/ternary semiconductors, such as WO3, CdS, 
MoS2, g-C3N4, Ag3PO4 and BiVO4 have been developed 
over the past decades [9-13]. Environmental problem of 
toxic wastewater and infected waters is one of the main 
subjects that researchers work on. Due to this, organic 
dyes are one of the main industrial wastewater pollutions. 
More than 50% of textile dyes is azoic dyes such as 
methyl orange which are recognized by nitrogen π-bound 
[1-2]. Of the total world production of dyes, up to 20% is 
lost during industrial processing, causing environmental 
pollution and contributing to eutrophication that affects 
aquatic life [14]. This necessitates to degrading the dyes 
in effluents, at least to decolorize them before effluent 
disposal to environment. So far, many strategies have 
been designed to clear the dyeing effluents. Photocatalytic 
degradation of organic pollutants by using semiconductor 
photocatalysts is of growing interest for water 
purification [15,16]. It is a potential technology for the 
destruction of organic contaminants in water such as 
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aromatic compounds which present a potential hazard to 
the environment. Methyl orange (MO) was used as a 
model compound, we performed our strategy by taking 
MO degradation as an example. Photocatalysis is a 
technique utilizing nanotechnology under thorough study 
now [5-7]. The process of photocatalysis is powered by 
photons that match or exceed the band gap energy of a 
given semiconductor. An electron in its valence band (VB) 
is excited to the conduction band (CB), leaving a positive 
hole in the VB that forms a hydroxyl radical with the 
hydroxyl ion in water, which is then available for 
oxidation. Meanwhile, the excited electron reduces 
oxygen in the CB, which can also act as an oxidizing agent 
[8]. However, the photogenerated electrons are unstable 
in the excited state, thus can easily recombine to their 
respective holes. This process dissipates the input light 
energy and results in low-efficiency photocatalysis. 
Therefore, the development of a more efficient 
photocatalyst is an important consideration [8-10]. 
Oxidation of organic compounds in aqueous solution is 
achieved by the reactive hydroxyl radical. The primary 
oxidant responsible for most heterogeneous 
photocatalytic oxidation (HPCO) processes is the hydroxyl 
radical, which is formed by the reduction reactions of 
holes with water or hydroxide ions. The mechanism of the 
formation of the hydroxyl radical is well discussed in the 
literature [17-22]. Ag2CO3 has been confirmed to exhibit a 
high photocatalytic activity for organic pollutant 
degradation, because the incorporation of a nonmetallic 
p-block carbon element into Ag2O can broaden the band 
gap, which can enhance the redox ability [23]. Therefore, 
Ag2CO3, as a p-type semiconductor, can form a p–n 
heterojunction with Ag3PO4, which is an n-type 
semiconductor. However, the used of Ag3PO4 powder is 
limited to simple applications because significant post 
treatment filtration is required to remove the catalyst 
from the final solution. Therefore, many researches 
undertook many attempts to entrap photocatalyst 
particles in some supports for degradation of dyes and 
adsorption of heavy metal ions, such as entrapping TiO2 in 
PVA-alginate [10] or chitosan [11-12]. These materials 
could provide considerable advantages: minimal clogging 
in continuous flow systems, easier solid-liquid separation 
and ease of regeneration and reuse of the catalyst. 
Alginate is naturally occurring linear polysaccharide 
composed of (1-4)-linked-D-mannuronic acid (M units) 
and –L-guluronic acid (G-units) monomers, which vary in 
amount and sequential distribution along the polymer 
chain depending on gelling properties [24-28]. In the 
present study, Ag3PO4/ Ag2CO3 impregnated alginate 
beads were prepared. The removal of dyes using the 

aforementioned beads has not been extensively explored. 
Thus, the aim of this study was to improve the 
performance of dye removal by using photocatalyst beads 
containing Ag3PO4/ Ag2CO3. The optimum conditions, 
kinetic and isotherm of dye removal were determined. 
 
 

 

Figure 1: Chemical structure of methyl orange. 
 

