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Abstract: In this investigation, Nb2O5-α-Fe2O3 nanocomposites were 

synthesized by modified sol-gel method. The obtained materials were 

characterized by different techniques such as powder X-ray diffraction (XRD), 

field-emission scanning electron microscopy (FESEM), Brunauer-Emmett-

Teller (BET), UV-vis diffuse reflectance (UV-vis spectroscopy). The catalyst 

was found to have a particle size in the region of 20-42 nm with a high surface 

area. The effects of the catalyst dose, the pH value, UV power, addition of H2O2 

and scavenger on the photocatalytic efficiency were investigated. This study 

presents a strategy to eliminate highly toxic and persistent dyes such as DB 199 

dye. It was observed that the nanocomposites showed maximum response with 

more than 80% degradation of DB 199 dye in 100 min.  

Keywords: Nb2O5: α-Fe2O3: Nanocomposites: Photocatalysis: DB 199 dye. 
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1. INTRODUCTION  
Owing to promising potential applications in 

battery cathode material, non-linear optics, Ionics, 

nanowires, photocatalysts and sensors, nanocomposites 

are of great interest in materials science [1]. For the past 

few decades, there has been considerable research in 

nanocomposites through the change in matrix phase and 

other geometrical variations helpful in applications 

enhancement of the materials. Hematite (α-Fe2O3), as a 

promising photocatalyst, has been widely investigated in 

photocatalytic degradation of organic contaminants [2]. 

It is the most stable state of iron oxides in ambient 

conditions and has the ability of efficient 

photodegradation and is able to harvest visible light up 

to 600 nm [3, 4]. Other salient features of hematite 

include its excellent stability, less toxicity, lower cost, 

inert behaviour and antiferromagnetic properties, also 

appeal its wide applications [5, 6]. The unfavourable 

defects of hematite structure, such as poor charge–

transfer properties and faster recombination of charged 

species, are urged to be diminished. It was suggested that 

these structural and photochemical deficits can be 

possibly improved in multiple ways including 

morphological control, surface modification, synthesis 

of heterostructures and composites and/or doping with 

some other materials [7, 8]. Various previous studies 

indicated that coupling semiconductor metal oxides with 

hematite induces more active sites at the interface, which 

is favourable for photocatalysis [9-11]. Niobium 

pentoxide (Nb2O5), a typically nontoxic metal oxide, is 

eco‐friendly and exhibits strong oxidation ability, and 

has attracted considerable attention from researchers. 

The applications of Nb2O5 based photocatalysts are 

reported in the photodegradation of plastics, reduction of 

CO2, photocatalytic hydrogen evolution, and organic 

synthesis [12-16].  

 

Dyes are widely used in many industries, such 

as the textile, rubber and cosmetics industries [17-20]. 

More than 10,000 types of dyes are suitable for industrial 

use and more than thousands of tons are produced in the 

world during the year [21]. Most of these dyes in nature 

not only create an unpleasant appearance but also 

weaken the penetration of light, reduce photosynthetic 

activity and inhibit biological growth. In addition, most 

of these dyes are toxic and carcinogenic. The aim of the 

present investigation was to synthesize Nb2O5-Fe2O3 

nanocomposites by sol-gel method and study the 

photocatalytic degradation of Direct Blue 199 dye under 

the influence of UV and visible. The structure and 

surface physicochemical characterization of the 

synthesized materials were analyzed by X-ray diffraction 

(XRD) analysis, field-emission scanning electron 

microscopy (FESEM) and UV-visible spectroscopy. The 
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effects of pH of the solution, photocatalyst dosage, effect 

of UV power, effect of H2O2 addition on the degradation 

efficiency were investigated. 

 

2. EXPERIMENTAL 
2.1 Synthesis of α-Fe2O3 nanoparticles 

The method of synthesis of is mentioned in 

Chapter IV of the thesis. For the synthesis of α-Fe2O3 

nanoparticles calculated quantity of FeN3O9.9H2O was 

mixed with 40 cc ethylene glycol and the mixture was 

stirred at 60˚C for 2 h. An aqueous solution of NH3 was 

added under continuous stirring to give the 

corresponding pH in each synthesis. The reaction 

mixture was maintained at room temperature until a gel 

was formed; once the colloid was observed, it was kept 

for aging for 18 h which was dried in the oven at 80°C 

and then calcined in muffle furnace at 450°C for 4 h. 

