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Abstract
In this research, zinc oxide (ZnO) nanostructure was prepared by using zinc acetate (as precursor) and carboxylic derivative 
of activated carbon (as matrix). Activated carbon was modified by oxidation with nitric acid to get carboxylic derivative 
(AC–COOH). Then, zinc was loaded on the surface of modified activated carbon by an impregnation method. The ZnO nano-
structure was characterized by BET, XRD and SEM that confirmed achieving of ZnO nanoparticles with a size of 21–31 nm 
and surface area of 17.78 m2 gr−1. The efficiency of the catalyst was evaluated in the photocatalytic decomposition of aqueous 
solution of azo dye methyl orange (MO). Major parameters such as pH, dose of catalyst, stirring effect, initial concentration 
of dye and solution oxygen effect were considered. Activity measurements under UV radiation showed acceptable results for 
the photodegradation of MO. The efficiency of catalyst prepared with non-modified activated carbon for the photodegrada-
tion of MO was also evaluated. The results confirmed that ZnO prepared using carboxylic derivative of activated carbon as 
matrix had better photocatalytic activity than ZnO prepared by non-modified carbon matrix.
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Introduction

Wastewaters containing reactive dyes discharged from vari-
ous industries often cause many environmental problems 
(Doulati Ardejani et al. 2005). These wastewaters cause 
many damage to the ecological system of the receiving sur-
face water bodies (Georgiou et al. 2002; Tsui et al. 2003). 
Considerable efforts have been done by many researchers 
to find appropriate treatment methods in order to remove 
pollutants and impurities from wastewaters emanated from 
different industries (Ramakrishna and Viraraghavan 1998; 
Hachem et al. 2001; Annadurai et al. 2002; Georgiou et al. 
2002; Gökmen and Serpen 2002; Mohan et al. 2002; Tsui 

et al. 2003). Many chemical and physical methods of dyes 
removal including membranes (Wu et al. 1998), adsorption 
techniques (Annadurai et al. 2002; Mohan et al. 2002) and 
photocatalytic degradation (Hachem et al. 2001) have been 
used from past to present. Recently, photocatalytic degra-
dation as one of advanced oxidation processes (AOPs) has 
been used for removal of dyes from wastewaters by many 
researches (Daneshvar et al. 2007). The photocatalytic reac-
tion occurs by light and a substrate (catalysis) without any 
change in the substrate that under this situation the reaction 
rates can be increased (Horikoshi et al. 2002). Because of 
low fraction energy between capacity and conduction bands, 
semiconductors play a catalysis role in suitable conditions 
(Parida et al. 2006). In photocatalytic process, an energy 
equal different of two level be needed. Adsorption of this 
energy causing to move electrons leading to formation of 
hole  (h+) and electron  (e−) pair. Electrons can participate at 
the reduction in electron acceptor species and oxidation of 
electron donor species (Khataee et al. 2011).

Many of materials such as  TiO2, ZnO,  ZrO2, CdS,  MoS2 
and  WO3 as photocatalysis are used to degradation of pol-
lutants (Pirkanniemi and Sillanpää 2002; Heidari et al. 2009; 
Ghasemi et al. 2016a, b). Among these materials,  TiO2 is 
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common photocatalysis and has had a maximum applied so 
far.  TiO2 has advantages such as compatibility with environ-
ment and non-toxicity, chemical stability and capability of 
recovery and reusing. Nonetheless,  TiO2 has defects such 
as high cost and adsorption band at ultraviolet area. Hence, 
recently ZnO as a good replacement for  TiO2 at the pho-
tocatalytic process is noteworthy (Linsebigler et al. 1995).

