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ABSTRACT 

Phenol compounds have vital role in industry. High toxicity and carcinogenicity of these compounds can cause 
considerable adverse effects on the aquatic ecosystem and human health. The objective of this research was to study 
immobilize TiO2 nanoparticles on glass beads using cellulose acetate. Then the phenol was degraded in reactor packed 
with TiO2 coated glass beads in presence of UV light. Immobilization using cellulose acetate is simple and inexpensive too. 
Batch photoreactor and Batch-recirculated photoreactor studies were carried out. For batch photo reactor various 
parameters such as pH (2 to 9), catalyst concentration (0.2 to 1 g/L), initial phenol concentration (50 to 150 ppm) were 
studied. For Batch-recirculated photoreactor various parameters such as flow rate of phenol (3 to 10 lpm), initial phenol 
concentration (30 to 60 ppm), intensity of UV light (23 to 38 W) and volume of phenol (300 to 500 mL) were studied. The 
phenol concentration was analyzed using UV-Visible spectrophotometer. Maximum degradation of phenol in batch 
photoreactor and batch-recirculated photoreactor were found to be 53 % and 46.8% respectively. Through this research 
there is possibility of reducing environmental problems. Comparing to the earlier researches on environmental problems, 
present research is more effective and possible to degrade the phenol.   
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INTRODUCTION 
There are number of pollutants of aquatic environment. Among them phenol and phenolic compounds 
are important pollutants of it. Because of the excess use of phenol in agriculture, petrochemical, textile 
and pesticidal chemical industries, it occurs in the aquatic environment [1]. Phenol is dangerous for living 
organisms like mammals and aquatic organisms. It is because it contains carcinogenic and mutagenic 
contents. The toxicity and persistence of organic pollutants in the environment has been the societies and 
regulation authorities [2]. Phenolic compounds in aqueous solutions were successfully degraded via 
heterogeneous photocatalysis using TiO2. The process is based on photo-activation of  TiO2 by UV 
radiation, which initiates a series of reactions that result in the production of powerful oxidants (e.g., 
hydroxyl radicals), which can react with organic compounds in proximity to or adsorbed onto the TiO2 
surface. Titanium dioxide (TiO2) exists in three different crystalline phases namely anatase, rutile and 
brookite. Among these anatase and rutile are used for photocatalusis [3]. They are bearing minerals and 
by the precipitation of solutions of titanium salts or alkoxide. The special feature of nanoparticles is the 
high surface to volume ratio; to achieving photocatalytic property enhancement by having more sites. 
Therefore nanoparticles of TiO2 with semiconductor features, in the degradation of compounds present in 
the wastewater is researched upon. In purification of waste water the application of TiO2 photocatalysts 
is used in the present days. Meanwhile At disadvantages of stirring takes place because of the the of 
conventional powder catalyst [4]. This happening both at the time of reaction and after the separation of 
reaction too. But this disadvantage can be solved by thin films coated by the preparation of catalysts. It 
even assists in lengthening the industrial applications. Because of its photostability, non-toxicity, low cost 
and water insolubility under most environmental conditions TiO2 is the most widely used semiconductor 
catalyst.  The complete mineralization of phenol in water and wastewater is done with the help of TiO2, 

which is considered as a good photocatalyst. Along with crystal structure of TiO2, which is among the 
parameters determining its intrinsic catalytic properties, its structural properties are also important. This 
is because the transport of reactants and products to or from the catalytic active sites and the light 
absorbance for the photo-excitation of the catalyst and the generation of electron-holes pairs can be 
affected by catalyst morphology can affect the transport of reactants and products. The structural 
features can determine their permeability and selectivity at large extent in the case of TiO2 membranes 
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(Hyeok Choi et al., 2006). In intimate contact with an aqueous solution of the pollutant UV-irradiated 
titanium dioxide, helps to form non toxic substances by oxidization, by the development of redox 
environment. The separation of nonstructural TiO2 to get a high surface area is a way to increase TiO2 
photocatalytic activity that is directly related with catalytic activity. From the degraded solution by 
centrifugation and filtration by small small TiO2 powder photocatalyst have to be removed. If the energy 
is higher than band gap (3.2eV) of TiO2, then Under UV light illumination, the absorption of photons 
creates an electron-hole pair [5] when the energy id higher than band gap (3.2eV) of TiO2. The pairs will 
migrate at the surface and are trapped by the titanium and OH- surface groups. These are free radicals 
which cause the oxidation of organic compounds. From synthesized and commercially available TiO2, 
these were measured by the UV-Visible spectrometer. The optical absorption and transmission of the film 
is prepared Heterogeneous photocatalysis method is used to remove the toxic pollutants from industrial 
wastewater.  It is because heterogeneous catalysis has capacity to convert them into CO2, H2O and mineral 
acids as the end products [6].  
 
