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ABSTRACT

Aim: The goal of the study is to determine the efficiency of periwinkle shell powder and
snail shell powder – two locally prepared photocatalysts in comparison with TiO2 in the
treatment of wastewater polluted with chlorobenzene.
Place and Duration of Study: The present study was conducted between January and
October 2011 at the Department of Chemical Engineering, University of Benin-Nigeria as
part of a Master of Engineering Degree research project.
Methodology: The obtained periwinkle (PSA) and snail (SSA) shells were crushed to
powder, sieved and then analysed for the functional group (especially the transition
metals) using Fourier Transform Infra-red (FTIR) analysis. The catalytic activity of the
unmodified PSA, SSA as well as their modification with H2O2 were then compared with
commercial grade TiO2 (Degussa P25) for the degradation of chlorobenzene in
wastewater both under laboratory condition (dark) and solar irradiation using  sets of
special boron-silica glass reactors. UV/VIS spectrophotometer model T70 installed with
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printer was used for the determination of chlorobenzene concentration while BET surface
area of the catalysts was determined by means of nitrogen adsorption/desorption
isotherm.
Results: The result show that the photocatalytic activity of pure PSA and SSA were very
poor when compared with TiO2. However, PSA and SSA modified with H2O2 showed
greater promise as their degradation efficiency increased by 87.98% and 41.72%
respectively.
Conclusion: PSA and SSA cannot be used as photocatalyst for the degradation of
organic pollutants in aqueous solution without being modified or doped with appropriate
metal or non metal dopants.

Keywords: Photocatalysts; periwinkle shell; snail shell; titanium dioxide; chlorobenzene;
Degradation.

.
1. INTRODUCTION

Environmental pollution due to anthropogenic factors has been a serious global problem
since the dawn of the industrial revolution. Industrial wastes, some of which are highly toxic
are daily discharged into the environment [1,2]. The oil industry in Nigeria is the worst culprit,
discarding tons of toxic wastes into the atmosphere, hydrosphere and lithosphere on a
continuous basis [3]. In addition to the large scale pollution caused by oil exploitation and
production, the use of halogenated organic compounds as raw material for the manufacture
of different industrial compounds such as drugs, dyes pesticides and solvents results in
major environmental pollution to the atmosphere and the hydrosphere in particular.

Halogenated organic compounds are compounds containing a carbon directly linked with the
halogen atom. Halogenated hydrocarbons and their derivatives are stable compounds,
generally colourless and pleasantly smelling and with a markedly low chemical reactivity [2].
In addition, they have low volatility and are relatively more water soluble and hence are often
found in aqueous media such as industrial wastewater [4].These properties make
halogenated organic compounds long lasting, non-biodegradable and non-photodegradable.
One of such compounds, chlorobenzene - a chlorinated derivative of benzene had been
listed as priority pollutant [5,6]. The ability of chlorobenzene to undergo wide variety of
chemical reactions makes its application as reactants in numerous chemical and allied
industries imperative. Chlorobenzene is used principally as chemical intermediate in the
production of chemicals such as nitrochlorobenzenes and diphenyl oxide. These chemicals
are subsequently used in the production of herbicides, dyestuffs, solvents, pesticides, and
rubber chemicals among others [6].

The wide application of chlorobenzene based raw materials in the chemical and allied
industries have resulted in the contamination of air, soil, surface water and underground
water with chlorobenzene and other halogenated compounds thereby exposing humans and
animals to serious health hazards. Contamination resulting from halogenated organic
compounds such as chlorobenzene has been reported to cause irritation, pulmonary edema
as well as inflammation of the respiratory tract in addition to liver damage and other
neurological effects [7]. Based on the acute negative effects of chlorobenzene and its
derivatives on humans and animals and considering their high solubility in water, it becomes
necessary to device appropriate technology for the effective removal of these toxic pollutants
from fresh water bodies and wastewater. Various methods have been developed for the
detoxification of water contaminated with chlorobenzene and its derivatives. Many of these
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methods are aimed at converting the toxic chlorobenzene and its derivatives into their non-
toxic compounds [2]. Amongst these methods, photochemical processes have been found to
be the most effective if the chlorinated compounds are present in the water effluent in low
concentrations [8,9]. Heterogeneous photocatalytic oxidation is a photochemical process
involving chemical reactions in the presence of semiconductors and light.

