
© 2022 JETIR July 2022, Volume 9, Issue 7                                                                     www.jetir.org (ISSN-2349-5162) 

JETIR2207138 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b344 
 

 Facial Fabrication of ZnO Nanomaterials for 

Effective Degradation of Direct Yellow 9 Dye 

Under Sunlight Radiation 

Hansraj Poswal and A.S. Meena* 

Research Scholar and Assistant Professor 

Department of Chemistry, University of Rajasthan, Jaipur-302004, Rajasthan, INDIA. 

 

 

Abstract :  Water pollution by organic pollutants (Dyes) becomes a major environmental problem. Here we report the synthesis 

ZnO nanomaterials via coprecipitation method using zinc acetate dihydrate as precursor. The fabricated sample was characterized 

by FESEM-EDS, FTIR, UV-VIS techniques. FESEM images expressed that nanomaterial images are needle and polygon shaped 

with little agglomeration. Optical properties are determined by UV-VIS spectroscopy. Photocatalytical activity was tested against 

with Direct Yellow 9 dye by variation in dose of dye and nanomaterial and also variation in pH. 
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I. INTRODUCTION 

Water is most important natural resource on earth, but pollution of water is becoming a tremendous problem. Organic 

dyes, released from industrial wastewater such as cosmetic, textile, leather, printing, drug, and rubber industries, are major 

group of pollutants.[1] The improper disposal of these residual dyes and dye wastewater into water sources by some industries 

and textile manufacturers has recently become a major source in the pollution of waterways. [2] These are extremely dangerous 

for people, animals, and the aquatic ecology due to their poor biodegradability and carcinogenic tendencies.[3] Due to their non-

biodegradability and adverse effects on humans due to their high potential to be carcinogenic, organic dyes have received 

special attention as important environmental pollutants. [4,5] Due to the complex structure of organic dyes and their great 

stability in wastewater, it is a challenging, expensive, and time-consuming operation to degrade these dyes. For the treatment of 

wastewater containing organic dyes, a variety of techniques have been used, including biological, chemical, physico-chemical 

methods, and combinations of these protocols such as dissolved microorganisms, air floatation, active carbon adsorption, 

chemical and biochemical mediated reductions, and more. [6–10] However, the majority of these approaches have some 

drawbacks. Because of its eco-friendliness, cost-effectiveness, long lifespan, and ability to completely conversion f o pollutants 

into non-hazardous products, using semiconductor materials as photocatalysts (primarily metal oxides such as TiO2, SnO2, 

CuO, and ZnO) is found ht to be the most appealing and feasible way to address the crucial problem of water pollution. [11-14] 

Popular metal oxide semiconductor materials ZnO and TiO2 have received a lot of attention because of their improved thermal 

stability, photosensitivity, and non-toxicity. [15] Because of cheaper, easy to synthesis, and eco-friendly nature ZnO 

nanmomaterials are videly used as photocatalyst. it is an n-type direct wide bandgap (Eg = 3.2-3.4 eV) semiconductor 

nanomaterial. [16,17] It may generate photo-excited holes and electrons with a strong oxidising capacity. Numerous methods, 

including hydrothermal [18], precipitation [19], microwave [20], micro emulsion [21], solvothermal [22], supercritical water [23], and 

mechanical procedures [24-25], have been reported for the synthesis of ZnO nanomaterials (NPs). Co-precipitation is the best 

approach out of all of them due to its low cost, high uniformity, and simplicity of synthesis. The catalytic performance of 

synthesized ZnO NMs was investigated for the degradation of direct yellow 9 dye. 

II. Experimental  

A. Materials 
Zinc acetate dihydrate [Zn(CH3COO)2.2H2O)], potassium hydroxide (KOH), N, N, N, N-Cetyl trimethylammonium 

bromide (CTAB), ethyl alcohol, and Direct Yellow 9 were used. All chemicals were of analytical grade and used without 

any further purification.  