 

2.2 Synthesis of Nb2O5-α-Fe2O3 nanocomposites 

For the synthesis of Nb2O5-α-Fe2O3 

nanocomposites by sol-gel method, in a conical flask, 40 

cc of niobium ethoxide was mixed with 90 cc of 

isopropanol and the solution was homogenized. In 

another flask, 15 cc of deionized water was mixed with 

the 25 cc ethanol-isopropanol (1:1) mixture and 

homogenized. Content of the second flask was added to 

the first flask. In order to reach the acidic pH of 4, 

hydrochloric acid was added dropwise to the mixture. 

Then calculated amount of α-Fe2O3 synthesized in the 

previous step was combined with the above solution and 

the mixture was placed on a magnetic stirrer for 2 hours. 

The obtained mass was then allowed to age for 18 h to 

obtained viscous gel. The resulting gel was dried in the 

oven at 100°C for 2 hours and obtained dry gel was heat-

treated at 450°C and 500°C for 4 hours. The two 

nanocomposites obtained by heat treatment at 450°C and 

500°C were referred as NF45 and NF50 respectively.  

 

2.3 Characterization  

As-synthesized samples were examined by X-

ray diffraction (XRD) measurements on a Shimadzu X-

ray diffractometer, equipped with Cu-K radiation 

source ( = 0.154056 nm) at a scan rate of 5 min-1. Bragg 

angle 2 was ranged from 10 to 70. Scanning electron 

micrographs were observed on a Zeiss Sigma Scanning 

Electron Microscope (SEM) operated at an acceleration 

voltage of 20 kV. The nitrogen adsorption/desorption 

isotherms at 77.35K were collected on an AUTOSORB 

iQ-MP instrument after heating the samples at 150°C for 

2 h. The surface areas were estimated using the 

Brunauer-Emmett-Teller (BET) method.  

 

2.4 Study of Photocatalytic Activity  

The experimental set up used for photocatalytic 

degradation performance of Nb2O5-α-Fe2O3 

nanocomposites is expressed in detail in Chapter IV. The 

photocatalytic test was carried out using a UV-photo 

reactor. Blue light fluorescent bulbs were positioned at 

the axis of the reactor to supply UV illumination. The 

reaction suspension was irradiated by UV light at a 

power of 18 W.  In a typical photocatalytic degradation 

reaction, 10-40 mg/L of the catalyst powder was 

dispersed solution containing 50-200 ppm Direct Blue 

199 dye and stirred for 1 h. Before starting the 

photocatalytic reaction, the reactor was kept in the dark 

and stirred for 30 min to ensure the adsorption/desorption 

equilibrium. During this time, dye molecules were 

adsorbed on the catalyst surface. Subsequently, the 

reactor was exposed to UV-light. At the interval of every 

30 min, 5 mL aliquots were taken from the reaction 

mixture. The reaction mixture was then centrifuged, and 

the absorbance of the supernatant was measured by UV–

Vis spectroscopy at the maximum absorption wavelength 

of the Direct Blue 199 dye (λmax = 662 nm). The 

percentage of degradation efficiency was estimated by 

Equation (I); 

Degradation (%) = 
𝐶𝑜−𝐶

𝐶𝑜
 x 100   (1) 

where Co and C denote the absorbance initially before 

exposure to UV-light and after exposure time t, 

respectively. 

 

3. RESULT AND DISCUSSION 
3.1 X-ray diffraction 

The purity and crystallinity of the as-prepared 

powder samples are measured by X-ray diffraction 

technique. XRD results reveal that the prepared α-Fe2O3 

nanoparticles have a rhombohedral structure with the 

diffraction characteristic peaks are indexed as (012), 

(104), (110), (113), (024), (116), (018), (214), (300), and 

(220) planes corresponding to pure α-Fe2O3. The data 

were well corroborated with the literature data JCPDS 

card No. 84-0311 [22]. The presence of sharp, narrow, 

and highly intense peaks in the spectrum indicates the 

crystalline nature and purity of the synthesized α-Fe2O3 

sample. The average crystallite size calculated from the 

most intense peaks using the Scherrer formula (Equation 

(II)). The average crystal size was found to be 27.4 nm. 

