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Abstract—In this paper, Titanium Dioxide (TiO,) assisted photo
catalysis was applied to tannery wastewater from a tanning industry
wastewater treatment plant in order to investigate the technical
feasibility of the technology as secondary and also as a tertiary
treatment. The effect of the various process variables on the
reduction of Chemical Oxygen Demand (COD) performance of the
process is investigated. The effective COD reduction as a function of
time, effect of temperature and the effect of pH is studied. The rate of
photo degradation increased linearly with time of irradiation when
titanium dioxide was used. The maximum removal efficiency was
obtained at pH 3 with an irradiation time of 5 hours with a catalyst
dosage of 150mg/L and the efficiency of COD reduction was
observed to be 85%. Results presented in this study indicated that
visible light/TiO, systems could be efficiently used for photo
degradation of tannery wastewater sludge. The possibility of using
solar light to excite the photo catalyst is promising results regarding
the feasibility of this technology.
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1. INTRODUCTION

The pollution of hazardous metals is increasing with extensive
of industrial developments [1]. The tannery sludge purification
is still today a theme of a large interest. Nowadays, treatments
involving depuration technologies allow to obtain effluents
with chemical-physical characteristics in respect to the
environmental existing standards. From the traditional
wastewaters treatments, huge amounts of sewage sludge are
produced. Specifically, after the biological treatment
wastewaters still contain organic pollutants which are not
degradable called as recalcitrant compounds [12]. These
pollutants agents are removed using chemical-physical
processes that produce large quantity of sludge. To reduce the
production of sludge by thesewastewaters tertiary treatments
new systems must thus be explored [2].

During the past few years, photocatalysis has been extensively
used, mainly because it has the capacity of degrading a huge
number of recalcitrant substances in liquid and gaseous
systems using procedures with relatively low cost [8]. The so

called photocatalytic detoxification has been discussed as a
promising technology for the wastewater treatment in the
scientific literature since 1976. Photocatalysis is considered an
effective system for the mineralization of many organics
through the generation of radicals such as *OH andO,,
reducing considerably the organic load of effluents [18].

Advanced Oxidation Process (AOPs) have demonstrated their
usefulness in the purification of industrial wastewater,
achieving a total or partial mineralization of organic pollutants
[11, 6]. Recent developments of Advanced Oxidation
Processes (AOPs), have led to new improvements of the
oxidative degradation of the organic compounds. The main
mechanism of AOPs function is the generation of highly
reactive free radicals. Hydroxyl radicals (HO¢) are effective in
destroying organic chemicals because they are reactive
electrophiles (electron preferring) that react rapidly and non-
selectively with nearly all electron-rich organic compounds.
They have an oxidation potential of 2.33 V and exhibit faster
rates of oxidation reactions comparing to conventional
oxidants such as H,O, or KMnO, [7]. Once generated, the
hydroxyl radicals can attack organic chemicals by radical
addition, hydrogen abstraction and electron transfer [15]. In
the following reactions, R is used to describe the reacting
organic compound.

R + HO* — ROH (1)
R + HO* — R+ + H,0 )
R"+HO+ — R™'+ OH 3)

The oxidative degradation process goes on through two initial
steps that generate free radicals *OH which attack the organic
molecules degrading in CO, and H,O. Fig.l shows
schematically the mechanism of photocatalysis. The essential
reactive species are oxygen as anions OH™ which behave
respectively as electron attractor and electron donator,
acquiring and giving only one electron, which then goes to
regenerateTiO,.
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Fig. 1: Principle mechanism of photocatalysis

A great number of methods are classified under the broad
definition of AOPs (Table 1). Most of them use a combination
of strong oxidizing agents (e.g H,O,, O;) with catalysts (e.g.
transition metal ions) and irradiation (e.g. ultraviolet, visible).
Among different available AOPs producing hydroxyl radicals,
titanium dioxide/UV light process, hydrogen peroxide/UV
light process and Fenton’s reactions seem to be some of the
most popular technologies for wastewater [17].

