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ABSTRACT-The photodegradation efficiency of two synthesized Nickel Calciate nanoparticles (NiCaO2-I and NiCaO2-II) 

against Coomassie Brilliant Blue G (CBBG) dye in aqueous solution was investigated. The Nickel Calciate nanoparticles were 

synthesized by solution combustion method using two different fuels urea and acetamide. The synthesized nanoparticles were 

characterized by SEM, XRD, EDX and the band gap was determined by using UV-absorption spectroscopy. All the experiments 

were conducted in presence of natural sun light. Degradation efficiency was studied by varying different parameters such as 

catalyst concentration, solution pH, dye concentration and in different conditions with respect to UV and dark conditions.  
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1. INTRODUCTION  

Dyes are widely used in the textile, leather, paper, printing inks, plastics, cosmetics, paints, pharmaceutical, and food 

industries [1]. The total world colorant production in 2008 was recorded to be about 1.5 million tons. It is estimated that 15% of 

these dyes is lost in the synthesis, processing of colorants, dyeing, printing and finishing [2]. The usage of these industrial dyes is 

maximum hence we find the contaminated river water streams and sewage treatment plants in urban areas [3]. Even though the 

concentration of dye in wastewaters is very low compared to other chemicals, it’s strong affinity towards water makes it visible 

even at very low concentrations, thus causing serious aesthetic and pollution problems in wastewater disposal [4, 5] and also these 

dyes can harm the environment especially the aquatic ecosystem. Coloured effluents released by different industries may be 

mutagenic, carcinogenic and toxic. Synthetic dyes are usually treated by physical or chemical methods [6].   

A non-azo dye, CBBG, have been used for the purpose of acid wool dye and known to be popular reagent for protein 

chemists. This is widely used for staining proteins in electrophoresis techniques, as well as for measuring protein [7]. In the 

earlier studies other researcher have investigated the degradation of CBBG by different nanoparticles like Ce and Nd-doped 

Bi2O3, [8] La and Mo-doped TiO2, [9] Cerium-Iron Oxide, [10] palladium nanoparticles [11] and also Jadhav et al., decolorize the 

CBBG dye by microbial consortium of Galactomyces geotrichum and Bacillus sp. [12]  Arunachalam et al., has degraded the 

CBBR by green synthesized silver nanoparticles [13].                                                                                                                                     

 

In recent years, much attention is given to photocatalytic decolourization of Industrial dyes and coloured effluents in presence 

natural sunlight. Since it’s a cost-effective alternate for the purification of dye containing wastewater [14], photocatalysis, has 

become one of the advanced processes in pollution prevention. In this method mineralizes the dye compounds [2] and also light 

energy observed by the semiconductor material, which is equal to or more than to its band gap, thereby creates electrons holes for 

the release of free radicals in the system to oxidize the substrate and the resultant free-radicals are very efficient oxidizers of 

organic compounds [15, 16, 3]. The frequent use of photocatalytic oxidation technology for the complete removal of dyes in 

wastewater by utilizing sunlight and UV irradiation as energy sources [17]. Keeping in view of importance of photocatalysis, and 

in continuation of our study in decolourization of dyes, [3, 14, 15, 18-22) we aimed at the synthesis of Nickel Calciate (NiCaO2) 

nanoparticles for decolourization of CBBG dye, which is being used extensively in textile industries.                                                                                                      
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Figure 1: Mechanism of photocatalytic Degradation 

 

2.  EXPERIMENTAL DETAILS 

The commercially available water soluble dyes CBBG (λmax 582nm) were obtained from Sisco Research Laboratory Pvt. Ltd. 

Maharastra (Figure 2). The chemicals like Nickel Nitrate (Ni(NO3)2.6H2O) (99% A. R.), are obtained from Sisco Research 

Laboratory Pvt. Ltd. Maharastra Calcium Nitrate (Ca(NO3)2.4H2O) (99%, A. R.), Urea (NH2CONH2) (99.5%), Acetamide 

(CH3CONH2) (99%, A.R.), were obtained from Hi-Media Chemicals, Mumbai. The visible spectrophotometer (Elico, SL 177) 

has been used for recording absorbance at λmax. Later the absorbance was recorded in visible spectrophotometer (Elico, SL 177).  