Zinc oxide is one of richest structures that have many 
advantages. So ZnO has many applications at the differ-
ent studies of researches (Ni et al. 2005; Chen et al. 2007; 
Salavati-Niasari et al. 2009). Many methods have been used 
for synthesizing the ZnO such as soft chemical method (Vay-
ssieres 2003), sol–gel process (Zhang et al. 2003), vapor 
phase growth (Sun et al. 2004), vapor–liquid–solid pro-
cess (Gao and Wang 2004), electrophoretic deposition (Liu 
et al. 2003; Illy et al. 2005), thermal evaporation (Umar and 
Hahn 2006), homogeneous precipitation (Liu et al. 2007), 
chemical vapor deposition (Okazaki et al. 2011), chemical 
bath deposition (Yuliarto et al. 2015), etc. At the mentioned 
researches, only in some cases ZnO nanoparticles were 
synthesized by activated carbon bed and with the auxiliary 
matrix method such as those applied by Park et al. (Park 
et al. 2008). Also in none photocatalytic activity synthe-
sis of ZnO by auxiliary matrix method for degradation of 
organic dyes had not been studied yet and also in all of those 
methods not seen any modification onto activated carbon 
before using as bed to producing the ZnO. Therefore, in this 
research for first time, the ZnO was synthesized by modi-
fied activated carbon (with carboxylic functional groups) 
and also photocatalytic activity of obtained ZnO has been 
used for degradation of methyl orange azo dye.

Materials and methods

Reagents

All chemicals such as zinc acetate (Zn(CH3CO2)2·2H2O), 
activated carbon (AC), sodium hydroxide (NaOH), acid 
hydrochloride (HCl), nitric acid  (HNO3) and methyl orange 
 (C14H14N3O3SNa) with the highest purity are purchased 
from Merck, Darmstadt, Germany. The stock solution 
(100 μg mL−1) of methyl orange was prepared by dissolv-
ing 0.010 g of the methyl orange in 100 mL double-distilled 
water. All working solutions with desired concentration were 
prepared by diluting the stock solution with distilled water.

Experimental and equipment

UV–Vis spectra for record of a Rayleigh UV–visible spectro-
photometer model UV-2601 equipped with a pair of 1.0 cm 
quarts cells were utilized. A Metrohm pH-meter (model 744) 
was used in order to adjust the pH of the working solution 

at desirable values. The shape and surface morphology of 
samples were investigated by field emission scanning elec-
tron microscope (FESEM, Hitachi S4160, Japan). The X-ray 
diffraction patterns (XRD) were recorded using BRUKER, 
model B8 ADVANCE. Inductively coupled plasma (ICP) 
model (VISTA-PRO) was used for measuring zinc in the 
samples. Infrared (IR) spectrum of samples was recorded 
using spectrophotometer (IR-470 Shimadzu). Experiments 
of degradation and photocatalytic bleaching methyl orange 
pigment were performed in a photoreactor setup designed in 
the laboratory of analytical chemistry. The photoreactor used 
for the experiments was designed and built in dimensions 
of 75 × 60 × 90 cm in the laboratory scale for photocatalytic 
reactions. A magnetic stirrer for agitating the reaction solu-
tion was placed inside the reactor. UV radiation was supplied 
using an adjustable F8T5 UV-B, 302-nm fluorescent black 
tube (made in Japan), (5300 µw cm−2 UV-B; 1150 µw cm−2 
UV-A and 3.9 µw cm−2 UV-C). The distance between the 
UV lamp and reaction vessel surface was fixed at 50 mm. 
Double-walled Pyrex container was used as a reactor and 
cooled by water circulator when required. Two input and 
output valves contrived on the reactor vessel to purge oxygen 
and nitrogen gas as required.

Synthesizing of ZnO nanoparticles using modified 
carbon particles

Surface modification of activated carbon

The functionalizing of activated carbon particles was con-
ducted according to Chang et al. (Li et al. 2009) method to 
entail the carboxylic functional groups onto activated car-
bon surface. Activated carbon powder was first purified with 
10% (v/v) hydrochloric acid solution for 24 h to remove 
the metal ions and other impurities. Then, 10 g of purified 
activated carbon was suspended in 300 mL of 32.5% (v/v) 
nitric acid of solution under stirring and heating for 5 h at 
60 °C. The mixture was filtered and washed with deionized 
water to neutral and was dried under vacuum at 80 °C for 
8 h. The product was carboxylic derivative of activated car-
bon (AC–COOH).