 

Experimental Section 

Synthesis of Photocatalyst Heterostructure 
Ag3PO4/Ag2CO3 

All chemicals were of analytical grade purity and used 
without further purification. Briefly, 252 mg NaHCO3 and 
312 mg NaH2PO4·2H2O were dissolved in 80 mL deionized 
water understirring. Then, 40 mL AgNO3 aqueous 
solutions (approximately 0.3 mol/L) was added drop wise 
to the solution under stirring. The precipitate was 
collected by centrifugation, washed three times with 
deionized water after stirring for 12 h and dried in air at 
70°C for 12 h [29]. 
 

Preparation of Photocatalyst Heterostructure 
Embedded in Polymeric Beads 

About 300 mL of precursor solution was prepared by 
mixing 9 g of sodium alginate powder with deionized 
water (4.0% w/v solution) at 60°C. After the dissolution, 
1.5 g of Ag3PO4 /Ag2CO3 powder in deionized water (DI) 
was added very slowly and the mixture was further 
stirred for 3.0 h to ensure the homogeneity of the system. 
The obtained viscous solution was introduced dropwise 
using a syringe into 400 mL of a CaCl2 solution (4% (w/v)) 
bath as the gelling solution [30]. The beads were cured in 
the coagulation bath overnight. Then, the beads were 
washed several times and kept in a deionized water bath. 
The beads were used wet to avoid the collapse of the 
internal structure. 
 

Characterization of the Catalyst 

XRD measurements were obtained using a Shimadzu 
XRD-600 diffractometer operating at a voltage of 40 kV 
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and current of 20 mA with Cu Ka radiation source. The 
infrared spectra were analyzed using Fourier transform 
infrared (FTIR) spectroscopy (ATI/Unicam Infinity 961 M 
instrument) in the range of 4000–400cm-1. The surface 
morphology and porous structure was examined using 
scanning electron microscopy (SEM) (JEOL 5410) and the 
power was set to 30 kV. 
 

Photocatalytic Degradation of Methyl Orange 
and Design of Experiments (DOE) 

The effect of degradation process parameters such as 
pH(3-9) and catalyst dosage(0.5-3.5) on the removal 
efficiency of methyl orange (MO) onto Ag3PO4 /Ag2CO3 
alginate beads was optimized by response surface 
methodology (RSM) based central composite design 
(CCD). The CCD model was used to investigate the 
combination of parameters that will give optimum 
removal. 

 
  Levels   

Factors  +α +1 0 -1 -α 

3.5 3 2 1 0.5 
Catalyst dosage 

(g/20ml) 
9 7.5 6 4.5 3 pH 

Table1. Experimental factor levels of Ag3PO4 /Ag2CO3 
alginate beads 
 

The batch photocatalytic experiment was performed 
in methyl orange (MO) under sunlight irradiation. Ag3PO4 
/Ag2CO3 alginate beads (wet weight) were introduced 
into 20 mL of MO solution (25 ppm). The mixture was 
stirred in the dark for 120 min to attain adsorption-
desorption equilibrium between the catalyst and dye. The 
mixture was then irradiated under sunlight in sunny 
condition. 

 
The degree of photodegradation (efficiency) as a 

function of time, which demonstrates the efficiency of the 
experiment, could be calculated with the following 
equation:  

𝑅𝐸 = (
𝐶𝑜−𝐶𝑒

𝐶𝑜

) × 100 (1) 

Where Co and Ce (mg/l) are the initial and final methyl 
orange (MO) concentrations, respectively. 
 

Kinetic Modeling 

The data were treated according to the pseudo-first-
order, pseudo-second-order [10,11] in their linear forms 
that expressed as: 

 log(𝑞𝑒 − 𝑞𝑡) = log(𝑞𝑒) − (
𝐾1

2.303
)𝑡 (2) 

 
t

qt

=
1

(K2 qe
2)

+  (
1

qe

)  t (3) 

 
Where, 𝑞𝑡  and 𝑞𝑒  are the amounts of methyl orange 

adsorbed at time t and equilibrium e, respectively; 𝐾1 and 
K2 are the pseudo first-order and pseudo second-order 
rate constants, respectively. 
 