 
Figure 2: Chemical Structure of Coomassie Brilliant Blue G 

 

2.1. SYNTHESIS OF NANOPARTICLES 

The NiCaO2 nanoparticles were synthesized by solution combustion method, using oxidizers (metal nitrates) and fuels (urea, 

acetamide). It involves a self-sustained reaction in homogeneous solution of different oxidizers and fuels. In the first stage 

NiCaO2-I was prepared by using the fuel Urea and NiCaO2-II by using acetamide. Here urea and acetamide  are used as fules for 

the synthesis process. Both urea and Acetamide will provide the required amount of Hydrogen and Oxygen to the combustion 

process, which intern help the reaction through converting the nitrogen into ammonia and converting the metal nitrates into 

oxides, which helps to build the different morphology for different nanoparticles. Hence both the fuels play a vital role in the 

combustion synthesis process.  Stoichiometric amounts of Nickel Nitrate, Calcium Nitrate, and fuels Urea and Acetamide were 

calculated using the total oxidizing and reducing valences of the compounds which serve as numerical coefficients for 

Stoichiometric balance. For NiCaO2-I the chemicals of Nickel Nitrate (5.48g), Calcium Nitrate (7.08g), and were dissolved in 

minimum quantity of water along with Urea (6.05g) and similarly for NiCaO2-II synthesis, Nickel Nitrate (20.9 g), Calcium 

Nitrate (25.98 g),  along with the fuel Acetamide (11.81 g) in a silica crucible (with volume of 100 cm3). The crucible was 

introduced into the muffle furnace which was preheated to 600° C. The solution boils and undergoes dehydration followed by 

decomposition along with the release of certain amounts of gases it froths and swells forming foam which ruptures with a flame 

and glows to incandescence. The obtained nano particle was crushed in a mortar to make it amorphous and used for the 

photocatalytic degradation study of CBBG (λmax 582nm). According to the propellant chemistry, the following reaction takes 

place during combustion.  

3Ni(NO3)2+3Ca(NO3)2+10NH2CONH2→ 3NiCaO2+10CO2+20H2O+16N2                                  (1) 

11Ni(NO3)2+11Ca(NO3)2+20CH3CONH2→11NiCaO2+50CO2+40H2O+32N2                                                       (2) 

2.2. POINT OF ZERO CHARGE 

Point of zero charge or isoelectric point is the pH of the solution at which the total charge on the surface of the nanoparticles 

becomes zero (neutral). The point of zero charge of NiCaO2 were measured by pH drift method, 50ml of NaCl 0.01M was taken 

in six separate beakers and bubbled it with Nitrogen gas to expel the dissolved CO2 for few minutes at room temperature till it get 

a stable pH reading. The pH of the solution in each beaker was adjusted between 2 to 12 by adding 0.1N HCl and 0.1N NaOH 

after which 50mg of NiCaO2 nanoparticles were added. This system was kept at room temperature until concurrent pH measured; 

this was kept for 92hrs for the stabilization of pH. The graph was plotted against final pH v/s initial pH, the point which this curve 

crosses the initial pH=final pH straight line is the point of zero charge. 

 2.3. CHARACTERIZATION OF NANOPARTICLES 

Powder X-ray diffraction (XRD) was performed powder X-ray diffraction (Rigaku diffractrometer) using Cu-Kα radiation 

(1.5406 Å) in a θ-2θ configuration. Specific surface areas (SSA) of the photocatalysts were estimated at 77 K by Brunauer–

Emmett–Teller (BET) nitrogen adsorption–desorption (NOVA-1000 version 3.70 Instrument). Scanning electron microscope 
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(SEM) image was taken with a JEOL (JSM-840A). The UV-visible spectra of the photocatalysts were carried out using a UV-

visible spectrophotometer in the λ range from 200 to 1200 nm. The confirmatory presence of elements was carried out using 

Energy Dispersive X-ray (EDX) spectrometer.  

