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1. Introduction 
Dyes are widely used in the textile, paper, plastics, leather, food and cosmetics industries to colour their 

products. Effluents from these industries put a huge burden to the environment when discharged indiscriminately, 

[1]. Acid azo dyes make up about a half of all known dye stuffs in the world, making them the largest group of 

synthetic colourants released into the environments [2]. Semiconductor photocatalysis is a technique with great 

potential to control aqueous organic contaminants or air pollutants, It holds several advantages over conventional 

oxidation processes [3-7]. 

The nano-TiO2 photocatalyst is a well-known photocatalyst among the metal oxides recognized for its high 

efficiency, low cost, physical and chemical stability, widespread availability, and noncorrosive property [8, 9]. Many 

recent studies have been reported on the photodegradation of the organic compounds in industrial waste water in the 

presence of TiO2 photocatalysts using  iron as a dopant metal  to overcome the limitations of nano-TiO2 [10-13],  in 

attempt to improve the photocatalytic activity of TiO2 in the visible region, such as a wide band gap, ineffectiveness 

of photocatalysis under sunlight, and thermal instability [11].       

However, many efforts have been made to achieve the utilization of visible light for TiO2 material, such as 

transitional metal ion doping [10]. Basically, nano-TiO2 can only utilize 6% of the total solar irradiation in 

photocatalysis due to the large band gap of anatase.  

Among the results reported in literature for iron doped photocatalysts used for wastewater treatment for the 

degradation of various organic pollutants including photodegradation of Active Yellow XRG [14, 15] , phenol [16], 

Malachite Green (MG) [17] benzoic acid [18], 4-Nitrophenol [18, 19], Nitrite and nitrate ions [20] under UV and 

visible light irradiation. 

Various technologies are available for the treatment of dye contaminated wastewater such as, adsorption, 

electrochemical [21, 22]. 

Adsorption, [23], biodegradation via free and immobilized cells, [24], photocatalytic degradation, [25] 

electrochemical oxidation, [22, 26],  and ionexchange [27]  Most physico-chemical methods are expensive andare 

greatly affected by other wastewater constituents, or generate waste products that need to be handled. Also, azo dyes 

Abstract: Fe-TiO2 catalyst was implemented for  photo mineralization of chlorazole black E dye. Percentage 

conversion.  67.2% ,  74.8% and 62.8%  using 1%, 3% and 5% Fe-TiO2 under Visible light and 73.3%,  67.2% and 

62.8%  using 1%, 3% and 5% Fe-TiO2 under UV light after irradiation for 80 Minutes respectively. Fe-TiO2 

under UV/Visible light has proven to be effective through the  investigation which was synthesize through wet-

impregnation, calcined and characterized to determine the group resulting from bond vibrations using FT-IR and 

crystalline phase of the catalyst via XRD pattern. It was then subjected to photo-degradation to optimize various 

experimental parameters such as effects of metal loads, light source and time. The obtained result are shown in 

decreasing order of activity 3% Fe-TiO2 > 1%Fe-TiO2 >5%Fe-TiO2. Which indicate that   3% Fe-TiO2 shows 

more photo-degradation at UV/Visible but does more better at visible region with respect to time. 
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can withstand conventional aerobic wastewater treatment processes and their persistence is mainly due to the 

presence of sulfo andazo groups that do not occur naturally [28]. 

Adsorption is considered as one of the best treatment technologies among all of the aboveas it is a simple, fast 

and efficient process, which does not generate any hazardous by-products. The use of natural adsorbents has been 

widely studied for dye removal, yet they are also associated with separation issues Averrhoa carambola extract 

(ACE) was exploited as a novel and green stabilizer in the synthesis of stabilized magnetite nanoparticles (SMNPs), 

which were used for the removal of chlorazol black E from wastewater[29, 30]. 

Utilization of a zeolite-Y supported TiO2 catalyst for the photocatalytic demineralization and full kinetic 

characterization of Chlorazol Black E (Direct Black 38) dye was reported [9]. Dye concentration, pH of dye solution, 

conductivity and temperature during photodegradation were utilized in this study [9]. 

This paper appraises a different doping technique [31] that widens the photocatalytic range from the ultraviolet 

to the visible light region, thus allowing for the photocatalytic degradation of organic pollutants under solar 

irradiation .  