Isotherm Modeling 

Two adsorption isotherm models have been used to 
analyze the adsorption data by the following equations 
[12,13]:  
 
(i) Langmuir 

𝐶𝑒

𝑞𝑒

=
1

𝐾𝐿𝑄𝑚𝑎𝑥

+
𝐶𝑒

𝑄𝑚𝑎𝑥

 (4) 

Where, 𝐾𝐿  (L/mg) and 𝑄𝑚𝑎𝑥  (mg/g) are the Langmuir 
constants related to the adsorption energy and sorption 
capacity, respectively. While, 𝑞𝑒 (mg/g) is the equilibrium 
adsorption capacity and 𝐶𝑒  (mg/L) is the equilibrium 
concentration.  
  
(ii) Freundlich.  

log 𝑞𝑒 = log 𝐾𝑓 +
1

𝑛
log 𝐶𝑒  (5) 

Where, 𝐾𝑓  (L/mg) is the Freundlich constant and n is the 

heterogeneity factor which represents sorption capacity 
and sorption intensity, respectively. 
 

Results and Discussion 

Characterization of the Catalyst 

The crystallographic structures of algenic acid and the 
as-prepared sample were examined by X-ray powder 
diffraction (XRD). As shown in Figure 2 X-ray of algenic 
acid showed an amorphous structure, while X-ray of the 
Ag3PO4-Ag2CO3 sample showed peaks at 18.5° (020), 20.6° 
(110), 32.6° (101), 33.7° (–130), 37.1° (040) and 39.6° 
(031) which are indexed to that of monoclinic Ag2CO3 
(JCPDS 01-073-4385)Further, the crystallite size was 
calculated using Scherrer's formula for the high intensity 
peak, the estimated grain size was found to be 87 nm with 
d-spacing 0.227 nm. The peaks at 21.0° (110),29.8° (200), 
33.4° (210), 36.7° (211), 47.9° (310), 52.8° (222),55.1° 
(320) and 57.4° (321) are indexed to that of cubic Ag3PO4 
(JCPDS 00-006-0505), the estimated grain size was found 
to be 81.95 nm with d-spacing 0.16 nm. 
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Fig (2): XRD patterns of (a) prepared catalyst and (b) 
Algenic acid 

 
 

In FT-IR spectrum of algenic acid Figure 3 a broad 
peak at 3438–3450 cm-1 in the spectrum of alginate and 
was attributed to the OH groups, the bands at 2918–2923 
cm-1 in the spectra are attributed to the C-H stretch 
vibration in alginate [31-33]. Also, the bands at 1630–
1648 cm-1 and 1410–1440 cm-1 observed in the spectra 
were attributed to the asymmetric and symmetric 
stretching bands of the O=C–O of alginate, respectively.  
 

 

 

Figure 3: FTIR curves of the prepared materials. 
 
 
While in the IR spectrum of Ag3PO4-Ag2CO3 absorption 
peaks at 567 and 1016 cm-1 can be attributed to the 

stretching vibrations of the PO4 group [20] which verify 
the existence of Ag3PO4 in the sample, and the peaks 
around 1600 and3200 cm-1 represent the physically 
adsorbed water on the catalyst surface .the characteristic 
absorption bands of CO3-2 could be observed at 708 cm-1, 
802 cm-1, 883cm-1, 1328 cm-1 and 1449 cm-1 [34]. Besides, 
the peaks at 1640cm-1 and 1540 cm-1 are found and the 
peak intention of CO32-. The IR peaks at 1140 and 1730 
cm-1 corresponds to C–O and C=O in EGDMA, respectively. 
In case of Ag3PO4-Ag2CO3 alginate beads the characteristic 
C=C peaks at 1630, 1380, and 990 cm-1 show low intensity 
that verified the crosslinking polymerization reaction.  
 

The surface morphology of photocatalyst was 
examined using scanning electron microscopy. SEM 
images Figure 4 show particles with a polyhedral 
morphology similar to rhombic dodecahedral particles of 
Ag3PO4-Ag2CO3.  
 
 

 

Figure 4: SEM images of Ag3PO4-Ag2CO3. 
 
