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Summary: This study was carried out to ascertain the effect of photochemical and non-
photochemical AOPs (O; alone, O3/H,0,, UV alone, UV/H,0, and Fenton’s process) on the
decolorization of sulphatoethylesulphone reactive group azo dye (Remazol Black B). All
experiments were performed on a laboratory scale set-up and room temperature. Initial results
showed that decolorization by UV alone were not effective because dye was photolytically stable
and resistant to direct UV irradiation. However, the addition of appropriate amount of H,O,
improved color removal efficacy and the dye degradation. The research results showed that color
removal efficiencies by O3/H,0,, UV/H,0, of synthetic dye solution containing 100 mg/l
concentration were found efficient. Ozone assisted hydrogen peroxide (Os/H,O,) treatment yielded
about 98% decolorization at pH 9 and 25 minutes ozone exposure time. At 15 minutes of UV
exposure with 4.4 mM H,O, dose, 99% color removal efficiency was achieved. It is evident from
results that the addition of H,O; in the O; and with UV irradiation accelerated the decomposition and
degradation of synthetic dye solution through an increased rate of hydroxyl radical (HO+) generation
which has high oxidation potential. Fenton’s process (H,0,/Fe reagent) showing remarkable results
(99.9%) in terms of color removal in just 5 minutes at pH 3 while keeping optimal iron (Fe**) dose
of 0.25 mM and hydrogen peroxide (H,O,, 30% w/w ) concentration 2.2 mM in eftluent. Ultraviolet
(UV) assisted with H,0, also proved promising technique after Fenton’s process. There was about
99% color removal in 15 minutes UV exposure time at pH 5 value. Findings of the study clearly
revealed that synthetic dye (Remazol Black B) effluent was degraded successfully by all examined
advanced oxidation processes (AOPs) except UV alone irradiation at feasible treatment time, initial
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pH and adequate H,O, dose value.
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Introduction

Textile industry uses large amount of water
in different processes from gray to finished fiber
products, especially in wet processes such as
bleaching, mercerizing, dyeing, and printing [1].
Among all wet processes, dyeing is the main source
of color in the effluent, and thus removal of color
becomes a serious challenge [2]. It is estimated that
annually 2.80 x10° tons of spent dyes are being
discharged to the receiving water bodies along 6.9
x10° chemicals and salts [3, 4]. Color in the effluent
not only damages the esthetic nature of water, but
also reduces light penetration which affects
photosynthesis process of aquatic biota of receiving
bodies [5]. Even a minor concentration of dye is
highly visible and intolerable in water [6]. Many of
these hydrolyzed reactive dyes form toxic and
aromatic by products and complexes which may be
carcinogenic as well as mutagenic to living organism
[7, 8].

Several treatment strategies including
chemical, biological and physical by adsorption such
as magnetic mesoporous clay (MSep) as well as
activated carbon (MAC) have been employed for the
removal of color from wastewater [9-11]. But, all

these conventional treatment processes are incapable
of complete decolorization and degradation of dyes
from the effluent [12]. Sludge generation, operational
problems, high retention time and cost
ineffectiveness are also major hurdles in the
implementation of these techniques [13].

Advanced oxidation is an endowed
alternative of conventional treatment methods. These
processes have great potential in treating pollutants
with high efficiency on low operational cost and
detention time [14]. AOPs processes include
ozonation,  fenton’s  oxidation,  photo-Fenton
oxidation, UV, H202 and their combinations. Also
Fenton like degradation with carbon-based nano
materials such as activated carbon (AC) have been
studied [15].

All these have ability to generate free
oxidation radicals through a series of reaction which
substantially have higher oxidation potential [16].
Especially, hydroxyl radical (OHe) plays important
role in the decolorization of synthetic dye because it
quickly cleavage double bond (-N=N-) of
chromophoric group [17].
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This research study is an attempt to
investigate the influence of process conditions such
as pH, treatment time and hydrogen peroxide dose on
the performance of various advanced oxidation
processes and  their combination for the
decolorization of synthetic solution containing
reactive azo dye (Remazol Black B).