 

2. Materials and Methods 
2.1. Catalyst Preparation 

The titanium dioxide support was prepared according to method described earlier [7], 14.68g and 0.32g of 

ferrous Nitrate was dissolved in 100ml distilled water as per wet-impregnation method. The solution was then placed 

on the mechanical stirrer of high revolution for wet-impregnation of ferrous nitrate precausor at ambient 

temperature, under vigorous mixing for 1hr. after which the obtained ferrous nitrate impregnated titanium dioxide 

mass was then oven dried at 150
o
c for 24hrs. The dried solid mass was then finally subjected to calcinations using 

muffle furnace at 600
o
c for 2hrs, to develop the Fe-TiO2. 

Identical procedure was applied for making catalyst with different ferrous nitrate to titanium dioxide weight 

ratio in order to analyst the effects of ferrous nitrate loading on the properties of the catalyst. 

 

2.2. Phototodegradation of Chlorazole Black E Dye 
The photo degradation of chlorazole black E was carried out using UV-fluorescence cabinet analysis with 

different AOPS such as UV/Fe-TiO2 and visible/Fe-TiO2 to identify the most suitable and economical process for 

complete decolourization and substantial mineralization of the dye. The effect of various experimental parameters 

such as time of irradiation, metal loading and light source was carried out to arrive at optimized experimental 

condition. The dye stuff solution (100ml) of 1x10
-5

 g/l concentration and 1g of Fe-TiO2 were prepared. The 

experiments were carried out in batch-type photo reactor. Fe-TiO2 acts as the catalyst and UV light as illuminating 

light source. The dye solution were stirred and 10ml samples are withdrawn using syringe at regular time interval of 

20 minutes and centrifuged, the dye concentration were measured spetrophotometrically and the same procedure was 

carried out using visible light to study the decolourisation and degradation. 

 
Fig-1. Chlorazole black E (Direct Black 38) Dye Molecular Structure. 
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Plate-1. Photo reactor (UV/Visible Florescent Analysis cabinet) 

 
 

3. Results and Discussion 
3.1. XRD    

Figure 2 shows the XRD pattern of 1%Fe-TiO2, from the XRD pattern it was observed that there were three 

major peaks found at 24.9811, 27.0112, and 33.6206°. The strongest peak at 27.0112° with corresponding intensity 

ratio of 100 is assign to the Fe used in modifying the titanium dioxide which exists as hematite when compared with 

the PDF Card no 33-0664. The 2
nd

 prominent peak subtends at 2Theta Bragg’s angle 24.9811 with corresponding 

intensity ratio 59 is assign to the anatase phase of titanium dioxide present in the support when compared with the 

PDF file number 21-1272. The 3
rd

 strongest peak subtends at 2Theta Bragg’s angle 33.6206 with corresponding 

intensity ratio 42 is attributed to the rutile phase of titanium dioxide when compared with the PDF file number 21-

1276. Close observation on the individual strongest peaks, have some residual peaks (minor peaks). These are found 

at the 2Theta angle corresponding to angles 30.8289, 45.1507 and 60.2342 respectively. 

However, the major minerals content in sample-Iron 1% as confirm by the various peaks against corresponding 

2Theta Bragg’s angle are:  Hematite, rutile and anatase. 

 
Fig-2. XRD Pattern of   1% Fe-TiO2 

 
Figure 3, of the XRD pattern of 3% Fe-TiO2. From the XRD pattern it was observed that there were three major 

peaks found at 28.3669, 24.8670 and 38.5761
0
. The 

 
strongest  peak at 28.3669 with corresponding intensity ratio 

100 is attributed to Fe used in modifying the titanium dioxide which exist as hematite when compared with the card 

no 33-0664. The 2
nd

 strongest peaks subtends at 2Theta Bragg’s angle 24.8670
0
 with corresponding intensity ratio 27 

is assign to anatase phase of the titanium dioxide present in the support when compared with the PDF file number 

21-1272. the 3
rd

 strongest peaks subtends at 2 Theta Bragg’s angle 38.5761
0
 with corresponding intensity ratio 27 is 

assign to rutile phase of the titanium dioxide present in the support when compared with the PDF file number 21-

1276. Close observation on individual strongest peaks have some residual peaks (minor peaks). These are found at 

the 2Theta Bragg’s angles 42.3798 and 54.0281 respectively. 
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The major minerals contained in sample-Iron 3% as confirmed by the various peaks against corresponding 2Theta 

Bragg’s angle are: Anatase, rutile and hematite, the minor minerals found are Eskolaite. 

