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ABSTRACT 

 The Ce co-doped Ag-ZnO, expresses the photocatalyst Ce–Ag–ZnO, which was effectively 

produced by a simple solvothermal technique. In this catalytic process, several properties of the 

catalysts were taken into account to check that the catalyst gets characterized properly. These catalytic 

properties include X- ray Diffraction (XRD), Field Emission Scanning Electron Microscope (FE-

SEM) images, Energy Dispersive Spectrum (EDS), Diffuse Reflectance Spectra (DRS), Photo-

Luminescence spectra (PL), Cyclic Voltammetry (CV) and BET surface area measurements. In our 

research work, the process done in solvothermal method, which synthesized Ce co-doped Ag-ZnO, 

the so called photocatalyst Ce–Ag–ZnO, showed a positive effect. A part of our vision to find the 

phototcatalytic activity of Ce-Ag-ZnO was carried out for the degradation process of Naphthol Blue 

Black (NBB) dye in aqueous solution as a medium under the irradiation of UV-A light. The ZnO 

which was present, absorbed in UV and visible region were shifted by the co-dopants. For the process 

of mineralization of NBB dye under UV-A light at pH value 9, the efficient one was proved to be Ce–

Ag–ZnO when compared with Ag–ZnO, Ce–ZnO, commercial ZnO, prepared ZnO, TiO2-P25 and 

TiO2 (Merck). The impacts of operational parameters like, the amount of photocatalyst technically 

called as photocatalytic dosage, the concentration of the dye and initial pH value on photo 

mineralization of NBB dye were examined. The Chemical Oxygen Demand (COD) measurements 

also proved the mineralization process of Naphthol Blue Black (NBB) dye. Under UV-A light, the 

degradation of naphthol blue black dye is done by a degradation mechanism. The catalyst is finally 

proved to have the property of reusability. 

Keywords:  Ce doped Ag–ZnO, Photocatalysis, UV-A light, NBB dye, Reusability. 

 

 

1. INTRODUCTION 

 Environmental issues have become a 

serious problem because of the pollutants from 

all over the world being accumulated in the 

living organisms thereby leading earth to a 

dangerous situation. There are different types 

of environmental pollutants like, adsorption, 

biodegradation, chlorination, combined 

coagulation and flocculation, electrochemical 

oxidation, ozonation, reverse osmosis and 

finally photocatalysis [1, 2]. For the treatment 

of dye wastes, the photocatalytic processes 

which involve ZnO semiconductor particles 

under the illuminations of UV light have been 

proved to be possibly valuable [3]. The 

removal of toxic chemicals is offered by the 

semiconductor absorbents and photocatalyst, 

because of their extensive applications [4]. 

Even the organics can be totally oxidized into 

products that exhibit no toxicity and also 

water, CO2, and some inorganic ions can also 

be subjected to oxidation by the Advanced 

Oxidation Processes (AOPs) [5]. Usually in 

organics, Advanced Oxidation Processes 

require active radicals like, 
•
OH to attack and 

break C-C/C-H/C=O/C=N.  Though it is viable 

to do the direct oxidation using UV 

(photolysis), high-power necessities and 

failure to treat refractory compounds make this 

direct oxidation a restricted one. 

http://www.djchem.org/
http://www.djchem.org/
http://www.djchem.org/
http://www.djchem.org/
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Heterogeneous photocatalytic oxidation 

process is a process in which semiconductor 

catalysts, like TiO2, ZnO, SnO2, CuO or CdS 

are added making it effective [6]. Just because 

of the high degradation tendency towards 

toxicity and recalcitrant chemical species 

conducted by comparatively simple and low-

cost techniques, when compared to others, 

ZnO aided photocatalytic procedure occupies a 

noticeable place. Also there are other 

applications of this photocatalytic process 

which were recorded. As TiO2, the typically 

used photocatalytic material, exhibits the 

band-gap energy as same as the band gap 

energy of ZnO, this theoretically proves that 

ZnO is proved to have the similar 

photocatalytic capability as TiO2. In the early 

1994, the synthesis of H2O2 on ZnO was 

detected [7]. All these information, have 

collectively proved the advantage of the low 

cost factor of ZnO when compared to TiO2, 

suggesting that ZnO to be a favourable 

substitute to TiO2 in photocatalysis [8].  

