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Abstract- Graphene oxide (GO) loaded of commercial P25 TiO2 (Ti) nanoparticles was prepared from graphite using 
Hummers` method. Reduction of GOTi by hydrogen gas, hydrazine hydrate and hydrothermal methods was applied to obtain 
H2RGOTi, HHRGOTi, and RGOTi respectively. The as-prepared nanocomposites were tested toward the photodegradation 
of phenol in presence and absence of H2O2 using UV lamp as an excitation source. The best phenol degradation was 
obtainedin the case of RGOTi nanocomposite in presence of H2O2. To imitate the sun light, the Xe lamp was used in the case 
of RGOTi in presence and absence of H2O2and/or O3. The photodegradation of phenol was enhanced upon addition H2O2 or 
O3 .However, significant increase in degradation %was observed when both H2O2 and O3 were added, in which 83.7 % 
degradation was observed within 30 min. under experimental conditions studied.  
 
Keywords- P25 TiO2, Nanocomposite, Graphene Oxide, Photo Degradation, Phenol. 
 
I. INTRODUCTION 
 
With world development, huge amount of wastewater 
created and their treatments become concerned.  
Phenol is one of the contaminant found in wastewater 
needed special attention due to its toxicity and 
refractory to the tradition treatments[1-5]. Therefore, 
much more effects directed toward advanced 
oxidation process (AOP) especially photocatalysis as 
replacement of the traditional techniques. 
 
Photocatalytic techniques are based on the interaction 
between a catalyst and UV radiations. Irradiated 
catalyst promotes an electron (e-) from the valence to 
the conduction band, creating a positive hole (h+) in 
the valence band. The electron-hole (e-h+) pairs are 
able to initiates oxidation and reduction to break 
down the organic compound.Coupling TiO2, which is 
known to be an excellent photocatalyst, after 
lowering its  band gap energy through forming a 
composite with graphene might be a good catalyst for 
phenol treatment.Addition of oxidant like H2O2 or O3 
may increase the photocatalytic activity of the 
composite toward phenol degradation. Unlike 
chlorine, which is widely used worldwide, hydrogen 
peroxide and O3 are environmentally friendly 
oxidants that does not generate carcinogenic residues 
and plays an important role in green chemistry 
This work investigate the photocatalytic activities of 
different nanocomposites of reduced graphene oxide 
loaded in TiO2 prepared from different method using 
UV lamp as an excitation source toward phenol 
degradation. In addition, better photocatalyst 
composite was further tested using Xe lamp to 
simulate solar energy in presence and absence of 
H2O2 or/and O3. 

II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
2.1 Synthesis 
The detail preparation methods for as-prepared 
composites were reported previously[6].  
 
2.2 Characterization 
The surface areas were measured using an automatic 
ASAP 2010 Micromeritics sorpometer (USA) which 
is equipped with an outgassing platform and an online 
data acquisition and handling system. It was operated 
using various computer-run methods to analyse the 
adsorption data. 
UV-Vis diffuse spectra reflectance spectra (DRS) 
(DRS) were measured for the KBr – supported test 
samples (<1 wt%) at room temperature in the range 
200–800 nm at a resolution of 0.05 nm using a Cary 
5000 UV-Vis-NIR (Agilent, Australia) with an 
integrating sphere accessory. 
It is worth to mention that the as-prepared composites 
were also characterized previously [6-8]by various 
analytical techniques such as X-ray photoelectron 
Spectroscopy (XPS), FT-IR, Raman and X-ray 
diffraction (XRD). 
 
2.3 photocatalytic experiments 
Figure 1 shows a schematic diagram for the 
photocatalysis experimental setup. For each test, a 
100 mL of aqueous solutions of 20 mg L-1 phenol was 
prepared. The catalyst (0.1 g) was mixed using a 
stirrer in a dark chamber for 30 min. until the 
adsorption equilibrium was reached. The suspension 
(solution + catalyst) was then illuminated either by a 
high mercury lamp (300 W) or 150 W Xenon lamp 
without a cut-off filter. The pH of the aqueous 
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phenolic solutions was not adjusted. The distance 
between the liquid and radiation source was 4.5 cm. 
The time at which the lamp was turned on was 
considered “time zero” i.e. the beginning of the 
experiment. Samples were taken after 30 min from 
the reaction vessel and filtered to get rid of suspended 
catalyst particles using a nylon filter paper of pore 
size 0.4 m. Concentration of phenol was determined 
by UV-vis spectrophotometer with UV absorbance in 
the range of 190-400 nm at 269 corresponded to the 
maximum adsorption of phenol. 
Ozone was produced electrochemically in situ using 
SiO2/Ti300nm/Pt100nm/TiOx100nm/SnOx500nm 
electrode. 
 

