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ABSTRACT

The decolorization and degradation of pollutant in the distillery effluent using catalytic
ozonation process were studied. The effect of various experimental parameters such as fer-
rous ion concentration (2–10mM), initial chemical oxygen demand (COD) concentration
(250–1000 ppm), effluent initial pH (2–10), and H2O2 concentration (25–200mM) has been
studied on the percentage color removal. The color removal increases with increase in fer-
rous ion concentrations, initial pH, and H2O2 concentration. However the percentage color
removal decreases with increasing initial COD concentration. Three different systems of O3;
O3/Fe

2+, O3/Fe
2+/H2O2 were compared for the percentage color removal. It has been

observed from investigation that ozonation alone is not effective to decolorize and in
removal of COD in the effluent. The results show that catalytic ozonation gives 81.61% color
removal for the effluent. Further, the kinetic study has been carried out for the percentage
color removal of the distillery effluent.
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1. Introduction

The effluents from various industries are
discharged from among which highly colored ones
increase environmental pollution and soil contamina-
tion. Highly colored wastewater can be treated by dif-
ferent combinations of physical, chemical, and
biological methods [1–3]. They are very difficult to
break down biologically and cannot be treated indi-
vidually by biological, chemical, and physical methods
alone. Each process has its own advantages and disad-
vantages, and also the main drawback of these pro-
cesses is the generation of a large amount of sludge or
solid waste resulting in high operational costs for
sludge treatment and disposal [4]. Many processes are

under investigation stage and also researchers are
studying the effective treatment method for industrial
effluent. To overcome these difficulties, in recent years
there has been increasing attention towards advanced
oxidation process (AOP) [5]. In AOP, various oxidants
have been successfully applied for many wastewater
treatment applications [6]. The oxidants are H2O2, O3,
O2, and iron salts-generating (•OH) radicals in the
process, which are highly reactive and have a poten-
tial of 2.8 V. The hydroxyl radicals are effectively gen-
erated by ozonation process.

Ozonation has been very effective in the decolor-
ization and degradation of organic compounds in the
water and wastewater. Ozone is one of the strong oxi-
dants having the potential (E˚ = 2.08 V) and reacts with
several classes of organic compounds through direct
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or indirect reactions [7,8]. The only disadvantage of
ozonation process for water treatment is the high-
energy cost required for its generation. In the indirect
oxidation, •OH radicals are important for the oxida-
tion of saturated organic compounds. The combination
of ozone with other technologies such as electrocoagu-
lation, UV radiation, and ultrasound techniques
improves the pollutant removal efficiency of the efflu-
ent with lesser treatment cost. Catalytic ozonation uti-
lizes catalysts in order to achieve controlled
decomposition of ozone and hydroxyl radicals’ forma-
tion. Catalytic ozonation should provide fast degrada-
tion of organic pollutants and also provide more
effective mineralization of both micro pollutants and
natural organic matter. Many researchers reported
ozonation with other AOPs to be successful in treat-
ment of specific compounds such as dyes, pesticides,
phenolic compounds, and other organochlorides
[9–14]. Wu and Ng studied the degradation of dye
using various AOPs such as O3, O3/H2O2, O3/Fe

3+,
O3/H2O2/Fe

3+, UV/O3, UV/O3/Fe
3+, UV/O3/H2O2,

and UV/O3/H2O2/Fe
3+ processes [15]. They also stud-

ied kinetic of the dye removal and power consump-
tion for various systems with UV and without UV.
Brillas et al. investigated the mineralization rate herbi-
cide 2-propionic acid solutions using O3 system was
enhanced by the Fe2+ catalyst due to the production of
oxidizing •OH [16].

