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Abstract  

This paper was studied about a simple and efficient method for the synthesis of ZnO nanoparticles and their composites 
with calcinated Black Soil (CBS) for dye removal from dye contaminated water. ZnO nanoparticles was synthesized by a 
precipitation method and their nanocomposites with CBS by co-precipitation method, to create more effective catalyst. Next, 
photocatalytic degradation experiments were conducted at room temperature for the removal of synthetic dye waste water. 
Furthermore the prepared CBS, ZnO and ZnO/CBS nanomaterials were characterized by UV, FT-IR, SEM with EDS and XRD 
to study the particle size, composition, morphology, structure and surface properties of the materials. In this investigation, the 
photocatalytic degradation capacities of the prepared nanomaterials were analysed at different catalyst dosage, pH, contact time, 
electron acceptor and concentration were determined. All of the dye contents both from raw and treated water were examined by 
using spectrophotometers. The dye removal efficiency of the ZnO/CBS nanocomposites is more than that of other materials.  

Key Words: Photocatalytic Degradation, ZnO based nanomaterials, Cacinated Black Soil, Aniline Blue. 

 

I. INTRODUCTION 

 For all living beings, water is essential for their creation, survival and evolution. The availability of fresh 
water is crucial for life sustaining activities like drinking, working, cleaning, agriculture etc [1]. Increased disposal 
of industrial, domestic and agricultural waste into water bodies and consequent pollution of water has become a 
major issue in this century. With increasing revolution in science and technology, there was a greater demand for 
newer chemicals which could be used in various industrial activities. Organic dyes are one such of the many new 
chemicals which could be used in many industrial process including fabric, woven, leather, textile, pulp and paper, 
tanneries, cosmetic, pharmaceuticals and food processing. Owing to the potential toxicity of dyes and their visibility 
in surface Walsh, removed and degradation of them have attracted considerable attention world wide [2]. The 
process of clean drinking water is presently being carried out through physical and chemical techniques like 
chlorination, ozonation, UV treatment, etc. Each of the conventional water disinfection processes has limitations 
generating concerns about their mass scale application [3,4]. Among them, advanced oxidation process (AOPs) is a 
most promising technique for decolorization and degradation of textile dyes [5]. Various metal oxide 
semiconductors, such as TiO2, ZnO, WO3 and SnO2, have been studied and applied as photocatalyst. Out of these, 
TiO2 is considered the most effective photocatalyst due to its copious accessibility, cost-effectiveness and chemical 
stability. However, recent researches have shown that ZnO can be used as a more efficient photocatalyst compared 
with TiO2 [6,7].  

 In the present study deals with the synthesis of ZnO and its composites with calcinated black soil (CBS) for 
the degradation of Aniline blue (AB) an anionic dye under solar light irradiation. The effects of various operating 
parameters on the degradation of AB dye were studied. 

II. EXPERIMENTAL 
A. Materials 

Chemicals and solvents were purchased from Sigma-Aldrich Chemicals at Chennai, India and were used 
without further purification. Black soils were collected from Ottapidaram, Tuticorin Dist. 
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B. Characterization 

 The general and detail morphologies of the as-synthesized and calcinated nanomaterials were examined by 
scanning electron microscopy (SEM). The crystallinity and crystal phases of the prepared powder were studied by 
X-ray diffractometer (XRD) measured with cu, kα radiation. Absorption spectra were recorded by a UV-Vis 
spectrometer. FT-IR spectrum was obtained by using a JASCO-4100 Infrared spectrophotometer. FT-IR 
spectrophotometer using KBr disc at room temperature. 

C. Preparation of ZnO nanoparticles 

For the synthesis of ZnO nanoparticles, a 0.25M aqueous solution of zinc nitrate and 0.5M aqueous 
solution of sodium hydroxide (NaOH) were prepared in distilled water. Then, NaOH solution was heated at the 
temperature of about 550C. The Zinc solutions were added drop wise (slowly for 1.5h) to the above heated NaOH 
solution under high speed stirring. The beaker was sealed at this condition for 2 h under stirring. The precipitated 
ZnO nanoparticles were cleaned with deionised water and ethanol then calcinated at 3000C for 2 hours [8]. 

D. Preparation of calcinated black soil (CBS) 

Black soils were collected from the Ottapidaram, Tuticorin Dist, Tamil nadu, India and their physical and 
chemical parameters are determined. pH density and particle size distribution of the soil were determined and listed 
in table 1.The collected raw Black soil was washed with deionized water for several times. If not washing like that it 
could not remove the black soil dust as well as other undesired particles.It was dried at 100 0C for 2 hr and then 
crushed and sieved to obtain powder Black soil with a particle size less than 75 µm. These powders black soils were 
calcinated at 300 0C for 2 hrs. 