Though all these issues favour ZnO, the 

application is limited because of the swift 

recombination of the photo-induced electrons 

and the holes get weak during photocatalytic 

process [9, 10]. To diminish this above 

mentioned restrictions, the photocatalytic 

activity of ZnO must be upgraded to be used in 

a large scale. For this, various methods have 

been established. The high capability of the 

hole-electron pair to combine again is a major 

problem, indicating that the photocatalyst is 

deactivated. Though oxygen, being a good 

hunter of electrons, many studies has proved 

that the incidence of transition metals like Pt, 

Ag and Fe only prompted the charge-transfer 

leading to the photochemical degradation 

process [11-14].   

 Instead of just using single element 

doping into semiconductor oxides, the change 

of using ZnO or TiO2 by the process of co-

doping was found to be an active method. This 

is due to the co-operative action of the co-

doping which was able to increase the 

photocatalytic activity. Several studies were 

stated on co-doped materials like Cd and Al 

[15, 16], Zn and Al [17], N, S and C  co-doped 

ZnO [18], Mn and Co [19], Ga/Al/Co co-

doped ZnO [20], also co-doping technique 

uses the reactive donors (Ga, In, and Al [21–

23]) to the acceptor (N or Li). Also, the double 

doping with the grouping of N and Li has been 

focused for further study [24]. And also 

because of their 4f electron and multi-electron 

pattern, the features of polymorphism and 

good thermal stability were observed on rare 

earth oxides. Ce doping improved the 

photocatalytic activity of TiO2 [25, 26]. For 

example, Lanthanide (Ln)-doped TiO2 

nanoparticles have been particularly preferred 

for their exclusive 4f electron pattern. 

Amongst others, due to the Ce
3+

/Ce
4+

 redox 

couple, Ce-doped TiO2 nanoparticles have 

appealed attention, resulting from the move of 

cerium oxide between CeO2 and Ce2O3 under 

oxidization and reducion situations [26–30].  

The Ce-Ag-ZnO photocatalyst was subjected 

to photocatalytic activity using naphthol blue 

black dye under UV-A light irradiation and an 

outstanding photocatalytic activity was seen in 

the Ce co-doped Ag-ZnO photocatalyst 

substrates. The description about the creation 

of Ce doped Ag-ZnO and examination of its 

photocatalytic naphthol blue black dye action 

towards degradation, is nowhere found. 

 

2. EXPERIMENTAL 

 

2.1. Materials 

The commercial azo dye naphthol blue 

black dye synthesized from Aldrich was used 

and 99 percent of Oxalic acid dihydrates along 

with 99 percent of zinc nitrate hexahydrate 

were got from Himedia chemicals. The 

following chemicals were obtained from 

Himedia such as AgNO3 and 

Ce(NH4)4(SO4)4.2H2O were obtained from 

spectrochem ZnO, ozone and KBrO3 whereas 

TiO2  used as obtained was got from Merck. A 

sample of Degussa TiO2-P25 was got from 

Evonik (Germany). This constitutes an 80:20 

combination of anatase and rutile, possessing a 

particle size of 30nm and BET specific area of 

50m
2
g

−1
. K2Cr2O7 (s.d.fine), Ag2SO4 (s.d.fine), 

HgSO4, FeSO4.7H2O (Qualigens) and H2O2 

(Rankem) were made use in the same form. 

For preparing experimental solution, water 

which was distilled twice was used. In prior to 

irradiation, the pH range of the solutions were 

adjusted with the help of H2SO4 or NaOH.   