Synthesizing of ZnO nanoparticles

2.0 grams of carboxylated activated carbon (AC-COOH) 
with 100 ml of zinc acetate solution (as a precursor for the 
synthesis of zinc oxide nanoparticles) was stirred for 12 h 
with various concentrations. The solution was filtered and 
dried for 18 h in an oven at 80 °C and then was calcined in 
electric furnace at 500 °C for 4 h. In order to study the effect 
of zinc acetate precursor concentration on characterization 
of ZnO (percentage, particle size, photocatalytic properties, 
etc.), various concentrations of zinc acetate were examined 
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to prepare ZnO nanoparticles by above-mentioned method. 
For this purpose, solutions with concentrations of 0.01, 0.02 
and 0.09 M of zinc acetate were used for the synthesis of ZnO 
nanoparticles. The synthesized samples of ZnO were labeled 
with (a), (b) and (c) for different concentrations of 0.01, 0.02 
and 0.09 M of zinc acetate, respectively. In order to confirm 
the formation of the ZnO nanoparticle, XRD spectra were 
recorded for three samples. The crystal size of three samples 
was estimated using width tapes XRD pattern and Scher-
rer’s Eq. (1) (Scherrer 1918; Skoog and West 1980):

where D is the crystalline particle size in terms of nm, K 
(0.89) is a coefficient, λ is wavelength of the X-ray in nm, β 
is the experimental full width at half-maximum (FWHM) in 
radians, and θ is diffraction angle in terms of degrees.

Synthesizing of ZnO nanoparticles using 
unmodified carbon particles

In order to investigate the surface modification of activated 
carbon in the synthesis of ZnO, 2.0 g activated carbon 
was placed in 200 ml HCI solution of 10% (v/v) in order 
to remove impurities for 24 h. Thereafter, concentration of 
0.09 M of zinc acetate solution was added to product for 12 h 
and then filtered the resulting mixture. Final product was 
dried for 18 h at 80 °C and then was calcined in electric oven 
at 500 °C for 4 h. XRD spectra were recorded for sample 
synthesized with unmodified activated carbon to evaluate 
crystal size of the sample using Scherer’s equation.

Photocatalytic experiments degradation of methyl 
orange

First, 100 ml of methyl orange solution with a concentration 
of 10 mg L−1 and pH 6 was prepared and transferred into a 
250-mL beaker. Then, 20 mg of ZnO photocatalyst was added 
to the solution. To perform adsorption of methyl orange on 
ZnO nanoparticles, the solution was mixed using a magnetic 
stirrer in dark media for 30 min. After making sure of the 
adsorption equilibrium, 0.2 ml of solution was transferred 
into a test tube and was centrifuged at 3000 rpm for 5 min for 
deposition particulate photocatalyst. The adsorption spectrum 
of solution was recorded by spectrophotometer in the region 
of 200–600 nm. After recording the absorption spectrum, the 
mixture was placed inside a photoreactor and UV lamp was 
lit. Ten samples were taken with intervals of 20 min after 
UV radiation, and their absorption spectrum was recorded. To 
record the adsorption spectrum of control solution the same 
way acted without using any photocatalyst in the solution.

(1)D = K

(

�

� cos �

)

Batch adsorption experiments

Batch experiments were conducted in order to obtain the 
optimal conditions for bleaching and degradation of methyl 
orange in the presence of the ZnO photocatalysts. The 
impact of influential variables such as pH, photocatalyst 
dose, MO (methyl orange) concentration, stirring the solu-
tion and oxygen of the solution was well investigated. To 
optimize variables affecting on reaction, optimizing one 
variable at a time was used. In this method, the experiments 
were conducted in batch condition with placing of 100 mL 
dye solution (10 mg L−1) into a 250-mL beaker. Suspen-
sions were mixed by magnetic stirrer in dark condition for 
30 min and centrifuged at 3000 rpm for 5 min. The clear 
supernatant was analyzed by UV–Vis spectrophotometer. 
The rate bleaching and dye degradation was calculated by 
using Eq. (2) (Nekouei et al. 2016a).

In this equation, R (%) is dye removal efficiency, C0 is 
the initial concentration of the dye (mg L−1), and Ct is the 
concentration of dye at time t after adsorption (mg L−1).