 
Fig-3. XRD Pattern of   3% Fe-TiO2 

 
Figure 4 shows the XRD pattern of 5% Fe-TiO2. From the XRD pattern it was observed that there were three 

major peaks found at 28.5829, 38.7313 and 48.6571
0
 the 1

st
 strongest peak subtends at 2Theta Bragg’s angle 28.5829 

with corresponding intensity ratio 100 is assign to Fe used in modifying the titanium dioxide which exist as hematite 

when compared with the PDF file number 5-0561. The 2
nd 

strongest peak at 38.7313 with corresponding intensity 

ratio 16 is attributed to anatase phase of titanium dioxide present in the support when compared with the PDF file 

number 21-1272.  
The major minerals contained in sample-Iron 5% as confirmed by the various peaks against corresponding 

2Theta Bragg’s angle are hematite, anatase and maghamite. 

 
Fig-4. XRD Pattern of   5% Fe-TiO2 

 

.3.2. FT-IR Spectra 
Fourier Transform spectra (FT-IR) of  1, 3 and  5% Fe-TiO2 after photodegradation of Chlorazole black E, were 

carried out  using Shimadzu spectrophotomer,  are shown in Figures (5-7). 

FTIR spectrum of 1% Fe-TiO2  is shown in  Figure 5 .Vibrations  were observed at different frequencies. From 

1422.55cm
-1

 is assigned to C-O-H due to carboxylic derivative broken from chlorazole azo black E molecule. From 

this vibration 2523.94cm
-1

  shows O-H due to the present of phenolic group in the dye molecule. The  vibrations at 

1793.86cm
-1 

,
 
 2977.23cm

-1
 and 3463.30cm

-1
   indicate C=O, CH3, CH2 and  N-H were  due to carboxylic, methyl, 

methine and primary amine  form as intermediate in the process of photodegradation. 
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Fig-5. FTIR spectrum of used 1% Fe-TiO2 after Photodegradation of Chlorazole black E. 

 
 

Figure 6 Shows FTIR spectrum of 3% Fe-TiO2 above, two vibrations at the  following frequencies 1432.19cm
-1

 

and 3461.31cm
-1

 were attributed to C-O-H, and N-H , indicate the presence of carboxylic derivative and primary 

amine broken down from the dye molecule during mineralization of chlorazole azo black E, 

 
Fig-6. FTIR spectrum of used 3% Fe-TiO2 after photodegradation of chlorazole black E. 

 
Figure 7 shows FTIR spectrum of 5% Fe-TiO2 , at different frequencies. The vibration at 1439.91cm

-1
 is 

attributed to C-O-H due to carboxylic derivative, also vibration at 2537.44cm
-1

 is assign to O-H which shows the 

presence of phenolic stretch. At vibration at  3004.23cm
-1

 and 2898.14cm
-1 

indicate C-H and CH  alkanes  form as a 

result of bond cleavage, however at 3461.38 cm
-1

 is attributed to N-H which are primary amine obtained from 

photocatalytic degradation of chlorazole azo black E using UV and visible light. 

 
Fig-7. FTIR spectrum of used 5% Fe-TiO2 after photodegradation of chlorazole black E. 
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3.4. Effect of Time in Photo Degradation of Chlorazole Black E Dye Under UV and Visible 

Light are Shown an Figures (8-11). 

3.4.1. Effect of Time in Photo degradation of Chlorazole Black E dye 
In this experiment, 0.2g of the catalyst was taken into 100ml 1.0×10

-5
 molar aqueous solution of chlorazole 

black E. The percentage  photocatalytic degradation of chlorazole black E  against time is shown in Figures 9 and 11, 

there observed the percentage conversion was 67.2% ,  74.8% and 62.8%  using 1%, 3% and 5% Fe-TiO2 under 

Visible light and 73.3%,  67.2% and 62.8%  using 1%, 3% and 5% Fe-TiO2 under UV light after irradiation for 80 

Minutes respectively.  It was noted from the results that the percentage degradation increases with increase in time of 

irradiation in respect to both UV/Fe-TiO2 and Visible/Fe-TiO2. As time of irradiation increases more and more light 

energy falls on the catalyst surfaces which cause the generation of higher amount of photo excited species these are 

cause to increase the reactive oxygen species which are responsible to the generation of the adsorbed species. 

