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ABSTRACT 
 
Developing hygienically advanced water treatment technologies is a must as a result of environmental pollution and 
industrialization. Currently used water treatment technique requires high costs and well equipped laboratories. 
Efficient water treatment imposes conversion of hazardous substances to safe ones in addition to evolution of 
efficient risk management approaches from dangerous effects of pollutants which are toxic, everlasting and 
laborious to be treated. The present work represents a method for treatment, deterioration and decolorization of 
methyl green (MG) in wastewater using both pure ZnO and Ag+ doped ZnO under  UV- Visible light. The 
photodegradation processes of dye have been studied using UV–Vis spectrophotometry. The parameters studied 
were the initial pH values using NaOH and H2SO4, amount of catalyst, initial dye concentration, and the presence of 
NaCl, and Na2SO4. The effect of pure ZnO as catalyst has been compared with Ag+ doped ZnO catalyst. The 
optimum conditions had been determined, and found the efficiency of degradation for both catalyst. From results 
found the dye degradation was more efficient in case of Ag+ doped ZnO than pure ZnO. 
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INTRODUCTION 
 
Water can be considered a vital constituent in many life activities; domestic, agricultural and industrial. Drain water 
resulted from different human activities usually encounters bulk of contaminants. Water pollution by toxic organic 
compounds is a topic of worldwide concern[1-4].Wastewater also is intensely dyed, polluted with high 
concentration of organic materials such as; suspended and dissolved salts in addition to other recalcitrant 
compounds. A major encouraging technique used nowadays among many oxidation processes (AOPS) is 
heterogeneous photocatalysis, it may be used effectively for organic pollutants degradation in water.Where, during 
textile and dyestuff  industries, about ( 10–15% ) of  all  dyes are  released instantly as  crude  dye  in  the 
wastewater effluents  and  their  ejection  into  water streams is very dangerous to environment health [5]. Dyes are 
classified as anionic (direct, acid and reactive dyes); cationic (basic dyes); and nonionic (disperse dyes). They  
usually  have  complex  aromatic molecular  structures  and  are  classified according to their  chromophore 
(component  of  the  molecule  that  is  responsible  for color)  such  as azo, antraquinone, arylmethane, acridine, 
triphenylmethane, heterocyclic, cyanine,  phthal- ocyanine, nitro,  nitroso,  quinone-imine, thiazole or xanthene dyes 
[4-7]. Cationic triphenylmethane dyes arewidely used as colorants in industry and also as antimicrobial advocates 
[8]. Methyl green (MG) is a basic triphenylmethane-type dicationic dye, commonly used in staining solutions in 
medicine and biology [8]. 
 
There are many techniques used in wastewater treatment for removal of dyes such as: incineration, biological 
treatment, ozonation and adsorption on solid phases. However, these techniques have some drawbacks, for example 
hazardous volatiles result from incineration. Biological treatment needs a lot of time and results in bad odors. 
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Ozonization produces short half life, ozone persistence is influenced by salts presence, pH, temperature and the 
absorption presents phase transmission of pollutant, not degrading it and producing sludge [10-12]. By this way, the 
diversified photocatalysis becomes a suitable alternative to dye decomposition. This technique has many advantages 
over others concerning dye degradation to final products [4,14]. 
 
Recently, an alternative to non-destructive methods is "advanced oxidation processes" (AOPs), based on the 
generation  of very reactive species such as hydroxyl radicals that quickly and non-selectively oxidizes a broad 
range of organic pollutants [15–18]. AOPs include photocatalysis systems such as combination  of a semiconductor 
(TiO2, ZnO Fe2O3, etc.) and UV light. Semiconductors are important due to their electronic structure of the metal 
atoms in chemical combination, which is characterized by a filled valence band and an empty conduction band 
[4,19]. As one of the most important II-VI semiconductors, ZnO with a wide band gap of 3.37 eV is an 
environmentally friendly and chemically stable material and is also an ideal photocatalyst besides TiO2. In some 
cases, ZnO exhibits better degradation capacity than TiO2[20-23].The biggest advantage of ZnO compared with 
TiO2 is that it absorbs a larger fraction of the UV spectrum and more light quanta [24].The rapid recombination of 
electronehole pair also limits the effciency of TiO. Higher photocatalytic  efficiency of ZnO compared to TiO2 has 
been reported especially for degradation of organics in aqueous solutions [25,26]. 
  