Results and discussion

Characterization of nanoparticles

XRD analysis

Figure 1 shows XRD spectra recorded for three prepared 
ZnO samples in order to confirm the appropriate formation 
of ZnO nanoparticles. According to the Figures, the forma-
tion of hexagonal crystals of zinc oxide in the sample has 
been confirmed. For comparison, the parameters of XRD 
patterns for three prepared samples and the standard sample 
(Yuliarto et al. 2015) are summarized in Table 1. According 
to the XRD spectra shown in Fig. 1 and data of Table 1, it is 
observed that increasing zinc acetate concentration resulted 
in increasing of ZnO peak intensities and also reduced spec-
tral noise density. This evidence can be due to the enhanced 
formation of ZnO nanostructures with increasing zinc ace-
tate concentration. In XRD spectra, intensity of peak 005 is 
related to impurities of carbon (Liu et al. 2007) that reduced 
with increase in zinc acetate concentration. Figure 2 shows 
XRD spectra recorded for the synthesized sample with 
unmodified carbon. Also from Table 1 and comparison of 
XRD data of synthesized sample (unmodified carbon and the 
standard sample), the formation of hexagonal ZnO has been 
approved. Table 2 shows the crystal size of three samples 
synthesized with modified and unmodified carbon.

(2)R =

C
0
− C

t

C
0

× 100
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ICP, BET and SEM analysis

ICP analysis was done in order to calculate the ZnO percent 
in samples. ICP analysis showed that the ZnO amount in 
samples a, b and c was 9.94, 10.74 and 31.81%, respec-
tively. These results indicate that increasing zinc acetate 
concentration concludes an enhancement in ZnO percent 
of the samples. ICP analysis for unmodified carbon showed 
that ZnO percent was 19.8%, indicating that without surface 
modification of activated carbon, composed ZnO percent 
is reduced. BET analysis was conducted to determine the 
specific surface area of synthesized ZnO nanoparticles (only 
for sample c). Results of the BET analysis showed specific 
surface area of 7.78 m2 g−1, total pore volume 0.1 cm3 g−1 
and average pore diameter 51.6 nm that its specific sur-
face area is more than specific surface area of commercial 
ZnO (4.49 m2 g−1) (Lee et al. 2009). This increased level is 
due to the presence of activated carbon in the synthesized 
ZnO. Characterization of surface morphological and tex-
tural of the activated carbon, ZnO and AC–ZnO catalysts 
are important parameters and might increase efficacy of 

the photocatalytic activity (Sobana et al. 2008). To study 
the morphology feature of synthesized of ZnO nanoparti-
cles, scanning electron microscopy (SEM) was recorded for 
samples a, b and c demonstrated in Fig. 3. It can be seen 
that with increase in zinc acetate concentration the pores of 
activated carbon are occupied by ZnO particles obtaining a 
homogeneous coverage and many of the activated carbons 
were covered by ZnO particles. Although the large holes 
of activated carbon have been occupied by ZnO particles, 
blocking the porosity of the carbon surface, the sample c still 
shows a porous character with a relatively large pore volume 
and surface area (Muthirulan et al. 2013). 
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Fig. 1  XRD spectra of synthesized ZnO nanoparticles with different 
concentration of 0.01 (a), 0.02 (b) and 0.09 M (c) of zinc acetate

Table 1  Comparing of XRD 
samples (a), (b) and (c) and 
sample synthesized using 
unmodified carbon with 
standard sample

d distance between plates in terms of angstrom, I peak intensity, I0 maximum intensity to the planes 100 
and 002, 101 and 110

Standard sample
(card No: 39-1451)

Samples Sample syn-
thesized using 
unmodified 
carbon

(a) (b) (c)

hkl d (Å) I/I0 d (Å) I/I0 d (Å) I/I0 d (Å) I/I0 d (Å) I/I0

100 2.81 57 2.80 67 2.81 66 2.80 68 2.74 31
002 2.60 44 2.59 85 2.59 54 2.59 52 2.51 90
101 2.47 100 2.46 100 2.47 100 2.47 100 2.31 100
110 1.62 32 1.62 41 1.62 39 1.62 36 1.50 32

