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1. Introduction

Forqan M. Hameed", Khalid M. Mousa®

Abstract

In this study sunlight and UV radiation were used to compare the
efficiency of decolorization of textile wastewater containing brilliant reactive red
dye K-2BP (Amax = 534 nm) by the advanced oxidation process (AOP) using
(HzOz/Sunlight, HzOz/UV, HzOz/TiOz/Surﬂight, and HzOz/TiOz/UV). The
results studied the effect of solution pH, applied H2O: concentration, TiO;
concentration (nanoparticle), and initial dye concentration were studied. The
expetrimental results showed that decolotization petcentage with H>O/sunlight
and TiO2/H,Oz/sunlight under the following conditions: - reaction time 150 of
minutes, [ 500 ppm] H2O», [100 ppm] TiO,, pH=3, initial dye concentration
=15 ppm and at ambient temperature were 95.7% and 98.42% respectively. For
the same conditions using H»O2/UV, H,O,/TiO; /UV, the petcentage of
decolorization were 97.85% and 96.33% respectively. The results also indicated
that the sunlight is more economic and cost-effective than UV radiation.

Keywords: Sunlight; Photochemical oxidation; Brilliant Reactive red; Water
Treatment.
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Many industrial processes use totally different
chemical dyes for numerous functions (textile,
cosmetics, food, pharmaceutical, paper, dying of
fabric, printing, etc.). The presence of dyes in water is
most unwanted, therefore an awful bit of these
coloring agents are extremely visible and will be
poison to the aquatic surroundings [1]. Dye
compounds are artificial organic compounds with
complicated molecular structures and huge molecular
weights, therefore treatment difficulties were a raised
of dye waste product. Textile dyes can be classified
into many types, reactive, basic, dispetse, fat, direct,

acid and sulfur dyes according to their application in
the dying process. Reactive dyes are used in the
various textile stages industry that related to fibers by
reacting with OH group in fiber. Some of them
contain typical azo-based chromophores (N=N band)
combined with forms of reactive teams. This
property makes them hard to degrade in waste
product|[2].

Dyeing  wastewater serious
environmental problems including high pH, low
biodegradable, high temperature, suspended solid
(SS), high COD, high Total Dissolved Solids (TDS),

leads to a
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high color and organic materials [3]. These substances
cause great harm to the environment, and many
countries are conducting research to treat industrial
water, especially the water of textile and dyeing
plants, to decrease the substances before they flow
into the rivers or sewage [4].There are many ways to
treat textile wastewater (physical, biological and
chemical) or in some cases a combination treatment
of these processes are used. Physical treatment
involves isolation, adsorption, ion exchange,
membrane filtration or separation of the waste
material from the mainstream. In the biological
treatment, the main purpose involves microbes to be
feed on organic waste. Chemical treatment includes
coagulation/Flocculation and Advanced oxidation
processes  [5]. Coagulation and flocculation,
adsorption on activated carbon and reverse osmosis
are vatied chemical/ physical processes. These
processes are inadequate to decay the coloured
compounds in textile wastewater. More of sludge
formation could be a major issue related to these
processes [6]. Advanced oxidation Processes are
applied to treat dye-contaminated waste product of
textile industries. This technique produces a powerful
oxidizing species such as OH* radicals, that break
down them into little and non-harmful substances. In
several cases the organic compound is totally
mineralized into water and CO2. The AOP technique
has drawn significant attention by many scientific
community because it is easy to be handled and it
produces considerably fewer residuals as compared to
the classical approaches. The various strategies
applied within the advanced oxidation approach are
the UV photolytic technique, photo-Fenton, Fenton,
ozonation, photocatalytic, biodegradation and also
the radiation induced degradation of dyes [7].The
mechanism of AOPs is simply formation of hydroxyl
radicals OH*, that may oxidize a large variety of
organic compounds [8]. The UV-H,O, method has
many benefits over different AOPs: the ambient
conditions were used and no sludge formation [9].
The dosage of H>O2 and pH plays important role
within the discoloration of dyes by HxO0,/UV
method. The method has been found to be more
practical in an acid medium in context to
discoloration [1]. The decomposition rate of dye will
increase with the increase in ultraviolet radiation
intensity [10]. TiO, concentration in suspension
within the presence of low concentrations of
hydrogen peroxide supported the established increase
in the rates of decolorization and mineralization of
the several pollutants in standard state [11, 12, 13].
Those researches studied the effects of amount of
catalyst, contact time, effect of pH for many methods
of AOP. UV light has been tested together with HO»
and TiO; for the degradation of textile wastewater
[14]. [15], investigation of Methylene Blue (MB)
decolorization from synthetic wastewater using
H;O,/UV as an advanced oxidation process. [10]
stated that the effect of peroxide to TiO,/UV
process will increase in the formation OH* radical,
because it prevents the electron—hole recombination.
Titanium dioxide "TiO2" is mote economical catalyst
for photocatalytic for pollutants removal because of
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faster electron transfer to the molecular oxygen
furthermore, essentially available, cheap, non-toxic
and comparatively high chemical stability [17]. There
are four mineral type of titanium oxide: anatase,
rutile, brookite, titanium dioxide (B) or TiO (B) and
degussa P-25. Anatase form is used mainly as a
photo-catalyst under UV irradiation. But degussa P-
25 is more active than pure anatase:- It is used as a
photocatalyst with particle size 20-30 nm [18].