Experimental

Hydrogen peroxide (H,O,) of analytical
grade (30% w/w) and ferrous sulphate heptahydrate
(FeS0,.7H,0) were obtained from Merck, Germany.
Synozol C.I Reactive Black 5 (Remazol Black B)
was obtained from Clariant, Pakistan. Distilled
deionized water (DDW) was used for preparing
synthetic aqueous solution of dye. The stock solution
of dye having 1000 mg/L concentration was
prepared, and all the experiments were carried out on
100 mg/L dye solutions. (Fig. 1)

Experimental set up for AOPs

A cylindrical glass bubble column reactor
was used to carry out ozone experiments. Internal
diameter of reactor was 33mm. The ozone generator
(JQ-6M, PURE TECH) was employed to feed ozone
gas to untreated aqueous dye solution by means of
porous diffuser. The gas output rate was 1.1 L/min.
(Fig. 2 and 3)
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Fig. 2: Experimental set up for fenton’s process.
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Fig. 3: Schematic Diagram of Ozonation Process.
The UV light source (Wavelength: 254 nm)
was a mercury vapor lamp (3SC9 PENRAY

UPLAND - USA). The UV radiation intensity was 5
mW /em®. In order to enhance the absorbance of UV
irradiation all related experiments were carried out in
wrapped aluminum (Al) foil. Various concentrations
(2.2 — 8.8 mM) of hydrogen peroxide were used for
its optimal dose determination.

A lab scale Fenton set up was used
consisting of a pyrex glass beaker coupled with a
magnetic stirrer. The percentage of dye color removal
was determined by wusing an UV/Visible
Spectrophotometer (MN-Micron 970) at the
wavelength of 597 nm. All experiments were carried
out at room temperature.

The percentage color
obtained as follows equation:

degradation was

Dye Removal (%) = (Ci- Ct/Ci)*100

Where Ci was the concentration of untreated dye
sample and Ct was the concentration of the respective
AOPs treated sample.

Results and Discussion

The effects of pH and treatment time of AOPs on
color removal efficiency

Table-1 displays the effect of variables such
as initial pH values and contact time on color
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removal of synthetic dyes by advanced oxidation
processes (AOPs such as O;, O;/H,O,, UV, UV /
H,0, and Fe / H,0,). The initial pH effect was
assessed by varying pH from 3 to 9.

Ozonation process: The results
demonstrated that ozone worked very well in the
basic medium, and a colour removal efficiency of
89% was achieved at pH 9 for 25 minutes ozone
exposure. Highest color removal was accompanied
by ozone destabilization and decomposition into
secondary free oxidation radicals (HOe, HO+;, HO«,)
through a series of reaction in highly alkaline
medium. During ozonation, hydroxyl radical (HO¢) is
especially important in the decolorization process
because of its high oxidation potential [18] which
quickly cleavage double bond (-N=N-) of
chromophoric group of synthetic dye [19]. The color
removal efficiency of 75% was observed at pH 3 for
20 minutes ozone contact time. In acidic pH, low
oxidation potential and ozone decomposition
performance caused reduced decolorization. The
results showed that there was no appreciable progress
in color removal efficiency by increasing ozone
exposure time. (Fig. 4)
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Fig. 4: Color removal of dye by ozone alone at
various pH.

Ozone assisted with hydrogen peroxide
(O3/H,0,) treatment resulted 99% decolorization at
pH 9 and 25 minutes ozone exposure time.
Comparison of the results with color removal
efficiency of ozone alone showed that there was
almost 10 % increase in the color removal efficiency
of H,O0,/O; at the same ozone exposure time (25
min). It appears that addition of H,O, in the O; has
accelerated the decomposition of ozone, which
resulted in an increased rate of hydroxyl radical
(HOe) generation [20]. (Fig. 5)

The UV alone effect on dye decolorization
is given in Fig.6. At pH 7 and irradiation time of half
an hour, only 26% color removal was observed. This
deficiency of color removal can be explained as the
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direct photolysis of organic compounds has complex
reaction mechanism, so it can be predicted that
during UV light contact, dye might have undergone
intermolecular transformations process. Generation
of oxidizing radical species did not occur when
further decomposition of excited molecules of dye
reaction took place. However, compared to other
advanced oxidation processes, longer irradiation
period (1 h) seems to be required. (Fig. 6).
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Fig. 6: Color removal of dye by UV alone at

various pH.