Fig. 2  XRD spectra sample was synthesized using an unmodified car-
bon with concentration of 0.09 M of zinc acetate

Table 2  Estimated particles size from Scherrer’s equation

Planes Sample size (nm)

(a) (b) (c) Sample synthesized 
using an unmodified 
carbon

101 25 24 21 23.50
100 26 27 23 35.66
002 32 26 24 24.34
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UV–Vis spectroscopic analysis

In the adsorption spectrum of methyl orange, it can observe 
two adsorption bands at wavelengths of 464 and 272 nm. 
Decrease in the absorption band at 464 nm is due to azo 
bond broken down resulting a bleaching process, while 
decrease in the absorption in the region 272 nm is due to 
degradation of phenyl rings and complete mineralization of 
methyl orange. As can be seen in Fig. 4, in the absence of 
ZnO photocatalyst, decolorization rate is very low and does 
not occur complete degradation or mineralization. Whereas 
is shown in Fig. 5, in the presence of ZnO nanoparticles 
catalyst, complete bleaching and degradation occurs. For 
further investigation, according to Fig. 6, the absorption 

trend with time was performed at the wavelengths of 464 
and 272 nm in three conditions of darkness, UV radiation 
and finally UV radiation in presence of the catalyst. The 
figure indicates that complete bleaching rate and degrada-
tion of methyl orange occur due to photochemical reaction 
in the presence of ZnO catalyst in time 200 min, whereas in 
the absence of photocatalyst degradation and bleaching pro-
cesses were almost negligible. Data analysis showed that the 
adsorption process of methyl orange on the catalyst surface 
stabled in 20 min after stirring the mixture of dye and cata-
lyst in the condition of darkness and no mere degradation 
occurs. So in all investigations to ensure reaching adsorption 
equilibrium, mixture of dye and catalyst was stirred in the 
darkness condition for 30 min.   

Fig. 3  Scanning electron micrograph image from samples a, b and c
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Fig. 4  Adsorption spectrum of reaction system in the absence of ZnO 
photocatalyst, methyl orange 10 mg L−1 and pH 6
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Fig. 5  Adsorption spectrum of reaction system at presence of ZnO 
photocatalyst for 200 mg L−1 photocatalyst, methyl orange 10 mg L−1 
and pH 6
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Effect of pH

The pH has a crucial impact on the adsorption capacity of 
adsorbent and removal efficiency via changing the adsorp-
tion chemistry of adsorbent–adsorbate (Nekouei et  al. 
2016b). The pH-related experiments were carried out in the 
various pH values (4–10) with 20 mg of photocatalyst into 
100 mL of the dye solution (10 mg L−1) at the optimum con-
tact time. The adjustment of the solution pH was conducted 
by 0.1 M HCl and 0.1 M NaOH solution. The influence of 
solution pH on the rate bleaching and degradation of MO by 
AC–ZnO is shown in Fig. 7. It is evident that the maximum 
rate bleaching and dye degradation of MO is observed at 
pH 6. So pH 6 was selected for further studies. Such a pro-
cess in removal dependency to the pH can be attributed to 
electrostatic attraction variations between the ZnO surface 
and dye MO. This optimum electrostatic attraction leads to 
better adsorption of the pollutant onto the adsorbent par-
ticles in comparison with the acidic conditions (in which 
the driving force is stronger) (Noorimotlagh et al. 2016). 
Surface charge for ZnO at low pH 9 is positive (Danesh-
var et al. 2007). Therefore, anions adsorption in an aqueous 
environment on ZnO at low pH 9 is more. On the other hand, 
the given pKa for methyl orange is 3.8 ± 0.02 (Štastná et al. 
2005). Therefore, at the pH above the pKa, anionic form 
of methyl orange concentration is more than cationic form. 
With increasing the solution pH to 6, adsorption of methyl 
orange onto ZnO was increased. Decrease in the rate bleach-
ing and dye degradation was observed at higher pH value 
above 6 because of this fact that the oxidation potential of 
hydroxyl radical decreases with increasing of pH solution 
(Lucas and Peres 2006). Additionally, the increased con-
centration of  OH− in the solution concludes a competition 
between  OH− ions and anionic form of methyl orange (Saini 

et al. 2017) that decreases adsorption of methyl orange onto 
ZnO. 