Heterogeneous photocatalytic oxidation process employs suitable semi-conductors as
catalysts and ultraviolet light (UV) light. Thus it is based on the direct or indirect absorption of
photons from UV or visible light by a semiconductor oxide that possesses the appropriate
energy gap i.e. energy equal to or greater than the band gap of the semiconductor resulting
in the production of electron hole (e-/h-) pairs (or conduction band and valence band) during
photocatalytic reaction [10]. Here, the semiconductor oxide used can behave as either
electron donor or acceptor for molecules in contact with the semiconductor. The electron
hole can recombine, releasing the absorbed light energy as heat without chemical reaction.
Alternatively they can participate in redox reactions with absorbed species since the valence
band hole are strongly oxidizing while the conduction band are strongly reducing. The
excited electron can participate in redox reactions with water, hydroxyl ion (OH-), organic
compounds on the semiconductor surface resulting in mineralization of the target pollutant
[11]. Heterogeneous photocatalytic oxidation process had been found to be very effective in
the degradation and conversion of persistent organic pollutants such as chlorobenzene to a
more biologically degradable and less toxic substances. This reaction generates hydroxyl
radicals under normal conditions with the production of end products such as CO2 and H2O
[12,13,14].

Among the common semiconductors in use, TiO2 and ZnO had proved to be of widespread
environmental applications. Though ZnO as a photocatalyst exhibits unique physical and
chemical characteristics such as wide band gap (3.2 eV) as well as large exaction binding
energy (60 meV) at room temperature and radiation hardness, its use is restricted because it
easily dissolves in acidic solutions [15]. The use of TiO2 in photocatalysis is highly favoured
in detoxifying organic waste from wastewater, sludges and contaminated soils due to its high
activity, low cost and availability. Other factors that enhance TiO2 photocatalytic activity are
its specific surface area, the adsorption affinity and capacity for organic contaminants,
electron-hole recombination process in the bulk and on the surface of the catalyst as well as
the intensity and spectral distribution of the illuminating light [16,17]. Other factors include
the catalyst crystal morphology, intrinsic solid state effects, stoichiometry of the catalyst
oxide, concentration of the pollutant and pH [18,19].

However, despite the above characteristics of TiO2, its commercial application in
photocatalysis for treatment of aqueous wastes is limited by both the recovery of the catalyst
after reaction and the economic feasibility of the process itself conditioned by the efficiency
in the use of radiation. The energy used by this oxidation process at a wavelength less than
400nm is also very low (just about 4% of the solar spectrum). Based on these shortcomings,
some researchers have developed supported photocatalysts with suitable recovery and
optimal light absorption properties [20,21]. The use of dyes and porphyrins to enhance the
efficiency of the solar spectrum to initiate the detoxification chemistry had also proved to be
relatively effective [22]. Extension of the photocatalytic properties of TiO2 by regenerative
photosensitization by means of H2O2, Fenton reagents, suspended bimetal nanoparticles as
well as adsorbed coordination metal complexes have been proposed by many researchers
[2,4,23,24,25,26]. In this study the effectiveness of two locally developed catalysts
(periwinkle shells and snail shells) in their pure state as well as their modification with H2O2
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are compared with TiO2 (Degussa P25) - a widely used commercial grade catalyst in
detoxifying effluent water polluted with chlorobenzene.

2. MATERIALS AND METHODS

2.1 Materials

The following were used for the experiments: Snail shells (SSA) and periwinkle shells (PSA)
purchased from an open market in Warri in Delta State of Nigeria, P25 titanium dioxide
(TiO2) was procured from BDH Chemical Ltd, Pools. England. Mortar and pestle for crushing
the PSA and SSA were purchased from a local market in Benin City, Edo State of Nigeria.
UV/VIS spectrophotometer model T70 installed with printer was used for the determination
of chlorobenzene (CB) concentration, while Fourier Transformed Infra-red (FTIR)
spectrometer model 8300 was used to determine the functional groups of the SSA and PSA.
Air bath shaker THZ-82 and orbital shaker model OS-752 Optima, were used in shaking
samples for adsorption experiments

2.2 Experimental Procedure

2.2.1 Preparation and characterization of periwinkle and snail shell powder

100g each of SSA and PSA were washed and dried in an oven at 110oC to constant mass.
The dried SSA and PSA were crushed using a mortar and pestle and then activated at
600oC in a muffle furnace. The grinded shells was sieved to obtain fine particle size (<
350µm). The periwinkle shell ashes were tagged PSA while the snail shell ashes were
tagged SSA. The prepared ashes were then characterized by analyzing for the elemental
compositions (especially the transition elements) using Fourier Transform Infra-red (FTIR)
analysis. The specific surface area of all the catalysts used in the study (TiO2 (Degussa P
25), SSA, PSA as well as SSA and PSA modified with H2O2) was determined using the
Brunauer, Emmett and Teller (BET) method based on nitrogen adsorption/desorption
isotherm at 77K with a NOVA 1000 series analyzer in line with the standard procedure [27].