D =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
      (2) 

 

Where, D refers to the average crystallite size, λ 

is the wavelength of the Cu Kα X-ray radiation = 0.15406 

nm, β refer to the full width at half maximum intensity of 

the peaks and θ and the Bragg angle, both measured in 

radians, respectively. XRD pattern of Nb2O5-α-Fe2O3 

nanocomposites showed that the peaks observed belong 

to the α-Fe2O3 phases only. The reason for the absence 

of peaks related to Nb2O5 could be its low percentage in 

the nanocomposite and relatively lower calcination 

temperature employed in our experiment. From Figure 1, 

it can be seen that, at 450°C, intensity of peaks is smaller 

and increases strongly at 550°C.  
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Figure 1 XRD pattern of pure α-Fe2O3 nanoparticles and Nb2O5-α-Fe2O3 nanocomposites 

 

3.2 Brunauer Emmet Teller (BET) surface area 

analysis 

Specific surface area of as-prepared samples of 

nanocomposites was assessed using Brunauer Emmet 

Teller (BET) plot with relative pressure (p/po) ranging 

from 0.01 to 0.20. The sample calcined at the 

temperature 450°C has a specific surface area (NF45) of 

207.35 m2gm-1 as compared to the sample calcined at 

higher temperature of 500°C whose specific surface area 

(NF50) was 292.54 m2gm-1. It was concluded that the 

heat-treatment temperature has large effect on the 

surface area modification of Nb2O5-α-Fe2O3 

nanocomposites. 

 

3.3 UV-visible analysis  

The UV-visible absorption spectrum of α-Fe2O3 

and sample NF45 presented in Figure 2 shows three 

absorption bands at around 357, 539 and 672 nm. The 

absorption band present in the region of 400-600 nm can 

be assigned to d-d transition of Fe3+ as well as the pair 

excitations, 6A1 + 6A1 → 4T2 (4G) + 4T2 (4G) of two 

adjacent Fe3+ cations (6A1 and 4T2 (4G)), referred to as 

the ground state and first excited state configuration of 

high spin Fe3+, respectively. Also, the band at 350 nm is 

mainly results from the ligand to metal charge- transfer 

transitions and partly from the contributions of the Fe3+ 

ligand-field transition 6A1 → 4T 2 (4D) [23]. The 

estimated band gap of the sample is found to be 2.03 eV 

for sample NF45 which is in good agreement with a band 

gap value of α-Fe2O3 [24]. The absorption edge in sample 

NF45 is indicative of the uniform particle morphology 

and size with fairly good crystallinity.  

 

 
Figure 2. UV-visible absorption spectrum of pure and NF45 samples 

 

3.4 SEM analysis 

Figure 3 shows the top view of FESEM images 

of as-prepared samples. A large number of nanoparticles 

are clearly observed with diameters in range of 20 -70 

nm. In the high magnification FESEM image shown in 

the Figure 3, the particles can be observed to be 

composed of many rough surfaces and having non-

uniform shapes polyhedral shape. Thus, the 

nanoparticles obtained at two different temperatures, 

450°C and 500°C are clearly distinguishable in shape 

and surface morphology. It is suggested that the 

operating temperature of heat treatment significantly 

affect the shape and surface morphology of the 

nanoparticles.  
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Figure 3. SEM micrographs of α-Fe2O3, NF45 and NF50 samples 

 

3.5 Photodegradation of direct blue 199 (DB) dye  

3.5.1 Dark Reactions  

The adsorption of dye was equilibrated onto the 

surface of as-prepared nanocomposites (figures are not 

shown) was studied initially. It was observed that 

regardless of the initial concentrations of the parent 

compounds, the steady state adsorption of dye was 

obtained after 50 min. The process was continued for 4 h 

and no significant reduction was observed. 

 

 
Figure 4. Effect of pH on photodegradation of DB 199 dye (100 ppm) 
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3.5.2 Effect of pH 

The pH is an important parameter in the 

photocatalytic reactions taking place on the particulate 

surfaces as it dictates the surface charge properties of the 

photocatalyst. As reported earlier, the pH value has an 

influence on the kinetic of degradation of some organic 

compounds in photocatalytic processes [26-28]. In the 

present investigation, the degradation of DB dye (100 

ppm) was studied at different pH values in the range 2 – 

10 and the results are presented in Figure 4. The 

experimental results revealed that higher degradation of 

dye was found to be in strong acidic medium. The 

maximum degradation was observed at pH 3. This may 

be attributed to the electrostatic interactions between the 

positive catalyst surface and dye anions leading to strong 

adsorption of the latter on the metal oxide support. 

Moreover, the positive holes are considered as the major 

oxidation species formed at low pH which react with 

hydroxide ions forming hydroxyl radicals, thus the 

efficiency of process is enhanced. At increased pH, there 

is a columbic repulsion between negatively charged 

surface of catalyst and the hydroxide anions which 

prevent the formation of OH˚ and decrease the 

photocatalytic degradation [29]. 