Solar radiation was also used within the AOP
systems. [19], studied the treatment of textile effluent
exploitation artificial solar radiation. The target of this
study is to discover the efficiency of decolorization of
the wide used textile brilliant reactive red dye by
sunlight and UV radiation within the presence of
H20; and TiO; nanoparticles during a laboratory
reactor. Many parameters will be investigated like
initial pH, initial H>O» dosage, TiO> amount initial
dye concentration and ultraviolet light intensity so as
to determine the optimum operational conditions.

2. Experimental

The chemicals used in this study were Brilliant
reactive red which is used in textile as a pollutant,
HO, (50% w/w) was obtained from Merck.TiO>
degussa P-25 (80% anatase, 20% rutile with particle
size 3015 nm). HoSO4 and NaOH were used to
adjust the pH of the solutions. A batch reactor with
magnetic starrier was used in this work. The
Advanced  oxidation = methods  decolorization
experiments were conducted in 600 mL batch reactor
which is contained 500 ml of the simulated
wastewater. The distilled water was used to prepare
the desired concentration of brilliant reactive red dye.
Initial concentration of dye was 50mg/L. The
equivalent stirring velocity of magnetic starrier was
around 200 rpm at room temperature for 10-150 min
with sunlight as energy source, other experiments
with UV chamber equipped two UV lamps (11W 4P-
SE, Philips, England). Samples were collected every
10 min. The decolorization efficiency of dye under
exposure (sunlight-HxO,, UV-H20,, sunlight-TiO»-
H>0; and UV-TiO»-H,O») were investigated. Three
brilliant reactive red dye concentrations (15, 30, 50)
mg/L were tested at a different residence times (10,
20, 30, 45, 60, 90, 120, 150) min using two UV lamp
and the same techniques were used by sunlight rather
than UV lamps. Firstly the dosage of hydrogen
peroxide was changed with concentration of (50, 100,
150, 250, 500, 700) mg/L at pH=6.3, then the
optimum concentration of H»O, was used at
different concentration of nano TiO; catalyst (25, 50,
75, and 100) ppm, also pH was varied (3, 5, 6.3, and
8). The pH was adjusted before adding the reagents
by using NaOH or H>SOy. Finally, the initial dye
concentration was varied to obtain the optimum
conditions. The decolorization rate of degradation of
red dye was measured by UV-Spectrophotometer at
534nm absorption maxima. The decolorization rate
(%) was calculated using equation 1:
Decolorization rate is:

(%) = (Co— C)/ Co x100 (1)
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Where C, is the initial concentration of contaminants
(dyes) in the samples wastewater (mg/L).C is the
concentration after photo irradiation (mg/L).

3. Results and discussion
3.1 Effect of HO: concentration

Figure 1 shows the effect of initial concentration
of HxO: in the range (50-700ppm) on the
decolorization rate. At pH= 6.3, time=150min,
increasing the H>O, amount from 50 to 500 mg/L
increases the decolorization rate from 45.51% to
65.88%. Further increase of H,O; from 500 to 700
mg/L decreases the decolourisation rate to 58.4% for
the red dye. Hence 500 mg/L. H»O» concentration
was the optimal for the photo-oxidation. Increasing
of the hydrogen peroxide concentration from 500 to
700 ppm decreases the rate of decolourization to
58.004% for the brilliant reactive red dye. Hence 500
ppm H202 amount is the best dosage for the photo
oxidation. Increasing of H»O; concentration
accelerate the decolorization speed and decreased the
requited  reaction time for the complete
decolorizetion. The mechanism is represented by the
following equations: [1]

