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Abstract: Textile industries are the major industries which mainly use different dyes. In these industries it is
estimated that 15 % of dyes are lost in wastewater during manufacturing and dying process. In this study, the
photocatalytic degradation of Yellow Acid-36 dye in the presence of UV irradiation intensity has been investigated.
In this experiment TiO2 P-25 was used as catalyst and coated on the marble surface. The influence of various
operation parameters, such as the initial concentration of dye, pH, time of contact, catalyst dosage and UV
irradiation intensity on the degradation process was examined. The results indicated that the optimal decolorization
conditions were attained with 100 g m-2 of catalyst at pH 3, an irradiation time of 105 min, UV irradiation intensity
30 W and 5 mg L-1 initial concentration of dye. The process resulted in 97.6% degradation of Yellow Acid 36. It is
revealed that this method was effective in degradation of Yellow Acid 36.
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1. Introduction
Textile industries are the major industries which
mainly use different dyes. In these industries it is
estimated that 15 % of dyes are lost in wastewater
during manufacturing and dying process.
(Natarjan et al., 2013) Dyes can be used in various
industries such as fabrics, leather, paper and
cosmetics. They can be grouped in to different
classes: acid, basic, direct, disperses, metallic,
mordant, pigment, reactive, sulphur and vat.
(Ajmal et al., 2014). Dyes can be classified in
several ways; each class has a very unique
chemistry, structure and particular way of
bonding. The contamination in wastewater due to
the dyes can be recognized quite easily as a very

small amount of dye in the water (<1ppm) are
highly visible. They absorb and reflect the
sunlight entering water thereby interfering with
the aquatic species growth and hindering
photosynthesis. Additionally, they can have acute
and chronic effects on organisms depending on
their concentration and length of exposure.
Human consumption of water contaminated with
these compounds can cause a variety of adverse
health effects such as wide-ranging immune
suppression breathing problems, central nervous
system (CNS), disorders, breathing problems,
behavioral problems, allergic reactions, tissue
necrosis and infections of the skin and eyes. (Pan
et al 2012). So the degradation of dyes from the
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wastewater is the major concern to ward
environmental pollution abatement. A large wide
of technologies has been developed for the
removal of dyes from waters and wastewaters to
decrease their environmental impact. These
methods can be classified in to four categories: 1)
Physical 2) Chemical 3) Biological 4) Acoustical,
Radiation and Electronic processes (Gupta and
Suhas, 2009). Physical methods such as
membrane-filtration processes (nonofiltration,
reverse osmosis electrodialysis) and sorption
techniques; chemical methods such as coagulation
or flocculation combined with flotation and
filtration, precipitation
flocculation ,electroflotation, and electro- kinetic coagulation found to
be suitable for the removal of various dye. These
methods do not degrade the dye but only decrease
the dye concentration in water bodies by
converting it from one form to another, thereby
creating secondary pollution. Also, biological
methods such as aerobic and anaerobic microbial
degradation, and the use of pure enzyme were also
reported in literature for dye removal from
wastewater. The disadvantages of the biological
methods are that they are time consuming; even
some dyes are resistant to aerobic treatment. It has
also been reported that the production of
carcinogenic compounds such as aromatic amines
can occur during the anaerobic treatment of dyes
(Freeman. 1989).
In the recent past, advanced oxidation process
(AOP) has gained much attention for the removal
of pollutant from wastewater. These advanced
oxidation process were carried out in the presence
of solar and ultraviolet irradiation. These
processes are ecofriendly, economic, and capable
to degrade many dyes or organic pollutants
present in wastewater. These advanced oxidation
processes were carried out in the presence of solar
and ultraviolet irradiation. Additionally to
increase the rate of degradation or adsorption of
pollutant on the surface of photocatalyst,
advanced oxidation process were assisted by
hydrogen peroxide (H2O2) and ultra-sonication.
(Srivastava et al., 2013; Rao et al., 2009; Sobana
and Swaminathan, 2007; Aleboyeh et al., 2012).
However, among the various advanced oxidation
process, photocatalytic degradation of dyes has
been mainly carried out using various
semiconductor based photocatalyst such as Fe2O3
,ZnO ,TiO2 ,V2O5 and …(Huang et al.,2013Tayade

et al ., 2007Mills and Lee 2002; Lee and Mills,
2004; Natarjan et al.,2013). Additionally, these
catalysts were modified in order to enhance their
photocatalytic degradation efficiency (Natarjan et
al., 2015). Among semiconductor materials,
titanium dioxide (TiO2) is widely used as a
photocatalyst. The photocatalytic activity of the
photocatalyst materials mainly depends on the
band gap, surface area, and generation of electronhole pair for degradation dyes present in water
(Li, 2019). It has been observed that the surface
area plays a major role in photocatalytic
degradation of dyes, by providing higher surface
area, which leads to the higher adsorption of dye
molecule on the surface of photocatalyst and
enhance the photocatalytic activity.

