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Abstract: Few years ago, growing human needs led to industrialization providing amenities to make human life straightforward. 

However, due to the industrial growth, the pollution of air and water also reached to a degree where new and innovative 

processes/technologies are required to be developed. Therefore, varieties of techniques have been developed for pollution abatement 

Water pollution from emerging contaminants (ECs) or emerging pollutants is an important environmental problem. Heterogeneous 

photocatalytic treatment, as advanced oxidation treatment of wastewater effluents, has been proposed to solve this problem. 

Heterogeneous photocatalytic process was studied for emergent contaminants removal using paracetamol as a model contaminant 

molecule The oxidation of organic substrates represents one of The oxidation of organic substrates represents one of the most important 

industrial chemical reactions, explaining the significant efforts invested in the research and development of new heterogeneous catalysts 

with increased activities and selectivities in these type reactions.  
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1. Introduction 
 
Current journalism has verified on a laboratory scale the 
probable of this shows potential technology to completely 
demolish organic pollutants dissolved or dispersed in water 
into harmless substances. While the devastation rate of E. 

coli was exaggerated by pH, dissolve oxygen (DO) and 
temperature (T), it was found that number of bacteria 
shattered throughout disinfection mainly depends on 
occurrence light intensity (I0) and irradiation time (t), which 
follows an exponential connection In semiconductor 
photocatalysis, the light absorbing species is a 
semiconducting material. The electronic structure of most 
semiconductor materials comprise a highest occupied band 
full of electrons called the valance band (VB), and a lowest 
untenanted band called the conductance band (CB). These 
bands are alienated by a Region that is principally devoid of 
energy levels and the disparity in energy between the two 
bands is called the band gap energy, Ebg.present at the 
surface, i.e. A, then the photogene rated conductance band 
electrons can respond with it to produce a reduced product, 
A-. The overall reaction can be summarized as follows: 
 

A + Dsemiconductor→A- + D hν Ebg         (1) 
 
In the sanitization of water via semiconductor 
photocatalysis, the electron acceptor, A, is habitually 
dissolved oxygen, and the electron donor, D, is the pollutant, 
which is typically unrefined. Under these situation the 
overall process is the semiconductor photocatalysed 
oxidative mineralisation of the natural pollutant by dissolved 
oxygen, and can be represent by the following equation: 
Pollutant O semiconductor minerals 
 

2 h ≥Ebg + →ν                             (2) 
 
where „minerals‟ are CO2, H2O and, where appropriate, 
inorganic acids or salts, such as HCl or NaCl.  
 

 

 

2. Literature Survey 
 

2.1Ashok Kumar 

 
Intentional an general idea on semiconductor particulate 
system for hydrogen creation. Potentials of various 
photocatalysts for hydrogen production, such as CdS,TiO2 
and SiC, were discussed. furthermore unlike catalyst 
amendment methods, such as noble metal loading, toting up 
of sacrificial reagent and dye were evaluate given that then, 
a number of innovative technology have been urbanized 
excluding anion doping and metal ion-scion. This paper 
aims to give a wide-ranging review on the modern maturity 
of photocatalytic hydrogen invention using photocatalyst 
TiO2. compare with other photocatalysts, TiO2 is much more 
hopeful as it is steady, non-corrosive, environmentally 
friendly, plentiful and cost useful. Based on recent research 
works, the augmentation methods for photocatalytic 
hydrogen production are reviewed and summarized.  
 
2.2 Gianluca Li Puma, Po Lock Yue 

 

Intentional the application of photo catalysis for water 
treatment and purification on an industrial scale can be 
accelerate by the progress of both new photo reactor design 
and arithmetical models. A work of fiction, pilot-plant, thin-
film, slurry photo catalytic reactor for water Treatment and 
purification is obtainable in this paper. The reactor is a 
`spout photo catalytic reactor, consisting of a grace with 
your presence water bell irradiated from above. Such a 
reactor arrangement is particularly appropriate for large-
scale solar applications of photo catalysis. 
 
