
I N T R O D U C T I O N

With the increase of industrialization and urbaniza-
tion, the requirement of removal of toxic pollutants
in the ppm or ppb level from industrial wastewater
and contaminated groundwater is increasingly be-
coming significant. It is necessary to develop novel
and cost-effective technologies to treat this wastewa-
ter (Duttaet al. 2001). During the some manufactur-
ing processes, a large amount of wastewater contain-
ing dyestuffs with intensive color and toxicity can be
introduced into the aquatic systems. It also contains
high concentrations of organic matter, non-biode-
gradable matter, toxic substances, detergents and
soaps, oil and grease, sulfide, sodas and alkalinity
(Francisco et al. 2004). A variety of physical, chemi-
cal, and biological methods are presently available
for treatment of wastewater discharged from various
industries. Biological treatment is a variety technol-
ogy and cost-effective, but it suffers from a number of
disadvantages. Physical methods such as liquid–liq-
uid extraction, ion-exchange, (Manahan, 2000), ad-

sorption, (Gode and Pehlivan, 2006) air or steam
stripping, etc, are also ineffective on pollutants which
are not readily adsorb able or volatile, and have fur-
ther disadvantage that they simply transfer the pol-
lutants to another phase rather than destroying them.
In contrast, chemical oxidation methods can result
in almost complete mineralization of organic pollut-
ants and are effective for wider range of organics.
Recently, there has been considerable interest in uti-
lization of advanced oxidation processes (AOPs) for
destruction of organic compounds (Legrini et al. 1993
and Neamtu et al. 2004). The hydroxyl radicals pro-
duced by AOPs as oxidizing agents are capable of
mineralize many synthetic organic chemicals (Shu et
al. 1994  and Galindo and Kalt, 1999). Hydrogen per-
oxide is increasingly favored as an environmentally
acceptable bleaching agent both in domestic and in-
dustrial situations. The combination of hydrogen
peroxide as a bleaching agent, and solar or ultravio-
let radiation were used for photochemical degrada-
tion of dyes (Francisco et al. 2004).
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ABSTRACT

The degradation of the dye in coating metal manufacturing wastewater was investigated in laboratory-
scale experiments, using photooxidation techniques in the effect of pH; contact time and H

2
O

2
 concen-

tration were investigated. The efficiency of photooxidation were compared using hydrogen peroxide
(30%) as a bleaching reagent, solar and ultraviolet radiation, common glass borosilicate, quartz tubes,
and no solid catalysts. Thus, this appears aimed to propose the method for remedying industrial
effluent by UV/H

2
O

2
, solar/ H

2
O

2
, UV and solar without H

2
O

2
.
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MATERIALS AND METHODS

Reagents sample of coating metal manufacturing
were collected from Shiraz Industrial State which is
located in the south of Iran.

Apparatus

Instruments were pH meter (Jenway3510), UV-Vis-
ible Spectrophotometer (Perkin Elmer Lambada2)
(400-1000nm), Spectrophotometer (Jenway6305) and
Reactor for photooxidation experiments. Batch tests
were set for every experiments and performed in the
laboratory at room temperature. The steps of the ex-
periments were described below:

Photocatalytic decolorization and oxidation of dyes

Some dyes are designed to resist photodegradation,
so the selection of optimal photocatalytic conditions
for the decolorization of dyes requires considerable
expertise.

Because of the significant commercial and envi-
ronmental interest the efficacy of a large number of
catalysts and irradiation conditions has been estab-
lished for the decolorization of various dyes.

Photocatalysis and oxidation with hydrogen perox-
ide

The goal of any AOPs design is to generate and use
hydroxyl free radical (HO) as strong oxidant to de-
stroy compound that can not be oxidized by conven-
tional oxidant. Advanced oxidation processes are
characterized by production of OH* icals and selec-
tivity of attack which is a useful attribute for an oxi-
dant (Ganesan et al. 2008). Hydrogen peroxide has
been frequently applied to the decolorization of dyes
in waters, ( Legrini et al. 1993) also a UV/H

2
O

2
 oxida-

tion process has been used for the decolorization of
coating metal manufacturing wastewaters. UV irra-
diation combined with hydrogen peroxide treatment
was used for the decolorization of the coating metal
manufacturing dyes.

First we determined λ 
max

 with UV-Visible Spec-
trophotometer of coating metal manufacturing waste-
water. Diluted solutions because absorbance were
bigger than 1. Experiments ultraviolet irradiation
were carried out using quartz tubes, 1 mL of H

2
O

2

(30%.0.5), 1 mL of wastewater and 1mL of water, and
although all experiments with UV do without H

2
O

2

(1 mL of wastewater and 2 mL of water) in various
times intervals from 30 min until 150 min. The final
concentrations of hydrogen peroxide of approxi-
mately 0.5, 0.7, 1, 1.5 M in various times intervals

from 10 min until 70min.The quartz tubes were also
kept at an angle of 450 inside the reactor  and alumi-
num foils were used to cover all the reactor internal
wall (Fig 1).

Fig. 1 Reactor used for photooxidation experiments

The experiments of solar irradiation were carried
out using glass tubes, 0.5 mL of H

2
O

2
 (30%, 0.5M), 2

mL of wastewater, 0.5 mL of water, although all ex-
periments with solar do without H

2
O

2
 (2 mL of waste-

water and 1mL of water) in various times intervals
from 60 min until 180 min. The final concentrations
of hydrogen peroxide is approximately 0.5, 0.7, 1, 1.5
M in various times intervals from 0 min to 180 min.
The tubes were kept at an angle of approximately
450 in all the intensity of solar light was measured
using a spectrophotometer UV (Perkin Elmer) vari-
ous time intervals between 11:00 a.m. and 4:00 pm,
in April/2009 at the Laboratory, Payame Noor Uni-
versity, Iran.