Effect of photocatalysts dose

In order to examine the effect of photocatalyst dose on 
the bleaching and degradation of MO, different amount of 
catalyst from 100 to 500 mg L−1 were added to solution 
at a reaction time of 180 min, pH of 6 and initial MO con-
centration of 10 mg L−1. The results of these analyses are 
shown in Fig. 8. The results demonstrated that the bleaching 
and degradation was increased with increasing the amount 
of catalyst to 200 mg L−1, showing no significant change 
in bleaching and degradation with increasing the amount 
of catalyst to 400 mg L−1, but the bleaching and degrada-
tion was decreased with increasing the amount of catalyst 
to 500 mg L−1. This is due to the availability of surface 
active sites that increased with increasing the amount of 
catalyst. Consequently, increased production of hydroxyl 
radicals occurs causing increased photocatalytic activity 
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of ZnO. With excessive increase catalyst milky solution 
prevents penetrating of UV light onto the catalyst surface. 
Consequently, these phenomena can decrease production 
of hydroxyl radicals, decreasing efficiency dye damage and 
discoloration of solution (Mills et al. 1993; Daneshvar et al. 
2007). Therefore, dose of 200 mg L−1 photocatalyst was 
selected for further studies. 

Effect of MO concentration

To determine the effect of initial MO concentration on 
the efficiency of the process, various MO concentrations 
(5–20 mg L−1) at a reaction time of 180 min and an initial 
pH of 6 were examined. The results of these analyses are 
shown in Fig. 9. The results demonstrated that the bleaching 
and degradation was decreased with increasing the initial 
dye concentration. This may be due to the decrease in the 
availability of surface active sites. Consequently, produc-
tion of hydroxyl radicals decreases and this can decrease 

photocatalytic activity. On the other hand, the increase in 
dye concentration also decreases the path length of photon 
entering into the dye solution. At high dye concentration, 
the dye molecules may absorb a significant amount of solar 
light rather than the catalyst and this may also reduce the 
catalytic efficiency (Rao et al. 2009; Sobana et al. 2013), 
Therefore, MO concentration of 10 mg L−1 was selected for 
further study.

Effect of stirring the solution

In order to examine the effect of stirring the solution on the 
bleaching and degradation of MO, some experiments were 
done at a reaction time of 180 min, pH of 6, initial MO con-
centration of 10 mg L−1 and amount of catalyst 200 mg L−1. 
The results of these analyses are shown in Fig. 10. The 
results demonstrate that the bleaching and degradation was 
increased under stirring of the solution. Firstly, agitation 
makes a turbulent in the solution that increases solving of 
oxygen into the solution. Soluble oxygen plays an important 
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Fig. 8  Effect of catalyst amount on the rate bleaching (a) and dye 
degradation (b) of MO. Methyl orange of 10 mg L−1, pH 6 and time 
180 min
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role in production of hydroxyl radicals. Secondly, stirring 
the solution leads to decrease in equilibrium time by increase 
in rate of MO transfer and diffusion to the adsorbent surface 
(Ghaedi et al. 2014).

Effect of oxygen the solution

In order to examine the effect of oxygen, the solution on the 
bleaching and degradation of MO studies was conducted in 
the air atmosphere and nitrogen atmosphere in condition of 
initial pH 6, initial MO concentration of 10 mg L−1, amount 
of catalyst 200 mg L−1 and passing time of nitrogen gas 
into solution 3 min. The results of these analyses are shown 
in Fig. 11. The results demonstrate that the bleaching and 
degradation efficiency in the presence of oxygen was much 
higher compared to the absence of oxygen in the solution. 
This is due to the trapping electrons by oxygen in conduction 
bands of the semiconductor (photocatalyst) producing radi-
cals and oxidants species such as HO2

·,  H2O2 and O2
· (Anne 

1993) that these radicals and oxidant agents can increase 
efficiency of bleaching and degradation.