 

2.2. Analytical methods 

 X’Per PRO diffractometer prepared 

with a CuK radiation with a wavelength value 

of 1.5406Å at 2.2kWMax was used to achieve 

powder X-ray diffraction patterns and their 

peak positions were matched with the standard 

files to find the crystalline phase and the 
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scanning electron microscope named, JEOL 

JSM-6701F cold Field Emission Scanning 

Electron Microscope (FE-SEM) examined the 

morphology of the catalyst. As a first step to 

organize FE-SEM measurements, the samples 

were placed on a gold platform located in the 

scanning electron microscope, for successive 

analysis of several magnifications. Shimadzu 

UV-2450 was found handy to record the diffuse 

reflectance spectra. The Perkin Elmer LS 55 

fluorescence spectrometer, maintained at room 

temperature was used to record the 

PhotoLuminescence (PL) spectra. The carbon 

tetrachloride was used as a dispersion medium 

for the nanoparticles to be dispersed and after 

this, light with a wavelength of 300nm was 

used to excite these nanoparticles.  CHI 60AC 

electrochemical analyzer was used as a process 

for the Cyclic Voltammetry (CV) calculations. 

Nitrogen adsorption maintained at 77K based 

on BET equation with micrometrics ASAP 

2020 V3.00 H was used to find out the exact 

location of the samples. Hitachi-U-2001 

spectrometer was used to perform the UV 

spectral calculations. 

 

2.3. Irradiation experiments 

 A Heber Multilamp-photoreactor HML 

MP 88 was used for the degradation activity by 

using UV-A light at a range maintained at 

365nm. In this model, an 8W medium pressure 

mercury vapour lamps were set in parallel which 

emits 365nm wavelengths. A reaction chamber 

with a specially designed reflector comprised of 

highly polished aluminum and cooling fan is 

constructed. A magnetic stirrer and 50mL 

capacity reaction glass tubes are also made 

available for this process. The coverage length of 

the light to be exposed is 330mm. Four parallel 

8W medium pressure mercury lamps were used 

for the irradiation process. To totally mix the 

reaction solution, a pump is used in this process 

for the continuous aeration of the solution which 

has the catalyst and the dye. 

 To attain a maximum adsorption of 

naphthol blue black upon the semiconductor 

surface, a suitable amount of catalyst with 50mL 

of naphthol blue black at a range maintained at 

2×10
-4
M must be agitated for half an hour in a 

dark place before illumination. The solvent was 

found to be nonvolatile while illumination. By 

using the centrifugation process, at specific time 

gaps, 2mL to 3mL of the samples were taken and 

also the catalyst was taken aloof. The samples 

were then diluted appropriately and the naphthol 

blue black concentration fluctuations were 

observed from the characteristic absorption. By 

the utility of UV-Visible spectrophotometer 

maintained at 320nm, the absorption in this 

range shows the aromatic portion of naphthol 

blue black and the reduction in the absorbance 

shows the dye’s degradation. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Characterization of catalyst 

 The process of preparing and 

characterizing the 3wt% Ce-Ag-ZnO and also its 

photocatalytic activity for the degradation of 

naphthol blue black dye with solar light were 

mentioned in [32, 33]. In the Ce-Ag-ZnO 

system, the occurance of 1 new peak is achieved 

with 2θ value of 28.91 in correspondence with 

(111) plane of Ce
4+

 in CeO2 (JCPDS 89-8436) 

on XRD analysis of Ce-Ag-ZnO. Figure 1 

proves the settlement of Ce. 

 

 
Figure 1.Mechanism of degradation of Naphthol 

Blue Black (NBB) by Ce-Ag-ZnO 

 

 Owing to very low concentration, ‘Ag’ 

was undetected by XRD [34]. At an increased 

focus of magnification, the hexagonal pattern of 

ZnO is obviously seen with the help of FE-SEM 

and HR-TEM images. 4nm to 100nm is 

observed to be the range of the size of Ce-Ag-

ZnO particles and also the occurence of Ce, Ag, 

Zn and O were exposed by the EDS spectrum. 