H,0, + hy — " 20H* (2)
OH*+dye—* dye-intermediate 3)
OH*+dye—* intermediate + CO2+H>O

+ mineralization products  (4)

The ultraviolet light, represented as hv, causes the
dissociation of the H202 into two hydroxyl radicals
(OH*). The hydroxyl radicals are strong oxidants that
can readily oxidize organic compounds. The higher
initial hydrogen peroxide concentration produces
higher hydroxyl radical concentration (Eq. 2), which
decomposes more target compound. However, an
optimal hydrogen peroxide concentration exists
because overdosing of hydrogen peroxide would lead
to reaction with hydroxyl radical and formation of
HOo*, then the hydroxyl radical react with HO2* to
form water and oxygen. These results agree with

[1,20]
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Figure (1): Effect of H>Oz on the dye removal: [dye]
=50 mg/L, pH=06.3, 2 UV lamp, reaction time=
150min and All the experiments were at room
temperature.
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3.2 Effect of TiO, Concentration

Figure 2 shows the degradation of brilliant
reactive red dye by combining dosing of TiO; and
H205. The experiments were achieved at 500 mg/1 of
H20z, pH 6.3, two UV lamps and carried out for
different TiO; concentration (25 mg/1 to 100 mg/])
with reaction time 150 min. At 100 mg/l
concentration of nano TiO; catalyst, the maximum of
76.84% removal was achieved in UV/H;0O,/TiOs.
However, increasing of catalyst amount lead to
increase the rate of decolorization. Also, the addition
of H»O, in photo-catalysis, the fraction of light
absorbed by the photo-decomposition increases and
thus the photolysis rate also increased. TiO» was
considered as suitable to combine with H>O,,
because in the presence of H»O, the reaction is
clearly accelerated due to the production of hydroxyl
radical that attract the organic pollutants. This is an

agreement with[11, 21]. The mechanism are
represented by the following equations:
TiO2+UV ——* TiOz(e- + h+) “
TiO; (e-) + H:O, ——* Ox ©)
TiO2 (h+) + HHO ——* OH*+H* (0)
HO; +e- —* OH*+ OH- )
120 —0—25 ppm 50 ppm
X100 75 ppm 100 ppm
Q
80
g
-
s 00
3
2 40 //./
S o
a2
0
0 50 100 150 200

Reaction time (min)

Figure (2): Effect of TiO; on the dye removal: Initial
concentration [dye] = 50 mg/L, [H202] = 500mg/1,
pH= 6.3, 2 UV lamp, reaction time= 150min, and at
room temperature.

3.3 Effect of pH

Figures 3, 4, 5 and 6 show the effect of the pH
(3-8) on the rate of the decolorization of brilliant
reactive ted dye by (H2Oz/sunlight, HxO»/UV and
HO,/TiO2/sunlight, H>O2/TiO2/UV) using a seties
of experiments. For the four processes at pH =3, the
removal efficiency were (81.3%, 89.49%, 93.6%,
87.25%) respectively and at pH = 8, the removal
efficiency were (47.15%, 51.09%, 58.35%, 53.18%)
respectively. The maximum removal efficiency is
achieved at pH 3 with H,O,/TiO,/sunlight process.
For H»O2/UV and H;O:/sunlight at pH=3, the
results show increasing in the removal efficiency
compared with pH= 8, due to which acidic pH
improves the formation of hydroxyl radicals with
strong  oxidation  efficiency.  The lowering
decolorization rate in the pH 8, may be due to
decrease of hydroxyl radical concentration. So, the
photolysis of H>O» produced water and oxygen
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instead of hydroxyl radical. Also, in alkaline
conditions the (HOy) is formed. This HO2 anion
reacts with OH* radical and a residual H>O,. The
mechanism shows in equations 8 and 9. For the
photocatalytic the highest removal efficiency is
achieved at pH = 3. At pH= 3, the result show
slightly increases in the removal efficiency compared
with pH= 8, due to which acidic pH the TiO> surface
is negatively and repulsive forced lead to increased
adsorption, however the formation of hydroxyl
radical is increased. The decreasing in the
decolorization rate at the pH= 8, may be due to
decrease in the production of hydroxyl radical
concentration. The UV irradiation and sunlight can
bring high efficiency, however sunlight, because of its
abundance and non-hazardous nature. This is
agreement with [20]
H,O, + HO; ——* H,O+O»+ OH* (8)

OH*+ HO,” ——* HO + Oy )
120 —@—pH=3 —@—pH=5
_ 100 pH=06.3 —0—pH=238
X
g
g 80
[
g
s 60
D
5
5 40
3
R 20
0
0 50 100 150 200