Fig.7 reveals color removal efficiency of a
combined system of UV and H,0, of synthetic dye
solution of 100 mg/l concentration. Results
demonstrated that on 15 min of UV exposure with
4.4 mM H,0, dose, there was 97% color removal
efficiency. There was 100% color removal for 20
minutes exposure at pH value 5 of same dye
concentration. Hydrogen peroxide decomposition
yields hydroxyl radicals (HO-) and other species
under UV  radiation. However, efficiency
substantially decreased by increasing the solution pH
value and remained at 70 and 85% for pH value 7 and
9, respectively, on the same exposure time and H,O,
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dose. This can be attributed to the reduction of
hydroxyl radicals’ level due to the fact that under
alkaline conditions hydrogen peroxide decomposes
into water and oxygen rather than hydroxyl radicals.

(Fig. 7)
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Fig. 7: Color removal of dye by UV and hydrogen

peroxide (UV/H,0,).
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Fig. 8: Color removal of dye by fenton’s process

(Fe"*/H,0,) at various pH.

Table-1: Effect of Initial pH and contact Time on the color removal efficiency through AOPs Processes.

Treatment Type pH Color removal efficiency(%) with respect to Contact time (min)
5 min 10 min 15 min 20 min 25 min 30 min

Ozone Alone (O3) 3 n.d’ 38.60 57.02 75.44 81.58 83.38
5 10.63 19.50 29.39 36.89 47.47 53.27

7 19.50 35.53 55.99 70.32 80.56 87.38

9 41.33 70.66 80.89 80.77 89.20 90.2

03/ H,0, 3 18.48 40.31 57.70 60.77 71.34 78.17
5 19.50 50.19 63.84 69.64 72.02 79.19

7 25.98 60.09 68.62 80.55 88.40 92.15

9 39.62 65.55 75.78 95.74 98.90 99.06

UV Alone 3 5.65 12.34 11.46 20.52 2291 25.30
5 6.70 11.31 14.89 18.48 19.02 20.52

7 6.32 10.29 15.26 22.23 23.45 26.66

9 7.86 10.63 11.15 13.70 14.86 18.48

UV/ H,0, 3 67.94 91.81 97.27 99.66 99.70 99.80
5 80.55 96.25 99.32 100.0 99.20 99.12

7 73.05 78.17 80.22 83.97 84.12 85.00

9 70.32 77.15 82.95 85.33 86.14 86.70

(Fe/H,0,) 3 96.93 97.03 97.61 98.29 98.98 98.98
5 80.56 81.58 83.63 84.31 85.67 87.38

7 75.78 76.80 78.17 80.55 83.97 85.67

9 74.89 75.43 79.08 80.13 81.97 83.06

Table-2: The effect of H,O, concentration on the decolorization of O;/ H,0, UV/ H,0, and Fe”/HzOz

Processes.
Treatment Type H,0; Concentration (mM) Color removal efficiency(%) with respect to Contact time (min)
5 min 10 min 15 min 20 min
0;/ H,0; 2.2 50.29 64.99 81.86 85.93
44 67.98 87.77 91.29 93.98
6.6 70.05 86.74 97.17 98.06
8.8 72.32 92.13 97.06 98.13
UV/ H;0, 2.2 54.29 84.99 93.86 96.93
44 69.98 89.77 98.29 98.98
6.6 73.05 88.74 97.27 98.98
8.8 70.32 91.13 97.61 98.63
Fe/H,0, 2.2 85.67 89.43 92.84 93.18
4.4 95.91 96.25 97.61 98.64
6.6 96.25 96.59 97.27 98.98
8.8 96.93 95.91 97.61 98.98

Experimental results in table-1 show that at
pH 3, solution underwent 97% decolorization in the
first 5 minutes oxidation. An increase in pH value

from 3 to 9 decreases the decolorization from 97% to
74% respectively. So the optimum pH to achieve the
highest color removal efficiencies was found to be 3.
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Several researchers have also reported pH 3 as an
optimum pH for Fenton process [21, 22].