TABLE I 

Characteristics of Black Soil  

Sl. No Characteristics Black  Soil Unit 

1 Moisture content 7.39 % 

2 Surface area 650 m2/gm 

3 Clay fraction silt fraction 75.64 - 

4 Sand fraction 24.36 - 

5 pH 7.5 - 

6 Specific gravity 2.25 gm/m3 

7 Bulk density 1.538 gm/cm3 

8 Porosity 0.5 - 

 

E. Synthesis of ZnO/Calcinated Black Soil nanocomposites (ZnO/CBS)   

For the preparation of ZnO/CBS nanocomposites, 0.25M aqueous solution of Zinc nitrate was prepared in 
distilled water and then 10g of calcinated Black soil was added to 500 ml beaker containing 200 ml of 0.5M sodium 
hydroxide (NaOH) solution, then it was heated at the temperature of 550C. The Zn solution were added dropwise 
(slowly for 1.5h) to the above heated NaOH solution under high speed stirring. The beaker was sealed at this 
condition for 2 h under stirring. The precipitated ZnO/CBS nanocomposites were cleaned with deionised water and 
ethanol then calcinated at 3000C for 2 hours. 

F. Photocatalytic Degradation of the Dye under solar irradiation  

 Experiments were carried out under solar light. To 50ml of Aniline Blue (AB) dye solution (60mg l-1), 
0.05g of catalyst was added and the suspension was subjected to solar light irradiation. The aqueous suspension was 
placed on the black sheet throughout the experiment. For a given time interval, it was filtered and a small quantity of 
the filtrate solution of dye was pipette into a quartz cell, and its absorption measurement was carried out using an 
UV-visible spectrophotometer. 

III. RESULTS AND DISCUSSION 
A. Characterization of the prepared nanomaterials 

 Optical properties of the prepared nanomaterials were studied by UV-Vis absorption spectroscopy. The 
absorption spectra of samples were recorded in the range 200 nm to 1200 nm by a UV-2600 spectrometer. The UV 
spectra for calcinated black soil in powder form displayed the absorption peak at 222nm which implies the lower 
particle size of Calcinated black soil. The UV Vis spectrum for ZnO nanoparticles should be noted that the 
absorption edge values for ZnO samples lie in the wavelength range of 357 nm. The observed peak is found to be in 
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good agreement with previously reported free exciton transition peak [9]. The UV spectra for ZnO/Calcinated Black 
soil nanocomposite synthesized in powder form displayed sharp absorption peak at 338 nm which implies the lower 
particle size ZnO/Calcinated Black soil nanocomposite. In ZnO nanoparticles the optical absorption edge (357nm) 
shifted towards shorter wave length (338nm) in ZnO/Calcinated Black soil nanocomposite which may be attributed 
to the formation of ZnO/Calcinated Black soil nanocomposite. The band gap energy (Eg) of CBS, ZnO and 
ZnO/CBS nanomaterials were 2.5 eV, 3.4 eV and 4.5 eV respectively which is calculated from the Tauc plot of 
(hγα)2 versus (hγ) and extrapolate the linear part of the curves to the energy axis [10]:   

hγ = B(hγ-Eg)1/2 

 where α is the absorption coefficient, hγ is the photon energy, B is a constant, and Eg is the direct band gap energy. 
The absorption coefficient (α) was determined from the Beer–Lambert’s relation, α = 2.303A/d, where d is the path 
length of the cuvette and A is the absorbance determined from the UV–visible spectrum. UV-Vis absorption spectra 
and the Tauc plot of CBS, ZnO and ZnO/CBS nanomaterials are shown in Figure 1. 

 
Fig.1. UV Spectra for the prepared nanomaterials (a) ZnO, (b) CBS and (c) ZnO/CBS 