The photocatalytic activity of ZnO can be improved by various techniques such as by an increase of surface area 
[26], control of the designed shape [25], incorporating another atom into the lattice causes separation of electron–
hole pairs [29,30].  Ag+doped  ZnO  particles improving photocatalytic activities because Ag acting as electron sinks 
can trap the photoexcited electrons from the semiconductor and inhibiting the charge recombination process 
[31,32]and thus improve the separation efficiency of photoexcited electrons and holes,which leads to  improvement 
of photocatalytic efficiency of ZnO. 
 
The photocatalytic  degradation follows apseudo-first order reaction and its kinetics can be expressed using 
ln(C0/Ct)= kt, where k is the apparent reaction rate constant , C0 the initial concentration of MG, the reaction time 
and Ct is  the concentration of MG at the reaction time t [33]. 
 
The degradation efficiency is calculated using the following equation: 
 
Degradation rate(%)=C0 -Ct/ C0*100%                                                                                  (1) 
=A0 - At/ A0*100%(2) 
 
where C0 represents the initial concentration, Ct the variable concentration at time t, A0 the initial absorbance,and At  
the variable absorbance at time t. 
 
MECHANISMS OF PHOTOCATALYSIS 
Photocatalysis may be termed as a photo-induced reaction which is accelerated by the presence of a catalyst. These 
types of reactions are activated by absorption of a photon with sufficient energy (equals or higher than the band-gap 
energy (Ebg) of the catalyst) [4,35]. The absorption leads to a charge separathion due to promotion of an electron (e−) 
from the valence band of the semicondoctor catalyst to the conduction band, thus generating a hole (h+) in the 
valence band. The recombination of the electron and the hole must be prevented as much as possible if a 
photocatalyzed reaction must be favored. The reaction between the activated electrons with an oxidant to produce 
areduced product, and also a reaction between the generated holes with a reductant to produce an oxidized product. 
The photogenerated electrons could reduce the dye or react with electron acceptors such as O2  adsorbed on the 
Zn(II)-surface or dissolved in water,reducing it to superoxide radical anion O2

−• [36]. The photogenerated holes can 
oxidize the organic molecule to form R+, or react with OH−or H2O oxidizing them into OH•  radicals. Together with 
other highly oxidant species (peroxide radicals) they are reported to be responsible for the heterogeneous ZnO 
photodecomposition of organic substrates as dyes. The resulting OH• radical, being a very strong oxidizing agent 
(standard redox potential(+2.8V) can oxidize most dyes to the mineral end-products.According to this,the relevant 
reactions at the semiconductor surface causing the degradation of dyes can be expressed as follows [36]: 
 
ZnO + hυ→ZnO(e−

CB + h+
VB)               (3) 

 
ZnO(h+

VB)+ H2O → ZnO +H+ +OH•     (4)  
 
ZnO(h+

VB)+ OH− → ZnO +OH•(5)   
 
ZnO( e−

CB) + O2 → ZnO +O2
−•   (6) 
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O2
−• + H+ → HO2

•(7) 
 
Dye + OH• → degradation products     (8)  
 
Dye + h +→ oxidation products            (9) 
 
Dye + eCB

− → reduction products         (10) 
 
Where hυ is photon energy required to excite the semiconductor electron from the valence band (VB) region to 
conduction band (CB)region. 
 