2.2.2 Preparation of standard solutions

Stock solution (500 mg/l) of chlorobenzene with 1:1 ratio of chlorobenzene-methanol solution
was prepared with distilled water with the pH adjusted using 0.5M HCl and 0.1M NaOH
solutions. Varying concentration of chlorobenzene solution was prepared from the stock
using varied dilution ratio.

2.2.3 Chlorobenzene adsorption studies

The study was carried out using 50 ml of 500 mg/l chlorobenzene (CB) solution placed in
five sets of boron-silica glass column reactors. To the five sets of reactors were added 2g
each of TiO2, PSA, SSA, as well as SSA and PSA mixed with 1 ml each of hydrogen
peroxide (H2O2). The experiment was first conducted in the laboratory without light source
(dark) and then repeated under sunlight. The CB removal efficiency was monitored at 30
minutes interval for 4 hours for both dark and sunlight irradiation. Samples were taken in
triplicate through a syringe, filtered and analysed by means of a spectrophotometer that
measures the absorbance of the CB in the solution at a wavelength of 258 nm. The
absorbance which was consequently converted to concentration using a calibration chart
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was used to calculate the CB removal efficiency. The effects of catalyst dosage, initial
substrate concentration, pH variation as well as time variation were also determine to
ascertain their optimum values.

3. RESULTS AND DISCUSSION

3.1 Elemental Analysis of PSA and SSA

The results of the FTIR analysis of PSA and SSA (FT-IR spectra for the ashes are shown in
the appendix) show the various functional groups present in the respective shell ashes
indicated by the FTIR peaks. The corresponding functional groups for PSA were; alcohol (O-

H), carboxylic acids (-COOH), anhydride (C=O), amides (-CONH2), aromatic ring , nitro
groups (N=O), alkene (=C-H), alkyl halide (-C-Cl), nitro- amines (N-H Bond). Functional

groups of the SSA were; Aldehydes (R-CHO), Carbonyl (C=O), aromatic ring , nitro
group (N=O), amines-Secondary (N-H Bond), alcohol (C-OH), alkene (=C-H), alky halide (-
C-Cl). Das et al. [28] reported that the presence of these functional groups enhances
adsorption of the substrate to the adsorbent and that carboxyl and amino acid groups are
very important moieties involved in binding process. The presence of these groups in PSA
and SSA show that these ashes can be used effectively as catalysts in photocatalytic
degradation of priority pollutants such as chlorobenzene present in wastewater and other
water bodies.

The various metals present in PSA and SSA, whose oxides have some photo-catalytic
properties that can enhance photo-degradation of organic pollutants, is shown in Table 1.

Table 1. The results for the elemental analysis of PSA and SSA (Authors’ analysis)

ND = Not detected

3.2 BET Surface Area Analysis

The results of the surface area analysis is shown in Table 2

PARAMETER PSA (µg/g) SSA (µg/g)
Iron (Fe) 21.2 20.5
Chromium (Cr) 6.3 7
Vanadium (V) 1.5 2.5
Nickel (Ni) 9 10.5
Selenium (Se) 0.125 0.075
Lead (Pb) 0.075 0.125
Aluminum (Al) 12.3 11.0
Zinc (Zn) 18.5 16.5
Tin (Sn) 8.0 7.0
Cadmium (Cd) 0.05 0.08
Copper (Cu) 4.4 1.8
Asenium (As) ND ND



British Journal of Applied Science & Technology, 4(5): 808-822, 2014

813

Table 2. Specific surface area of the photo catalysts used in this study

Catalyst Specific surface area (m2/g)
TiO2 (Degussa P25) 52
SSA 16
PSA 21
SSA/H2O2 29
PSA/H2O2 38

3.3 Optimization of Reaction Conditions

Series of experiments were conducted under sunlight irradiation to determine the optimum
reaction conditions for maximum chlorobenzene degradation using bothTiO2 and the locally
developed photocatalysts as well as their modifications. The optimum reaction conditions
determined were: catalyst dosage, pH, initial substrate concentration and reaction time.