 

2.4. EXPERIMENTAL PROCEDURE 

The photocatalytic experiments were carried out under direct sunlight. The known concentration of dye solutions were 

prepared by dissolving 0.02g of CBBG in 1000ml double distilled water and investigated for its decolourization in the presence of 

Nickel Calciate nanoparticle at different catalyst dosages and pH levels. Initially, 100ml of 20ppm of dye samples were tested 

with different catalyst dosage (from 0. 1g to 1g), by varying pH (from 2pH to 11pH), dye concentration (20ppm to 50ppm and 

different conditions with respect to U.V and dark. Except U.V and dark conditions all experiments carried out in the presence of 

direct sunlight. The whole experimental set-up was placed in sunlight between 11 a.m. and 2 p.m. and the average intensity of 

sunlight during this period is 792×100 lux unit using lux meter. After the photocatalytic decolourization, the extent of 

decolourization was estimated by recording absorbance of the dye solution using spectrophotometer (Elico, SL 177) in order to 

get the optimum catalyst dose. The experiments were repeated at different pH levels (from 2 to 11) for the 100ml of same 

standard dye solutions with the optimum catalyst dose. Initial dye concentration and different conditions experiments were 

repeated at different concentration and different conditions with respect to U.V. and dark conditions for the 100ml of same 

standard dye solution with optimum catalyst and pH. The percentage was calculated by equation,                                                                                                                                      

D=Co-Ct/Co×                                                                                           (3) 

Where, C0 is the initial absorbance of the dye solution Ct is absorbance at time interval‘t’ i.e., after 120 minutes. 

 

3.  RESULT AND DISCUSSION 

3.1. BET SURFACE ANALYSIS 

The results of the Brunauer–Emmett–Teller surface area measurements of the as-prepared NiCaO2-I and NiCaO2-II were 

2.4416 m2/g and 2.3778 m2/g respectively. BET surface area analysis, the specific surface area and pore volumes obtained for the 

nanoparticles are reported in table 1. This value is analogues to the other nanoparticles [23-25]. The obtained surface area for 

NiCaO2 nanoparticles is suitable for the photocatalytic activity [26]. 

Table 1: Surface properties of the nanoparticles 

 

 

 

 

 

 

 

3.2. NATURE OF ZERO POINT CHARGE 

In order to understand the behaviour of adsorption or photocatalysts with respect to pH, it is important to determine the 

isoelectric point or point zero charge of the nanoparticles. For the determination of PZC of NiCaO2-I and NiCaO2-II 

nanoparticles, the graph of initial pH against final pH was plotted and the values of pH(pzc) were found to be 11.5 and 11.7 

respectively. (Figure 3a) Below this pH(pzc) the surface is acidic in nature, positively charged and above this surface is  basic in 

nature and negatively charged. The pH of CBBG is below the pH(pzc), which favours the adsorption of anionic CBBG and thus the 

suitable for photocatalysis [27].  

3.3. SCANNING ELECTRON MICROSCOPY 

The powdered sample was examined by SEM technique which shows that, the structure of the synthesized NiCaO2-I and 

NiCaO2-II nanoparticles. An image obtained by SEM analysis reveals the agglomeration and arrange in the clumpy form [28] for 

both synthesized NiCaO2 nanoparticles presented in Figure 3b and 3c.                          