MATERIALS AND METHODS 
 

3.1. Materials 
All chemicals were used in the as-received condition without any further purification. 
 
Methyl Green (Sigma-Aldaich).Linear Formula C27H35BrClN3 ·  ZnCl2.  Molecular Weight( 653.24) Color Index 
Number 42590 CAS Number 7114-03-6. IUPAC : 4-{[4-dimethylamino)phenyl][4-(dimethyliminiumyl)cyclohexa-
2,5-dien-1-ylidene]methyl}-N-ethyl-N,N-dimethylanilinium bromide chloride 
 
Zinc sulfat-7-hydrat(Zn(SO4).7H2O)(Riedel), Sodium Carbonate anhydrouse(Na2CO3),Silver Nitrate 
(AgNO3),NaOH, H2SO4,NaCL,Na2SO4 and Ethanolwere purchased from Merck and were of analytical reagent 
grade. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1.Structure of methyl green 

 
3.2. Preparation of photocatalysts 
Preparation of Ag+ doped ZnOby Precipitation method.Zn(SO4).7H2O and Na2CO3 are dissolved separately in 
double distilled water to get 0.5mol/l solutions.Zinc sulfat solution is slowly added into vigorously stirred Na2CO3. 
AgNO3 inthe required stoichiometry was added bit by bitinto the abovesolution and gray precipitate was detected. 
The precipitate was then filtered,rinsed many times with distilled water,and then washed twice with ethanol.The 
resultant solid product was dried at100 ◦C for 12h and calcined at 600(+2) 0C for 2h.ZnOparticle could be also 
prepared by the same procedure without using AgNO3 solution[33]. 
 
3.3.Preparation of stock solution 
Weight ~0.05 g of Methyl Greeninto a 50 ml beaker. Dissolve the dye in double distilled water and transfer it to a 1 
L volumetric flask. 
 
3.4.Catalyst Characterization 
Fig. 2 displays the XRD patterns of undopedZnO and Ag+doped ZnO samples. They reveal the crystal structures of 
the undoped as well as the doped oxides as primitive hexagonalwurtziestructure (space group P63mc (186)[5, 6]) with 
two zinc and two oxygen atoms per unit cell. The hexagonal wurtziestructure, the strong peak intensity and the small 
line width imply the good crystallinity[7, 8]. The XRD of Ag+dopedZnO does not display peaks of metallic Ag at 
38.1° (111), 44.3° (200), etc., (JCPDS 89-3722). This may be because of the low content of Ag. Silver is unlikely to 
be present as Ag2O in the preparedAg+dopedZnO. The doped oxide has been calcined at 600 °C where as Ag2O 
decomposes to Ag at 400 °C. Moreover, at annealing temperature greater than 600 °C, the silver dopants diffuse out 
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partially and form silver clusters. Contrarily, with annealed temperature ≥ 600 °C, there is not any peak attributed to 
Ag could be observed. That may indicate that the substitution for Zn atom sites by Ag ions is instable at high 
temperature, which might be a limitation for silver as the dopant of ZnO[6].                
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Fig.3. XRD pattern of ZnO and Ag+doped ZnOoxides. Bragg lines are indexed in the P63mc space group with the hexagonal sitting. Insert 

shows detail in the range  2θ= 28–40° 
 
Silver may be incorporated in ZnO lattice either at interstitials or as substituent for Zn+2 [10].  
 
Table.1shows the results of the structural analysis of ZnO and Ag+dopedZnO powders. Unit-cell parameters were 
calculated via a least squares refinement method using 9 well-defined diffraction lines with indexation in the 
hexagonal system.As shown in Tab.1, replacement of Zn by Agproduces slight changes of the lattice parameters; the 
a-axis enlarged and the c-axis shrinks; consequently, the unit cell volume increased by 1.5% 
forAg+dopedZnOsamlpe.It is attributed to the substitution of Zn2+ions (radius of 0.74 Å) by Ag+ ions (radius of 1.26 
Å) [11].We can demonstrate that their values are close to but slightly deviated from those of pure ZnO, which 
indicated the Ag ions successfully occupied the lattice site rather than interstitial ones.Moreover, the formation 
energy is very low for Ag ions on the substitutional sites, but rather high at the interstitial sites. Thus, Ag ions prefer 
to occupy substitutional sites [4,12].It is interesting to remark that the lattice parameter variations are very similar 
for the different dopants [13]. It is also important to note that the peaks of the as-sinteredAg+dopedZnOsamples 
shifted towards lower angles (the inserted portions in Fig.2 of XRD patterns (in the 2θ= 28 -40°) ZnO and Ag+doped 
ZnO illustrating the lattice parameter shifts in the solid solution), this peak shifting and broadening may be 
attributed to the lattice mismatching, lattice distortion, strain of the crystal, and the finite size effect. 
 