3.3.1 Effect of catalyst dosage

One of the important parameters that have a strong influence on the degradation kinetics of
chlorobenzene solution is the catalyst dosage. In order to optimize the required dosage of
tested catalysts, experiments were conducted with varying dosage of the five catalyst
samples used in this comparative study. The catalyst doses were varied from 1g to 10g. The
results of the experiments is as presented in Fig. 3.1

Fig. 3.1 Effects catalyst dosage on the photocatalytic degradation of
chlorobenzene using  different photocatalysts

As can be observed from the results presented in the figure above, the percentage
chlorobenzene removed increased as the catalyst dosage increases from 1 to 4 g/l for all
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catalysts. At 4 g/l of catalyst dose, maximum degradation was observed for all the catalysts.
The degradation rate dropped from 46.4% at 4 g/l catalyst dose to 32.8% at 5 g/l catalyst
dose and remained relatively constant at this rate as catalyst dosage increases to 10 g/l for
TiO2. For PSA, SSA as well as PSA and SSA modified with H2O2, the degradation rate
decreased gradually from maximum values of 8.8%, 6.8%, 30.1% and 24.5% respectively at
catalyst dosage of 4 g/l to 4.64%, 3.82%, 21.26% and 18.24% respectively at catalyst
dosage of 6 g/l and remained relatively constant at these values as catalyst dosage
increases to 10 g/l.  From these results, 4 g/l was adopted as the optimum catalyst dosage
for the photocatalytic experiments for all the catalysts.

The accelerated degradation experienced for all the catalysts as catalyst dosage increased
from 1 to 4 g/l can be attributed to larger amount of photons adsorbed on the catalyst
surface. However, as the catalyst loading increases the agglomeration and sedimentation of
the catalysts makes a fraction of the catalysts inaccessible to absorbing chlorobenzene or
absorbing radiation with consequent decrease in active sites available to the catalytic
reaction. Studies had indicated that catalyst dosage administered above the optimum dose
results in decreased degradation rate [29]. This observation is in agreement with the results
of the present study. Generally, 4 g/l had been found to be the desired optimum catalyst
dose for maximum degradation rate of most pollutants in wastewater [13,30]

3.3.2 Effect of pH Variation

pH plays an important role in photocatalytic oxidation of aqueous pollutants because it
affects the production of hydroxyl radicals which are powerful oxidizing agent. In order to
optimize the pH of the CB degradation process, experiments were conducted with varying
pH at a fixed catalyst dosage of 4 g/l and initial substrate concentration of 100 mg/l. The
results is presented in Fig. 3.2

Fig. 3.2 Effects of pH variation on the photocatalytic degradation of
chlorobenzene using different photocatalysts
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The maximum degradation of chlorobenzene of 45.8% was obtained at a pH of 3 using TiO2.
The same pH of 3 also gave maximum degradation with PSA and SSA doped with H2O2..
However, maximum degradation rate of 8.2 and 6.8% were obtained at a pH of 6.8 and 7.2
for PSA and SSA used in their pure state. The role of initial pH in photocatalytic reactions is
well known. It has a great effect on the electrostatic charge of the photocatalyst surface,
which determines the catalyst-OH2

+ groups. In the case of TiO2 the adsorption of organic
substrate with functional group like SO3H which are dissociated in aqueous media on the
TiO2 surface coupled with the reactivity of TiO2 itself may be responsible for the acidic nature
of the reaction. However, the basic nature of the pure powders of SSA and PSA may be
responsible for their low photodegradation activities. The pH of these powders became
normalized to 3 after the addition of H2O2 which made the initial solution acidic thereby
enhancing the photodegradation efficiency. The pH of the effluent after photocatalytic
treatment with PSA and SSA doped with H2O2 as well as TiO2 was 7.38 which are
biologically suitable for discharge into water body. Based on this result, pH of 3 was taken as
the optimum pH for the reactions.

3.3.3 Effect of initial substrate concentration

The initial concentration of the pollutant in the solution to be detoxified is an important
parameter to consider. As a result of this, the initial substrate concentration was optimized
by varying the concentration of chlorobenzene between 50 and 500 mg/l at a catalyst
dosage of 4 g/l and pH of 3. The results are presented in Fig. 3.3

Fig. 3.3 Effects of initial substrate concentration on the photocatalytic
degradation of chlorobenzene using different photocatalysts

As can be seen from the figure, percentage chlorobenzene removed from the solution
increased steadily from initial substrate concentration of 50 mg/l to 100 mg/l for all catalysts.
As the substrate concentration increases beyond 100 mg/l, the percentage degradation
decreases. This phenomenon may be as a result of the increase in the extent of adsorption
on the catalyst surface as the substrate concentration increases resulting in reduced activity
of the catalyst. It had been reported that at lower substrate concentration, the degradation
rate is proportional to the concentration [31]. As the concentration increases beyond the
optimum, the reaction is limited by diffusion to the semi-conductor surface leading to pseudo

0
5

10
15
20
25
30
35
40
45
50

0 100 200 300 400 500 600

Chlorobenzene concentration (mg/l)

C
hl

or
ob

en
ze

ne
 d

eg
ra

de
d 

(%
)

SSA PSA TiO2 SSA/H2O2 PSA/H2O2



British Journal of Applied Science & Technology, 4(5): 808-822, 2014

816

first order kinetics. Similar observations has also made by others working on the
photocatalytic degradation of 4-flurophenol, phenol and m-nitrophenol as well as acid blue
80 using TiO2 and ZnO under solar irradiation [32,33,34].