MATERIALS AND METHODS 
Chemicals used: 
Phenol (99.0% purity) was purchased from Priya Research Laboratiries Ltd., Bangalore. All other 
chemicals used in this work (NaOH, HCl,) were of reagent-grade quality. Titanium dioxide nano powder 
21 nm particle size was purchased from Sigma Aldrich (Anatase, 99.5%) product of Germany. Ammonium 
hydroxide, ammonium chloride,  Potassium ferri-cyanide, 4-Aminoantipyrine were used.The 8 W UV lamp 
used for degradation experiments and samples are analysed using UV-Visible spectrophotometer. 
Immobilization using cellucole acetate: 
In this method, 1:1 ratio of cellulose acetate and TiO2 was used. 2 g of Cellulose acetate was dissolved in 
16 ml of acetone. To this solution 2 g of TiO2 was added and mixed for uniform concentration (Chethan 
gadiyar et al.,2013). Viscous solution was obtained. Fresh glass beads are added to viscous solution and 
mixed to get glass beads coated with TiO2. Finally glass beads coated with TiO2 dried under atmospheric 
condition. 
Calibration curve: 

 

 

Figure 1 : Calibration plot of UV-Vis spectrophotometer. 

To obtain calibration curve ,phenol solutions of 10 to 100 ppm were prepared. Since phenol is colorless 
compound, the following reagents were added to get red colored solution. 

i. Ammonium hydroxide solution: 0.1 ml 
ii. Ammonium chloride solution:1 ml 
iii. Potassium ferri-cyanide solution: 0.4 ml 
iv. 4-Aminoantipyrine solution: 0.4 ml 

samples were analysed using UV-Visible spectrophotometer at 500nm . 
Experimental work 
Batch photoreactor : Batch photoreactor set-up consists of  wooden box. The box inner surfaces were 
covered with aluminum foil. 8 W UV light and low speed magnetic stirrer were used for degradation. The 
distance between the bowl and UV light was 8 cm.     
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Figure 2: Batch photo reactor 

The degradation of phenol was observed under various parameters such as initial phenol concentration, 
pH and amount of catalyst used. The beaker containing phenol along with catalyst was kept in dark room 
for 15 minutes. The purpose of keeping in dark room is that the phenol gets adsorbed on the catalyst 
particles. The UV light was switched on. After every 30 minutes, 2 ml of sample was taken in vial tube and 
the bowl was kept back for further degradation. The sample was centrifuged at 5000 rpm for 10 minutes. 
Centrifugation is done in order to remove any catalyst present in the solution. Supernatant solution was 
collected. Since phenol is colorless compound, the same reagents were added to get red colored solution. 
Finally samples are analyzed using UV-Visible spectrophotometer at 500nm. The same procedure was 
repeated for all the parameters. 
Batch-recirculated photo reactor: 
It is a closed wooden chamber. The inner surfaces were covered with aluminum foil.  Glass column of 
inner diameter 2.8 cm and height 45 cm was used for degradation. Diameter of the glass beads was 3 mm. 
The column was kept vertically, packed with glass beads coated with TiO2 and placed between two UV 
lights each of 15 W as shown in Fig.3. The degradation of phenol was observed in Batch-recirculated 
photo reactor under various parameters such as flow rate of phenol, initial phenol concentration, 
intensity of UV light and volume of phenol. For photocatalytic degradation, known concentration of 
phenol was prepared. The phenol solution was passed through the reactor packed with TiO2 coated on 
glass beads for degradation. The degraded solution was circulated back in to the reactor.  After every 30 
minutes 2 ml of sample was taken and the same reagents were added to get red colored solution. Samples 
were analyzed using UV-Visible spectrophotometer at 500nm. 
 