Table 1: Different Advanced oxidation processes available

Hydrogen peroxide/UV light Ozone/Titanium dioxide

Hydrogen peroxide/ozone Fenton’s reactions
(Fe2+/H202,
H202/Fe2+/UV)

Titanium dioxide/UV Sonolysis

Catalytic oxidation
Supercritical water oxidation

Ozone/UV/Hydrogen peroxide
Ozone/Titanium dioxide/Hydrogen
peroxide

Ozone/UV

(Source: Choi et al.,2009)
1.1 Use of Titanium Dioxide /UV light process

Ozone sonolysis

Titanium dioxide, TiO,, in its anatase form, 1is the
semiconductor studied the most, as it presents some desired
characteristics: high photocatalytic activity, relatively low
cost, stability aqueous systems, and low ecotoxicity [16]. In
TiOy/UV light process, a titanium peroxide semiconductor
absorbs UV light and generates hydroxyl radicals.
Specifically, during UV illumination of TiO,, conduction band
electrons and valence band holes are initially yielded (Eq. 4).
Band electrons interact with surface adsorbed molecular
oxygen to yield superoxide radical anions (Eq. 5), while band
holes interact with water to produce hydroxyl radical (Eq. 6)
[5]. Ultraviolet light with | <380 nm and, therefore, with
energy greater than the TiO, band gap, induces the transfer of
electrons from the valence band to the conduction one. The
charged species can recombine with each other (releasing the
absorbed energy as heat) or migrate to the photocatalyst
particle surface.

TiO, + hv—eg, + h' (%)
€T 0> Oy )
h* +H,0 — H' + HO- (6)

Organic compounds can undergo oxidative degradation
through their reactions with valence bond holes, hydroxyl and
peroxide radicals as well as reductive cleavage through their
reactions with electrons. The mechanisms of the
photocatalytic oxidation (TiO,/UV) of organic contaminants
have been extensively studied [8]. Hydroxyl radical has been
pointed out as the main responsible species for the oxidative
degradation of organic pollutants. The advantages of this
process are the operation at ambient conditions, the lack of
mass transfer limitations when nanoparticles are used as
photocatalysts and the possible use of solar irradiation.
Moreover, TiO, is a cheap, readily available material and the
photo generated holes are highly oxidizing. In addition, TiO,
is capable for oxidation of a wide range of organic compounds
into harmless compounds such as CO, and H,O [3].

The major factors affecting TiO,/UV light process are initial
organic load, amount of catalyst, reactor’s design, UV
irradiation time, temperature, solution’s pH, light intensity and
presence of ionic species. The use of excessive amounts of
catalyst may reduce the amount of energy being transferred
into the medium due to the opacity offered by the catalyst
particles [7]. Reactor’s design should assure that uniform
irradiation of the catalyst surface is achieved [13]. For
temperature values between 20 and 80°C, a minor effect of
temperature has been noticed. However, at temperature higher
than 80°C, a reduction of the reaction rate has been reported
[10]. Solution’s pH has a complex effect on photocatalytic
oxidation rates. For weakly acidic pollutants, reaction rates
increase at lower pH [4]. On the other hand, pollutants which
are hydrolyzed under alkaline conditions may show an
increase of reaction rate with increase of pH [6]. Finally, the
presence of ionic species could affect the degradation process
via adsorption of the pollutants, absorption of UV light and
reaction with hydroxyl radicals [7].

The aim of the present study was to investigate the technical
feasibility of photocatalysis of tannery sludge which was
collected from a centralised tannery wastewater treatment. The
study was conducted irradiating the sample to sunlight in
presence of the catalyst TiO,, The influencing parameters were
analysed and the chemical oxygen demand (COD) reduction
was also determined.

