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Abstract 

TiO2/Magnetit and TiO2/Nd/Magnetit were prepared and used for photocatalytic 
decomposition of the methylorange as a pollutant. TiO2 and TiO2/Nd were prepared by 
sol gel method and were characterized using XRD, FT IR and TEM. The prepared 
catalysts were deposited on magnetite surface to have a catalyst with magnetite core. So 
the catalyst can be separated easily from the waste solution by a magnet. Comparing the 
photocatalytic activity of TiO2/Magnetit and TiO2/Nd/Magnetit showed that doping the 
TiO2 by Nd increases the catalytic activity. Acidity of the waste has also promising 
effect on catalytic activity and the time needed for methylorange decomposition was 
decreased in low pHs. Complete decomposition of the methylorange was confirmed by 
LC MS. 
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Introduction 

Organic pollutants especially azo dyes are being 
increased in environment because of wide use in various 
industries. Their toxic effects by producing aromatic 
amines and low degradation rate has convinced the 
researcher to focus on finding an efficient and low cost 
method for their treatment [1-4]. So many procedures 
have been developed to treat these pollutants, but not all 
of them had great efficiency and leading to full 
degradation. Most of them separate only the pollutant 
from the waste solution producing a secondary pollution 
[5,6]. Among them the photocatalytic degradation is a 
promising way to decompose the pollutant completely 
to minerals without any secondary waste. Electron-holes 
produced by UV irradiation of catalyst, forms the 

radicals which decompose the organic pollutant.  TiO2 
as a photocatalyst has many advantages against the 
other catalysts and has been widely used for the 
purpose. Chemical stability, non toxicity, low cost and 
easy synthesis are some of the reasons of using widely. 
To increase the photocatalytic activity, TiO2 was doped 
by some metals. These dopants can prevent electron-
hole recombination so increasing the decomposition 
efficiency. Some metal ions were used as dopant in 
researches which have various catalytic activities [7-
14]. We also have investigated the effect of TiO2 
dopping with some ions in our previous work [15]. We 
found that Nd-dopped TiO2 has the maximum activity 
for degradation of methylorange, so we used it to 
prepare the deposited TiO2/Nd on γ-Fe2O3.  

  Using TiO2 as suspended powder led to increase its 
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activity because of large surface area, but it is 
problematic in industry as it needs to be separated from 
the solution and recycle. The separation process is a cost 
and time consuming process, so immobilization the 
catalyst can be useful in this case. As the 
immobilization, reduces the surface area, the catalytic 
activity decreases. For keeping the efficiency it is better 
to immobilize the catalyst on particles with small size to 
increase the activity. To be separated easily the catalyst 
from the solution, γ-Fe2O3 were used as a support in this 
work. It can be separated from the solution easily by a 
magnet [16-19].  

The solution acidity has also significant effect on 
photocatalytic activity. Surface charge in various pH 
can alter the adsorption characteristic and so affecting 
the degradation rate. Protonation of the pollutant species 
may have also some effects on degradation rate. 
Solution acidity was investigated in this work to 
enhance the catalytic activity [20]. 

 

Materials and Methods 

1. Materials 
Titanium tetraisopropoxide (TTiP), Ferrous sulfate, 

Ferric chloride, nitric acid, absolute ethanol, 
methylorange and metal nitrates of the analytical grade 
were purchased from Merck Company. Hydroxypropyl 
cellulose (HPC) was purchased from Aldrich Company. 
Double distilled water was used for the preparation of 
methylorange solutions. 

 
2. Catalyst preparation 

The Nd-doped TiO2 was synthesized using sol–gel 
method as following [15]: 12 g of TTiP was dissolved in 
100 ml of ethanol under stirring to prepare the solution 
A. HPC was added (0.2 g) as a stabilizer. Solution B 
was prepared by adding 0.18 ml of nitric acid into 10 ml 
of ethanol. Solution C was obtained by dissolving the 
neodymium nitrate in ethanol. Nd+/ Ti (IV) mole ratio 
was 1:500. Solution B was dripped into solution A 
under vigorous stirring to form a clear sol. Solution C 
was also dripped into previous solution. Then the 
reaction system was dispersed at ~20000 rpm for 30 
minutes using a homogenizer. The sol was then placed 
in an ultrasonic bath for 30 minutes, aged at room 
temperature (25–30◦C) for 48 hours to form gel, and 
dried at 70◦C for about 24 hours to remove water and 
organic solvents. Finally the dried gel was calcinated in 
an electric furnace at 500 ◦C for 4 hours.  