3.3.4 Effect of time variation

The effect of time on the degradation of chlorobenzene under solar irradiation for TiO2, PSA,
SSA as well as PSA and SSA doped with 1 ml of H2O2 (1% v/v) is presented in Figure 3.4

Fig. 3.4 Effects of time variation on the photocatalytic degradation of chlorobenzene
using different photocatalysts

As observed from the Figure, the degradation rate with TiO2 photocatalyst increases steadily
from 18.6 to 45.6% between 1 and 4 hours of reaction. As time increases beyond 4 hours,
the degradation rate starts decreasing and remained relatively constant at about 40.5%. This
gives the optimum reaction time of chlorobenzene degradation using TiO2 as 4 hours. SSA
and PSA doped with 1 ml of H2O2 (1% v/v) also exhibited similar trend with the same
optimum time. However, the degradation rate with SSA and PSA used in their pure form only
increased marginally from 3.9 to 6.8% and 4.4 to 8.6% between the first hour and 3 hours of
reaction before decreasing to 6.2% and 8.2% respectively and remained relatively constant
as time increases. It was therefore, concluded that the optimum reaction time for the
developed SSA and PSA powders was 3 hours. The brevity of these powders reaction time
may not be unrelated to their poor photocatalytic activity as we will see later in this
discussion. The reaction time of 4 hours for TiO2 and H2O2 modified SSA and PSA agrees
with the results of earlier workers [13,35]
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determined above. The results are as presented in Fig. 3.5. As shown in the Figure, TiO2
photocatalyst degraded 22.4% and 55.6% of chlorobenzene in the dark and sunlight
irradiation respectively, PSA degraded 8.6 and 25.8% while SSA degraded the least
percentages (6.5 and 16.8 %) of chlorobenzene after 4 hours reaction time in each case.
The high degradation rate of chlorobenzene under solar irradiation in the presence of TiO2 is
expected since TiO2 had been found to be a highly effective photocatalyst for the
degradation of priority pollutants in wastewater. This effectiveness is as a result of the high
oxidizing power of the holes in the TiO2 valence band enabling it to convert any organic

Fig. 3.5 Percentage chlorobenzene degraded by the various photocatalysts used in
the study

species to CO2, water and mineral acids (such as HCl).These holes, however, are
photogenerated and this explains why the degradation rate in the dark is quite low. The
mechanisms of reactions involved are extensively discussed elsewhere [2]. Comparing the
photocatalytic activity of TiO2 (P25) with other photocatalysts in the degradation of methyl
orange (MO), TiO2 was found to be more effective than the other photocatalysts [28]. This
was attributed to the crystalline composition of rutile and anatase which are the constituents
of P25 TiO2, since the smaller band gap of rutile absorbs the photons and generates
electron-hole pairs and then electron transfer takes place from the rutile conduction band to
electron traps in anatase phase. As a result recombination is inhibited thus allowing the hole
to move to the surface of the particle and react.

