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Abstract
Large amounts of wastewater containing organic and inorganic 
chemicals from different sources enter the environment, each 
year. Given the importance of preserving public health and 
environment, efficient technologies like Advanced Oxidation 
Processes (AOP) should be noted. Ultrasound is an AOP and used 
as an efficient technology to remove pollutants in recent years. 
This study aimed to evaluate sonolysis for removing reactive 
dyes from textile wastewater. This experimental laboratory 
study utilized composite sampling from textile wastewater for 
24 hours. First, raw wastewater characteristics were determined. 
Then, an undivided cell with a volume of 250 ml was used 
for 200 ml sample of textile wastewater to investigate the 
Sonochemical process. Given the variables, 48 samples were 
calculated. An ultrasonic bath (power=50 W, frequency=28 
kHz) was used. The test results showed that the efficiency of dye 
removal is increased with decreasing pH and increasing catalyst 
concentration and retention time. Also, the optimal conditions for 
effective parameters on the process were obtained such as pH=2, 
air flow rate of 1 liter per minute, the catalyst concentration 3 
mM and retention time 240 minutes at a frequency of 28 kHz 
and input voltage 50 W. Under these conditions, the efficiency 
of dye removal was obtained 42.5. According to the results, 
sonolysis (frequency=28 kHz and power=50 W) can be used as 
pretreatment to analyze resistant pollutants. Sonolysis is better to 
be used in combination with other advanced oxidation methods.
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Introduction
Large amounts of wastewater from domestic, 
agricultural and industrial sources enter the 
environment containing high concentrations 
of organic and inorganic chemicals such as 
hydrocarbon solvents, cyanide, dyes, heavy 
metals, and pesticides each year [1,2]. Toxicity, 
persistence and high concentration of pollutants 
cause many environmental and health effects. 
Water pollution is one of the biggest problems 

of these pollutants [3,4]. 
Industrial effluents are one of the main 
contaminants of the environment. Dye 
wastewaters are generated in various industries 
including textile, dyeing, pharmaceutical, 
food, cosmetics and health products, paper 
and leather and the like industries [5,6]. Dye 
effluents discharged of these industries have 
caused serious environmental problems. 
Water consumption in textile and dyeing 
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industries varies between 25 and 250 cubic 
meters per ton of product depending on the type 
of product [6]. Studies show that approximately 
40 million tons of textiles are produced in 
the world annually. The effluents generated 
by these industries are about 4 to 8 billion 
cubic meters per year and the most evident 
characteristic of textile industry effluents is that 
they contain dyes. About 700,000 tons of dyes, 
the most commonly used organic chemicals, 
are produced annually in textile industries, 
half of which are azo dyes. Over 2,000 azo 
compounds are listed in dye profiles. About 
15% of dyes are wasted during dyeing and 
finishing processes and enter the environment 
through effluents. Azo compounds comprise the 
largest group of synthetic organic dyes [7-12]. 
Most dyes used in industries especially in the 
textile industry cannot be analyzed biologically 
due to the formation of robust complexes 
and also low BOD(biochemical oxygen 
demand): COD (chemical oxygen demand) 
ratio (usually less than 0.1). These dyes have a 
high molecular weight and aromatic rings and 
are toxic to microorganisms [13]. Therefore, 
the biological processes are not so effective 
for the treatment of effluents containing these 
dyes and conventional treatment processes 
such as adsorption, coagulation, flocculation 
and sedimentation are not also effective as 
these methods mainly generate solid waste 
that will eventually cause other environmental 
problems. Therefore, other treatment methods 
must be used [14,15]. Given the need for public 
health provision and environment conservation, 
efficient technologies in this field should be 
noted. Advanced oxidation processes (AOP) is 
one of these technologies. 
In the final years of the twentieth century, AOP 
was noticed as the most efficient and powerful 
technology in various fields of environmental 
engineering to protect the environment from 
pollutants and as a key technology for future 
[8,16]. These methods act like free radicals, 
especially 0OH (reactions 1-3). These 
radicals can oxidize organic pollutants non-
selectively and convert them into CO2, H2O 
and inorganic mineral salts [20,21]. These 