B. Preparation of ZnO Nanomaterials 
For the synthesis of ZnO nanomaterials, in a typical method, 0.05 mole of Zn(CH3COO)2.2H2O and 3 mL of CH3COOH 

dissolved in 100 mL of double distilled water with constant magnetic stirring for 25 min., then 1 gm of CTAB was added 

and stirred again for almost 60 min. Further, the pH of the solution was set up at 11 by adding 2M of KOH solution 

dropwise under constant stirring and the temperature of the mixture was increased to 80°C, a viscous white precipitate 

appeared which was continuously stirred for 2 hours at 80°C. Afterward, the obtained white precipitated was refluxed for 

1 hour at 140°C. The suspension was kept uninterrupted overnight and allowed to cool down naturally to room 
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temperature. The white precipitate was recovered by centrifugation and repeatedly washed with double distilled water 

and ethyl alcohol, and dried for 4 h in a hot air oven at 85 °C temperature. The obtained white powder was used for 

characterization and photocatalytic studies of organic dye. 

Reactions: 

 
C. Characterization 

Bond nature of ZnO NMs was investigated by Fourier-transform infrared (FTIR) spectrum. FESEM and EDX were used 

to study the morphology and the composition of fabricated NMs. The concentration of dyes in the treated solution and 

band gap in between VB and CB were investigated by UV – visible absorption spectrophotometer in the range of 200-

800 nm. 

D. Studies of Photocatalytic Activities 

Direct Yellow 9(DY9) dye was used as modal water pollutant in aqueous medium, purchased from loba chemicals. 

Reaction condition was optimised by variation in pH, dose of nanomaterials, dose of dye with respect to time. 250W 

sodium lamp photoreactor was used to for experimental setup, sample was sited at 10cm away from lamp. For the 

establishment of adsorption-disorption equilibrium the dye solution was allow to kept in dark chamber for 40 minutes 

after the introduction of nanomaterial with dye solution. After that, the mixture was exposed to visible light in 

photoreactor under constant stirrer and 5 mL of dye solution was removed in predetermined time intervals, centrifuged 

for removal of photonanocatalyst and to determine to the residual concentration of dye in solution the absorbance was 

measured using a UV-visible spectrophotometer with a quartz cuvette with an optical length of 10 mm. The degradation 

percentage of dye was calculated using the equation as given follow equation: 

% degradation =
C0 − Ct
C0

or
A0 − At

A0

x100  

Where C0 and Ct are the initial concentration at adsorption-desorption equilibrium and after a period of irradiation, while 

A0 and At are the absorbance of dye solutions after adsorption-desorption equilibrium and after irradiation of different 

time intervals. 

 

III. Result and Discussion 

1. Morphological and Elemental Analysis  

FESEM-EDS spectroscopy was used for the study of morphology and elemental composition of prepared ZnO NMs. The 

FESEM images of ZnO NMs are illustrated in Fig. 1. As shown in FESEM images, ZnO NMs have needle-polygonal shapes 

with little agglomerations. These agglomerations could be attributed to the high tendency of NMs to form large clusters. On 

the other hand, EDS analysis confirmed the successful synthesis of ZnO. The EDS spectra representing in (Fig.2), showing 

the chemical composition of sample. EDS spectra explains the successful synthesis of ZnO NMs. 

 
Figure-1: FESEM of ZnO Nanometerials 
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Figure-2: EDS of ZnO Nanometerials 

2. Fourier-Transform Infrared (FTIR) Spectra  

FTIR spectra for the synthesized sample is shown in Fig. 3, the strong absorption peaks in FTIR spectra observed at 

3386 cm−1 indicate the existence of O-H stretching vibration of H2O water molecules. The peaks reported between 

1140-1570 cm−1 show the presence of CO2 molecules absorbed by samples. The absorption peaks that appeared within 

400–650 cm−1 represent the metal-oxygen bonds [26]. The peak around 565 cm−1 (Fig.3) indicates the Zn-O stretching 

vibration [27]. 