DRS spectra show that bare ZnO in the whole 

visible area has lower absorption when 

compared with Ce-Ag-ZnO. This has a chance to 

enhance the visible light activity of the 

photocatalyst. The value 3.15eV was observed to 

be the band gap of bare ZnO and the value 3.05 

eV was observed to be the band gap of Ce-Ag-

ZnO. The release of ZnO is not influenced with 

the stuffing of Ce and Ag with ZnO, the only 

thing that happens is the intensity of 

Photoluminescence discharge gettng reduced 
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when associated with bare ZnO. This occurs as 

the suppression of the recombine process of 

electron-hole pairs by Ag and Ce. The occurence 

of Ag
0
 and Ce

4+
 in the catalyst is exposed by 

XPS. Bare ZnO which ranges 11.5m
2
g

–1 
is lower 

than that of BET surface area of Ce-Ag-ZnO 

which ranges 13.5m
2
g

–1
. As the catalytic surface 

area is high, the phototcatalytic action is also 

high. 

 

3.2. Photocatalytic activities 

 The action of photodegradability process 

of naphthol blue black done with several 

photocatalysts under irradiation of UV light is 

expressed in figure 2. For this, various 

measurements must be maintained such as dye 

concentration=210
4

molL
1

, catalyst 

suspended=3gL
1

, pH=9, IUV=1.38110
–

6
einsteinL

–1
s

–1
, airflow rate=8.1mL s

1
. 

 

Figure 2.Photodegradability of NBB 

 The whole degradation process of the 

dye happens nearly at a period of 40 minutes 

with Ce-Ag-ZnO (expressed in curve a) under 

UV light. Due to the adsorption of the dye on the 

catalyst’s surface, for the similar experiment 

done with Ce–Ag–ZnO without the incidence of 

UV light (curve b), a 29 percent fall in the 

concentration of the dye occurs. When the 

reaction took place in the incidence of UV light 

with no catalysts, minor degradation of about 0.2 

percent occurred. With these interpretations, we 

can conclude that both catalyst and UV light are 

together needed for the best degradation of the 

dye. The achievements of various degradations 

of various photocatalysts happen only in the 

same conditions as expressed below. 63.9 

degradation was achieved by the photocatalyst of 

Ag–ZnO (curve c), 45.2 degradation was 

achieved by the photocatalyst of Ce–ZnO (curve 

d), 43.8 degradation was achieved by the 

photocatalyst of bare ZnO (curve e), 59.5 

degradation was achieved by the photocatalyst of 

commercial ZnO (curve f), 44.8 degradation was 

achieved by the photocatalyst of TiO2–P25 

(curve g) and 32.0 degradation was achieved by 

the photocatalyst of TiO2 (Merck) (curve h). This 

indicates that when compared to other 

degradation processes, the UV/Ce-Ag-ZnO 

process is more able. 
 The naphthol blue black dye that 

contains Ce-Ag-ZnO, which exhibits 

photocatalytic degradation, follows pseudo-first 

order kinetics. When the initial dye concentration 

is less the rate expression is expressed as, 

 
 [ ]

  
   [ ]                                                 (3.1) 

 

 Here, k represents the pseudo-first order 

rate constant.  

 The equilibrium of adsorption and 

desorption is achieved in half an hour, as the dye 

is adsorbed onto the surface of the photocatalyst 

Ce-Ag-ZnO. The dye’s equilibrium 

concentration is found out after adsorption. This 

equilibrium concentration is noted as the dye’s 

initial concentration for analyzing kinetics. 

Integration of equation (3.1), with the limit C 

equals C0 at t equaling 0 with C0 acting as the 

equilibrium concentration of the solution in bulk, 

giving equation (3.2) expressed as follows, 

  (
  

 
)                                                   (3.2) 

  

 Here, C0 represents dye’s equilibrium 

concentration and C represents  the concentration 

at time t.  

 The naphthol blue black solution at 

different times of irradiation, which has the UV-

vis spectra which ranges about 210
–4

M is given 

in figure 3. The following measurements are to 

be maintained as NBB=210
–4

M; pH=9; 

catalyst suspended=3gL
–1

; IUV=1.38110
–6 

einsteinL
–1

s
–1

. airflow rate= 8.1mL s
–1

; (a) 0 

min (b) 10 min (c) 20 min (d) 30 min and (e) 

40 min. The UV-vis spectra, does not exhibit 

great change with the process of irradiation. 