 

Photocatalytic Activity 

Design and Optimization: The effect pH (3-9) and 
catalyst dosage (0.5-3.5) on the removal efficiency of 
methyl orange (MO) onto Ag3PO4 /Ag2CO3 alginate beads 
was investigated using central composite design (CCD), 
which is a statistical and mathematical technique useful 
for building models, designing experiments and analyzing 
the interactive effects of several independent parameters. 
The main advantage of CCD is to reduce the number of 
experiments to be conducted, to study the interactions of 
operations parameters and to optimize the conditions 
[16]. 
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Adsorbate Source DF SS MS F-value Prob.> F 

 
MO 

Model 5 1574.9 314.99 12.08 0.0399 
Error 4 1234.2 308.55   

Lack of Fit 3 1234.2 411.40 863.55 0.5061 
Pure Error 1 0 0   

Total (Model + Error) 9 2809.1 312.13   

Table 2: ANOVA analysis of response surface for removal of methyl orange (MO) onto Ag3PO4 /Ag2CO3 alginate beads. 
 

The results for the ANOVA of the response surface 
quadratic analyses and model terms are summarized in 
Table 2. The high coefficient of determination value for 
methyl orange (MO) (R2 = 0.99) showed that the 
quadratic modes utilized highly sufficient in predicting 
the responses. 

 
Also, the F-value of 12.08 of the quadratic model 

implied that the equation was significant. The values of 
probability > F was 0.0399 showed model terms were 
significant. From the model, the predicted methyl orange 
(MO) removal and optimum conditions by Ag3PO4 
/Ag2CO3 alginate beads (catalyst dosage: 2g/ 20 mL and 
pH 3.0) with predicted methyl orange (MO) percent 

removal 68.1%, were obtained. While, the actual methyl 
orange (MO) percent removal was 67,9%, this indicated 
the reliability of the models. The increase in the number 
of active sites on the catalyst surface, causing an increase 
in the number of absorbed photons, which leads to 
production of large number of •OH radicals, and increase 
degradation of Methyl orange molecules similar 
observation was reported by Saad, et al. [17].  
 

Figure 5 indicated 3D response surface plots of 
percent removal of methyl orange (MO) as a function of 
two studied parameters.  

 
 

 

Figure 5: 3D Response surface plot for the combined effect of pH with the effect of catalyst dosage on the removal % 
of methyl orange (MO) onto Ag3PO4 /Ag2CO3 alginate beads. 

 
 
As Wenjun, et al. [35] reported The CB position of 

Ag2CO3 is more negative than that of Ag3PO4 and the VB 
position of Ag3PO4 is more positive than that of Ag2CO3. 
Thus, under visible‐light irradiation, the excited electrons 
in the CB of Ag2CO3 can rapidly transfer to the CB of 
Ag3PO4. At the same time, photoinduced holes in the VB of 
Ag3PO4 can transfer to the VB of Ag2CO3. However, the 

formation of the p–n heterojunction greatly increases the 
separation of photoexcited electrons and holes, 
suppressing electron‐hole recombination, which results in 
the enhanced photocatalytic performance. 
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The degradation of organic waste on the alginate 
supported photocatalyst was initiated by the adsorption 
of the target molecule on the catalyst surface followed by 
photocatalytic degradation [36]. Here, methyl orange (MO) 
was adsorbed on the Ag3Po4-Ag2CO3 impregnated in 

alginate beads surface and simultaneously removed from 
the system due to the photocatalytic reaction. 

The data were treated according to pseudo-first order, 
pseudo-second order kinetic models, and the obtained 
results are tabulated in Table 3. 

 
Adsorbate 

Kinetic model 
Kinetic constants 

R2 K1 (min-1) qe,cal (mg/g) K2 (g/mg min) qe,cal (mg/g) 

MO 
Pseudo-first order 0.4836 0.010133 1.572   

Pseudo-second order 0.9998   0.01439539 9.523 

Table 3: Kinetic parameters of the pseudo-first and second-order models for the removal of methyl orange (MO) onto 
Ag3Po4-Ag2CO3 impregnated in alginate beads (dry weight adsorbent dosage 0.045g/20 mL, initial methyl orange (MO) 
concentration 25ppm and temperature 25°C). 
 

The kinetic parameters for the pseudo-second order 
model were determined from the linear plot of t/qt 
against t in Figure 6, first-order kinetic model showed low 
correlation coefficient values R2 (0.483), this suggested 
that the pseudo-first-order model was not suitable to 
describe the process. 