Effect of precursor concentration 
on the photocatalytic activity

Deposition of zinc oxide onto the surface of photocatalyst 
investigated by three different precursor concentrations 
of 0.01, 0.02 and 0.09 M of zinc acetate and obtained 
products was applied for the reaction of methyl orange 
degradation and bleaching. ICP analysis of zinc oxide for 
three samples a, b and c revealed 9.94, 10.74 and 31.81% 
of ZnO for each, respectively. Figure 12 demonstrates 
the bleaching and degradation of MO. As figure shows, 

increased precursor concentration concluded an enhanced 
bleaching and degradation values. According to the results 
of Park et al., it was inferred that the growth of ZnO nano-
structures as a function of the amount of zinc doped on 
the matrix, caused by an effect of CO produced from the 
decomposition of acetate group by oxidation in the case 
that zinc acetate was used as a precursor.

Effect of modification of modified activated carbon 
on the photocatalytic activity of ZnO

In the present study, synthesis of photocatalyst has been 
done using modified activated carbon. The effect of modi-
fied and unmodified activated carbon on the bleaching and 

Time, min
0 20 40 60 80 100 120 140 160 180 200

Re
m

ov
al

, %

0

20

40

60

80

100

120

140

Without stirring (Bleaching)
With stirring (Blaching) 
Without stirring (Degradation) 
With stirring (Degradation)

Fig. 10  Effect of stirring the solution on the rate bleaching and dye 
degradation of MO. pH 6, 20 mg L−1 photocatalyst, 10 mg L−1 MO 
concentration

Time, min
0 20 40 60 80 100 120 140 160 180 200

R
em

ov
al

, %

0

20

40

60

80

100

120

140

Nitrogen atmosphere (Bleaching)
Air atmosphere (Bleaching)
Nitrogen atmosphere (Degradation)
Air atmosphere (Degradation)

Fig. 11  Effect of oxygen on the rate bleaching and dye degradation of 
MO. pH 6, 200 mg L−1 photocatalyst, 10 mg L−1 MO concentration

Time, min
0 20 40 60 80 100 120 140 160 180 200

R
em

ov
al

, %

0

20

40

60

80

100

120

140
Sample,a (Bleaching)
Sample,b (Bleaching)
Sample,c (Bleaching)
Sample,a (Degradation)
Sample,b (Degradation)
Sample,c (Degradation)

Fig. 12  Effect of precursor concentration on the rate bleaching and 
dye degradation of MO. pH 6, 200 mg L−1 photocatalyst, 10 mg L−1 
MO concentration



Applied Water Science (2018) 8:104 

1 3

Page 9 of 12 104

degradation of MO is shown in Fig. 13. The results demon-
strate that the bleaching and degradation efficiency in the 
presence of zinc oxide synthesized with modified activated 
carbon was much higher than unmodified one. Carboxylic 
acid on the surface of activated carbon is very effective in 
adsorption of  Zn2+ ion from aqueous solutions and its con-
version into zinc oxide. As mentioned earlier, ICP analy-
sis results indicated that ZnO percent in synthesized sam-
ple with unmodified activated carbon was 19.8% that this 
resulted a decreased bleaching and degradation efficiency.

Effect of calcination temperature on the activity 
of photocatalysts

Three calcination temperatures of 450, 500 and 550 °C 
were applied in order to investigate the temperature effects 
of the calcination process on the activity of ZnO photocata-
lysts. The activity of photocatalysts of these samples in the 
degradation and bleaching of MO is shown in Fig. 14. The 
results demonstrate that the photocatalytic activity increased 
with increase in calcination temperature to 500 °C and after 
that remained almost stable. Low photocatalytic activity 
obtained in temperature 450 °C may be due to this fact that 
not enough temperature has been prepared to complete burn-
ing of carbon substrate, so the amount of ZnO in a certain 
amount of catalyst increased with increase in calcination 
temperature to 500 °C.