processes have several advantages over other 
processes including complete degradation 
of pollutants, degradation of pollutants that 
cannot be absorbed or pollutants with low 
volatility. Mass transfer process is not like 
complete adsorption and aeration and only 
leads to transferring pollutants to another 
phase, so is may  be need further treatment 
[17]. Sonochemical process is an AOP with 
a significant potential for the analysis of 
organic compounds. Many researchers have 
reported that ultrasonic irradiation process 
can analyze a variety of organic compounds 
such as phenol compounds, chloroaromatic 
compounds, carbon tetrachloride, pesticides, 
herbicides, benzene compounds, polycyclic 
aromatic hydrocarbons, and organic dyes 
[22,23].
Sonolysis is an effective method for 
degradation of pollutants and resistant 
compounds in the environment. Ultrasound 
waves degrade organic materials based on 
producing small bubbles through cavitation 
at low pressure section. High pressure and 
temperature are generated during the collapse 
and fall of bubbles that lead to the pyrolysis 
of organic materials and generating highly 
reactive radicals (reactions 1 to 3). The 
temperature is about 4,000 to 10,000 °K and 
the pressure is about 300 to 975 bars [17-
19]. Oxidizer species are produced during 
sonolysis in an aqueous environment by 
splitting water molecules through pyrolysis. 
After H2O splitting, other reactions depend 
on the presence of other species in the bubble 
gas phase. H2O2 is the main form produced 
by recombined reactions of radicals 0OH 
(reactions 4 to 12). 0OH and H2O2 are strong 
oxidizing agents with reduction potential of 
2.8 and 1.77, respectively [24, 31]. 
This study aimed to evaluate effective 
parameters such as pH, air flow rate, ferrous 
ion concentration and retention time in dye 
removal from textile wastewater using the 
ultrasonic process.

Method
This research is an experimental laboratory 
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study. First, the raw wastewater characteristics 
were determined in terms of COD, dye, 
EC, BOD5, and PH. Then, to investigate the 
Sonochemical process, an undivided cell with a 
volume of 250 ml was used for 200 ml sample 
of textile wastewater. Given the variables, 48 
samples were calculated. To change the PH, 
sodium hydroxide and sulfuric acid 1 M were 
used. Ultrasonic bath (PARSONIC 2600S 
model) with the power of 50 W and frequency 
28 kHz was filled by distilled water up to a 
certain level and the reactor was placed within 
ultrasonic machine. Before Sonochemical 
process, the sample was saturated for 10 min 
with air blown into it. The air required for 

injection into the cell is supplied by an air 
pump through a ceramic distributor. The inlet 
air is measured by a flow meter (Figure 1). 
Then a certain amount of ferrous ions (FeSO4. 
7H2O, Merck, Germany) is added to the 
sample to combine with hydrogen peroxide 
to form hydroxyl radicals. The effect of 
factors such as PH, contact time, the amount 
of ferrous ions catalyst, and air flow rate was 
investigated by one factor at a time method 
to determine the percentage of dye removal. 
Dye concentrations were measured by ADMI 
(American Dye Manufacture Institute) using 
a Hach spectrophotometer (DR 5000).

Figure 1 Those of reactor Sonolysis

Figure 2 absorption in the visible spectrum (400-700 nm) textile of raw wastewater

Results
In Table 1 and Figure 1, the initial quality 
and visible absorption spectrum of dye from 

textile wastewater are presented. To evaluate 
the Sonochemical process, the effect of 
parameters such as PH, contact time, the 

Table 1  Initial Quality Textile Wastewater
parameter unit mount

COD mg/lit 1200
BOD5 mg/lit 100
BOD5/COD % 3/8
pH ــ 34/10
Electerical Conductivity S/cmµ 4000
Color ADMI 8850
Chlorine mg/lit 520
Color Appearance ــ Black