γ-Fe2O3 was prepared by coprecipitation of ferrous 
sulphate and ferric chloride by potassium hydroxide 
[21]. Solution of ferrous sulfate and ferric chloride (0.1 
M) was prepared by adding them into 500 ml oxygen 

free 0.1 M hydrochloric acid. An excess potassium 
hydroxide solution (0.5M) was added under nitrogen 
bubbling and vigorous stirring until the final pH=12. 
Precipitate was washed by distilled water, dried and 
annealed at 450 °C for 30 min to form γ-Fe2O3. It was 
dispersed in water and was placed in ultrasonic bath. 
The pH was adjusted at 10.5 and after signification for 
10 min 200 ml silicate solution (3%) was added drop by 
drop into the dispersion and the final pH was adjusted at 
10. After 1 hour sonification and 12 hour stirring, a thin 
layer of silicate had been deposited on particles. It was 
separated, dried and annealed at 450 °C for 30 min to 
prepare the silica coated γ-Fe2O3 cores (SF).  SF and 
Nd-doped TiO2 were mixed and small portion of the 
water was added to form paste. It was then sonificated 
for 30 min, dried and annealed for 30 min in 500 °C to 
form the final photocatalyst. 

 
3. Characterization of catalysts 

The synthesized TiO2/Nd catalysts were 
characterized by X-ray diffraction method using a 
STOE STADI MP X-ray diffractometer with Cu Kα 
radiation (λ = 0.15406 nm). The average size of catalyst 
particles was calculated approximately by Sherrer 
equation. TEM (Philips EM 208 S) was used to 
investigate the particles morphology. FT IR spectrum of 
the sample was obtained on a FT-IR model rector 22, 
Bruker, Germany. Methylorange solutions were 
analyzed by UV-Vis. spectrometry using a Cary UV–
Vis spectrometer at the maximum absorption 
wavelength (λ = 465 nm). To confirm complete 
decomposition of methylorange at the end of 
degradation and detection of some intermediate species, 
LC-MS analysis was employed. It was done by Agilent 
MSD1100 equipment. 
 
4. Photocatalytic degradation 

Photocatalytic activity of the synthesized samples 
investigated in a 1000 cc glass photo-reactor. 
Methylorange solution (5 ppm) was used as a pollutant 
model. 1 g of catalyst was put in the reactor and 1000 cc 
of the solution was added. The solution was stirred by a 
magnet stirrer for 1 hour in darkness to determine the 
adsorption of the dye by the catalyst. A UV lamp (15 
W) was used for irradiating the solution. Sampling 
(about 10 ml) was done every 15 minutes and the 
samples were filtered, centrifuged and analyzed by UV-
Visible spectrometry. LC-Mass was used during 
photodegradation to analyze the intermediate production 
and confirm the complete decomposition of the dye.  

To investigate the acidity effect on degradation 
process 4 solutions with the pH of 2, 4, 7 and 9 were 
used. The solution pH was adjusted by nitric acid and 
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ammonia solutions.  
 

Results and Discussion 

Figure 1 shows the XRD pattern for TiO2/Nd 
synthesized by sol gel method. The major phase in the 
synthesized sample is anatase, as the pattern confirms, 
but the minor phase of rutile can also be seen in the 
pattern. Rutile phase presence in the catalyst leads to 
increase the mesopority of the catalyst consequently the 
surface area can be increased, but the photocatalytic 
activity of rutile is not as high as the anatase, so the 
optimum case is the anatase as major phase and rutile in 
minor phase. Using the Sherrer equation the particle 
size of the catalyst was calculated about 30 nm. 

Figure 2 shows the FT IR spectrum of TiO2/Nd. The 
peak around 450 cm-1 is attributed to Ti-O band of the 
anatase phase. The peak seen around 1113 cm-1 is 
because of un-polymerized [SiO4] group. The bending 
band of the Nd-O-Ti can be seen in 1349	cm  (as a 
shoulder) and the peaks around 1624 cm-1 and 3429cm-1 
are for bending and stretching vibrations of -OH groups. 

XRD pattern of the γ-Fe2O3 is showed in figure 3. 
The vertical lines under the peaks shows the standard 
pattern of the γ-Fe2O3 which are correspond to the peak 
position of the prepared samples. 