3.4. X-RAY DIFFRACTION (XRD) 

The XRD patterns of NiCaO2-I and NiCaO2-II nanoparticles reveal that, the presence of Rhombo Hedral structure and the 2θ 

peaks were observed which related to Nickel oxide, (36.67°, 42.72°, 54.00°, 62.26°) (JCPDS card No.01-089-3080) Caliate 

(28.97°, 39.02°, 46.78°) (JCPDS card No.00-003-0569) for NiCaO2-I and for NiCaO2-II the peaks were related to Nickel oxide, 

(37.29°, 43.30°, 62.87°, 75.40°, 79.33°) (JCPDS card No.01-089-3080) Caliate (23.13°, 29.48°, 39.48, 48.59°, 57.48°) (JCPDS 

card No.00-024-0027) and the XRD was performed by powder X-ray diffraction (Rigaku diffractrometer) using Cu-Kα radiation 

(1.5406 Å) in a θ-2θ configuration. The pattern obtained from the XRD analysis of the prepared NiCaO2-I and NiCaO2-II 

nanoparticles were presented in Figure 3d and 3e.                                            

According to the Debye Scherrer’s formula: D=Kλ/β Cosθ          (4) 

K = 0.90 the Scherrer’s constant (dependent on crystallite shape) 

λ = X-ray wavelength 

β = the peak full width at half-maximum (FWHM) 

θ = the Bragg diffraction angle 

In the present work, the powdered sample of newly synthesized NiCaO2-I and NiCaO2-II nanoparticles were examined by 

XRD studies and found that NiCaO2-I nanoparticle size varies from 8 nm to 18 nm and henceforth the average crystallite size was 

found to be 14 nm. Whereas NiCaO2-II nanoparticles found to be varied from 10 nm to 24 nm and its average size was achieved 

on 19 nm respectively 

 

Catalyst Surface area Pore volume Average pore 

diameter 

NiCaO2 (urea) 2.4416 m2/g 0.01013 cc/g 165.87Å 

NiCaO2 (acetamide) 2.3778 m2/g 0.00265 cc/g 44.578Å 
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3.5. UV ABSORPTION SPECTROSCOPY 

The optical absorption is an important tool to obtain optical energy band gap of crystalline and amorphous materials. The 

fundamental absorption corresponds to the electron excitation from the valence band to the conduction band can be used to 

determine the nature and value of the optical band gap. The absorption spectrum reveals that the NaCaO2-I and NaCaO2-II 

nanoparticles (Figure 3f and 3g) absorption in the visible light region with a wavelength above 400 nm. The optical energy band 

gap Eg is   calculated from the relation:(αhυ)=B(hυ−Eg)n Where, ‘hυ’ is the photon energy, ‘B’ is the constant and ‘n’ is the 

power factor and that takes 1/2, 2, 3/2 and 3 allowed direct, allowed indirect, forbidden direct and forbidden indirect transitions 

respectively. The optical band gap of the the NaCaO2-I and NaCaO2-II nanoparticle found to be 3.05eV and 2.86eV respectively. 

3.6. ENERGY DISPERSIVE X-RAY (EDX) 

Energy Dispersive X-ray (EDX) spectrometer analysis is confirmatory presence of elemental Nickel, calcium, carbon and 

Oxygen signals of the Nickel Calciate nanoparticles. The vertical axis displays the number of x-ray counts although the horizontal 

axis displays energy in KeV (Figure 3h and 3i). The weight and atomic percentage of carbon, Oxygen, calcium, and Nickel was 

found to be 7.79, 51.80, 25.74, 14.67 and 13.57, 67.76, 13.44, 5.23 for NiCaO2 - I and NiCaO2 - II found to be 20.57, 46.88, 

17.85, 14.69 and 32.08, 54.88, 8.344.69     these corresponds, the spectrum without impurities peaks [29].         
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Figure 3: (a) point of Zero Charge of NiCaO2 nanoparticles, Scanning Electron Micrographs (b) NiCaO2 – I (c) NiCaO2 – II, 

XRD (d) NiCaO2-I (e) NiCaO2 –II, UV-absorption spectra (f) NiCaO2 – I (g) NiCaO2 – II, Energy Dispersive X-ray (h) NiCaO2 – I 

(i) NiCaO2 – II.                                      

 

3.7. EFFECT OF CATALYST CONCENTRATION 

The catalyst concentration studies for the degradation of CBBG dye was investigated, the amount of     catalyst varies from 

0.1g to 1g/100ml. The percentage of degradation of dye has shown appreciable results. Where, NiCaO2-I (Figure 4a) (Figure 5a) 

showed maximum of 97.35 % at 0.3g/100ml, NiCaO2-II (Figure 4b) (Figure 5b) showed 95.03% at 0.4g/100ml in 120 minutes. 