Fig.1-Photocatalytic dye degradation process
As it is shown in the Figure1 when the
semiconductor photocatalyst absorb photon
energy from irradiation source (such as solar light,
artificial ultraviolet light and/ or light emitting
diodes (LEDs)) greater than its band gap, it
generates electron and hole at conduct and
valance band respectively due to the excitation of
electron from valance band to conduction band
upon absorption of energy. The hole generated at
the valence band absorbs water molecule and
create hydroxyl radical (OH.), whereas electron
reacts with the oxygen to form anionic superoxide
radicals (O2-). The mechanism described above
can be represented by Eqs.1-5 as shown below:
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1) TiO2+ h𝑣 → e- + h+
2) e- + O2 → O23) h+ + Organic → CO2
4)
h+ + H2O → HO. + H+
5) HO. + Organic → CO2

Dye degradation efficacy is expressed as given
below:
%R = (C0 - Ct)*100/C0
R: Dye removal efficiency
C0: First absorption
Ct: After irradiation absorption

In the photocatalytic degradation of pollutants,
when the reduction process of oxygen (Eq.2) and
oxidation of pollutants (Eq.3 and 4) do not
proceed simultaneously, there is an electron
accumulation in the conduction band, thereby
causing a recombination of electrons is essential
to promote photocaalytic oxidation.
The most important and fundamental elements for
a successful photocatalytic system are the catalyst,
the light source and the reactor configuration.

Photooxidation Experiments
All experiments were performed in a Plexiglas
reactor equipped with UV lamps at a wavelength
of 365 nm. The Catalyst coated on marble surface
by slurry method. So TiO2 powder was mixed
with water-Methanol (with volume ratio of 25%).
The mixed solution was stirred for 10 min in 20
degree centigrade and 1500 rpm. Then the
solution was stirred for 30 min to obtain a
homogenous solution and transferred into an oven
heated at 105 degree centigrade for 1 h. Finally,
the marble covered by slurry and dried for 24
hours and air-cooled to room temperature. The
coated marble was washed thoroughly with
distilled water.

2. Materials and Methods
Reagents and materials
The Yellow Acid-36 dye used in this study which
is classified as azo dyes and its chemical structure
is shown in Figure2 (λ=435 nm). Synthetic
solution was made of Yellow acid 36 dye and
titanium dioxide P-25 Degussa used as catalyst.
Solution was prepared by dissolving a defined
quantity of Yellow 36 dye in double distilled
water. Then NaOH added to the solution and
ultrasonic bath used. The absorbance in the
maximum wavelength (λmax) was measured
using a UV-vis spectrophotometer. For safety
and prevention of UV distribution the reactor was
covered with Aluminum sheet.

Dye degradation efficacy is expressed as given
below:
%R = (C0 - Ct)*100/C0
R: Dye removal efficiency
C0: First absorption
Ct: After irradiation absorption

Fig.2- Structure of Yellow Acid 36
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Table1: Various operation parameters used for degradation of dye are tabulated.

Variation range

Variation

No

5,25,50,75,100 (mg/l)

Dye concentration

1

35,70,105,140,180 (min)

Time contact

2

3,5,7,9,11

pH

3

20,40,60,80,100 (gr/m2)

TiO2 dosage

4

10,20,30,40,50 (W)

UV irradiation intensity

5

Fig3- Reactive that be used in this study

B

A
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D

C
-

Fig.4-Coatting process of TiO2 : (a) The marble used, (b) Marble scooped, (C) Heated slurry in the oven,
(D)After 24 hours
in presence of TiO2 in amount of 100 mg m-2 and
105 min with UV irradiation intensity 30 W in
solution pH 3,5 ,7 , … and 11 were in range of 97.6
, 95.9 , 84.3, 83.9 and 80.3 respectively. Results of
this research showed that acidic pH is effective in
accessing to maximum dye removal efficiency.
Figure 5 showed it visibly.

3. Results
The results of our experiment are shown in
Figure 5 to 9. In these figures the effect of pH,
contact time, initial dye concentration, UV
irradiation intensity and TiO2 concentration for
efficacy of degradation were investigated. In
general, increase in TiO2 concentration, UV
irradiation intensity and contact time increased
the dye degradation efficiency. Also decrease in
initial concentration of dye and solution pH
increased the dye degradation efficiency.