In general, several factors can contribute to the broadening of peaks in X-ray diffraction [14, 15]. For example, the 
instrumental factors related to the resolution and the incident X-ray wavelength, as well as the sample factors such 
as crystallite size and non-uniform microstrain, can cause a line broadening. In the case of an instrumental 
broadening, the line width will vary smoothly with 2θ or d spacing. On the other hand, the line broadening 
originating from the sample characteristics will have a different relationship. By combining the Scherrer's equation 
for crystallite size and the Bragg's law for diffraction, crystallite size and microstrain components are estimated by 
using the following equation.                          

2

22
2222 sin16cos

L

K
eB

λ+θ=θ
(11)     

 
whereB is the full-width at half-maximum (FWHM) after correction of the instrumental broadening for finely 
powdered silicon powder, θ is the diffraction angle, and K is a near-unity constantrelated to crystallite shape.The 
plot of the first member as a function of sin2

θ is reported in Fig. 3for the pristine ZnO and its Ag doped ZnO. The 
plots are wellfit by straightlines, in agreement with Eq. (11). The slope of the linear fit of the data provides us with 
the value of <e2> , while the extrapolation to sinθ= 0 provides us with the value of the coherence length 
L.Apparently, the integral breadth of Bragg lines of the Ag doped ZnOis slightly greater than undopedZnO,which 
suggests a smaller grain size and higher microstrain content Table.1. 
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Table.1 Lattice parameters of  undopedZnO and Ag+ doped ZnO powders calculated using the wurtzite structure (P63mc S.G.) 
 

Samples 
Lattice parameters 

Unit-cell volume(Å3) 
Stain 
(e)  

L(nm) 
a(Å) c(Å) 

Reference 
ZnO 
Ag-ZnO 

3.250 
3.248(4) 
3.2517(2) 

5.207 
5.2079(7) 
5.2049(4) 

[.63 
47.538 
47.761 

----- 
1*10-3 
2*10-3 

---- 
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Fig.3. Analysis of the full-width B at half-maximum of the XRD peaks according to Eq. (1) for ZnO andAg+ doped ZnOsamples 

 
3.5.Photodegradation experiments of dye. 
The experiments are carried out in the photoreactor (phocat 120.0) with 100 ml dye solutions are stirred under 
ambient conditions in dark for 30 min after the addition of the photocatalyst to reach the adsorption equilibrium on 
the surface of the photocatalyst.The suspended solution is irradiated. About 5 ml sample is withdrawn from the 
solution at time intervals for absorbance measurementsat themaximum MG dye absorption wavelength of about 614 
nm.The photocatalyst is isolated from the heterogeneous solution by the centrifuge before any absorbance 
measurement at 4000 rpm for 10 min to completely remove the catalyst particles. 
  

RESULTS AND DISCUSION 
 
4.1.The effect of the photocatalyst loading 
The effect of photocatalyst on the degradation kinetics of MG was investingated by employing different 
concentrateions of photocatalyst for both pure ZnO and Ag+ doped ZnO varying from (0.5 to 2 g/l) at constant initial 
dye concentration (14 ppm).  As expected,the photodegradation  rate of the MG was found to increase then decrease 
with the increase in the catalyst concentration.In first the increase in the amount of photocatalyst increases the 
number of active sites on catalyst surface which in turn increases the number of OH• andOH2

• radicals cause 
increase photodegradation rate,but at high concentrations of catalyst happensaggregation of catalystparticles causing 
a decrease in the number of surface active sites and also causethe scattering light leading to decrease in the passage 
of irradiation through the sample (i.ereduce of the photonic flux within the irradiated solution)and the degradation 
rate will decrease.The results are shown in Table.2and Fig.4 (A) for pure ZnO and (B) for Ag+ doped ZnO. As seen 
in the Fig,the optimum catalyst loading for pure ZnO and Ag+ doped ZnO at (1.5g/l). 
 