While the degradation process happens, the 

intensity at 320 and the intensity at 615 decrease 

steadily. This clearly shows that no absorption is 
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done by the intermediates when the intensities of 

the wavelengths are at 320 and 615nm. 

 

 

Figure 3.The changes in UV-vis spectra of NBB on 

irradiation with solar light in the presence Ce-Ag-

ZnO 

 
3.3. Effects of photocatalytic parameters 

 

3.3.1. Effect of solution pH 

 Depending upon the dye’s adsorption on 

the catalyst’s surface, the photodegradation 

process happens. The pH value maintained for 

the solution which is made used in this process 

appreciatively encourages dye’s adsorption [35, 

36]. This shows how pH acts as an important 

factor in the process of photodegradation. Figure 

4 shows the pH’s initial consequence on the 

degradation of naphthol blue black dye. The 

following measurements are to be maintained as, 

NBB=210
4

molL
1

, 3 wt% Ce-Ag-ZnO 

suspended=3gL
1

, airflow rate=8.1mL s
1

, 

IUV=1.381  10
–6 

einsteinL
–1

s
–1

, irradiation 

time=30 minutes. 

 

Figure 4.Effect of pH solution 

  

 For Ce-Ag-ZnO, the pseudo-first order 

rate constant at pH value 3 is 0.0123, at pH value 

5 the pseudo-first order rate constant is 0.0418, at 

pH value 7 the pseudo-first order rate constant is 

0.0548, at pH value 9 the pseudo-first order rate 

constant is 0.0738 and at pH value 11 the 

pseudo-first order rate constant is 0.0531with the 

unit min
-1
. The elimination efficiency of 

naphthol blue black increases from the pH value 

3 up to the pH value 9 and gradually decreases 

after that. For the best naphthol blue black dye’s 

elimination on Ce-Ag-ZnO the optimum pH 

value 9 is suggested. At a range, when the pH 

possesses an acidic value, the effectiveness of 

elimination is less. This is because of the 

dissolution of ZnO, as the effectiveness of the 

photocatalytic process depends on dye’s 

adsoption on the catalytic surface. At various pH 

ranges of values, the dye’s adsorption is 

observed. The adsorption percentages after half 

an hour were observed to be 12.1, 21.5, 24.5, 

29.0 and 23.2 at various pH values of 3, 5, 7, 9 

and 11 respectively. This above mentioned 

adsorption equilibrium is attained only after half 

an hour. The effective degradation is found to be 

good at the pH value 9 since this is the range 

when the adsorption is more. 

 

3.3.2. Effect of catalyst dosage 

 The consequence of the amount of 

catalyst on naphthol blue black dye’s 

photodegradation under UV light was conducted 

by altering the amount of catalyst from 2gL
-1
 to 

6gL
-1
. These outcomes were expressed in figure 

5. The following measurements are to be 

maintained as, [NBB]=210
4

molL
1

, 3wt% 

Ce-Ag-ZnO suspended=3gL
-1

, pH=9, airflow 

rate=8.1mLs
1

, IUV=1.381  10
–6

einsteinL
–1

s
–1

, 

irradiation time=30 minutes. 

 
Figure 5.Effect of catalyst loading 

  

 This figure expresses that as the amount 

of catalyst, Ce-Ag-ZnO is maintained at 2gL1, 

3gL
1

, 4gL
1

, 5gL
1

and 6gL
1

 the pseudo-first 

order rate constants are 0.0543min
-1
, 0.0734min

-

1
, 0.0729min

-1
, 0.0728min

-1
 and 0.0726min

-1
 

respectively. The activity of degradation 

increases as the amount of catalyst increases 

from 2gL
-1 

to 3gL
-1
. After this the degradation 
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becomes constant. The best amount of catalyst to 

be used is observed to be at 3gL
-1
.  The 

improvement of the elimination rate is because 

of the below given factors. 