 
 

 

Figure 6: Pseudo-second order kinetic model for the 
photodegradation of methyl orange (MO) onto Ag3Po4-
Ag2CO3 impregnated in alginate beads (dry weight 
adsorbent dosage 0.045g/20 mL, initial methyl orange 
(MO) concentration 25ppm and temperature 25°C). 

 
 

While, the good linear plots of t/qt vs. t with high 
correlation coefficients R2 > 0.99 suggested that the 
photodegradation of methyl orange (MO) onto catalyst 
were predominantly followed the pseudo-second-order 
kinetic model and the chemical reaction occurred 
between methyl orange and the surface of the catalyst 

involving valence forces through sharing or exchange of 
electrons [37,38].  

Isotherm Models 

The equilibrium data were analyzed using the 
Langmuir and Freundlich isotherm models Equations 4 
and 5. 0.045 gram of the catalyst per 20 mL of methyl 
orange were used at pH of 3, equilibrium time of 4 h and 
temperatures of 25 °C to study the photodegradation of 
10, 25, 50, 100,150 and 200 mg/L of methyl orange. 
 

The Langmuir model assumes that the 
photodegradation occurs on a homogeneous surface by 
monolayer coverage with uniform binding sites, 
equivalent photodegradation energies. While, the 
Freundlich isotherm is an empirical equation assuming 
that the photodegradation process takes place on 
heterogeneous surfaces and photodegradation capacity is 
related to the concentration of the catalyst at equilibrium 
[39,40]. 
 

 

Figure 7: Comparison of the fit of the Langmuir and 
Freundlich isotherm models for the photodegradation 

MO 



Petroleum & Petrochemical Engineering Journal 

 

Motawea EA and Ali HR. Exploitation of Heterostructure Photocatalyst 
Impregnated Alginate Beads for Enhanced Removal of Methyl Orange under 
Solar Light. Pet Petro Chem Eng J 2018, 2(4): 000180. 

  Copyright© Motawea EA and Ali HR. 

 

             8   

of methyl orange onto Ag3Po4-Ag2CO3 impregnated in 
alginate beads (catalyst dosage 0.045g/20 mL, contact 
time 240 min and temperature 25°C).  

A comparison of the fit of the Langmuir and 
Freundlich equations of methyl orange photodegradation 
by Ag3Po4-Ag2CO3 impregnated in alginate beads are 
shown in Figure 7. Also, their constants along with 
correlation coefficients (R2) are depicted in Table 4.  

 
The results revealed that close agreement with the 

theoretical prediction of Freundlich model, where the 

photodegradation process takes place on heterogeneous 
surfaces. Similar observation was reported by Xiong, et al. 
[41], the high initial dye concentrations could negatively 
affect the photocatalytic reaction, decreasing the distance 
photons had to travel before they enter the MO solution. 
Only a small number of photons could be transferred to 
the surface of the composite because of the reduction in 
light penetration at high dye concentrations, that was 
consistent with previous dye degradation studies using 
photocatalysts [42-44]. 

 
Adsorbent 

Isotherm model 
Isotherm constants 

R2 Qmax b Kf 1/n 

MO 
Langmuir 0.899 68.96 0.00555   

Freundlich 0.986   1.36 0.75 

Table 4: Isotherm parameters of Langmuir and Freundlich models for the photodegradation by Ag3Po4-Ag2CO3 

impregnated in alginate beads (catalyst dosage 0.045g/20 mL, contact time 240 min and temperature 25°C, initial 
concentration of 10, 25, 50, 100,150 and 200 mg/L methyl orange). 
 

Conclusions 

In this research, application of algenic polymer 
(algenic beads impregnated/Ag3PO4-Ag2CO3) for 
enhanced removal of Methyl orange under solar light was 
investigated. The results indicate that the optimum 
conditions was (catalyst dosage: 2g/ 20 mL and pH 3.0) 
with predicted methyl orange (MO) percent removal 
68.1%. Considering the efficiency of the degradation 
process was significantly high even by using small 
quantities of this photocatalyst. With regard to the above-
mentioned facts this method can be assumed as an 
applicable way to remove Methyl orange from 
wastewaters. 
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