Fig.6- The effect of time on dye degradation
efficacy (pH=3, TiO2=100gr m-2, UV irradiation
intensity=30W)
As it is shown in Figure 6, the complete degradation
of Yellow acid dye was obtained within 105 min
and after this time, dye degradation efficiency
decreased. The 105 min is the time for optimal dye
degradation efficiency. The reason is that there was
enough time for producing active hydroxyl radicals.

Fig.5-The effect of solution pH on dye
degradation efficacy (initial Dye concentration
5=mg L-1, TiO2=100gr m-2, contact time= 105
min, UV irradiation intensity=30W)
The experiments showed that dye degradation
percentage with initial dye concentration of 5 mg/l
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Fig.8- The effect of TiO2 concentration ،on dye
degradation efficacy (UV irradiation intensity=
30 W, pH=3, concentration time= 105 min)
The degradation efficiency increased with increase
in TiO2 concentration. With increase in TiO2 dosage
from 20 to 100 g m-2 in dye concentration of 50
mg/l, contact time of 105 min and UV irradiation
intensity 30 W the percentage of dye degradation
increased from 91 to 95.2%. With increase in
catalyst dosage more electron holes and more OH.
radicals produced from free electrons. Increase in
active radicals increased the breakdown of dye
molecule structure it is showed in Figure 8.

Fig.7- The effect of initial Dye on degradation
efficacy (UV irradiation intensity= 30 W,
TiO2=100gr/m2, concentration time= 105 min)
The results of this research showed that dye removal
efficiency accelerated with dye concentration
reduction. With dye concentration acceleration from
5 mg L-1 to 100 mg L-1, 105 min contact time and
30W UV irradiation intensity and TiO2 in
concentration of 100 gr m-2, percentage of dye
degradation decreased from 93.6 to 89.2. Therefore
decrease in amount of dye had better photocatalytic
efficiency degradation, it showed in Figure 7. Also
in higher concentration of dye, surface area of
nanoparticles decreased, that it prevented reaction
between dye, free radicals and electron holes. With
dye concentration acceleration light transmission
decreased because light photons were absorbed with
the dye before arrival to catalyst particles. Also with
increase in dye concentration and making dye
flocculation, the competition for absorption on
substrate was increased. In other words
photocatalysts were trapped in the dye flocculation.

Fig.9- The effect of UV wavelength ،on dye
degradation efficacy (UV irradiation intensity=
30 W, pH=3, concentration time= 105 min)
One of the other effective factors on photocatalytic
refinement process is UV irradiance intensity. For
assessment of the effect of this parameter,
irradiation intensity in the range of 10, 20, 30 … and
50 W were experimented. The results showed that
higher amount of UV had better photocatalytic
efficiency .The reason is that with increase in
irradiation intensity more electrons are stimulated.
Increase in amount of stimulated electrons makes
more OH active radicals produced which accelerate
photocatalytic oxidation rate. As there was no
significant differences between range percentage of
degradation in irradiation intensity from 30 W to 50
W, so 30 W chosen.

15

Anthropogenic Pollution Journal, Vol 2 (2), 2018: 10-17
6- The concentration of the photocatalyst is another

4. Discussion

critical parameter that determines the
degradation rate of Yellow Acid 36 dye. It has
been widely observed that the degradation rate
increase with an increase in catalyst loading.
This is due to the availaibilty of more active
catalyst sites at higher concentrations, which
results in the generation of more hydroxyl
species. However, when such load is increased
beyond an optimum value, there is no
appreciable increase in the degradation rate.

The photocatalytic oxidation of Yellow Acid 36 dye
has been studied using TiO2 as catalyst. The results
of the study could be summarized as follow:
1- Parameters such as concentration of dye, pH,
catalyst dosage, time of contact and UV
irradiation intensity play an important role on
degradation rate.
2- In a heterogeneous photocatalytic water system,
pH is one of the most important operating
parameters. Acidic pH is effective in accessing
to maximum dye removal efficiency.
3- Increase in contact time, increased the dye
degradation efficiency.
4- The dye removal efficiency accelerated with dye
concentration reduction.
5- Increase in UV irradiation intensity, increased
the dye degradation efficiency. The reason is
that with increase in UV irradiation intensity,
more electrons are stimulated.

5. Conclusions
The aqueous solution of Yellow Acid 36 dye
decolorized by heterogeneous photocatalysis in the
system UV/TiO2. The best conditions found for were
100 gr m-2 of catalyst at pH 3, an irradiation time of
105 min, an irradiation intensity 30W and 5 mg L-1
of dye concentration. The process resulted in the
97.6% degradation of dye.
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