TEM image of the TiO2/Nd is shown in figure 4. It 
shows that the size of the most particles is less than 30 
nm. The particle size distribution is not in wide range.  

Two samples were prepared as photocatalyst, one 
was TiO2  deposited on γ-Fe2O3 and the other Nd-doped 
TiO2. The photocatalytic activity of the catalysts were 
compared in a diagram. As can be observed in figure 5 
the photocatalytic activity of the TiO2/Nd/Magnetit was 
higher than TiO2/Magnetite. Nd presence as dopant in 
TiO2 structure can prevent the recombination of electron 
and holes which are produced by UV irradiation of the 
catalyst surface. The electron and holes leads to radicals 
production which proceed the photocatalytic process. 
The dopants increase the catalytic activity by preventing 
the recombination of the electron and holes and also 
reducing the band gap energy in TiO2.  

It can be seen that the TiO2/Nd/Magnetite decreases 
the methyorang concentration more than 98% in 250 
min, but the TiO2/Magnetit decrease the 75% of the 
methylorange concentration in 250 min. 

To investigate the pH effect on photocatalytic 
activity the process was done in 4 various pH. As can be 
observed in figure 6 the time needed for complete 
degradation of the methylorange decreases by 
decreasing the pH. At pH= 9 the degradation in 250 min 
is about 65% while it is 98% at pH= 7. In lower pHs the 
time is less as it reaches to 75 min at pH= 2. In acidic 

 
Figure 1. XRD pattern of TiO2/Nd 

 
Figure 2. FT IR spectrum of the TiO2/Nd 

 

 
Figure 3. XRD pattern of Magnetite 

 

 
Figure 4. TEM image of the TiO2/Nd 
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media the surface of the catalyst can be charged 
positively, so the adsorption property of the surface 

towards the reacting spices can be varied. The other 
reason that can be mentioned for the observation is the 
protonation of the methylorange which can affect the 
decomposition reactions.  

The most important goal of the present work was to 
prepare a catalyst that can be separated easily from the 
waste solution. Using the catalyst in suspension mode 
has the advantage of great surface area which leads to 
high catalytic activity, but the catalyst separation from 
the waste is a big deal.  Figure 7 shows that the prepared  
catalyst can be separated easily by a magnet and reused 
in other batch.  

LC MS analysis was used to detect the fragments of 
methylorange  which are formed by radical attacks 
before complete degradation and also to confirm the 
complete decomposition at the end of process. 
Discoloration of methylorange occurs before complete 
decomposition. Figure 8 shows the results for various 
times.  It can be seen in that there is only methylorange 

Figure 5. Comparing the photocatalytic activity of 
TiO2/Magnetit and TiO2/Nd/Magnetit at pH=7 

 

 
Figure 6. pH effect on degradation time by 
TiO2/Magnetit 
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Figure 7. Catalyst separation by a magnet 

Figure 8.  LC-Mass analysis of methylorange before  
degradation (a), after 60 min (b) and after degradation 
(c) by TiO2/Nd/Magnetit at pH=7 
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peak before degradation (a); fragmentation of 
methyorange is observed after 60 minutes and there is 
a lot of fragment in solution (b); and finally at the end 
of the process (c) there is no fragment with 
considerable concentration which confirms the 
complete decomposition of the methyorange 

 
Conclusion 

In this research TiO2/Magnetit and TiO2/Nd/ 
Magnetit were used for photocatalytic decomposition of 
the methylorange.Various characterization methods 
such as XRD, FT IR and TEM  confirmed its structure. 
The magnetite core led to easy and fast separation of 
catalyst from the liquid waste. Comparing the 
photocatalytic activity of TiO2/Magnetit and TiO2/Nd/ 
Magnetit showed that doping the TiO2 by Nd increases 
the catalytic activity. Acidity of the waste has also 
promising effect on catalytic activity and the time 
needed for methylorange decomposition was decreased 
in low pHs. It can be because of protonation of 
methylorange and also the effect of acidity on catalyst 
surface. LC MS analysis was used to confirm 
decomposition of the methylorange to water and carbon 
dioxide. It was shown that complete degradation was 
done by the method. This method is limited to dilute 
solutions and  in solution with a lot of colloidal particles 
it has low efficiency. 
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