Wavelength of maximum absorbance at 483nm 416/9
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Figure 3 Effect of pH on the color removal efficiency by sonolysis process in real textile wastewater (2 mM ferrous 
ion concentration, time of 240 minutes, 1.5 liters per minute of air flow

Figure 4 Effect of ferrous ion concentration on color removal efficiency by sonolysis process in real textile wastewater
 (pH optimized 2-time of 240 minutes, the air flow rate of 1.5 liters per minute, a frequency of 28 kHz)

amount of ferrous ions catalyst, and air flow 
rate were analyzed and the effect of these 
parameters was assessed on the dye removal 

efficiency. The evaluation of the dye removal 
efficiency in Sonochemical process is shown 
in Figures 1 to 5. 
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Figure 5 Effect of flow on color removal efficiency by sonolysis process in real textile wastewater 
(pH optimum, 2, 3 mM ferrous ion concentration, time of 240 minutes, a frequency of 28 kHz) 

Figure 6 Effect of reaction time on dye removal by actual of wastewater sonolysis process based on reactive dye in 
optimal conditions (2 = pH, ion concentration down to 3 mM, air flow rate of 1 liter per minute)

Discussion 
PH value is a critical parameter in the 
performance of the Sonochemical process; it 
plays an important role in the production of 
H2O2. The effect of PH was examined on the 
dye removal efficiency in PH values (2 to 7). 
Dye analysis is obviously affected by PH. 
As observed in Figure 2, acidic conditions 
accelerate the decolorization rate and the 
acceleration is due to the hydrogenation of 
negative charge of SO-3 in acidic environment 
(SO-

3 → HSO3
-) (24). In Figure 2, the maximum 

efficiency is related to PH=2. Process efficiency 
in the dye removal is 37.8, 25.9, 16.38, 15.8, 
14.9 and 13%, respectively at PH 2, 2.5, 3, 3.5, 
4 and 7 while other variables remain constant. 
A study conducted by Virendra Kumar et al. 

in 2011 to analyze the red dye 120 by the 
cavitation hydrodynamics showed that the 
lower PH increased decomposition rate, 
decomposition rate was much lower at 
PH=10, about 60% of decolorization and 
a 28% decrease in TOC was obtained at 
PH=2 [29]. At PH=2, the best conditions for 
generating hydroxyl radical is provided in 
Sonochemical process. A study conducted 
by Simona Wajhandi et al. in 2007 showed 
that decreased PH increased the efficiency of 
reactive black 5 dye removal [24].
Martins et al. conducted a study in 2012 on 
the decomposition of azure B dye in Mexico 
by sonochemistry and electro-Fenton. The 
results of this study showed that decreased 
PH to 2.5 increased dye removal efficiency 
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and increased PH of 3 toward alkalinity 
decreased removal efficiency because iron was 
precipitated as oxyhydroxide [33]. 
Sonochemical process is less efficient in 
dye removal by increasing the PH to neutral 
because hydroxyl radical is an active and 
dominant oxidant under acidic conditions, but 
it does not have its maximum oxidizing power 
under alkaline conditions [24,30]. Also, most 
radical sweepers including CO3

-2 and SO4
-2 can 

be present at higher PH leading to a reduction 
in the amount of HO0 radicals ultimately 
leading to the reduction in the rate of dye 
decomposition (24). Another study conducted 
by Maleki et al. in 2011 showed that low PH 
and a lower dye concentration is more suitable 
for decomposition [11].
In the Sonochemical process, hydrogen, 
hydroxyl and other radicals are produced through 
pyrolysis, and lead to dye decomposition. 
Radicals HO0

2 and 0O2, and the reaction of HO0
2 

with itself (reaction 14) are recombined and 
H2O2 is formed (reactions 13-15) that cannot 
decompose resistant pollutants by itself. So, 
ferrous ion is added to the reactor as a catalyst 
to react with hydrogen peroxide and produce 
hydroxyl radical (reactions 16, 17). According 
to Figure 3, dye removal efficiency is 20.3% 
at a concentration of 0.5 mM ferrous ions and 
22%, 21.46%, 29% and 41% at concentrations 
of 1, 1.5, 2, and 3 mM, respectively. Removal 
efficiency was decreased at concentrations 
higher than 3 mM ferrous ions because of the 
sweeping property of ferrous ions to hydroxyl 
radical.
(13,14,15,16,17)