From Fig. 3.5, it is observed that the locally formulated catalyst powders (SSA and PSA) are
poor photocatalysts in their pure state. However, PSA exhibits greater potential than SSA.
This may be as a result of the presence of higher quantities of elemental transition metals
such as tin (Sn), iron (Fe), copper (Cu) as well as zinc (Zn) in PSA powders when compared
to SSA. Pure titania nanotubes doped with these metals had been found to enhance its
photocatalytic efficiency [26,29]. The high concentrations of these transition metals in PSA
may not be unrelated with the aquatic origin of the base material – periwinkles.
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The difference in the photocatalytic activity of TiO2 when compared to SSA, PSA and their
modifications may likely be related to the variations in the BET (Brunauer, Emmet and Teller)
surface area, impurities as well as existence of structural defects into crystalline framework
or density of hydroxyl groups in the catalyst surface. The BET analysis of the catalysts
shows that TiO2 has the highest specific surface area of 52 m2/g, with the highest
photocatalytic activity while SSA has the least specific surface area (16 m2/g) exhibiting the
lowest photocatalytic efficiency (Table 2). It had been noted that a catalytic material with a
high surface area exhibit the highest photocatalytic efficiency [11]. This is because high
specific surface area gives rise to greater concentration of active sites which leads to higher
reactivity. The high specific surface area of TiO2 when compared with SSA and PSA may be
as a result of its finer nature, since the smaller the particle size of a catalytic material, the
larger its surface area and the higher its activity due to the greater absorbance of the
pollutant on the catalyst surface. The two locally prepared catalyst powders (SSA and PSA)
have bigger particles than TiO2 and hence their low specific surface area and hence low
activity. However, the surface area of these powders increased with the addition of H2O2 with
attendant increase in activity as Fig. 3.5 shows. This phenomenon may be as a result of
initial breaking down of the powders’ particle by the introduced H2O2 thereby reducing the
particle size of the powders leading to an increase in their surface area with increased
activity. Various studies have shown that the photo catalytic degradation of water effluent
pollutants can be enhanced by addition of H2O2 because it is a better electron acceptor than
oxygen. Reaction of H2O2 with the substrate allows the formation of complexes (OH radicals)
on the surface of the catalysts which shift the spectrum towards the visible region since the
photo catalyst and H2O2 do not absorb in this region [10, 36]. The decomposition of the H2O2
for the formation of radicals during the degradation process can be represented as [10, 37]:

**
22 OHOHeOH  (1)

We believe this phenomenon is responsible for the increased photocatalytic activity of PSA
in the presence of H2O2 because the radicals (OH) produced by the H2O2 (oxidant) attacks
the chlorobenzene to initiate oxidation. Caution should however be exercised on the amount
of H2O2 to be added to the catalysts since high levels of H2O2 inhibits the reaction kinetics.
H2O2 concentration of between 0.7–1.0 ml had been observed to be the optimum amount for
maximum degradation [23]. Beyond the optimum H2O2 amount, the degradation rate
remained virtually constant.  According to the authors, this may be due to the fact that the
surface of the semiconductor catalyst is completely covered by H2O2 molecules and as a
result further amount of H2O2 will remain in the bulk of the solution with no effect on the
reaction rate. This explains why only 1 ml of H2O2 (i.e. 1% v/v) was used throughout this
study.

Though, photocatalytic activity is affected by the external area of the catalysts, the activity of
the photocatalysts is not a function of surface area alone. Heat treatment of the
photocatalysts had also been found to affect the photocatalytic activity significantly as the
particle size of the photocatalysts increase with increasing temperature [38,39]

4. CONCLUSION

The formulated PSA and SSA are poor photocatalyst in their pure unmodified state; however
their photocatalytic activity can be enhanced by the addition of H2O2 in moderation. PSA had
better potential than SSA as it has higher content of transition metals probably acquired from
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its aquatic origin. Other than the basic pH shown by PSA and SSA, other optimum
conditions are the same as for TiO2 and other known photocatalysts.

COMPETING INTEREST

Authors have declared that no competing Interests Exists.

REFERENCES

1. Oghenejoboh KM, Ohimor EO. Contamination of Soil and Rivers by Lead from Used
Engine Oil: A Case Study of Choba Community in Port-Harcourt, Nigeria, Journal of
Pollution Research. 2012;32(2):1–6.

2. Dwivedi AH, Pande UC. Photochemical Degradation of Halogenated Compounds: A
Review, Sci. Revs. Chem. Commn. 2012:2(1):41-452.

3. Adeyinka SJ, Udoh M, Oghenejoboh KM. Application of Coal as Carbon Adsorption
Unit in a Two-Stage Refinery Waste Water Treatment, Tropical Environmental
Research. 2012;4:266-275.

4. Kamble SP, Sawant SB, Pangarkar VG. Heterogeneous Photocatalytic Degradation of
p-Toluenesulfonic acid using Concentrated Solar Radiation in Slurry Photoreactor,
Journal of Hazardous Materials. 2007;140:149-152.

5. Stavarache C, Yim B, Vinatoru, M, Maeda Y. Sonolysis of Chlorobenzene in Fento-
type Aqueous Systems, Ultrasonics Sonochemistry. 2002;9(6)293

6. Kometani N, Inata S, Shimokawa A and Yonezawa Y. Photocatalytic Degradation of
Chlorobenzene by TiO2 in High-Temperature and High-Pressure Water, International
Journal of Photoenergy. 2008;1-4.