 
Figure-3: FTIR of ZnO Nanometerials 

3. Optical Properties  

A. ZnO Nanomaterials 

To analyze the optical properties of prepared ZnO-NMs UV-vis absorption spectra was recorded as shown in Figure-

4. ZnO exhibits strong absorption spectra at 326 nm. 

B. Direct Yellow 9 Dye (DY9) 

UV-VIS spectra was plotted against absorbance at Y axis with respect to wavelength at X axis, which is represented 

in figure 5. Spectra shows two maxima at 230nm and 405nm. Spectra shows two types of transitions in UV-VIS. 

Transitions related to 405 nm are responsible for colour. All further UV-VIS data for DY9 are recorded at 405 nm.  

 
Figure-5: UV-VIS Spectra of Direct Yellow Dye 

C. Photocatalytic activity  
To investigate the photocatalytical activity of prepared ZnO photocatalyst 100mL of dye solutions have 15mg/100ml 

dye concentration and 15mg of catalyst doses were irradiated under visible light at optimized pH in a photoreactor. The 

degraded amount of DY9 dye was measured by recording UV visible absorption spectra at 405nm. As shown in Fig. 5 

the attributed absorption peak of DY9 dye at 405 nm is continuously declining with time due to the photodegradation of 

DY9 dye into non-hazardous products. In 100 min of visible light irradiation, the dye is about to completely degraded 

and there was no absorption peak recorded after 100 minutes in results. 

D. Effect of Reaction Parameters on Photocatalysis  

i. Effect of Dose of Nanomaterials 

As we know nanomaterials are the photocatalysts for the degradation of dyes. Amount of these photocatalysts affects 

the rate of degradation. As we know these photocatalysts provides the surface area for the photodegradation of dye so, by 

increasing amount of nanomaterials no. of active sites increase so rate of photodegradation also increase. The effect of 

nanomaterial amount on photodegradation of DY9 was studied by varying nanomaterial dose amount from 15mg to 

25mg under optimized reaction with 15mg/100ml dye solution. The results shown in figure-6. 
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Figure-6: Effect of Dose of Nanomaterials 

ii. Effect of dye solution pH  

Photodegradation of DY9 dye in aqueous medium is largely affect by pH of medium, by changing the pH of media 

rate of degradation affected significantly. It happens, because of the different of interaction of DY9 with photocatalyst at 

different pH value. For the photodegradation process of DY9 dye, the effect of solution pH was investigated at different 

pH i.e. 7, 9, 11 and 13 using 100mL of 15mg/100ml dye solution with 15mg of catalyst dose amount under visible light 

illumination. The results as shown in Figure-7 reveal that degradation rate is increase on increasing solution pH and 

determined highest for pH = 11. Since the main degrading agent in the media are hydroxyl radicals. At lower pH solution 

the generation of degrading agents (oxidizing radicals) becomes difficult. By increasing pH the quantity of degrading 

agents increase and becomes maximum at 11pH. Further increment in pH is responsible for the ionisation of dye which 

make it anionic so, degrading agents cannot approach effectively to photodegradation.[28].  

 
Figure-7: Effect of dye solution pH 

iii. Effect of Initial Dye Concentration 

Degradation of dyes at the surface of any photocatalyst follow 1st order kinetics. Initial dye concentration also affects 

the degradation rate of itself by photocatalyst. As the initial dye concentration increase and dose amount of photocatalyst 

remains unchanged the rate of photodegradation decrease. It is because of by increasing initial dye concentration 

occupancy of active sites by molecules increase and efficiency of photocatalysts decrease. When we increase dye 

concentration from 15mg/100ml concentration to 20mg/100ml and 25mg/100ml, degradation rate progressively 

decreases which is represented in figure-8. 

 
Figure-8: Effect of Initial Dye Concentration 
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