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Abstract: - Nd2O3 coated TiO2 material was synthesized by 

hydrothermal technique at relatively low P-T conditions. Micro 

and macrostructure of the material is being carried out by SEM 

and XRD. Photocatalytic decolourization experiments of Indigo 

carmine dye by Nd2O3 coated TiO2 material have made under 

UV-fluorescent and sunlight and it was found out, sunlight is 

more effective. The degree of decolourization is intensive under 

stronger acidic and basic conditions of the solution.  

Photocatalytic treatment of the study material is also 

simultaneously reduces the COD of coloured solution by 

oxidizing the dissolved organics. 
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I. INTRODUCTION 

 

astewater from textile industries frequently contains 

significant amounts of non-biodegradable dyes [1]. 

Most of these dyes are toxic and potentially carcinogenic in 

nature and their removal from the industrial effluents is a 

major environmental concern [2]. In recent years the 

decolourization of coloured solution, which is a resultant 

product of   textile dye industries has attracted prime attention 

of scientists and technologists [3, 4]. One of the most widely 

used dyes in the textile industry is indigo carmine or acid blue 

74 (3, 3- dioxo-2,2-bis-indolyden-5,5-disulfonic acid 

disodium salt), which is also used as an additive in 

pharmaceutical tablets and capsules and for medical 

diagnostic purposes [5]. Various technologies have been 

employed to remove indigo carmine from water and 

wastewater. Physical treatments such as adsorption on chitin 

and chitosan [6], and on charcoal from the extracted residue of 

coffee beans have been tested [7]. Traditional wastewater 

treatment methods have some limitations and disadvantages. 

Chemical oxidation technique is economically suitable for 

removal of pollutants of high concentration, but it is unable to 

mineralize all organics [8]. Biochemical treatment is slow and 

requires control of proper pH and temperature along with the 

problem of disposal of activated sludge [9].  

 

 Photocatalytic degradation using solar light is the 

preferred method due to its simplicity and cost effectiveness. 

Various types of photocatalysts such as perovskites, titanates, 

zinc oxide, niobates, calcium oxide, and nanoparticle-nickel 

oxide composite and semiconductors have been widely used 

[10-12] in degrading different kinds of reactive dyes. TiO2 has 

been established as an excellent and efficient photocatalyst for 

the decolourization of coloured water and the elimination of 

numerous toxic contaminants in the water [13]. It is reported, 

the TiO2 particles with metal deposition on the surface is 

much more active than pure TiO2 for photocatalytic reactions 

in aqueous solution [14-16]. Platinization on the surface 

doesn't affect the structure of TiO2, however the band gap 

energy decreases with increasing platinum amount and the 

particles possess a higher surface area with the high 

crystallinity, good mechanical stability, high photocatalytic 

activity and durable performance [17]. Recently, nonmetal 

doping as an alternative for improving the visible light 

response of metal oxide semiconductors has been employed 

[18-21]. The doping of nonmetals could narrow the band gap 

by modifying the electronic structure of the semiconductor. A 

lot of studies have also reported the characteristic behavior of 

visible light active metal doped semiconductor photocatalysts, 

including noble metals, transition metals and rare earth metals 

[22-27]. 

II. EXPERIMENTAL PROCEDURE 

2.1. Catalyst preparation and characterization 

       The coating of Nd2O3 to  TiO 2  (P25)  experiments was 

carried out by hydrothermal route at moderate temperature 

and pressure conditions. Coating to the TiO2 by hydrothermal 

synthesis is one of the better methods owing to its advantages 

like synthesis takes at relatively low temperature and in a 

closed system, and hence gaseous fugacity plays an important 

role. The resultant product of the experiment is also in purer 

form [28, 29]. A number of synthesis experiments were 

carried out by taking different ratios of TiO2 (P25) (325mesh, 

99.99% purity from Ms Aldrich, India) and Nd2O3 (99.99% 

purity from lobe chemie) and 1M solutions of NaOH (5ml) 