2. MATERIALS AND METHODOLOGY

2.1. Materials

The tannery sludge used in this study was obtained from an
Industry located in Ranipet, an industrial hub of Vellore city in
the state of Tamil Nadu. It is a mixture composed of primary
sludge and excess sludge from biological process. TiO, is the
catalyst employed in this study that will accelerate the
reactions of oxidation. Flexible tube of diameter 1 cm has
been used in order to circulate the wastewater for photo
catalytic degradation.
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2.2 Preparation of samples

The solution of sludge was obtained by diluting 10 g of the
collected tannery sludge in 1000 mL of distilled water and
stirred until all the lumps dissolved, to get a neutral solution
whose pH was found to be 8.37. Similarly alkaline and acidic
solutions were prepared using 0.1 N NaOH and 0.1 N H,SO,
solutions whose pH were found to be 12.07 and 3.4
respectively. Initial COD of these samples were analysed.

2.3 Experimental setup

The experimental arrangement for the treatment process
adopted in the study includes the flexible tube of length 3m
through which the solution flows and absorbs the solar
radiations, a 2 L capacity plastic container to hold the solution
and valves to maintain uniform flow. The tube is attached
parallel to each other onto the card board as shown in the Fig.
2. Aluminium foil was wrapped on the hard cardboard to
reflect the light and facilitate the treatment process. Valves
were connected at inlet and outlet. The experiments were
conducted in an open atmosphere during noontime when the
sunlight was at its peak, in the month of March and April,
2015 on the roof of GDN building, VIT University.

Fig. 2: Experimental Set up

2.4 Experimental procedure

The batch studies were carried out by adding a known amount
of TiO2 (i.e, 0.15g) which was known by prior optimization
was added to 1000 mL of sludge solution of known pH and
stirred thoroughly. It was made to pass through the inlet of the
photo reactor tube to reach the outlet through gravity flow.
The inlet and outlet were closed. The sample was exposed to
sunlight. The irradiation time was being varied from about 1 to
7 hours in the present study when the temperature is high and
almost constant viz.,, 26°C to 35°C. The solar radiation
corresponding to the particular hour of the day of the
conduction of the experiment was obtained from RET screen
software.

At predetermined times 5ml samples of the reaction mixture
were withdrawn and filtered in order to remove the fine
particles of TiO, before analysis. The supernatant was

analysed for COD to determine the COD reduction using
Standard Method- American Public Health Association
(APHA, 2012).Further, experiments were conducted for
neutral, alkaline and acidic solutions to optimize the
conditions for pH.The percentage of COD reduction was
calculated using the following equation

COD reduction (%) = ((Co— C) / Cy) ¥100

Where, Co is initial COD concentration (mg/L) and C is final
concentration of COD (mg/1) at a given time.

3. RESULTS AND DISCUSSIONS

The results of various experiment performed are shown and
appropriate discussion are made in this section. Table2 shows
the different parameters before and after photocatalytic
treatment of the tannery sludge. The efficiency of the catalyst
(TiO,) was found to vary with time and the solar irradiation.
The major change in the efficiency was seen in acidic, neutral
and alkaline medium. The COD removal was about 50% in the
alkaline range, 77.5% in the natural existing range and about
85% in the acidic range.

Table 2: Results of analysis

Parameters | Strength of the | Before | After the treatment
solution treatment subjected to
(mg/L) photocatalysis
(mg/L)
COD Alkaline range 1280 640
Natural range 960 258
Acidic range 1280 192

Fig. 3: Reduction in color after treatment.

3.1 Comparison of Chemical Oxygen Demand (COD)
removal efficiency as a function of time

The rate of COD removal and also color removal was found to
increase significantly with time of irradiation. Under optimal
conditions, the extent of COD removal was found to be 85%
for different time periods ranging from 10.00 a.m to 5.00 p.m
under sunlight. The first hour sample showed an efficiency of
just 25%. It was also found that the color of the sludge also
reduces with the increasing irriradiation to the sunlight.
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Some findings from the study conducted by Esplugas, (2002)
[6], on photodegradation of real textile industrial wastewater
have shown that the photodegradation is directly proportional
with the time of irradiation of TiO,.