The NiCaO2-I with the nanoparticle size of 14nm has shown maximum degradation when compared to the other synthesized 

nanoparticle NiCaO2-II of size 19nm. Thus we can say, the degradation is also depend on the size of the nanoparticles, the size of 

the NiCaO2-I (14nm) nanoparticle is small when compared to the NiCaO2-II (19nm).                                                        

Figure 4a and b illustrated that, the concentration of the nanoparticles increases the degradation efficiency of CBBG dye, also 

it is described by increase in number of active area of the catalyst and availability of the irradiation has led to increased screening 

effect and scattering of light. On further increasing the catalyst beyond optimum dose it decreases the photocatalytic activity. This 

is due to higher the catalyst loading, the overlapping of adsorption sites as a result of overcrowding results in deactivation of 

activated molecules by collision with ground state molecules dominates the reaction and also increase in turbidity of the solution 

reduces the light transmission through the solution, thus reducing the rate of reaction initiate the degradation reaction [30-33]. So, 

the photodegradation was most effective at 97.35% 0.3g/100ml for NiCaO2-I and 95.03% 0.4g/100ml for NiCaO2-II nano-particle 

dosages, further experiments were continued with same dosages. 

 

3.8. EFFECT OF PH 

The effect of pH on the degradation of CBBG dye was investigated varying pH ranging from 2 to11.The results illustrated 

that, the degradation efficiency affected by pH. The percentage of degradation on CBBG dye for NiCaO2-I (Figure 4c) (Figure 5c) 

increased from 85.54% to 98.12% from pH 2 to pH 6 and decreased to 81.34% at pH 11 in 120 minutes for 0.3g/100ml. For 

NiCaO2-II (Figure 4d) (Figure 5d) the degradation of the CBBG increased from 84.43% to 96.90% from pH 2 to pH 3 and 

decreased 78.14% at pH 11 in 120 minutes for 0.4g/100ml. The maximum percentage of degradation for the two different 

nanoparticles was achieved at pH 6 in NiCaO2-I and pH 3 in NiCaO2-II.                 

The effect of pH explained on the basis of zero point charge (ZPC) of NiCaO2-I and NiCaO2-II nanoparticles, where zero 

point charge of NiCaO2-I and NiCaO2-II was 11.5 and 11.7 respectively shown in Figure 3a. NiCaO2-I and NiCaO2-II 

nanoparticles surface is positively charged with below the 11.5 and 11.7pH. The CBBG is an anionic dye, the surface were 

attracted more towards the surface of catalyst and excess of hydroxyl anions increases the formation of OH• radicals. These OH- 

ions will generate more •OH radicals by combining with the hole of the semiconductor and the OH• radicals are the main 

oxidizing species responsible for photocatalytic degradation. On higher pH the decrease in degradation capacity can be explained 

on the basis of the amphoteric nature of the catalysts. Here the catalyst surface becomes negatively charged for higher pH value, 

which causes the electrostatic repulsion between the catalyst and negatively charged dyes [14, 34-38]. 
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Figure 4: Degradation of Dye with respect to time, Catalyst Concentration (a) NiCaO2-I (b) NiCaO2-II, effect of pH (c) 

NiCaO2-I (d) NiCaO2-II, dye concentration (e) NiCaO2-I (f) NiCaO2-II, effect of sunlight irradiation (g) NiCaO2-I (h) NiCaO2-II,  
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3.9. EFFECT OF INITIAL DYE CONCENTRATION 

The experiments were conducted to study the effect of initial dye concentration by varying the CBBG dye concentration from 