Effects of various concentrations of HO, on AOPs

Table-2 shows that 4.4 mM dose of H,0,
and ozonation exposure of 20 minutes gave 85%
color removal. Higher dose of H,0, (6.6 mM)
yielded 98% color removal at the same oxidation
time (20 min). However, beyond this dose, the color
removal efficiency started declining.

In O3/H,0, combination, H,O, dose 2.2 mM
and Os irradiation of 15 minutes gave 84% color
removal. Higher dose of (4.4 mM) H,0, gave 98%
color removal at the same oxidation time (15 min).
However, beyond this dose, the color removal
efficiency again started to decrease. Addition of H,O,
in dye solution accelerates the photodecomposition
resulting into increased production of hydroxyl
radicals for dye oxidation. But when the H,0,
amount, relative to that of the dye in the mixture, is
increased than the “most effective level” which yields
the highest dye degradation, H,O, acts as a scavenger
of highly reactive free radicals (*OH) forming other
inactive radicals such as peroxyl and oxygen. HOe,
are much less reactive and reduces the efficiency of
the decolorization process. Furthermore, hydroxyl
radicals (HO-) generated at high concentration will
readily be converted into H,O, [23].

The effect of H,O, dose on treatment
efficiency was investigated by varying H,0,
concentration while keeping optimal Fe?' does of
0.25 mM at pH 3 as presented in table- 2. Increasing
H,O, concentration from 2.2 mM to 44 mM
increased the color removal efficiency from 86% to
96 % in first 5 minutes. The addition of hydrogen
peroxide (H,O,, increases the decolorization rate
because of increased hydroxyl radical concentration
in dye solution Beyond 4.4 mM of H,0, dose,
marginal improvement in color removal was
observed. For instance, increasing the H,O, dose
from 4.4 mM to 6.6 mM showed an improvement
from 96% to 96.2% decolorization. This negligible
improvement in decolorization efficiency is due to
the fact that at higher H,0O, concentrations,
scavenging of hydroxyl radical occurs that resulted in
the formation of per hydroxyl radicals HOe, which
are significantly less reactive than hydroxyl radicals.
In addition, recombination of hydroxyl radical (¢*OH)
also occurs, and thus these two reasons decline the
overall efficiency of decolorization [24]. Hence, 4.4
mM of H,O, dosage yielding 96% color removal at
initial 5 min appears as an optimal.
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Conclusion

The present work investigated the
effectiveness of various AOPs in the decolorization
of Remazol Black B dye. All AOPs used in this study
appeared to be capable of completely decolorizing
the azo dye Remazol Black B within feasible reaction
time, ranging from few minutes to 30 minutes, except
UV alone as the dye seemed to be resistant to direct
photolysis. Fenton’s process was found to be a
suitable and promising treatment method as
compared to other AOPs. It gave complete
decolorization of synthetic dye Remazol black B in
relatively short reaction time such as 96% in 5
minutes at optimal process conditions ( pH 3 and 4.4
mM H,0, dose). 0O3/H,0, combination also proved
promising technique and gave more than 98% color
removal in 25 minutes exposure time. However the
direct application of ozone (O3) gave 89% color
removal in 25 minutes exposure time. Exposure of
UV alone proved that dye was photolytically stable.
However, addition of H,O, tremendously improved
the efficiency of the system and gave 99%
decolorization at H,O, dose of 4.4 mM at 15 minute
irradiation. A dose of H,O, higher than 4.4 mM per
liter corresponded to an unsuccessful consumption of
hydrogen peroxide due to the scavenging effect of
excess H,0, and hydroxyl radicals.
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