 
Figure 3: Batch-recirculated photo reactor. 

 

RESULTS AND DISCUSSION 
Batch photo reactor: 
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Effect of time variation on phenol: From Fig.4. Experiment was conducted in batch photo reactor for 
420 minutes. Absorption intensity is a function of irradiation time of phenol solution. Rate of reaction 
depends on concentration of phenol; hence it does not follow zero order reaction. Degradation of phenol 
follows pseudo first-order kinetics with respect to phenol concentration 
                                 

                     - dCt ⁄ dt = kapp  x Ct                                    (1) 

                               

Figure 4:  Effect of time variation on phenol 

Integration of Eq. (1) with boundary condition that at the start of irradiation (t=0), the concentration is 
the initial one, Ct=C0  
 
                              - ln (Ct ⁄ C0) = kapp  x t                                (2) 
Where, kapp (min-1) is the apparent first order rate constant, Ct is the concentration of phenol at time t 
(min) and C0 is the initial phenol concentration.    
 
Effect of pH: The role of pH on the photocatalytic degradation of phenol was studied in the pH range of 
2.0 to 9.0 and is shown in Fig.5. It can be seen that the degradation efficiency increased as the solution pH 
was increased from pH 2.0 to 5.0. However, a further increase in the solution pH, led to a decrease in the 
degradation of phenol. The maximum degradation of phenol was obtained at pH 5. This may be due to the 
fact that TiO2 is amphoteric in aqueous solution. The point of zero charge of TiO2 is 6.8, thus below this 
value, TiO2 surface is positively charged and above it is negatively charged. The maximum degradation 
efficiency occurred at pH 5 as observed in the literature. 
 

 

Figure 5: Effect of pH on photocatalytic degradation of phenol. Phenol: 100 ppm; TiO2 :0.5 g/L. 
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Effect of catalyst concentration: The effect of catalyst concentration on photo degradation of phenol 
was studied by changing the catalyst concentration from 0.2 to 1 g/L. Initial phenol concentration was 
100 ppm and pH 5.  
 

 

Figure 6: Effect of catalyst concentration on the photocatalytic degradation of phenol. Phenol: 100 
ppm; pH 5. 

The results indicated that the optimal catalyst concentration for photocatalytic degradation of phenol was 
0.5 g/L using 8 W UV light. Shown in Fig .6. Increase in the catalyst concentration, the degradation rate 
increased up to certain limit. Later, with increase in catalyst concentration led to decrease in the 
degradation rate, may be due to aggregation of free TiO2 particles that resulted in decrease in the number 
of surface active sites. 
Effect of initial phenol concentration: The initial phenol concentration was varied from 40 to 100 ppm 
and is shown in Fig.7. The results indicated that the optimal phenol concentration for photocatalytic 
degradation was 100 ppm using 8 W UV light. As the phenol concentration increased, the degradation 
rate increased up to certain limit. Further increase in concentration of phenol led to decrease in the 
degradation rate. It may due to fact that penetration of UV light at high concentration was difficult and 
light absorbed by the phenol was more than that of TiO2     

 
Figure 7: Effect of initial phenol concentration on the photocatalytic degradation of phenol. TiO2: 

0.5 g/L; pH 5. 
Immobilization on glass beads  

 
(a)                                            (b) 