 

3.4.2. Effect of Metal Concentration in the Photo-degradation of Chlorazole Black E dye 
In this section the percentage degradation ofhlorazole black E was evaluated against various concentration of the 

modified catalyst which includes 1%FeTiO2, 3%FeTiO2 and 5%FeTiO2. The studies involve 100ml 1.0×10
-5

 molar 

aqueous solution of chlorazole black E Dye with the catalyst amount of 0.2g from the result shown in Figure 9 and 

Figure 11. the percentage conversion was 67.2% ,  74.8% and 62.8%  using 1%, 3% and 5% Fe-TiO2 under Visible 

light and 73.3%,  67.2% and 62.8%  using 1%, 3% and 5% Fe-TiO2 under UV light after irradiation for 80 Minutes 

respectively. However shows that the optimized catalyst are presented in order of activity  3% FeTiO2  > 1% FeTiO2  

>5% FeTiO2 this indicated that an appropriate amount of dopant could suppress the recombination of photo-induce 

electron-hole pairs whereas the excess amount of dopant might cover the surface  active site of the titania  and 

decreased the photo quantum efficiency. The higher the activity of modified titania compared to pure titania is 

attributed to the effect of dopants which enhance the activity in visible light region by narrowing the band gap of the 

titania semiconductor. 

 

3.4.3. Effect of Light Source in the Photo-degradation of Chlorazole Black E dye 
In this study 100ml 1.0×10

-5
 molar aqueous solution of chlorazole black E was used with catalyst amount of 

0.2g of 1%, 3% and 5% Fe-TiO2 and illumination of 80 minutes 280-400nm and 420-630nm was used for the source 

of UV and visible light respectively. 

The percent photocatalytic degradation of chlorazole black E against the modified catalyst in both UV and 

Visible light are presented in Figures 9 and 11 the percentage conversion was 67.2% ,  74.8% and 62.8%  using 1%, 

3% and 5% Fe-TiO2  under Visible light and 73.3%,  67.2% and 62.8%  using 1%, 3% and 5% Fe-TiO2  under UV 

light after irradiation for 80 minutes respectively. However The result shows that both modified catalysts give higher 

activity in visible region and lower activity in UV light for the degradation of chlorazole black E. The higher activity 

of modified catalysts in visible light is attributed to the presence of dopant elements, which significantly reduces the 

crystalline size, reduces the band gap and controls the surface property through increase the surface area. 

 
Fig-8. Rate of photocalytic degradation of Chlorazole azo black E dye using 1%Fe-TiO2, 3%Fe-TiO2 and 5%Fe-TiO2 under UV light. 
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Fig-9. Percentage photocalytic degradation of Chlorazole azo black E dye using 1%Fe- TiO2, 3%Fe-TiO2 and 5%Fe-TiO2 under UV light. 

 
 

Fig-10. Rate of photocalytic degradation of Chlorazole azo black E dye using 1%Fe- TiO2, 3%Fe-TiO2 and 5%Fe-TiO2 under Visible light. 

 
 

Fig-11.Percentage photocatalytic degradation of Chlorazole azo dye using 1%Fe-TiO2,  3%Fe-TiO2 and 5%Fe-TiO2 under Visible-light 

 

4. Conclusion 
The photocatalytic degradation of chlorazole black E in aqueous solution was studied using Fe-TiO2 under UV 

and Visible light  with different metal load concentration of 1% FeTiO2,  3% FeTiO2,  and 5% FeTiO2  catalyst. From 

the results shown  in Figures 9 and 11  the percentage conversion was 67.2%,   74.8% and 62.8%  using 1%, 3% and 

5% Fe-TiO2 under Visible light and 73.3%,  67.2% and 62.8%  using 1%, 3% and 5% Fe-TiO2under UV light after 

irradiation for 80 Minutes respectively, effective photocatalytic degradation of chlorazole black E is available with 

the two light sources. Except that more decolourization was achieved using visible/Fe-TiO2, with   time. This is 

attributed to the present of dopant elements which significantly reduces the crystallite size, reduces the band gap and 

controls the surface property through increase in the surface area. However, 3%FeTiO2 gives better results for both 

UV and Visible light, above this metal concentration there observed decrease in percentage photo degradation this 

may be due to the aggregation of catalyst particles at high concentration causing a decrease in the number of surface 

active sites. 
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