A study conducted by Fernando Guzman et 
al. in 2011 showed that ferrous ions in led to a 
32% increase of purple color removal from the 

aqueous environment in 180 minutes during 
sonolysis process [25].
Martins et al. conducted a study in 2012 on 
the decomposition of azure B dye in Mexico 
by sonochemistry and electro-Fenton. They 
concluded that ferrous ions catalyst is an 
important parameter in hydrogen peroxide 
activation, so it is effective on decomposition 
rate of organic compounds. In the absence of 
ferrous ions, dye removal was insignificant 
[33].
The inlet air flow rate to the reactor is an 
important parameter in the production of 
H2O2. The inlet oxygen reacts with H+ and 
H2O2 is produced (reaction 18).
O2 +2H++ 2e- → H2O2   (18)
Hydrogen peroxide is produced from strong 
oxidizers; however, this oxidizer reacts 
with ferrous ions added as a catalyst and 
hydroxyl radicals are produced which are 
very strong oxidizers [27]. A study conducted 
by Helal Uddin et al. in 2009 on the effect 
of nitrogen, oxygen, argon and air on 
sonolysis 2,4-dichlorophenol showed that 
dichlorophenol decomposition rate in the 
presence of oxygen, argon and air increased, 
respectively, and it had the lowest removal 
efficiency with nitrogen [34]. 
Color value changes over time are shown in 
Figure 5. The results of this study showed 
that the dye decomposition rate increased. As 
observed in the figure, the dye decomposition 
rate was high in 90 to 180 minutes. It can be 
said that the highest hydroxyl and hydrogen 
peroxide are produced at this time interval 
and hydrogen peroxide is converted into 
hydroxyl by adding ferrous ions. After this 
process, it will have a lower slope. Because 
of the power supply, energy consumption rate 
becomes important and the optimal time is 
180 minutes. A study conducted by Wajhandi 
et al. in 2007 showed that increasing time 
increased the concentration of hydrogen 
peroxide leading to increased decomposition 
rate of reactive black 5 dye [24].
Another study conducted by Lee et al. in 
2010 on the removal of cationic red X-GRL 
by sonolysis and electro-Fenton processes 
showed that from 80 minutes onward, a 
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greater amount of H2O2 was produced at the 
ultrasonic frequency of 20 kHz and had a 
significant role on the dye removal. The highest 
removal efficiency in 180 minutes was obtained 
in ferrous ion concentration 5 mM, frequency 
20 kHz, PH=3, the current density of 8.89 mA 
per square centimeter and dye concentration  of 
37.5 mg/L [2]. 
Ultrasound, like other advanced oxidation 
processes, is based on hydroxyl radical 
production with successive attacks on 
pollutant molecules. Another aim is complete 
mineralization of pollutants or converting 
them into less harmful compounds or with less 
chain, and then can be treated with a biological 
method. Given that Sonochemical process 
can decompose resistant compounds without 
producing sludge and also produce hydroxyl 
radicals, this process can be appropriate 
for pretreatment of wastewaters containing 
materials resistant to biodecomposition. 
Treatment with Sonochemical process has not 
yet been considered a large-scale treatment for 
chemical processes because ultrasound is high 
energy consumption and all cavitation energy 
produced is not attribute chemical and physical 
effects [32]. This process is better to be used 
combined with other advanced oxidation 
methods.

Conclusion 
with regard to the results, the sonolysis 
process (frequency=28kHz, W=50w) can 
be used as a pretreatment for degradation of 
colored wastewater and refractory pollutants 
but have no acceptable efficiency for removal 
dye pollutants and therefore it must be used 
in hybrid with the other advanced oxidation 
processes.
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