Figure 8: SEM images of (a) fresh glass bead (b) immobilized TiO2 on glass bead 
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TiO2 was immobilised on glass beads by cellulose acetate method. Procedure was explained in materials 
and methods. This method was inexpensive and good one. Fig 8 exhibits the structure and morphological 
characteristics of the fresh glass bead and immobilized TiO2 on glass bead 
Batch-recirculated photo reactor: 
Effect of flow rate: Effect of flow rate on the photocatalytic degradation of phenol was carried out using 
400 mL, 50 ppm phenol solution illuminated with UV light of intensity 30 W. The degradation experiment 
was conducted in Batch-recirculated photoreactor for flow rates of 3, 5, 8 and 10 lpm. The effect of flow 
rate on the photocatalytic degradation of phenol is shown in Fig. 9. With increase in the flow rate, the 
percentage of degradation decreased. The results indicated that maximum degradation 40% was 
achieved at a flow rate of 3 lpm. 
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Figure 9: Effect of flow rate on the photocatalytic degradation of phenol. UV intensity:30 W; 
phenol: 50 ppm; volume: 400 ml. 

Effect of phenol concentration: Effect of phenol concentration on the photoctalaytic degradation of 
phenol was carried out using 400 mL, flow rate of phenol 3 lpm and UV light intensity of 30 W. The 
degradation experiment was conducted in Batch-recirculated photoreactor for concentrations of 30, 40 
50, and 60 ppm. The effect of the phenol concentration on the photocatalytic degradation  of phenol is 
shown in Fig. 10. With increase in the concentration, the percentage of degradation decreased. The results 
indicated that maximum degradation 41.2% was achieved at concentration of 30 ppm. 
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Figure 10: Effect of phenol concentration on the photocatalytic  degradation of phenol. Flow rate:3 
lpm; UV intensity:30 W; volume: 400 ml. 

Effect of intensity of UV light: Effect of intensity of UV light on the photoctalaytic degradation of phenol 
was carried out using 400 mL, flow rate of phenol 3 lpm and 30 ppm phenol solution. The degradation 
experiment was conducted in Batch-recirculated photoreactor for intensity of UV lights of 8, 23, 30, and 
38 W. The effect of intensity of UV light on the photocatalytic degradation  of phenol is shown in Fig. 11. 
With increase in the intensity of UV light, the percentage of degradation decreased. The results indicated 
that maximum degradation 45.3% was achieved at intensity of 38 W. The degradation results were better 
compared to the results shown by [7].     
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Figure 11: Effect of intensity of UV light on the photocatalytic degradation of phenol. Flow rate:3 
lpm; phenol: 30 ppm; volume: 400 ml. 

Volume of phenol solution in beaker: Effect of volume of phenol solution in beaker was carried out 
using flow rate of phenol 3 lpm, 30 ppm phenol solution illuminated with UV light intensity of 38 W. The 
degradation experiment was conducted in Batch-recirculated photoreactor for volumes of 300, 400 and 
500 mL. The effect of phenol solution in beaker is shown in Fig. 12. With increase in the volume, the 
percentage of degradation decreased. The results indicated that maximum degradation 46.8% was 
achieved at volume of 300 mL.  
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Figure 12: Effect of volume of phenol solution in beaker. Flow rate: 3 lpm; phenol: 30 ppm; UV 
intensity:38 W. 

CONCLUSIONS 
The growing awareness of magnitude of current environment pollution demands vigorous efforts on the 
part of the industry and research community to find more effective measures to diminish and ameliorate 
pollution. One technology that holds promise is the photo-catalysis that can degrade or detoxify 
environmental work. For batch photoreactor maximum degradation of phenol using TiO2 was obtained at 
the following conditions: 
pH=5 
Catalyst concentration=0.5g/L 
Initial phenol concentration=100ppm 
 
In the present work TiO2 film can be commendably coated on the surface of glass beads by cellulose 
acetate method and phenol can be degraded efficiently with TiO2 film. 
For Batch-recirculated photoreactor maximum degradation of phenol using immobilized TiO2 was 
obtained at the following conditions: 
Flow rate=3 lpm  
Concentration of phenol=30 ppm 
Intensity of UV light=38 W 
Volume of solution=300ml 
TiO2 immobilized on the glass beads is fit to treat contaminants with low concentration and purification 
of water. 
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