7. Patty FA. Industrial Hygiene and Toxicology, 2nd Revised Eds., Vols. I,II,III, Inter
Science, New York; 1967.

8. Ollis DF, Pelizzetti E. Serpone N. Photocatalyzed Destruction of Water Contaminants,
Environ. Sci. Technol. 1991;25:1522-1525.

9. Cesareo D, Di DA, Marchini S, Passerini L, Tosato ML. Environmental Photochemistry
of Chlorinated Aromatics in Aqueous Media: A Review of Data, Homo-Hetero.
Photocatal. 1986;174:593-600

10. Cotto-Maldonado MC, Compo T, Elizalde E, Gómez-Martinez A, Morant C, Màrquez
F. Photocatalytic Degradtion of Rhodamine-B under UV-Visible Light Irradiation using
Different Nanostructurared Catalysts. American Chemical Science Journal.
2013;3(3):178-182

11. Ibhadon AO, Fitzpatrick P. Heterogeneous Photocatalysis: Recent Advances and
Applications, Catalysts. 2013;3:190-194.

12. Maldonado MI, Passarinho PC, Oller I. Gemjak W, Fernẚndez P, Blancco J, Malato S.
Photocatalytic Degradation of EU Priority Substances: A Comparison Between TiO2
and Fenton Plus Photo-Fenton in a Pilot Plant, Journal of Photochemistry and
Photobiology A Chemistry. 2007;185:354-355.

13. Ahmed S, Rasul MG, Martens WN, Brown R and Hashib MA. Advances in
Heterogeneous Photocatalytic Degradation of Phenols and Dyes in Wastewater: A
Review, Water, Air, and Soil Pollution. 215, 2011;(1-4):3-5.

14. Garcia-Ripolli A, Arques A, Vicente R, Domenech A, Amat AM. Treatment of Aqueous
Solutions Containing Four Commercial Pesticides by Means of TiO2,, Solar
Photocatalysis, Journal of Solar Energy Engineering 130.041011-5, 2008.



British Journal of Applied Science & Technology, 4(5): 808-822, 2014

820

15. Egzar HK, Mashkour MS, Juda  M. Study the Photodegradation of aniline blue dye in
aqueous phase by using different photocatalysts, Asian Transactions on Basic and
Applied Sciences. 2013;3(2):23.

16. Al-Qaradawi S. and Salman SR. Photocatalytic Degradation of Methyl Orange as a
Model Compound, Journal of Photochemistry and Photobiology A: Chemistry.
2002;148:161-162.

17. Hermann JM, Pichat P.  Heterogeneous Photocatalytic Oxidation of Halide Ions by
Oxygen in Ultraviolet Irradiated Aqueous Suspension of Titanium Dioxide, J.Chem.
Soc., Faraday, Trans. 1980;176:1138-1140.

18. Augustynski J. Aspect of Photo-Electrochemical and Surface Behavior of Titanium
Dioxide: Structure and Bonding, Vol. 69, Springer, Berlin. 1988;4-6.

19. Berbeni M, Pramauro E, Pelizzetti E, Borgarello E, Gratzel M, Serpone N.
Photodegradation of Pentachloro phenol Catalysed by Titanium Dioxide Particles,
Chemisorpe. 1985;14:195.

20. Màrugan J, Hufschmidt D, Sagawe G, Selzer G and Bahnemann, D. Optical Density
and Photonic Efficiency of Silica-Supported TiO2 Photocatalysis, Water Research.
2006;40:833-835

21. Byrne JA, Eggins BR, Brown NMD, McKinney B, Rouse M.  Immobilisation of TiO2
Powder for the Treatment of Polluted Water,  Appl. Catal. B: Environ. 1998;17:25-28.

22. Majumder SA, Ondrias MR. Enhancement of Solar Photocatalytic Detoxification by
Adsorption of Porphyrins onto TiO2, New Mexico Research Institute 1991;63-65.
Available: www.wrri.nmsu.edu/publish/watcon/proc36/Majumder_Ondrias.pdf

23 Moza PN, Fytianos K, Samanidou V, Korte F. Photodecomposition of Chlorophenols in
Aqueous Medium in Presence of Hydrogen Peroxide, Bull. Environ. Contam. Toxicol.
1988;41:678-680.

24. Mogra D, Ameta R, Chhabra N, Ameta SC. Photochemical Degradation of
Chlorobenzene by Photo-Fenton’s Reagent, Int. J. Chem. Sc. 2003;1(1):42.

25. Fung AKM, Chiu BKW, Lam MHW. Surface Modification of TiO2 by Ruthenium (II)
Polypyridyl Complex Via Silyl-linkage for the Sensitized Photocatalytic Degradation of
Carbon Tetrachloride by Visible Irradiation, Water Research. 2003;37:1939-1940.