Table.2 Effect of photocatalyst loading for pure ZnO and Ag+ doped ZnO on the degradation rate constants of MG at (14ppm) 
 

Catalyat loading K(min-1) Pure ZnO K(min-1)Ag+dopedZnO 
0.5 0.03963 0.18694 
1 0.04272 0.21218 
1.5 0.06055 0.23364 
2 0.04763 0.22348 
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Fig.4.Plot of (K(min-1)) versusCatalyat loading (A)  pure ZnO and (B) Ag+ doped ZnO for MG dye (14ppm) 
 
4.2. Effect of initial dye concentration 
The rate of photodegradation of MG  was studied by varying the dye concentration from (12ppm-20ppm) at constant 
catalyst loading (1.5g/l),  the results are shown in Table.3 and Fig. 5 (A) for pure ZnO and (B) for Ag+ doped ZnO. 
As seen in the Fig. The degradation is highest at 14 ppm in both pure ZnO and Ag+ doped ZnO and degradation 
efficiency is decrease with increase in  the dye concentration.This  negative effect can be explained as follows; as 
the dye concentration is increased,the equilibrium adsorption of dye on the catalyst surface active sites 
increases;hence competitive adsorption of O2,H2O and OH- on the same sites decreases,meaning a lower 
formationOH• radical, which is the principal oxidant necessary for a high degradation efficiency. On the other hand, 
Considering the Beer-Lambert law, as the initial dye concentration increases, the path length of photons entering the 
solution decreases, resulting in lower photon adsorption on catalyst particles and,consequently, a lower 
photodegradation rate. 
 

Table.3 Kinetic rate constant of MG at different dye concentrationand catalyst(1.5g/l)for pure ZnO and Ag+doped ZnO 
 

concentration of dye K(min-1)Pure ZnO K(min-1) Ag+dopedZnO 
12 0.04019 0.22463 
14 0.06055 0.23364 
16 0.05271 0.16392 
18 0.04779 0.13094 
20 0.04099 0.11318 

 

 
 

Fig. 5.Plot of (K(min-1)) versus initial concentrations for MG dyeand constant catalyst (A)pure ZnOcatalyst(1.5g/l) and (B)Ag+doped 
ZnO catalyst(1.5g/l) 

 
4.3.Effect of Inorganic salts 
4.3.1.Effect of NaCl 
The occurrence of dissolved inorganic ions is rather common in dye containing industrial wastewater.The role of 
NaCl on the degradation rate was studied in the range (0.5-2 g/l) for MG dye (14ppm) and catalyst concentration 
constant (1.5g/l).The results show that the rate of degradeation decreases with increasing NaCl concentration for 
both catalyst, showin  Fig. 6 (A) for pure ZnO and (B) for Ag+doped ZnOand in Table.4.Inhibition effects of anions 
can be explained as the reaction of positive holes and hydroxyl radical with anions, that behaved as hvb

+ and OH• 
scavengers (Eqs.(12)–(14)) resulting prolonged color removal. Probably the adsorbed anions compete with dye for 
the photo-oxidizing species on the surface and preventing the photocatalyticdegradeation of the dyes [39-41]. 
Formation of inorganic radical anions(e.g.Cl•, ClOH•−and Cl2

•− )under these circumstances is possible to occur [39]  
 
ZnO + hυ→ZnO(e−

CB + h+
VB)                

 
Cl− +h+

VB → Cl•(12) 
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Cl− +OH• → ClOH•−(13) 
 
Cl− +Cl• → Cl2

•−(14) 
 
Although the reactivity of these radicals may be considered,they are not as reactive as OH• due to their lower 
oxidation potentials [35-37].Moreover, the presence of radical scavengers(Cl−) at high doses may retard the 
advanced oxidation reactions drastically [38]. 
 

