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a Gamma Ray Irradiation and 

Photocatalytic Activity 

2. Experimental 
• Ti(OH)4 gel was obtained at room temperature by the addition of concentrated ammonia 
solution (35% NH3) dropwise to a vigorously stirred dilute solution of TiCl4 (Fluka 15%) until 
a pH 9 was attained. The white hydrous Ti(OH)4 solution was irradiated under a 60Co source 
(NCRRT) with 30 kGy and at a dose rate of 3.3476 kGy/h. The reactant solution was stirred 
mildly while irradiating it, so as not to become agglomerated with each other. The particles 
were then washed rigorously and repeatedly with bidistilled water , the solvent was 
evaporated at 100°C for 24 h, the precipitates were dried at 300°C for 2 h to remove NH4Cl, 
and then calcined at 500°C for 4 h. A 0.5% Cu/ɤ-TiO2 was prepared by an impregnation 
method using copper nitrate Cu(NO3)2.6H2O as a precursor for copper metal.  
• Cu-TiO2 nanoparticles containing 0.5wt%Cu (II) ion dopant were synthesized via a co-
preceptation method.  
• The photoreactor was designed by ourselves. The light source was a 254 nm UV lamp. A 
general photocatalytic procedure was carried out as follows: methyl orange was chosen as the 
model molecule; 0.15 g of the catalyst was suspended in the methyl orange solution (C0 = 
0.01g/L, 500mL, PH 1) and the suspension was irradiated with UV lamp open to air. During 
the process of the photocatalytic tests, the concentration of methyl orange was detected using 
a visible spectrophotometer (JENWAY-6505) at λmax 458 nm. 

3. Results 
  Table 1: Textural and structural properties of TiO2 sample 

Samples 
Crystal size 

of TiO2
a 

(nm) 

Specific 
surface areab 

(m2/g) 

Pore Radius 
Dv (r)c 
(nm) 

Total pore 
Volumec 

(cc/g) 

TiO2 22.35 127.1 1.24 0.334 

Cu/ɤ- TiO2 16.91 115.8 1.13 0.324 

Cu- TiO2 18.62 60.8 1.01 0.476 

a according to XRD analysis. 
bBET surface area calculated from the linear portion of the BET plot in the relative pressure range of p/p0 = 0.05–.35. 
c Pore radius and total pore volume estimated using BJH method from the isothermal desorption data. 
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     Fig. 1. TEM images of TiO2 samples. 

   Fig. 2. N2 Adsorption –Desorption Isotherm of 
TiO2 Samples 

1. Introduction  
Textile azo dyes are pollutants of high environmental impact, because of their widespread use and their potential to form toxic aromatic amines. These dyes represent 
approximately 50% of worldwide production [1]. They are also an important source of pollution since 20% of synthetic dyes are lost in waste stream during industrial 
processes [2]. Their release in the aquatic ecosystem causes a dramatic consequence such as aesthetic pollution, toxicity and perturbations in aquatic life. As international 
environmental standards are becoming more stringent [3], there is a need for developing treatment methods that are more effective in eliminating dyes from waste 
stream at its source. The application of titanium dioxide (TiO2) as a heterogeneous photocatalystis attracting considerable attention for an water purification and 
remediation due to its physical and chemical stability, low cost, non-toxicity [4]. TiO2, particularly in an anatase form, can be used as a photocatalyst under ultra violet 
light, i.e. less than 380 nm [5]. After TiO2 absorbs UV light, it forms an electron (e-) and a positive hole (h+). Also, h+ can oxidize ·OH and H2O conglutinated on the 
surface of TiO2 [6]. Moreover, a free radical has a strong oxidation ability and can decompose various organic substances (e.g. formaldehyde, benzene, dye and VOCs), 
into a benign substance: CO2, H2O, OH free radical has no selectivity to a reactant, so it has a crucial effect on a photocatalyst. Mean while, an electron has a strong 
deoxidizing ability [7]. For a strong oxidation, a photocatalyst can implement the function of anti-bacteria by destroying a cell membrane [5].  

Fig. 4. FTIR Spectra of TiO2 samples. 
 Photocatalytic MO degradation results 

4. Conclusion 
The photocatalytic activity of titanium dioxide prepared by a gamma-ray irradiation was 
investigated. The particles of the prepared TiO2 were very fine and had a narrow distribution. The 
photocatalytic activity of gamma catalyst was compared with that of Cu-TiO2 catalyst using methyl 
orange with an increasing time of the UV irradiation were investigated. The degradation percentage 
of the MO was reached 99 owing to the Cu/ɤ-TiO2. The photocatalytic activity of a nosized TiO2 
particles was very low despite the large surface area about 127m2/g might due to its imperfect 
crystallization from the XRD pattern (Fig. 3) accompanying with the fairly small crystallite size 
(Table 1) is considered to increase the probability of the mutual e−/h+ recombination at both surface 
and bulk traps. 

Fig. 4. (a) The degradation % of methyl orange with time and (b) the 
remaining concentration of it after 210 min of UV irradiation. 
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Fig. 3. XRD patterns of TiO2 samples. 