A dimensionless arithmetical model for the cascade photo 
catalytic reactor is presented in this paper. The model was 
urbanized using parameter that can be predictable 
effortlessly from genuine systems and replica solutions can 
be obtain with modest computational endeavor The model 
was legalize with untried results from the photo catalytic 
oxidation of salicylic acid in a pilot-scale reactor using 
titanium dioxide (TiO2) as the photo catalyst experiment 

Paper ID: IJSER151177 60



International Journal of Scientific Engineering and Research (IJSER) 
ISSN (Online): 2347-3878 

 Index Copernicus Value (2015): 62.86 | Impact Factor (2015): 3.791 

Volume 5 Issue 1, January 2017 

www.ijser.in 
Licensed Under Creative Commons Attribution CC BY 

were perform under a number of deferent circumstances by 
anecdotal substrate meditation, concentration of the occasion 
radiation, catalyst loading, flow rate, salvage ratio and water 
spray diameter. The model results were found to healthy the 
new data well in all cases. The model draw near can be 
extensive to other thin-film slurry photo catalytic reactors. 
 

2.3 William A. Jacoby 

 

Studied article will review the work that has been available 
on disinfection and the butchery of cancer cells using 
photocatalytic chemistry with titanium dioxide (TiO2). This 
is an application of photocatalytic chemistry that has been 
under vigorous examination since 1985. Because the nature 
of the research is such that it brings together unrelated 
discipline this review provides background on photocatalytic 
chemistry, essential characteristics of intention organisms, 
potential applications, and the toxicology of titanium dioxide  
 
 

3. Types of photoreactor 
 

3.1 Optical Fiber Tube Reactor 

 

Impulsive organic compounds (VOCs) are distinctive 
gaseous emission from a range of industries and pretense 
hazard for human health and environment a lot of 
technologies presently used for the treatment of VOCs, such 
as adsorption and scrubbing processes, merely migrate the 
pollutants from gas phase to another phase. Oxidation, such 
as ultraviolet/titanium process, is measured to be an efficient 
process for decomposing volatile organic pollutants in 
gaseous phase. 
 
In recent years, many research have studied the likelihood 
and reaction mechanism ofTiO2-based photo catalytic 
breakdown of several gas-phase organic compounds employ 
fixed-bed photo reactors operated in either batch or 
permanent flow modes.. 

 

 
Figure: Typical Type Photocataltic Reactor 

 

3.2 Packed bed Reactors 

 

In this type of reactors the fluid stream to be treated flows 
during the packed bed, comes into speak to with the 
irradiated particles holding the TiO2. Some of the 
drawbacks that this design may tolerate are a low surface 
area to reactor volume ratio and low use of irradiation and 
this in view of both light absorption and scattering. Different 
types of fixed bed reactors have been projected: flat or 
curved walls, grooved walls, monoliths, packed beds and 
reticulated configurations.Changrani and Raupp proposed a 
reticulated foam photocatalytic reactor and solved the 
representation with Monte Carlo simulation; these authors 
also used a deterministic two-dimensional (2-D) assorted 
model to simulate this reactor. At the same time, a model for 
absorption by TiO2 films in a corrugated-plate 
photocatalytic reactor was described by Zhang etc. 

 
 

 
Figure: Packed Bed Photocatalytic reactors 

 
3.3 Spinning Disc Reactor 

 

The rotor-stator spinning disc reactor consists of a rotating 
disc in a cylindrical lodging The distance between the rotor 
and the reactor wall, the stator, is small, in the order of 1 
mm. Two reactor configurations are studied. In the first 
configuration, the liquid, which is the continuous phase, is 
injected to the reactor from the top Gas bubbles are sheared 
off at the gas inlet, due to the high velocity gradient, and 
thus shear force, between the rotor and the stator. The gas 
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bubble size reduces with increasing rotational disc speed. 

 
Figure: Spinning Disc Reactor Photocatalysis mechanism 

 
 

4. Definition of Photocatalyst 
 

4.1 Photo-Catalysis is termed as "acceleration by the 
presence of as catalyst". A catalyst does not change in itself 
or being obsessive in the chemical reaction. This definition 
includes photosensitization, a process by which a 
photochemical amendment occurs in one molecular entity as 
a result of preliminary absorption of radiation by another 
molecular entity called the photosensitized. Chlorophyll of 
plants is a type of photocatalyst. Photocatalysis compared to 
photosynthesis, in which chlorophyll captures sunlight to 
turn water and carbon dioxide into oxygen and glucose, 
photocatalysis form strong oxidation agent to breakdown 
any organic matter to carbon dioxide and water in the 
presence of photocatalyst, light and water.  