Table.4 Effect of NaClconcentration on the rate constant of MG dye (14ppm), 1.5g/l for pure Zno and Ag+ doped ZnO 
 

Amount of NaCL (g/l) K(min-1)Pure ZnO K(min-1)Ag+ doped ZnO 
0 0.06055 0.23364 

0.5 0.05741 0.12461 
1 0.05248 0.11846 
2 0.05014 0.10002 

 
Fig.6.Effect of NaCl concentrations on  the rate constant of degradation of MG(14ppm), (A)pureZnO(1.5g/l)and (B) Ag+doped 

ZnO(1.5g/l) 
 
4.3.2.Effect of Na2SO4 
The role of Na2SO4 on the degradation rate was studiedin  the range (0.5-2 g/l) for MG dye (14ppm) and 
catalystconcentration constant (1.5g/l) for both pure ZnOand Ag+dopedZnO.The photodegradation efficiencies were 
found to increase and then decrease with increasing amount of  sulphate ions, show in Fig.7(A)for  pure ZnO and 
(B) for Ag+doped ZnO and Table.5.This  may be linked to the direct or indirect formation of SO4

•−chemically shown 
by Eqs. (15)–(20).Previous literature has shown that this in situ generated radical can sufficiently act as strong 
oxidising agent or initiate the formation of hydroxyl radical[28,29]. 
 
SO4

2−+OH• → SO4
−• + OH−(15) 

 
SO4

2− +h+
VB→ SO4

•−.                (16) 

 
SO4

•− +e−
CB→ SO4

2−(17) 
 
SO4

•− +H2O → SO4
2− +OH• + H+(18) 

 
SO4

•− +Dye+ →→→ SO2
4
− +Dye•+(19) 

 
Dye•+ →→→ CO2 (20) 
 
The sulphate radical anion(SO4

•−) thus formed is a very strong oxidant (E0=2.6eV) and may react with dye[44].It 
traps the photogenerated electron and/ or generates hydroxyl radicals[45].The hydroxyl radical and sulphate radical 
anion, being powerful oxidants,degrade the dye molecule.SO4•− has the unique tendency to attack dye molecule at 
various positions and fragment them Further,the increase in sulphate concentration decreases thedegradation rate 
because adsorpting the excess sulphate ionson the surface of the catalyst and deactivating a sectionof the catalyst 
[46]. 
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Table.5Effect of Na2SO4concentration on the rate constant of MG dye (14ppm), 1.5g/l for pure Zno and Ag + doped ZnO 
 

Amount of Na2SO4(g/l) K (min-1) pure ZnO K (min-1) Ag+ doped ZnO 
0 0.06098 0.23364 

0.5 0.07675 0.26052 
1 0.06902 0.24402 
2 0.06671 0.21834 

 

 
 

Fig.7. Effect of Na2SO4 concentrations on  the rate constant of degradation of MG(14ppm), (A) for pureZnO(1.5g/l) and (B) for Ag 
+doped ZnO (1.5g/l) 

 
4.4.Effect of pH 
The waste water from textile industries usually has a wide range of pH values. Further,the generation of hydroxyl 
radicals is also a function of pH. Thus, pH plays an important role both in the characteristics of textile wastes and 
generation of hydroxyl radicals.The interpretation of pH effect on the photocatalytic process is very difficult task 
because of its multiple roles such as electrostatic interactions between the semiconductor surface, solvent molecules, 
substrate and charged radicals formed during the reaction process. The effect of pH on the photodegradation of MG 
was studied in the PH range (3.3,5.1 (aqueous),6.7and7.6) at dye concentration (14ppm) and (1.5g/l) catalyst loading 
for both pure ZnO  and Ag+doped ZnO . The pH of the solution was adjusted before irradiation and was not 
controlled during the course of the reaction using a dilute aqueous solution of NaOH or H2SO4. Show in Fig. 8 
(A)for  pure ZnO and (B)for Ag+doped ZnO and Table.6.The increase in degradation at pH 3.3 may be influenced by 
the presence of sulphate ions causes the sulphate radical anion(SO4

•−) formed . The hydroxyl radical and sulphate 
radical anion(SO4

•−) are powerful oxidant, degrade the dye molecule and degradation efficiency increase.Increasing 
in pH shows an increasing in degradation effciency, the presence of a large quantity of OH− ions causes the 
formation of more OH• radicals,which enhances the photocatalytic degradation of MG significantly [44]. 
 