Effect interference of ions

Ions solution in the effluents may compete with dye mol-
ecules for active sites on the surface of the catalyst. So it 
is possible to deactivate the photocatalyst and decreased 
rate degradation of the target dye. The main reasons for the 

possible reduction in the rate degradation can be considered 
high activity and non-selective of •OH radical that reacted 
with nontarget compounds in matrix (Rauf and Ashraf 
2009). The effect of some ions on the bleaching and deg-
radation of MO in the presence of ZnO catalyst was inves-
tigated. In these experiments, rate bleaching and degrada-
tion of MO in the presence of the photocatalyst and in the 
absence of any other ions was measured in the optimum 
conditions for five successive times. Then, the percent deg-
radation and bleaching of MO was measured in the presence 
of interfering ions concentrations of 1000 (mg L−1). If the 
presence of interfering ions causing the shift of ± 5% in the 
average percent of bleaching or degradation, it can be said 
that no interference occurred. The results of these analyses 
are shown in Table 3. The results demonstrated that the pres-
ence of ions  HCO3

−,  SO4
2− and  NO3− did not interfere in the 

degradation and bleaching of MO. The high concentration of 
ions  Cl− decreases degradation efficiency due to its hydroxyl 
radical scavenging effect which occurs as follows (Habibi 
and Talebian 2007): 

(3)Cl
−
+ h�B+

→ Cl
⋅
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Fig. 13  Effect of surface modification of activated carbon on the rate 
bleaching and dye degradation of MO. pH 6, 20 mg L−1 photocata-
lyst, methyl orange 10 mg L−1, time 160 min
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Table 3  The results influence the interference of common ions and 
permissible limits

Interfering ions Permissible ion concentration 
(mg L−1)

Degradation Bleaching

HCO3
−,  SO4

2−,  NO3− 1000 1000
Cl− 500 800
Mg2+ 50 100
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The presence of  Mg2+ ions in solution also causes a 
decrease in degradation efficiency because these ions can 
react with MO and prevent from exposure of day onto the 
surface of the catalyst.

Effect of photocatalytic efficiency in real 
environment

In previous experiments, permissible limits of common ions 
interference were determined by adding these ions to the 
testing environment (distilled water). But significant point is 
that all ions are present together in the actual environment. 
Therefore, it is necessary that photocatalyst bleaching and 
degradation efficiency of MO be tested. Real environment 
prepared by 100 ml of tap water contains MO concentra-
tion of 10 mg L−1, initial pH of 6 and amount of catalyst 
200 mg L−1. The results of these analyses are shown in 
Fig. 15. The results demonstrate that the efficiency of pho-
tocatalyst in the presence of common ions with various con-
centrations and other impurities was very good.

Effect of photocatalysts recovery and reuse

Recovery and reuse of photocatalyst is important from eco-
nomic aspects. So photocatalyst efficiency during the suc-
cessive recovery seems to be necessary. For this purpose, the 

(4)Cl
−
+ Cl

⋅

→ Cl
⋅−

(5)HO
⋅

+ Cl
−
→ HOCl

⋅−

(6)HOCl
⋅−
+ H

+
→ Cl

⋅

+ H
2
O

photocatalyst used in degradation process of methyl orange 
was collected by centrifugation and then was washed with 
ethanol and distilled water. The product was dried at room 
temperature and then reused in degradation reaction of 
methyl orange. The results after the three times recovery and 
reuse as shown in Fig. 16 concluded a decrease in recovered 
catalyst efficiency. Degradation process affected more than 
bleaching process using recovered catalyst.

Conclusion

In the present work, dye degradation process using ZnO as 
a photocatalyst was investigated in degradation of methyl 
orange from aqueous solutions. The findings revealed that 
the MO dye was successfully degraded by the AC–ZnO sys-
tem. The rate of degradation was high in the presence of 
ZnO, but lower degradation was observed in the absence of 
ZnO. Optimum conditions for dye degradation were deter-
mined in pH of 6, 200 mg L−1 of photocatalyst, 10 mg L−1 
concentration of MO and stirring dye solution in air atmos-
phere. The results also showed that synthesized photocata-
lyst in the real environment had very good efficiency and 
also recovery and reuse of photocatalyst adversely caused 
a decrease in degradation and bleaching process. The pre-
sent study provided a new efficient and low-cost adsorbent 
with high potential in the treatment of dye-contaminated 
wastewater.
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