 The increase in the dye’s quantity 

adsorbed on the catalytic surface is 

influenced by the amount of the catalyst 

or catalystic dosage. 

 Increase in the illumination area. 

  

 There is a chance of the catalytic light 

scattering effect to reduce NBB’s effectiveness, 

when the dosage is high above the range 3gL
-1
. 

This outcome has also found to be same when 

ZnO was subjected to the photodegradation 

process [36, 37]. 

 

3.3.3. Effect of initial dye concentration 

 The outcomes of several initial dye 

concentrations on the photocatalyst Ce-Ag-ZnO 

were examined for the process of degradation of 

Naphthol Blue Black (NBB) dye.  All these 

outcomes revealed that as the dye’s 

concentration increased, the rate concentration 

for the degradation decreased. For example, for 

degradation in half an hour,  the rise in the 

concentration  of the dye from 110
4

M to 

510
4

M had declined the rate constant from 

0.107min
-1

  to 0.0192min
-1

 which is expressed in 

figure 6.   

 

 
Figure 6.Effect of initial dye concentration 

 

 The following measurements are to be 

maintained as, pH=9, 3wt% Ce-Ag-ZnO 

suspended=3gL
1

, airflow rate=8.1mLs
1

, IUV 

= 1.38110
–6

einsteinL
–1

s
–1

, irradiation 

time=30 minutes. Because of the fall in the 

penetration of light by the molecules of the 

naphthol blue black dye, the efficiency also 

made a fall [37, 38]. 

 
3.3.4. Stability of the photocatalyst 

 If the reaction is  either an organic 

transformation or  the reaction is  

photodegradation, the  reuasable property of 

the photocatalyst is the main reason behind 

why the heterogeneous catalysts are used for 

reactions of any kind. Figure 7 shows the 

outcome of Ce-Ag-ZnO photocatalyst, when 

subjected to reusability for the (Naphthol Blue 

Black) NBB’s degradation under UV light by 

4 successive cycles. For this the following 

measurements must be maintained as, 

NBB=210
4

molL
1

, 4 wt% Ce-Ag-ZnO 

suspended=3gL
1

, airflow rate=8.1mL s
1

, 

IUV=1.38110
–6

einsteinL
–1

s
–1

, irradiation 

time=40 minutes. At the 40
th
 minute, the 

complete process of degradation of the 

naphthol blue black dye happened in the first, 

second and the third runs while the fourth run 

gave a degradation value of just 96.0 percent. 

These outcomes clearly reveal that the catalyst 

prepared by us is stable as well as reusable. 

 

Figure 7.Catalyst reusability 

 

3.3.5. COD analysis 

 Chemical Oxygen Demand (COD) 

values were used to prove the mineralization of 

(Naphthol Blue Black) NBB dye. Table 1 

shows the percentage of reductions in the value 

of Chemical Oxygen Demand (COD). The 

percentage of Chemical Oxygen Demand (COD) 

reductions is expressed in table 1. The procedure 

is followed with a dye concentration of 210
-

4
mol/L, 3 wt% Ce–Ag–ZnO suspended equals 

3g/L, pH value equals 9, airflow rate=8.1mLs
-1

, 

I=1.38110
-6

 einsteinL
-1

s
-1

. 94.9 percentage of 

COD value was attained after the photocatalyst 

Ce-Ag–ZnO, was subjected to 40 minutes of 

degradation. This reveals that the naphthol blue 

black dye is nearly mineralized. 
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Table 1.COD measurements 

Time in 

minutes 

Percentage of 

COD reduction 

10 12.8 

20 30.6 

30 64.2 

40 94.9 

 