 
Fig 1. Schematic diagram for the photocatalytic experimental 

setup. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Characterization 
The BET surface areas and band gap energies 
calculated from UV diffuse reflectance for as-
prepared composites were listed in Table 1. It was 
observed that the surface areas for all as-prepared 
composites near to each other and were nearly the 
same as for P25 TiO2. This observation showed that 
the BET surface area was not thecontrolling factor for 
the photocatalytic activities of the as-prepared 
composites.This observation has been also reported 
by other researchers[9, 10]. However, their 
corresponding band gap energy were different. The 
RGOTi had the lowest band gap energy of 2.96 eV 
followed by HHRGOTi then H2RGOTi.  Therefore, it 
wasexpected that RGOTi has bestphotocatalytic 
activity and it can be carried out under visible or sun 
light since it’s  wavelength of adsorption lies in 
visible region. 
 

Table1. BET surface areas and band gap f as-
prepared composites 

 

3.2. Photocatalytic reactions 
The degradation percentage was calculated using 
Equation 1: 
 
Degradation %= ቔC0- C1

C0
ቕ  x 100 1 

 
whereC0 is the remaining concentration of phenol 
after the adsorption equilibrium was achieved which 
is before illumination starts. The Ct represents the 
remaining phenol concentration after illumination for 
a certain time t.  
No detectable phenol degradation was observed in 
absence of as-prepared composites.  
 
Table 2 showed the photocatalytic activity of as-
prepared composites in presence and presence of 
H2O2 under UV illumination. Off note, H2O2 was 
added in order to increase the formation of OH 
radicals as well as to inhibit the electron/hole (e/h+) 
pair recombination, as shown from Equations 2 and 
3[11] 

 
 
Table 2: Degradation % of phenol (20 mg L-1) on 

different composites after 30 min under 300W UV 
illumination in presence and absence of 70 µL of 

H2O2 

 
 
The following remarkscan be extracted from Table 2: 
1. All composites hadphotocatalytic activity toward 

degradation of phenol. 
2. The photodegradation of phenol increases with 

addition of H2O2 in all composites. For example, 
the phenol degradation % increase from 15.70 % 
to 20.55 % in case of H2RGOTi. However, 
increment in phenol degradation in the case of 
RGOTinanocomposite is the best (from 37.67 to 
57.34 % ). This may due to more inhibition of 
electron/hole (e/h+) pair recombination. 

3. The RGOTi nanocomposite showed best phenol 
degradation in presence and absence of H2O2. 
This may be due more ordered structure in case 
of RGOTi, hence the band gap energy is less 
compared to HHRGOTi and H2RGOTi. 

 
The best composite which is RGOTi was further test 
for phenol degradation under Xe illumination in 
presence and absence of H2O2 and/or O3(Table 3). 
The Xe lamp was chosen in order simulate the sun 
light and therefore, the cost effect for the degradation 
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will be reduced. In addtion, It was observed that band 
gap energy of RGOTi is 2.69 (Table 1) which is lies 
in visible region so we expected better performance 
upon using Xe lamp than UV lamp. 
 
Table 3: photodegradation % of 20 mg L-1phenol 
on RGOTi composite after 30 min under 150 W 
Xeillumination in presence and absence of 70 µL 

of H2O2and/or O3 

 
 
Comparing Table 2 and 3, the following pointscan be 
extracted: 
1. The performance of RGOTi composite in 

phenoldegradation under Xe illumination (50.57) 
%) much better than under UV illumination 
(37.67). This is due to decrease in the band gap 
energy of TiO2 when it is coupled with RGO. 

2. Like in Table 2, addition of H2O2 increased the 
photodegradation of phenol under Xe 
illumination.  

3. Both H2O2 and O3 enhanced the degradation % 
of phenol under Xe illumination compared to 
their absence addition. 

4. Addition of both H2O2 and O3 increased the 
photodegradation of phenol promptly to reach 
83.70 % after 30 min illumination. The increased 
in the phenol degradation with addition of both 
oxidants is much more than if each oxidation was 
addition alone (the increase was 65.5 %). This 
may be due to increase inhibition of electron/hole 
(e/h+) pair recombination and presence of more 
radicals which increased the oxidation of phenol. 

 
CONCLUSIONS 
 
Although all composites had nearly the same BET 
surface area, their corresponding band gap energy 
were not. The RGOTi had the lowest band energy of 
2.96 eV.   
All as-prepared composites showed photocatalytic 
activities toward phenol degradation under UV 
illumination. However, the best composite was 
RGOTi. 
Addition of either H2O2 or O3 increased the 
photodegradation of phenol under Xe illumination 
however, the tremendous increased in 
photodegradation was observed upon addition both 
H2O2 and O3. 
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