The studies conducted by Joshi and Shrivatsa, (2011) [9],
showed that though the percentage of removal increases with
photcatalysts concentration and it is constant after equilibrium
time.

Effect of time
90

80
70
60
50
40
30
20
10

% of COD removal

1 2 3 4 5 6 7

Time in hours

Fig. 3.1: Kinetics of COD removal with time of sunlight exposure

3.2 Effect of temperature on the COD removal

The effect of COD removal is dependent on the availability of
sufficient sunlight. Temperature plays a very important role in
the COD removal and also on the decolorization process and
the maximum temperature plays a better role. Irradiation at a
high temperature is the important factor to be considered for
the maximum reduction of COD than exposing it for more
time with less solar intensity.

Removal efficiency was observed to be less during cloudy
days due to less solar intensity which leads to less efficiency
in the reduction in color therefore conducting the experiment
during bright sunny days that has a temperature of about 28° C
- 32°C is advisable to obtain maximum removal efficiency of
color and COD.FallahHussain (2008),has concluded from his
studies that the activation energy for the photocatalytic
degradation of tannery wastewater is dependent on the
temperature which is indirectly related to the transport of
photoelectron through the catalyst to the adsorbed oxygen on
the surface.

The presence of about 6-8 hours of sunlight is very much
necessary for the treatment process. The present study was
made with a maximum exposure time of about 8 hours with a
maximum temperature of about 34°C. This is well achieved in
the places that have sufficient solar energy. As the temperature
increases the rate of decolorization also increases, with the
reduction in the COD.

Effect of solar radiation

6.05 6.96 7.15

Daily solar radiation (kWh/m2/d)

Fig. 3.2: Variation in COD removal due to the
effect of temperature

3.3 Effect of the pH

The effect of pH was one of the most significant factor which
influences the COD reduction. It was found that the maximum
COD reduction was achieved in the acidic pH of 3.
Degradation of typical inorganic pollutants from wastewater is
increased with decreasing pH. The effect of pH on the removal
of chromium by different photo catalysts like TiO2, ZnO, and
CdS on of different influent chromium concentrations was
studied by Senthilkumar et al. (2006) [14], Ku and Jung,
(2001) [10], studied that the removal of chromium from
wastewater using photocatalysts is highly dependent on the pH
of the solution.

Effect of pH

Alkaline Neutral Acidic

pH

Fig. 3.3: Variation in COD removal efficiency due to the
effect of pH
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pH was an important variable in the evaluation of aqueous
phase mediated photocatalytic degradation reactions. It
influenced the surface electric charge of TiO, catalyst. Usually
the catalyst surface is positively charged at acidic medium and
negatively charged at basic medium. In acidic media, electrons
tend to move into the surface of catalyst for the electrostatic
attraction between the positive charged TiO, and negative
charged electrons. They react with the oxygen molecules
absorbed around the TiO, surface to form oxidizing species
such as “O, and “OOH.

4. CONCLUSIONS

Solar photocatalytic treatment has proved as an efficient
technique for tannery wastewater and sludge through a
photocatalytic process and the transformation is practically
complete in a reasonable irradiation time. Results presented in
this project indicated that visible light/TiO, systems could be
efficiently used for photo degradation of tannery wastewater
sludge. The results indicate that the degree of photo
degradation was affected by different parameters with pH
being the main influencing parameter. The results of this
research clearly demonstrate the importance of choosing the
optimum degradation parameters to obtain a high
photocatalyticdecolorization rate, which is essential for any
practical application of photocatalytic oxidation processes
using different photocatalysts. The results suggest that the use
of solar light irradiation could be a feasible technique for
reduction of the high COD prevalent in the tannery waste
sludge and also for its decolorization and it could also become
a cost effective technique at industrial scale application. This
work can also be extended to study the effect of photo
degradation of tannery wastewater also. The photo catalytic
activity on COD or color degradation can be further enhanced
by doping with cationic or anionic dopant.
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