 

 

3.5.3 Effect of catalyst loading  

The effect of catalyst loading on the 

degradation of DB 199 dye was investigated using the 

varying concentration of as-prepared materials, keeping 

the other parameters identical. The results of this study 

are shown in Figure 5. One can see from Figure 5, that 

the maximum 99% degradation efficiency of DB 199 dye 

was observed for 20 mg/L of sample NF45 under UV-

light within 100 min. A series of experiments were 

carried out by varying the catalyst amount from 10-40 

mg/L in the aqueous solution of DB 199 dye. It can be 

seen that, initially the degradation efficiency increases 

with increase in amount of catalyst. With the catalyst 

dose 20 mg/L, the efficiency of dye degradation was 

found to be high and then efficiency decreased as the 

catalyst amount increased. This observation can be 

explained in terms of the number of active sites available 

for photocatalytic reactions. It was observed that large 

amount of catalyst may result in agglomeration of the 

catalyst molecules resulting in the decrease in the 

number of active sites [30, 31]. Another reason for 

decreased degradation efficiency can be attributed to 

increase in the turbidity of suspension due to excess of 

photocatalyst. This leads into the scattering of light 

resulting in the inhibition of photon absorption by the 

photocatalyst and hence the degradation efficiency. 

 

 
Figure 5. Effect of catalyst dose on photodegradation of DB 199 dye 

 

3.5.4 Effect of UV power  

In photodegradation process, the production of 

electron and hole pairs is governed by the intensity of the 

illuminated light. The light intensity plays an important 

role in the photocatalytic degradation reaction as it has a 

direct effect on the formation of the active hydroxyl 

radicals [30]. This is an essential step in the formation of 

the active radicals for the photocatalytic degradation 

process. Thus, the higher the light intensity, more the 

transfer of the electrons from the valence band to the 

conduction band of photocatalyst, consequently the more 

generation of the hydroxyl or oxygen radical. In this 

experiment, the effect of light intensity was investigated 

at 40 and 82 W (due to instrumental limitation) and the 

results are shown in Figure 6. The results obtained in the 

investigation agree with above discussion. The reaction 

rate constant was observed to increase linearly with the 

increase in the light intensity for the investigated range.  
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Figure 6: Effect of UV-light intensity on photodegradation of DB 199 dye 

 

3.5.5 Effect of Addition of H2O2  

The addition of hydroxyl radical producing 

species like H2O2 was regarded as a good parameter for 

enhancement of photocatalytic degradation process [31-

33]. The results as shown in Figure 7, indicate that the 

hydrogen peroxide had accelerated the photocatalytic 

degradation of DB 199. The photocatalytic degradation 

rate of DB 199 increased when hydrogen peroxide 

concentration increased from 0 to 6 mol/l. The maximum 

degradation is achieved at H2O2 concentration of 4 mol/l. 

This could be due to the production of hydroxyl radical 

OH by photodissociation of H2O2 which is acting as 

strong oxidant and as electron scavengers [34].  
 

H2O2 + e- 
𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑡𝑟𝑎𝑝𝑖𝑛𝑔
→             OH- + OH● 

 

It was assumed that, increasing the H2O2 

concentration more than 4 mol/l, decreases the rate of 

photocatalytic degradation that could be due to by 

scavenging effect. However, High concentration of H2O2 

inhibits catalytic activity as the molecules of H2O2 get 

adsorbed onto the catalyst surface instead of dissociating 

to form hydroxyl radicals.  
 

 
Figure 7. Effect of H2O2 addition on photodegradation of DB 199 dye 
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In order to test the stability of the composite 

catalyst (20 mg/L), 10-times duplicate measurements 

were made with 100 min irradiation of DB 199 dye (100 

ppm) at pH 3. The results are presented in Figure 8. From 

Figure 8, it can be observed that the degradation 
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efficiency of NF45 nanocomposite after the 7–times 

reuse was similar to the first time and start declining 

afterwards with remarkable change.  
 

 
Figure 8: Experiment of repetitive use of NF45 nanocomposite 

 

4. CONCLUSION 
In this study, Nb2O5-α-Fe2O3 nanocomposites 

were synthesized by modified sol-gel method and 

photodegradation analysis of Direct Blue-199 (DB 199) 

dye was done following various photo-catalytic 

pathways. The calcination temperature was optimized to 

be 450°C and 550°C. The nanocomposite calcined at 

450°C, was found to be the efficient material for 

photodegradation of DB 199 dye due to its large surface 

area (207.35 m2/g) and smaller crystallite size 12.58 nm. 

Addition of H2O2 increases the decolorization rate, as it 

enhances the generation of •OH. But beyond a limit it has 

negative impact on the reaction rate. In stability test, as-

synthesized sample showed steady photocatalytic 

efficiency for more than five times. Future work may be 

extended for degradation of the textile effluents 

containing dyes as major pollutants. 
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