The treatment of wastewater generated from sugar
and distillery industries is a big challenge to the envi-
ronmentalists. The dark-brown liquid, which comes
out as effluent from these industries has a very high
organic content both in suspended and dissolved
materials. It is mandatory to treat the effluent before
letting it out into the environment to meet the specifi-
cation of pollution control norms. Various treatment
techniques have been attempted to treat the distillery
effluents [17–20]. Few literatures have been studied
the catalytic ozonation of distillery effluent. Sreetha-
wong and Chavadej studied decolorization of distill-
ery wastewater using catalytic ozonation process [21].
From the experimental results, the ozonation system
with the iron oxide catalyst gave the highest efficiency
in both chemical oxygen demand (COD) and color
removals because the hydroxyl-free radical generated
from the catalyst is more reactive than the ozone mol-
ecule itself. Gehringer et al. studied the color removal
of a biologically pretreated wastewater from molasses
processing by ozonation and two AOPs studied [22].
Color removal occurred with all three processes with
almost the same efficiency, but the BOD increase by
ozonation was much higher than that by AOPs.
Increasing BOD value increases the biodegradability
index (BI = BOD/COD). According to Chamarro et al.

for complete biodegradation, the effluent must show a
BI of at least 0.4. It is acceptable that a waste with BI
ratio > 0.4 can be treated by a biological system [23].
Mohana et al. have discussed various emerging tech-
nologies such as electrochemical method, photocataly-
sis, and sorption as promising techniques for the
treatment of distillery effluent [24]. Among these
methods electrochemical treatment of industrial efflu-
ent is a well-known technique. But electro oxidation
method needs high energy cost and the electrocoagu-
lation method produces considerable amounts of
sludge that by itself need further treatment [25].
Hence, an alternate treatment technique has been tried
to treat the distillery effluent.

The objective of the present investigation is to treat
the distillery effluent by homogeneous and heteroge-
neous catalytic ozonation process. Influences of oper-
ating parameters such as ferrous sulfate (Fe2SO4),
H2O2, effluent initial pH, and initial COD concentra-
tion were studied on percentage color removal. Kinet-
ics of the process has been studied and the rate
constant values calculated, further the ozonation pro-
cess is compared with catalytic ozonation process.

2. Material and methods

The effluents were collected from nearby distillery
industries. The main characteristics of the effluent: pH
4.1–4.3, COD: 80,000–90,000mg L−1, BOD: 7,000–8,000
mg L−1, TSS: 15.44 g L−1, total dissolved solids: 5,550–
5,750mg L−1, color—dark brown, odor—burn sugar.
The effluent characteristics were measured using stan-
dard methods for the examination of wastewater [26].
All the chemicals were of analytical reagent grade
obtained from Merck and used without further purifi-
cation. The pH of the effluent was measured using a
pH-meter (Elico; Model LI120) and adjusted by the
addition of appropriate amounts of 0.1M NaOH or
H2SO4 solutions.

3. Experimental

The experimental setup consists of an ozone gener-
ator and reactor for the investigation as shown in
Fig. 1. Ozone was generated using an ozone generator
(Ozonetek Limited, Chennai). The air has been passed
at the flow rate of 15 LPM and produces 2 g h−1 of O3

from the ozone generator. The generated ozone is
passed to the reactor with a 500mL volume effluent
for the color removal study. The ozone was purged
through diffuser located at the reactor base. Ozone
concentrations were determined using an iodometric
method. A magnetic stirrer is used for complete
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mixing of the catalyst with the effluent. The tempera-
ture of reactor was maintained at constant with varied
30 ± 2˚C. The samples were collected for the regular
interval of time and centrifuged using REMI Model:
R-24 (10,000 rpm, 15min). The samples were analyzed
for the color removal using UV/vis spectrophotometer
(Jasco, V-570). To study the percentage color removal
of the effluent three different sets of experiments have
been carried out: ozonation, ozone with H2O2 catalyst,
and ozone with Fenton reagent.

The percentage color removal was calculated by:

Percentage color removal ¼ Absi �Abst
Absi

� 100 (1)

where Absi and Abst are absorbance at initial and at
any time t for corresponding wavelength λmax.

4. Results and discussion

4.1. Effect of Fe2+

The effect of Fe2+ catalyst concentration on the
color removal of the distillery effluent is shown in
Fig. 2, for the system of ozone with Fe2+ catalyst. It is
observed from the figure that the rate of color removal
is increased with increasing concentration of Fe2+ from
2 to 10mM. The percentage color removal increased
from 41.03 to 71.65% with increasing concentration of
Fe2+. This is due to the fact that increasing Fe2+

produces more quantity of hydroxyl radical with
ozone. This hydroxyl radical enhances the oxidation of

pollutant and color removal. This can be explained as
the following chemical reaction [27].