26. Lee C, Jou CJG. Integrating Suspended Copper/Iron Bimetal Nanoparticles and
Microwave Irradiation for Treating Chlorobenzene in Aqueous Solution, Environment
and Pollution. 2012;1(2):159-160.

27. Asapu R, Palla VM, Wang B, Guo Z, Sadu R, Chen DH. Phosphorus-doped Titania
Nanotubes with Enhanced Photocatalytic Activity, Journal of Photochemistry and
photobiology A: Chemistry. 2010;225:81-82,

28. Das SK, Ghosh P, Ghosh I, Guha AK. Adsorption of Rhodamine B on Rhizopus
Oryzae: Role of Functional Groups and Cell Wall Components, Colloids Surf. B
Biointerfaces. 2008;65(1):30-32.

29. Rana S. Photocatalytic Degradation of Priority Pollutants, M. Tech. Dissertation,
Department of Biotechnology and Environmental Sciences,Thapar University, Punjab,
India. 2009;56-75.

30. Mahvi AH,  Ghanbarian M, Nasseri S, Khairi S.Mineralization and Discoloration of
Textile Wastewater by TiO2 nanoparticles, Desalination. 2009;239:312.

31. Sabin F, Tűrk T, Vogler A. Photo-Oxidation of Organic Compounds in the Presence of
Titanium Dioxide: Determination of the Efficiency, J. Photochem. Photobiol. A: Chem.
1992;63:99-103.

32. Chio CH, Wu CY, Juang RS. Photocatalytic Degradation of Phenol and M-Nitrophenol
using Irradiated TiO2 in Aqueous Solutions, Separation and purification.
2008;62(3):559-561.



British Journal of Applied Science & Technology, 4(5): 808-822, 2014

821

33. Selvam K, Muruganandham M, Muthuvel I, Swaminathan M. The Influence of
Inorganic Oxidants and Metal Ions on Semiconductor Sensitized Photodegradation of
4-Flurophenol, Chemical Engineering Journal. 2007;128(1):51.

34. Su Y, Deng L, Zhang N, Wang X, Zhu X. Photocatalytic Degradation of C.I. Acid Blue
80 in Aqueous Suspensions of Titanium Dioxide under Sunlight, React. Kinet. Catal.
Lett. 2008;98:228-230.

35. Brillas E, Mur E, Sanlenda R, Sẚnchez L, Peral J, Domѐnech X, Casado J. Aniline,
Mineralization by AOP, Anodic Oxidation, Photocatalysis, Electro-Fenton and
Photoelectro-Fenton Processes, Applied Catalysis B: Environmental. 2006;16(1):36-
40.

36. Guettaȉ N, Ait Amar H. Photocatalytic Oxidation of Methyl Orange in Presence of
Titanium Dioxide Aqueous Suspension, Part II: Kinetic Study, Desalination.
2005;185:439-442.

37. Ge M, Li JW, Liu L, Zhou Z. Template-Free Synthesis and Photocatalytic Application
of Rutile TiO2 Hierarchical Nanostructures, Ind. Eng. Chem. Res. 50. 2011:6681-6683.

38. Raj KJA and Viswanathan B. Effects of Surface Area, Pore Volume and Particle Size
of P25 Titanium on the Phase Transformation of Anatase to Rutile, India Journal of
Chemistry 48A. 2009;1378-1380.

39. Chen X, Mao SS. Titanium Dioxide Nanomaterials: Synthesis, Properties,
Modifications and Applications, Chem. Rev.107. 2007:2891-2895



British Journal of Applied Science & Technology, 4(5): 808-822, 2014

822

APPENDIX

Fig. A1 FTIR spectrum for periwinkle shell ashes (PSA)

Fig. A2 FTIR spectrum for snail shell ashes (SSA
_________________________________________________________________________
© 2014 Oghenejoboh et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=361&id=5&aid=2684

British Journal of Applied Science & Technology, 4(5): 808-822, 2014

822

APPENDIX

Fig. A1 FTIR spectrum for periwinkle shell ashes (PSA)

Fig. A2 FTIR spectrum for snail shell ashes (SSA
_________________________________________________________________________
© 2014 Oghenejoboh et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=361&id=5&aid=2684

British Journal of Applied Science & Technology, 4(5): 808-822, 2014

822

APPENDIX

Fig. A1 FTIR spectrum for periwinkle shell ashes (PSA)

Fig. A2 FTIR spectrum for snail shell ashes (SSA
_________________________________________________________________________
© 2014 Oghenejoboh et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=361&id=5&aid=2684