RESULTS AND DISCUSSION

Effect of contact time

From an economical point of view, the contact time
required to reach equilibrium is an important param-
eter in the wastewater treatment. The efficiency of
dye removal was increased as the contact time in-
creased. The adsorption of coating metal manufac-
turing wastewater dyes by  UV/H

2
O

2
 ,UV without

H
2
O

2
 and solar irradiation/ H

2
O

2
 , solar irradiation

without  H
2
O

2
 studied as a function of contact time in

order to determine the equilibrium time. The amount
of decolorization, increases with contact time. In 30,
60, 90, 120 and 150 min of reaction time, 70, 72, 78, 81
and 85% of decolorization were achieved while hy-
drogen peroxide of 0.5M, respectively for UV. Al-
though all experiments with UV do with H

2
O

2
 and

without H
2
O

2
. Indeed in 60, 90, 120, 150 and 180 min

of reaction time, 45, 50, 55, 59 and 63% of decoloriza-
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tion were achieved while hydrogen peroxide of 0.5M,
respectively for solar irradiation. Although all experi-
ments with solar irradiation do with H

2
O

2
 and with-

out H
2
O

2
. UV irradiation was better than solar radia-

tion in effect of contact time for decolorization.

Fig. 2 Effect of contact time on the decolorization of
coating metal wastewater

Effect of initial pH

     In this work, the effect of the five initial solution
pH (i.e., 1, 3.0, 5.0, 7.0 and 9.0) on the removal rate of
coating metal manufacturing wastewater by UV/
H

2
O

2 
and solar irradiation was investigated. The pH

was adjusted using 0.1N NaOH solutions by using a
Jenway model 3510 user guide pH-meter with a com-
bined pH electrode. The pH-meter was standardized
with buffers before every measurement.

The decolorization increased when the initial pH
was increased from 3.0 to 9.0.  Maximum decoloriza-
tion occurs at basic pH (pH 9). As the pH of the sys-
tem increases, the number of negatively charged sites
increases and the number of positively charged sites
decreases. UV irradiation was better than solar ra-

diation in effect of pH for decolorization.

The effect of hydrogen peroxide concentration on
decolorization

Based on previous studies of the authors, the opti-
mal hydrogen peroxide concentration was obtained
for the dye decolorization of various dyes in labora-
tory scale by UV/H

2
O

2
 process and solar irradiation

ter (Duttaet al. 2001).  The maximum absorption wave-
length (λ 

max
) for coating metal manufacturing waste-

water dye was determined to be 960 nm. At regular
time intervals samples were collected and analyzed
by UV-vis spectrophotometer to determine the decol-
orization rate. When hydrogen peroxide is applied
simultaneously with UV irradiation there is a dras-
tic increase in the decolorization reaction rate. In our
recent work we have reported the effect of initial H

2
O

2

dosage on the decolorization of the coating metal
manufacturing wastewater dye. The rate of dye deg-
radation increases with increasing concentrations of
H

2
O

2
 up to a threshold value,  above which it de-

clines, exhibiting typical inhibition. This phenom-
enon could be explained by considering the two op-
posing effects of H

2
O

2
 in the photo oxidation reac-

tion. When increasing quantities of H
2
O

2
 are added

to the solution, the fraction of light absorbed by the
photo-decomposition increases, and consequently,
so does its photolysis rate. More hydroxyl radicals
are available for dye oxidation reactions (Duttaet al.
2001) and (Francisco et al. 2004).

H
2
O

2 
→ 2 OH * (1)

Coating metal manufacturing wastewater
+OH* → products (2)

If additional of H
2
O

2
 is used, H

2
O

2
 acts as a scaven-

ger of highly reactive OH* free radicals to form
peroxyl radicals and oxygen (reactions (3) and (4)),
which are much less reactive. In addition, OH* radi-
cals, generated at high local concentration, will
readily dimerize to H

2
O

2
 (reaction (5).

H
2
O

2
 + OH* → 2OH* +H

2
O (3)

OH*+2 OH* → H
2
O + O

2
(4)

OH*+ OH* → H
2
O

2
(5)

So that H
2
O

2
 in excess contributes to the

OH*scavenging capacity and reduces the efficiency
of the color degradation. When the relative quantity
of  H

2
O

2
 to that of the dye in the mixture is higher

than the “most effective level”, which yields maxi-
mum dye degradation, a competition for OH*is an-
ticipated (Marco and Jose, 2007).Fig. 3 Effect of pH on the decolorization of coating

metal wastewater
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In this study, in 0, 10, 20, 30, 50 and 70 min of
reaction time, with hydrogen peroxide concentration
(0.5, 0.7, 1, 1.5 M) was increased from 39 until 82% of
decolorization for UV.

Indeed in this study, in 0, 60,120 and 180 min of
reaction time, with hydrogen peroxide concentration
(0.5, 0.7, 1, 1.5 M) was increased from 41 until 78% of
decolorization for solar irradiation. UV irradiation
was better than solar radiation in effect of H

2
O

2
 con-

centration for decolorization.

CONCLUSION

Ultraviolet and solar radiation with hydrogen per-
oxide as a bleaching reagent, using either glass or
quartz tubes proved to be efficient to complete decol-
orization of the coating metal manufacturing waste-
water investigated. When hydrogen peroxide is ap-

plied simultaneously with UV irradiation and solar
radiation there is a drastic increase in the decolori-
zation reaction rate. The efficiency of dye removal
was increased as the contact time. The decoloriza-
tion capacity for dyes increased when the initial pH
was increased. UV irradiation exhibits very good
decolorization from wastewater into solar radiation.
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