In the FT-IR spectrum of Calcinated Black soil, the absorption peaks at 3406.28cm−1 and 2949.15 cm−1 are 
described to stretching vibrations of –OH groups. Peaks around 1200 cm-1 to 1500 cm-1 concluded the presence of 
C-H vibration of stretching band. The region 1315.45cm−1 represents C-O stretching. The smaller peaks in 
1028.06cm−1 represent Si-O-Si [11] stretching frequency. The smaller peaks in 466.77cm−1 represent Fe-O [12] 
stretching frequency. The peaks at 877.61 cm-1 and 692.44 cm-1 were attributed to different Mg-O- Mg vibration 
modes of MgO [13]. The absorption band at around 516.92 cm-1 represents the Al-O [14] stretching mode. The wide 
and strong band at around 466.77 cm-1 corresponds to the Ca-O [15] bonds. This indicates the presence of Si, Al, Fe, 
Mg and Ca oxides are present in the Calcinated Black soil. In the FT-IR spectra of ZnO nanoparticles, the peak 
observed at 3505.95 cm-1 are may be due to O-H stretching and deformation, respectively assigned to the water 
adsorption on the metal surface. The peaks at 1629.55, 616.14 cm-1 are corresponding to Zn-O [16] stretching and 
deformation vibration, respectively. The metal-oxygen frequencies observed for the respective metal oxides are in 
accordance with literature.In the FT-IR spectrum of ZnO/Calcinated Black soil, the absorption peaks at 3620.39 
cm−1 and 2949.15 cm−1 are described to stretching vibrations of –OH groups. The smaller peaks in 1024.20cm−1 
represent Si-O-Si stretching frequency. The smaller peaks in 460.99cm−1 represent Fe-O stretching frequency. The 
peaks at 792.74 cm-1 and 688.59 cm-1 were attributed to different Mg-O vibration modes of MgO. The absorption 
band at around 514.99 cm-1 represents the Al-O stretching mode. The wide and strong band at around422.41cm-1 
corresponds to the Ca-O bonds. The smaller peaks in 673.16cm−1 represent Zn-O stretching frequency. This 
indicates that the ZnO nanoparticles doped on the surface of Calcinated Black soil. Evidently, Si, Al, Fe, Mg and Ca 
metal oxides are on the surface of modified adsorbent (ZnO/CBS), providing various adsorption sites and increasing 
the adsorption capacity. 

 
Fig.2. FT IR Spectra for (a) CBS (b) ZnO and (c) ZnO/CBS 
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In the X-ray diffraction of Calcinated Black Soil, the most intense peak at 2θ = 26.690 is obtained. X-Ray 
Diffraction (XRD) patterns obtained from X-Ray Diffractometer using 1.5406Å wavelength radiation were used to 
identify the composition and the same is used to calculate particle size using Debye– Scherrer equation.  

𝐷 = 0.9 λ/β cosθ 

Where, ‘D’ is average particle size, ‘λ’ is wave length of X-Ray (0.1541 nm), ‘β’ is FWHM (full width at half 
maximum), ‘θ’ is the diffraction angle. The size of the CBS nanoparticles found to be 16nm range. The sharpness, 
strong intensity and narrow width of CBS diffraction peaks in the XRD pattern indicate that the prepared CBS 
sample is well crystallized. For the X-ray diffraction patterns of ZnO nanoparticles, the strong broad peaks observed 
at about 2θ = 31.680, 34.38 and 36.178 corresponding to (100), (002) and (101) respectively, which is a 
characteristic peaks of ZnO nanoparticles. All the diffraction peaks are well indexed to the hexagonal ZnO wurtzite 
structure (JCPDS No 80-0075). The average particle size in the present precipitation method calculated is found to 
be in the range of 36 nm [17]. In the X-ray diffraction of ZnO/CBS nanocomposites, the strong broad peaks 
observed at about 2θ =35.560, 38.860 and 27.770 which is a characteristic peaks of ZnO/CBS nanocomposites. The 
diffraction peaks are well indexed to the hexagonal ZnO wurtzite structure (JCPDS No 80-0075). The average 
particle size in the present method calculated is to be in the range of 15nm.  

 
Fig.3. XRD for (a) ZnO (b) CBS and (c) ZnO/CBS 

The SEM image of CBS exhibits a fairly flocculated type of microstructure. This may be due to the 
presence of iron oxides, which might have added the flocculent nature to the calcinated black soil. The EDS analysis 
indicated that the Calcinated Black soil sample is mainly composed by Si, Al, O, Fe, Ca, Mg and Na. The SEM 
image of ZnO nanoparticles shows that ZnO nanoparticles are aggregated and compressed. The high degree of 
agreement is clearly visible in agreement with previous studies [18] and the EDS pattern of ZnO nanoparticles is 
show in the labeling clearly, Zn and O are the main constituents of the samples and no trace of impurities could be 
found within the detection limits of EDS. In the SEM image of ZnO coated Calcinated Black Soil, it is clear from 
the SEM that the particles are spherical, regular and uniform in shape. The chemical analysis of the ZnO/Calcinated 
Black Soil nanocomposite, measured by EDS analysis showed that Zn, Al, Si, Fe Ca, Mg and O signals have been 
detected, which indicated that ZnO/Calcinated Black Soil nanocomposite are indeed made up of Zn, Al, Si, Ca, Mg 
and Fe metal oxides. This indicates that Calcinated Black Soil doped on the surface of ZnO nanoparticles. 