from Glaxo chemicals in an autoclave with Teflon liner. The 

mixture has stirred thoroughly to obtain a homogenous and 

relatively viscous solution. Initially, the temperature of the 

mixture was boosted to 175 
o
C within half an hour and further 

raised at the rate of 5 
o
C/h up to 200 

o
C. The experiments were 

W 
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carried out for 12 hours continuously at temperature 200 
o
C 

and pressure (auto generated) of 50 bars, and followed by 

sudden quenching to the ambient conditions. The resultant 

product was thoroughly washed repetitively with double 

distilled water using an ultrasonic cleaner.  Nd2O3 coated TiO2 

fine crystalline materials were obtained under the following 

ratio (in grams):  

TiO2: Nd2O3:: 0.5 - 0.9: 0.1- 0.5 

 T = 200
o
C; P = 50 bars; duration = 12 hours 

Treatment of indigo with sulphuric acid yields 5, 5, -

disulphonic acid, which is converted into its sodium salt 

called Indigo carmine (Fig.1). This is superior to indigo 

because it is water-soluble and can be employed for dying of 

woolen clothes [30]. 

 

 
Figure 1. Reaction between Indigo and sulphuric acid 

 

III. CHARACTERIZATION 

The SEM study has been made by using JOEL, JSM-

840A Scanning Microscope.  Powder XRD spectrum was 

recorded for uniform phase materials by Rigaku 

diffractometer with graphite monochromatized CuKα 

radiation (λ=1.5405 Å) in step of 0.02
o
 at room temperature. 

The absorbance spectra analysis was made by a UV visible 

spectrophotometer (Specord 50 under UV-B fluorescent lamp, 

tungsten filament) in the range of = 400-700 nm. 

IV. RESULT AND DISCUSSION 

In the present investigations, an attempt is being made to 

understand the micro and macro structured morphological 

features and other properties of Nd2O3 coated TiO 2  

material. The resultant material obtained (Nd2O3 = 0.3gms 

and TiO 2  = 0.9gms)  is a homogeneous phase with relatively 

uniform morphology and size range of 100 - 150 nm (Fig.2). 

 

 

Figure 2. SEM image of Nd2O3 coa t ed  TiO 2  material 

     Fig. 3 illustrates the powder XRD pattern of the crystalline 

material. The identification of crystalline phase of Nd2O3 

coated TiO2 material is accomplished by comparison with JDS 

FILES, (PDF 330942) [31]. The result has revealed, the 

Nd2O3 coating doesn‟t affect the structure of TiO2 (P25). 

 

Figure 3. Powder XRD pattern of Nd2O3 coa t ed  TiO 2  crystalline material 

The band gap energy of TiO2 (P25) without coating of 

precious, transitional or rare earth metals is about 3.0 eV, 

which corresponds to 400nm radiation energy [32]. It is 

reported, metallization with the solution on the surface of 

TiO2 particles is more active than pure TiO2 (P25) for 

photocatalytic reactions in aqueous solution. It is because, the 

deposited metal provides high degree reductions sites due to 

their band gap energy is decreased to 1.8 eV correspond to 

700nm, which in turn increase the efficiency of the transport 

of photo generated electrons (e-) in the conduction band to the 

external system. It also has decreased the recombination with 

positive hole (h+) in the balance band of TiO2, i.e., less 

defects, acting as the recombination center [15, 33-34].  In the 

present investigation, the Nd2O3 coating to TiO2 materials 

enhances the size of the TiO2 (P25) materials and resulted 

decrease of the band gap energy to 2.15 eV corresponds to 

610 nm max (Fig. 4). Based on this result, measurement of the 

absorbance of the photodegraded  

  

Figure 4. UV-Vis spectra of photodegraded solutions 

solutions, has carried out both in UV-B fluorescent light and 

sunlight at 610 nm wavelength. It was found, the sunlight is 

more effective compared to UV-B fluorescent light. The Sun 

light takes 120 minutes and under UV light it is >180 minutes 

for the complete degradation of Indigo carmine shown in Fig. 
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5. It is due to the combined activity of UV, visible light and 

thermal   

 