 
Figure: Mechanism of phototocatalyst 

 
4.2 Mechanism 

 
When photocatalyst titanium dioxide (TiO2) absorbs 
Ultraviolet (UV) radiation from sunlight or illuminated light 
preliminary place (fluorescent lamps), it will engender pairs 
of electrons and holes. The electron of the valence band of 
titanium dioxide becomes thrilled when illuminate by light. 
The excessenergy of this active electron promoted the 
electron to the conveyance band of titanium dioxide 
therefore creating the negative-electron (e-) and positive-
hole (h+) pair. This phase is referred as the semiconductor's ' 
photo-excitation ' state. The energy difference between the 
valence band and the conduction band is known as the ' 
Band Gap '. Wavelength of the light essential for photo-
excitation is: 1240 (Planck's constant, h) / 3.2 ev (band gap 
energy) = 388 7.4 Super-Hydrophilic 

 
When the exterior of photocatalytic film is uncovered to 
light, the get in touch with angle of the phtocatalyst surface 
with water is abridged steadily. After enough introduction to 
light, the surface reaches super-hydrophilic. In other words, 
it does not ward off water at all, so water cannot survive in 
the shape of a drop, but spreads utterly on the surface of the 
substrate. And the water took the form of a highly 
standardized thin film, which behaves optically like a 
apparent sheet of glass.The hydrophilic nature of titanium 
dioxide, fixed with the gravity, will permit the dust particles 
to be swept away following the water stream, thus making 
the product self-cleaning. 
 
The positive-hole of titanium dioxide breaks at a distance 

the water molecule to form hydrogen gas and hydroxyl 
radical. The negative-electron reacts with oxygen molecule 
to form super oxide anion. This cycle continues when light 
is obtainable. The overall mechanism of photocatalytic 
reaction of titanium dioxide. 
 

4.3 Photocatalytic Oxidation 

 
The most authoritative advanced oxidation systems are 
based on the generation of hydroxyl radicals. The hydroxyl 
radical is an tremendously powerful oxidation agent, second 
only to Fluorine in power (2.23 in Relative Oxidizing 
Power). Following is a listing of common chemical oxidants, 
placed in the order of their oxidizing strength: 
 

4.4 Deodorizing Effect 

 
On the deodorizing application, the hydroxyl radicals 
accelerate the breakdown of any Volatile Organic 
Compounds or VOCs by destroying the molecular bonds. 
This will help merge the organic gases to form a single 
molecule that is not harmful to humans thus enhance the air 
cleaning efficiency. Some of the examples of odor 
molecules are: Tobacco odor, formaldehyde, nitrogen 
dioxide, urine and fecal odor, gasoline, and many other 
hydro carbon molecules in the atmosphere. Air purifier with 
Ti02 can prevent smoke and soil, pollen, bacteria, virus and 
harmful gas as well as seize the free bacteria in the air by 
filtering percentage of 99.9% with the help of the highly 
oxidizing effect of photocatalyst (Ti02). 
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4.5 Anti-Bacterial Effect 

 
Photocatalyst does not only slay bacteria cells, but also 
decay the cell itself. The titanium dioxide photocatalyst has 
been found to be more effective than any other antiseptic 
agent, because the photocatalytic reaction works even when 
there are cells covering the surface.  
 
5. Future Outlook 
 

There is a enormous body of literature, including a number 
of appraisals, recitation TiO2 catalysed photochemistry [18-
20]. Noteworthy are the 1995 contribution of Hoffmann et 
al. which includes 441 references and the excellent review 
paper by Hashimoto et al. [15] This study confirms that 
photocatalysis is fitting not only for decolorizing colored 
aqueous effluents but also promisingly degrading the dyes 
and its poverty intermediates to harmless mineral products 
(CO3, H30, SO42'etc). With good photocatalytic activity 
under UV irradiation and the ability to be readily separated 
from the reaction system, this novel kind of catalyst 
exhibited the probable to be effective in the action of organic 
pollutants in aqueous systems. ia are actively propagating. 
The end toxin produced at the death of cell is also expected 
to be decomposed by photocatalytic action. Titanium 
dioxide does not deteriorate and it shows a long-term anti-
bacterial effect. Generally speaking, disinfections by 
titanium oxide is three times stronger than chlorine, and 1.5 
times stronger than ozone. 
 

6. Result 
 
Focuses on the collection of the best route by which TiO2 
catalysts were prepared, based on the application of the 
catalyst on the degradation of Methylene Blue (MB), a 
common unrefined dye, by varying all possible parameters. 
lt is inferred that the photochemical degradation of 
methylene blue occurred effectively over the prepared 
catalysts. The percentage degradation of the dye for various 
systems could be correlated with the large surface area, 
crystallite size, mesoporous nature and the band gap. 
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