3.3.6. Antiphotocorrosion property 

 The photocatalyst, Ce-Ag-ZnO 

was subjected under examination to test for its 

stableness by its property of 

antiphotocorrosion. The photocorrosion 

property of bare ZnO and Ce-Ag-ZnO was 

checked by us. After the process of 

photoreaction, the Zn
2+

 ionic concentration in 

the solution was observed by a spectrometer 

which performs the atomic absorption process 

to test how the ZnO is dissoluted by the 

activity of photocorrosion. The outcomes 

offered in table 2 shows how bare ZnO is 

affected more with dissolution by the 

photocorrosion effect when compared to the 

photocatalyst Ce-Ag-ZnO. The following 

measurements are to be maintained as 

NBB=210
4

M, catalyst suspended=3gL
1

, pH=7, 

airflow rate=8.1mLs
1

, irradiation time= 30 

minutes. The photocatalyst Ce-Ag-ZnO is 

dissoluted only 0.349 percent while the bare 

ZnO is dissoluted only 2.49 percent. This 

dissolution is about 8.1 times the dissolution of 

CdS-Ag-ZnO. This shows that bare ZnO is 

less antiphotocorrosive when compared to the 

photocatalyst Ce-Ag-ZnO. This makes the 

photocatalyst to enjoy reusable and 

photostable property. Priorly, commercial ZnO 

was stated to be less antiphotocorrosive than 

the nanochain of ZnO [39]. 

 

3.3.7. Mechanism of degradation 

 Figure 7 mentioned above, reveals how 

the charges are separated and how the 

photocatalytic reaction happens mechanically for 

Ce-Ag-ZnO photocatalyst. A valence band 

electron proceeds to the conductance band 

leaving behind a hole in the valence band, when 

the irradiation process of UV irradiates the 

semiconductor. To minimize the photocatalytic 

action of semiconductors, these electron-holes 

are combined again. Nevertheless the incidence 

of ‘Ag’ and ‘Ce’ trap the electron from CB of 

ZnO at the same time, which prevents the 

electron-hole to recombine again.  It is a well-

known fact that ‘Ag’ traps the electrons from CB 

of ZnO when UV is irradiated in the 

photocatalytic process for the purpose of 

photoreduction [32, 34 and 35]. When the 

property of dark adsorption is taken into account, 

the dark adsorption of Ce-ZnO and Ag-ZnO is 

lower than that of the dark adsorption process of 

Ce-Ag-ZnO. This activity improves the 

photocatalytic synergetic activity action between 

Ag and Ce in ZnO [40, 41]. It is clearly 

expressed that the photocatalytic activity of 

semiconductor is lower than that of the 

phtotcatalytic activity of Ce-Ag-ZnO 

photocatalyst. 
 

Table 2.Zn2+ ionic concentration (ppm) in the 

solution mixture after photoreaction 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

 A simple technique called, solvothermal 

method was adopted for the efficient production 

of Ce-co-doped Ag-ZnO. When taking into 

account, the process of degradation of (Naphthol 

Blue Black) NBB, under the effects of UV-A 

light, Ag-ZnO, Ce-ZnO, bare and even 

commercial ZnO, TiO2-P25 and TiO2 (Merck), 

the  process of degradation of naphthol blue 

black was outperformed by the photocatalyst Ce-

Ag-ZnO. The optimal pH level of 9gL

1 and the 

amount of catalyst should be maintained at a 

value of 3gL
1 

for effectively eliminating the 

dye. Chemical Oxygen Demand (COD) values 

were used to prove the mineralization of 

molecules of naphthol blue black. A process 

which performs the trap of Ag and Ce is 

performed to describe that the developed 

photocatalytic activity of the catalyst involves in 

electron trapping by Ag and Ce.  Bare ZnO is 

found to be less antiphotocorrosive when 

No. of 

cyclic runs 

Ce–

Ag–

ZnO  

at ppm 

Bare ZnO 

at ppm 

1st run 1.76 2.1 

2nd run 2.39 16.2 

3rd run 3.86 31.4 

4th run 4.35 49.7 

Average 3.09 24.9 

Initial ZnO 1000.0 1000.0 

Dissolution 

(%) 

0.309 2.49 
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compared to the photocatalyst Ce-Ag-ZnO, 

making it possible for the cause of reusable and 

photostable properties. 
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