Figure 5. Degradation of Indigo carmine in Sun light and UV light. 

infrared rays of the sun, which increase the efficiency of the 

transport of photo generated electrons (e-) in the conduction 

band of the Indigo carmine system. The degree of degradation 

of indigo carmine has been examined for different Nd2O3-

TiO2 concentration that is in the range of 50 mg to 200 mg/50 

ml.  The maximum decolourization is observed at 

100mg/50ml of the dye. Further increase of Nd2O3-TiO2 

concentration to the coloured solution yielded a gradual 

reduction in the decolourization process (Fig.6). Keeping the 

Nd2O3 coated TiO2 material  

 
Figure 6. Different Nd2O3-TiO2 concentration for the decolourization of 

indigo carmine 

 

concentration as constant (100mg/50ml), degradation 

experiments were made for different colour concentration 

(5x10
-5

 M, 1x10
-4

 M, 9x10
-4 

M) under sunlight (Fig.7).  

Decolourization is  

 

Figure 7. Different colour concentration (5x10-5 M, 1x10-4 M, 9x10-4 M) 

of indigo carmine under sunlight 

completed in 120 minutes when the concentration of the 

colour is at minimum (5x10
-5

 M). As the concentration of dye 

increased, the intensity of decolourization reduced 

considerably and at the 9x10
-4

M concentrations, it has not 

completely decoloured. The increased dye concentration, 

reduced the light penetration into the solution and resulted the 

fewer photons reaches the surface of the catalyst and reduced 

the decolourization reactions significantly to a minimum. 

 

               The aqueous solution from textile industries usually 

has a wide range of pH values. Further, the generation of 

hydroxyl radicals is also a function of pH. Thus, pH plays an 

important role both in the characteristics of textile wastes and 

the generation of hydroxyl radicals. Here, an attempt is being 

made to study the influence of pH in the decolourization of 

Indigo carmine coloured water. Decolourization process was 

examined at varying pH values ranging from 2 to 12.  The pH 

of the aqueous solution has adjusted by adding known molar 

(1M) HNO3  and NaOH solutions. The change of pH has 

meager effect on the colour of the solution prior to the 

photocatalytic reactions. In strong acidic condition, colour of 

solutions has changed to blue and in strong basic condition 

changed to yellow. However, these changes are temporary and 

within a short time regain original indigo colour.  The effect 

of pH on the decolourization due to the catalytic activity is 

shown in Fig. 8.   The rate of 

 

Figure 8. The effect of pH on the decolourization process 

 degradation of Indigo carmine is intensive both in strong 

acidic and alkaline conditions. An Increase in the reaction rate 

under alkaline condition could be attributed to the increase in 

the hydroxyl radical formation. In the acidic conditions the 

perhydroxyl radical can form hydrogen peroxide, which in 

turn gives rise to the hydroxyl radical.  

                  It is also being noticed, the Nd2O3 coated TiO2 

material not only decolourize but also reduced the COD 

(Table 1) considerable due to the oxidation of dissolved 

organics.  
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Table 1. Photocatalytic efficiency and COD reduction of 

Nd2O3 coated TiO2 material 

Dye concentration 

(M) 

Initial COD  

(mg/l) 

Final 
COD            

(mg/l) 

Photo 
decolourization 

efficiency (%) 

1x 10-4 59.50 15.02 74.75 

5x 10-5 39.59 7.50 70.95 

9x 10-4 40.95 7.50 81.68 

 

V. CONCLUSIONS 

 Hydrothermally synthesized Nd2O3 coated TiO2 is a 

homogeneous crystalline    and potential photocatalytic 

material, which can decolourize the Indigo carmine dye to a 

maximum extent. Under sunlight photocatalytic 

decolourization of Indigo carmine dye is intensive compared 

to UV fluorescent light. The degree of decolourization is 

intensive both in stronger acidic and basic environment.  This 

material also simultaneously reduces the COD of the solutions 

considerably by oxidizing the dissolved organics.   
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