Table.6 Effect of pH on the rate constant of M dye (14ppm), 1.5g/l for pure Zno and Ag+ doped ZnO 
 

pH K (min-1) pure ZnO K (min-1)  Ag+ doped ZnO 
3.3 0.06899 0.24461 
5.1 0.06098 0.23364 
6.7 0.06594 0.24605 
7.6 0.07707 0.26079 

 

 
 

Fig.8:Effect of pH on the rate constant of degradation of MG(14ppm), (A) forpureZnO(1.5g/l) and (B) for Ag +doped ZnO (1.5g/l) 
 
4.5. Photocatalytic degradation 
The  aqueous  solutions  of methyl  green dye(14 ppm) were  found  to  degrade  by (37.7)%  and (90.9)% on UV-
Vis irradiation  for 10 min  in  the presence  of the photocatalyst pure ZnO  (1.5  g/l) and Ag+ doped ZnO (1.5 g/l)  
respectively, Fig.9.The degradation efficiency of Ag+ doped ZnO was found to  be much higher than  pure ZnO 
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under  similar conditions.In case of pure ZnO the dye was degraded by(85.9%) at 32 min.The photocatalytic activity 
of ZnO improved by doping with Ag .The enhancing effect of Ag could be clarified by its capability to trap 
electrons,they perform as electron scavengers.This process decreases recombination of charges and supports 
oxidation of substrate by producing more OH• [27].The reduction effect of silver ionis suitable positioned for active 
photocatalytic reduction 
 Ag ++ e−

→Ag0 
generating metallic silver on ZnO surface.Thus it was noticed that the catalyst partially darkens during the 
irradiation [24], and causes increase efficiency of degradation. 
 

 
fig.9. Photodegradation of dye using Ag+ doped ZnO and pure ZnO (1.5g/l) under  similar conditions and  dye concentration(14ppm) at 

10 min 
 
4.6. Water characterizing profile 
The  water characterizing profile  of methyl  green dye(14 ppm) aqueous solution showed higher removal 
efficiencies with using UV-Vis irradiation  for 10 min  in  the presence  of the photocatalyst Ag+ doped ZnO (1.5 
g/l)  than that obtained from the pure ZnO  (1.5  g/l) at the same operating conditions as shown in Table 7.The 
degradation efficiency of Ag+ doped ZnO was found to  be much higher than  pure ZnO under  similar conditionsin 
many water quality indicators suchas chemical oxygen demand (COD), biological oxygen demand (BOD), pH and 
temperature.The obtained average COD concentrations by using pure ZnOandAg+ doped ZnOwere 138 and 101 g/l 
respectively, with removal efficiencies of 70%  and 89% respectively. While those for BOD were 48 and 39 g/l, 
with removal efficiencies of 78% and 97% respectively. The increasing efficiency of ZnO doped Ag may be 
explained by its ability to form hydroxyl radicals that are available for chemical decomposition reaction and also can 
react with organic and/or inorganic substances [4, 24]. 
 

Table 7. Water characterizing parameters and efficiencies with using pure ZnO and ZnO doped Ag+ 

 
Parameter Unit Raw Pure ZnO Efficiency % ZnO doped Ag+ Efficiency % 

COD 
BOD 
PH 

Temperature 

g/l 
g/l 
 

Co 

955 
381 
5-10 
25-37 

138 
48 

3.3-7.6 
20-27 

70 
78 

101 
39 

3.3-7.6 
20-37 

94 
97 

 
CONCLUSION 

 
In the present study,ZnO and Ag+doped ZnO nanoparticles have been prepared by Co-Precipitation method .The 
structure and properties of the resultant materials were characterized by XRD. Ag+ doped ZnOnanoparticles showed 
significant improvement in the degradation efficiency of MG dye compared to  pureZnO nanoparticles under  UV- 
Visible light.The removal efficiencies of water quality parameters as COD and BOD were higher in case of 
Ag+doped ZnO,than those obtained from the pure ZnO. The reaction kinetics followed an apparent first-order 
reaction and was rationalized by a Langmuir– Hinshelwood type mechanism. 
 
The influence of various reaction parameters like effect of pH,catalyst concentration, initial dye concentration and 
inorganic salt such as Cl−, SO2

4
−  were studied and optimum conditions are reported.  
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