 
Fig.4. SEM and EDS Spectra for CBS, ZnO & ZnO/CBS 
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B. Photocatalytic degradation of AB by sunlight method 

In a photocatalytic degradation process, the dye molecules absorb photons and get excited, resulted electron 
jump to singlet state. Then these excited singlet state molecule is converted in to triplet state through inter system 
crossing. The triplet dye may donate its electron to the photocatalyst and the dye becomes positively charged. The 
dissolved oxygen of the solution will drag an electron from the conduction band of photocatalyst. The positively 
charged molecules of the dye will immediately react with hydroxyl ion to form hydroxyl radicals and these hydroxyl 
radicals will oxidize the dye molecules into the products [19].  

Dye + hυ → Dye*1 

Dye*1 → Dye*3 

Dye*3 + Catalyst→ Dye+ + Catalyst (e-) 

Catalyst (e-) + O2 → Catalyst + O2- 

Dye+ + OH- → Dye + •OH 

Dye/Dye+ + •OH → other degraded products 

C. Effect of initial dye Concentration 

The effect of initial dye concentration on the degradation of AB was studied at different concentration in 
the range of 10 – 100 ppm. It was observed that the degradation efficiency decreases by increasing the concentration 
of the dye molecules. Due to the fact that as the concentration of dye molecule increases, more molecules get 
adsorbed on the photocatalyst surface, the substrate concentration can influence the extent of adsorption at the 
surface of the photocatalyst. It will be an important remitter for optimization between high degradation rate and 
efficiency [20] found the optimum propoxur concentration. Above this concentration, the rate decrease due to 
insufficient quantity of OH• radicals, as the formation of •OH radicals is a constant for a given amount of the 
catalyst. The experimental data showed that the percentage removal capacity for ZnO/CBS nanocomposites are high 
compared to CBS and ZnO nanomaterials. This is due to the fact that the particle size for ZnO/CBS nanocomposites 
are very low compared to other materials.  

D. Effect of Catalyst dosage 

The effect of catalyst dosage on the degradation of AB was investigated at different dosage in the range of 
0.01 – 0.09 g/60 ppm dye solution. It was noted that the % of degradation efficiency increases by increasing the 
amount of catalyst for the removal of AB under sunlight irradiation. The increase in the degradation efficiency due 
to the increase in the total surface area of the catalyst available for the photocatalytic reaction as the amount of 
catalyst increased. 

E. Effect of pH and Contact time 

The effect of pH and contact time was studied by increasing the pH from 1 to 11 and irradiation time varied 
from 10 to 100 min. The degradation of anionic Aniline Blue (AB) dye is low at pH 11 and the degradation 
efficiency is maximum only at acidic pH. This is due to the fact that the photocatalyst surface becomes + ve charged 
at pH < 7 and negative charged at pH > 7 making the electrostatic interaction between the dye and the catalyst 
surface predominant adsorption process. The optimum conduct time required for maximum removal was found to be 
60 minutes for solar irradiation.   

 
Fig.5. Time vs Absorption spectra with AB dye under sunlight 
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F. Effect of Electron acceptor 

The effect of electron acceptor like H2O2 was studied at different concentration of H2O2. It was observed 
that the percentage of degradation of AB dye increases by increasing the H2O2 concentration using the prepared 
nanomaterials. This is due to the fact that H2O2 act as an electron acceptor. In heterogeneous photocatalytic reaction, 
molecular oxygen (air) has been used for this purpose as an electron acceptor for prevention of electron hole 
recombination. One approach used to prevent electron hole recombination is to add electron acceptors into the 
reaction media. The presence of H2O2 as electron acceptor can serve as electron scavengers to prevent the 
recombination and enhance photodegradation efficiency. H2O2 has several effects including: (a) avoid recombination 
of electron-hole by accepting the conduction band electron and (b) increase the concentrations of the hydroxyl 
radical [21]. 

H2O2 + hυ → 2•OH 

h+ + OH−→ •OH− 

e− + O2 → O2
−• 

e− + H2O2→ HO• + OH− 

Dye molecules + •OH → H2O + dye• → further oxidation 

 
Fig.6. Effect of variable parameter using the prepared nanomaterials 

IV. CONCLUSIONS 

 In summary, the ZnO nanoparticles, Calcinated Black Soil and ZnO/CBS nanocomposites are used for the 
degradation of AB dye. Compared to three nanomaterials ZnO/CBS is a effective Catalyst for the degradation 
process. The UV, FT-IR, XRD and SEM with EDS results showed that the  ZnO/CbS nanocomposites could be 
produced. The degradation was found to be highly dependent on pH. Acidic conditions favor the removal of Aniline 
Blue dye. The percentage removal decreased with increasing concentration of dye. The degradation process was also 
dependent on dosage of adsorbent, initial concentration, pH and contact time. The optimum adsorbent dosage and 
contact time are 0.05g/50ml and 60 minutes.  
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