Reaction time (min)
Figure (3): Effect of pH on the dye removal: dye
concentration = 50 mg/1 [H203] = 500mg/1, sunlight
and reaction time=150min.
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Figure (3): Effect of pH on the dye removal: [dye] =
50 mg/1 H>0»=500mg/1, 2 UV lamp, reaction time=
150min.and at room temperature.
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Figure (5): Effect of pH on the dye removal: [dye] =
50 mg/1 [H2O] = 500mg/1, [TiO2] = 100mg/1,
sunlight, and at reaction time = 150min.
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Figure (6): Effect of pH on the dye removal: [dye] =
50 mg/1, [H202] = 500mg/1, [TiOz] = 100mg/1, 2 UV
lamp, reaction time = 150min and at room
temperatute.

3.4 Effect of dye concentration

The effect of various initial concentrations on the
photochemical decolourisation has been investigated
from 15 to 50 mg/1 for (H2O2/sunlight, H,O»/UV,
HzOz/TiOz/Sunlight, and HzOz/TiOz/UV)
processes. The results are shown in Figures 7, 8, 9
and 10. At pH 3 increasing in the initial concentration
of dye from 15 to 50 mg/l decreases the
decolorization rate from 95.7% to 81.34% for
H,Oy/sunlight, 97.5% to 89.49% for H»O,/UV,
98.4% to 89.6% for HO2/TiO»/sunlight and 96.33%
to 87.25% for H>O,/TiO,/UV. The transfer of
photons decreases when the concentration increased,
so it will lower the hydroxyl radical concentration.
This agree with Ref. [20].
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Figure (7): Effect of dye concentration on the
removal efficiency: pH=3, [HxO; = 500mg/l,
sunlight, and at reaction time=150min
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Figure (8): Effect of dye concentration on the
removal efficiency: pH=3, [H20;] =500mg/1, 2UV
lamp, reaction time=150min
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Figure (9): Effect of dye concentration on the
removal efficiency: pH= 3, [H202] = 500mg/1, [TiOy]
= 100 mg/1, sunlight and at reaction time = 150 min.
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Figure (10): Effect of dye concentration on the
removal efficiency: pH= 3, [H2O;] = 500mg/1, [TiO;]
=100 mg/1, 2 UV lamp, reaction time = 150 min and
at room temperature.

3.4 Effect of UV-light and sunlight

UV radiation was generated from UV lamps with
a diameter of 1.25 cm and length 21 cm sort (TUV
11W 4P-SE, Philips, England).The result of UV-light
power on the decolourisation of reactive red is shown
in Figure 8. The intensity of UV-C is 680 MW/cm2
with wavelength 254nm, sunlight consists of 3 UV
light; UV-A [400-315am], UV-B [315-280nm], UV-C
[280-180nm|.The radiation reaching the Earth's
surface is UV-A type, wherever the ozone layer
absorbs short and medium waves. The development
of removal percentage is increased with increasing in
the hydroxyl radical OH*. The rate of photolysis of
H2O:2 depends on the incident power. At low
concentration the degradation is low. At high
intensity extra hydroxyl radicals are produced,
therefore removal rate will increase. Figures 11, 12
show the difference between the four processes.

UV/H202 Sunlight/H202

Figure (11): Effect of Light source on the removal
efficiency: pH= 3, [H2O] = 500mg/1, [dye] = 15mg/1
and reaction time = 150min.
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Sunlight/H202/Ti02
Figure (12): Effect of Light source on the removal
efficiency: pH= 3, [H20;] = 500mg/1, [dye] =
15mg/1, [TiO2] = 100 mg/1 and reaction time =
150min.

UV/H202/Ti02

4. Conclusions

The decolorization of brilliant reactive red dye using
four processes (H202/sunlight, H,0,/UV,
HzOz/TiOz/Sun]ight, and HzOz/TiOz/UV) was
investigated. It can be use the sunlight with hydrogen
peroxide or any oxidant to treat the textile wastewater
and it is very low cost, environmental friendly.
Sunlight can be used for removal of organic
substances. The results indicated that the UV/H,O»
and HxO,/TiO/UV methods can be efficiently for
removal of textile wastewater, because H,O, absorb
the light <245nm and TiO» absorb the light < 365nm
.The increasing H>O» amount increased in the
rate to the optimal point. The
maximum removal efficiency was achieved at pH 3 to
5 in all AOP experiments. The removal efficiency
increases with decreasing of the dye concentration

decolorization
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