Fe2þ þO3 ! FeO2þ þO2 (2)

FeO2þ þH2O ! Fe3þ þOH� þOH� (3)

Further increase of Fe2+ concentration, the potential
oxidants of •OH radical or FeO2+ were removed by
Fe2+, results reducing the •OH radicals. Hence, further
increase of Fe2+ in the effluent will not improve the
rate of color removal.

Fig. 1. Experimental setup for the ozonation process for the treatment of distillery effluent. (1) Ozone generator, (2) ozone
outlet, (3) control valve, (4) air flow rotameter, (5 and 6) unused ozone, (7) effluent solution, (8) ozone diffuser, (9) sam-
pling port, (10) magnetic stirrer, (11) 2–5% KI solution, and (12) to vent.
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Fig. 2. Effect of Fe2+ on color removal (condition: effluent
initial COD: 500 ppm, effluent initial pH 6, ozone flow rate:
15 LPM, and time: 120min).
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4.2. Effect of initial pH

The solubility of ozone is readily affected by solu-
tion pH [28]. The effect of initial pH on percentage
color removal of distillery effluent for COD concentra-
tion of 500 ppm with Fe2+ concentration of 10mM is
shown in the Fig. 3, for the heterogeneous ozonation.
The results show that the percentage color removal
increases from 34.24 to 74.17% with increase pH from
2 to 10. The influence of pH on color removal is result
of the relation between oxidation potential and decom-
position behavior of ozone. In acidic pH, the ozone is
available as molecular ozone and has the oxidation
potential of 2.08 V. In the case of alkaline pH, it
decomposes into secondary oxidants such as •OH,
HO2, HO3, and HO4. Among these, •OH is one of the
oxidants important for oxidation of organic pollutants
in the effluent. Hence in the acidic pH, the color
removal is less compared to the alkaline pH of the
solution [29].

4.3. Effect of initial COD concentration

The effect of initial COD concentration on the color
removal of the O3/Fe

2+ system has been studied and
shown in Fig. 4 with various COD concentrations
from 250 to 1,000 ppm for the Fe2+ concentration of 10
mM and fixed-ozone mixture flow rate of 15 LPM.
The COD of the effluent has been adjusted by diluting
the real effluent using water. It can be observed
from the figure, that the color removal is decreased
from 70.84 to 47.94% with increasing initial COD con-
centration. The reason can be that under the constant
dosage conditions of ozone and Fe2+ concentrations,

the amount of •OH formed is constant, consequently
the same amount of •OH could be produced at
different COD concentrations. Hence, the percentage
of color removal is decreased.

4.4. Effect of hydrogen peroxide

The effect of H2O2 concentration on percentage
color removal has been studied for an initial COD con-
centration of 500 ppm; Fe2+ concentration of 10mM
with fixed ozone mixture flow rate of 15 LPM. It has
been observed from Fig. 5 that the percentage color
removal increases from 71.65 to 88.32% with increasing
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Fig. 3. Effect of initial effluent solution pH on color
removal (condition: effluent initial COD: 500 ppm, concen-
tration of Fe2+: 10mM, ozone flow rate: 15 LPM, and time:
120min).
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Fig. 4. Effect of initial COD concentration of the effluent
on color removal (condition: concentration of Fe2+: 10mM,
effluent initial pH 6, ozone flow rate: 15 LPM, and time:
120min).
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Fig. 5. Effect of H2O2 concentration on color removal (con-
dition: effluent initial COD: 500 ppm, concentration of
Fe2+: 10mM, effluent initial pH 6, ozone flow rate: 15 LPM,
and time: 120min).
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H2O2 dosage from 0 to 200mM. This is due to the
effect of increases in hydroxyl radicals’ generation with
increasing H2O2 concentration. But the excess amount
of hydrogen peroxide will not improve the color
removal. This could be due to recombination of hydro-
xyl radicals and also hydroxyl radicals reaction with
H2O2, contributing to the •OH scavenging capacity.