20 ppm to 50 ppm. The results obtained for NiCaO2-I (Figure 4e) (Figure 5e) is 98.12% for 20ppm, 96.69% for 30ppm, 89.40% 

for 40ppm and 81.01% for 50ppm. And for NiCaO2-II (Figure 4f) (Figure 5f) is 96.90% for 20ppm, 94.37% for 30ppm, 88.07 for 

40ppm and 78.25% for 50ppm, these experiments illustrated that the degradation efficiency was directly affected by the 

concentration. When the dye concentration increases, the amount of dye adsorbed or radiation photons to the catalytic surface 

increases and the photons get intercepted before they can reach the catalyst surface is blocked and separated, decreasing the 

absorption of photons by the catalyst [39] and the equilibrium adsorption of dye on the catalyst surface which results in a decrease 

in the active sites. This phenomenon results in the lower formation of OH• radicals which were considered as primary oxidizing 

agents of the organic dye [19]. As per the Beer Lambert law, if the primary dye concentration increases, the photons entering the 

dye solution decreases. These activities results in the decreased photocatalytic reaction rate as there will be lower photon 

adsorption for the catalyst particles [20]. 

3.10. EFFECT OF SUNLIGHT IRRADIATION  

The photocatalytic degradation of CBBG dye (20mg/L) under three different experimental conditions were examined, i.e., 

through sunlight alone, dye/dark/catalyst, dye/UV/catalyst and dye/sunlight/catalyst for the catalyst. CBBG dye solution when 

exposed directly to the sunlight without the catalyst, the degradation was found to be nil during the entire experiments. The 

degradation rate was found to increase with increase in irradiation time, for dye/sunlight/ NiCaO2-I showed 98.12%, dye/UV/ 

NiCaO2-I found to be 51.87% and for dye/dark/ NiCaO2-I 37.30% was recorded (Figure 4g) (Figure 5g).Similarly for CBBG dye 

(20mg/L) for dye/sunlight/ NiCaO2-II showed 96.90%, dye/UV/ NiCaO2-II found to be 48.01% and for dye/dark/ NiCaO2-II  

34.10% was recorded (Figure 4h) (Figure 5h).These results clearly indicate that, photodegradation occurs most efficiently in the 

presence of sunlight. Under sunlight, excitation of electrons from the catalyst surface takes place more rapidly than in the absence 

of light.  Similar reports have been reported for photocatalytic degradation of dyes. [21].  

 

 

 

 

 

 

 

 
Figure 5: Degradation of CBBG dye, effect of catalyst concentration (a) NiCaO2-I (b) NiCaO2-II, effect of pH (c) NiCaO2-I 

(d) NiCaO2-II, effect of initial dye concentration (e) NiCaO2-I (f) NiCaO2-II, effect of sunlight irradiation with respect to dark and 

U.V. conditions (g) NiCaO2-I (h) NiCaO2-II. 
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3.11. REUSE OF CATALYST 

The NiCaO2-I and NiCaO2-II nanoparticles were tested for reusability and the efficiencies of the NiCaO2-I nanoparticle in the 

first and second reuse were 93% and 89% and for the NiCaO2-II nanoparticle in the first and second reuse were 91% and 87% 

(Figure 6). The slight decrease of photocatalytic efficiency could be due to leaching of active sites on catalyst surface and loss of 

the catalyst during separation. Hence these nanoparticles were shown good results in the reuse and this can be applicable in the 

waste water treatment in industries [27].  

 
Figure 6: Reuse of Catalyst with respect to time 

4. CONCLUSION 

The present study reveals that, the Nickel Calciate nanoparticles decolourised CBBG more efficiently in a shorter interval of 

time in presence of sunlight as a source of irradiation. The proposed photocatalytic methods proved very effective as we have 

achieved 98.12% degradation in pH 6 and 98.01% degradation at pH 3 for NiCaO2 nanoparticles for the small size of the NiCaO2-

I (14nm) and NiCaO2-II (19nm).Hence, it can be concluded that the size of the nano materials play significant role for the 

degradation of dyes. And these results can help in the treatment of textile effluents which are causing pollution to the 

environment.                              
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