4.5. Comparisons of color removal by O3, O3/Fe
2+, O3/Fe

2+/
H2O2

The percentage color removal of distillery effluent
by the various system of O3, O3/Fe

2+ and O3/Fe
2+/

H2O2 are shown in the Fig. 6. It is noticed from the
figure percentage color removal of distillery effluent is
17.95, 71.65 and 81.61% by the system of O3, O3/Fe

2+,
O3/Fe

2+/H2O2, respectively. It is clearly observed
from the figure, the percentage color is not significant
in the O3 system alone. It can be improved by the
addition of homogenous and heterogeneous catalyst in
the ozone system. This is due to that ozone alone pro-
duces hydroxyl radicals but the generation of hydro-
xyl radicals is less than that of catalytic ozonation
process. The hydroxyl radical generation has been
improved by addition Fe2+ and H2O2 in the ozone
process [30].

4.6. Kinetics of catalytic ozonation

Kinetic study of distillery effluent color removal
has been performed by varying different experimental

parameter. Many authors reported that ozonation
process follows the pseudo first order kinetics [31–38].

Hence the kinetics of the color removal can be
written as:

� dC

dt
¼ kC (4)

The equation can be written as a pseudo first order
reaction with respect to color removal.

� ln
Ct

C0

� �
¼ kt (5)

where C0 is the initial absorbance of the effluent; Ct is
the absorbance of the effluent as a function of time, t,
k is the rate constant. The term ln (C0/Ct) was plotted
vs. time and the slope gives k value of rate constant.
The k value for the percentage color removal in each
experimental condition is calculated.

The kinetics study of distillery effluent color
removal for various Fe2+ concentrations for the
O3/Fe

2+ system is shown in the Fig. 7. The plot −ln
(Ct/C0) vs. time t follows the straight line. The R2 is
an index of the goodness-of-fit to the first-order kinet-
ics. The R2 values in O3/Fe

2+ systems for all the Fe2+

concentration are typically ≥ 0.998. It can be observed
that, the color removal follows the first order kinetics.
When the concentration of Fe2+ increased from 2 to 10
mM, the rate constant also increased from 0.004 to
0.01 min−1. This means that Fe2+ addition enhances the
rate of color removal for the distillery effluent. Fig. 8.

0

20

40

60

80

100

C
ol

or
 r

em
ov

al
 (

%
)

Time (min)

Ozone+ Fe+H2O2

Ozone + Fe

Ozone

0 15 30 45 60 75 90 105 120

Fig. 6. Comparisons of O3, O3/Fe
2+, O3/Fe

2+/H2O2 for the
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ozone flow rate: 15 LPM, and time: 120min).
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shows the kinetic plot of color removal for the
O3/Fe

2+ system with various initial COD concentra-
tion of effluent. The first order rate constant decreases
from 0.01 to 0.005min−1 with increasing initial COD
concentration from 250 to 1,000 ppm.

The distillery effluent after the treatment process is
characterized using UV–vis spectrophotometer. Color
removal of the distillery effluent was investigated for
the λmax 295 nm during the catalytic ozonation process
as the results are shown in the Fig. 9. It can be
observed from figure the maximum absorbance peak
at 295 nm which a reference a distillery effluent disap-
pear gradually during the catalytic ozonation process.

5. Conclusion

Color removal of distillery effluent has been stud-
ied by the catalytic ozonation process. Three different
systems of O3; O3/Fe

2+, O3/Fe
2+/H2O2 were compared

for the percentage color removal. The effect of various
operating parameters such as Fe2+ concentration, H2O2

concentration, effluent initial pH, and initial COD
concentration has been analyzed on percentage color
removal. The results show that O3/Fe

2+/H2O2 system
has higher color removal of 81.61% under the operat-
ing condition of 25mM of H2O2, 10mM of Fe2+, and
pH 6.0 for an initial COD concentration of 500 ppm.
The kinetic study had been carried out for the color
removal of ozonation process and found that it follows
the pseudo-first-order kinetics.
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