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Abstract 

A graft copolymerization were used to create ZnO nanoparticles with carboxymethyl cellulose-g-poly(acrylic acidco-acrylic 

amide) hydrogel coating (Zn(NO3)2]. Hydrogel material with an average size of 46.94 nm were successfully coated on the 

zinc nitrate surface, according to the results of several characterization tests. 

Zinc oxide (ZnO) nanoparticles were synthesised using a wet chemical technique. scanning electron microscopy (SEM), X-

ray diffraction (XRD), and the distribution of particle sizes was utilized to examine the structural and morphological aspects 

of the produced ZnO nanoparticles. The developed ZnO nanoparticles were used to remove phenol from industrial and 

synthetic wastewater. This study examined the effects of beginning pH, ZnO dosage, contact time, and phenol initial 

concentration on the percentage of phenol removed. For the sorption data, Freundlich and Langmuir isotherms were used. 

When compared to various isotherms, the findings indicate that the Langmuir isotherm fits the phenol removal data quite 

well. 
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Introduction 
Phenols and related chemicals are among the most prevalent organic chemical pollutants found in industrial effluent[1]. 

Because phenols cause harm to species at low quantities, they are categorized as priority pollutants. Phenol may be absorbed 

via the skin and is poisonous and mutagenic at high quantities[2]. The most well-known techniques for removing phenol 

from water-based solutions include adsorption, chemical oxidation, biological treatment, and precipitation. Distillation, ion 

exchange, solvent extraction, and membrane procedures, microbial fuel cells, reverse osmosis, and electrochemical 

techniques are some more well-known techniques for eliminating phenol from aqueous solutions[3–6]. 

Through chemical and physical interactions, adsorption, a physiochemical process, is necessary for the movement and 

destiny of pollutants in both natural and artificial aquatic systems[7–9]. Because of its simplicity, adsorption systems have 

low capital and operating expenses as well as fouling issues, protecting them from dangerous substances[8]. 

Phenol can be removed using a variety of physical, chemical, and biological treatment techniques, but each of these methods 

has limitations, such as secondary effluent, dangerous and hazardous final products, higher energy consumption, lengthy 

response times, non-economic, and low efficiency. Adsorption by nano particles is a straightforward solution to these issues 

compared to other approaches [10]. Because they are effective biocompatible adsorbents with more active locations, a high 

specific surface area, and low intra-particle resistances, nano adsorbents have a variety of uses in the engineering field. 

Nano-scale pores, high surface area, great selectivity, along with elevated permeability, good mechanical durability, and 

good thermal firmness are characteristics of nano adsorbents [11,12,13]. 

Since zinc oxide nano particles are safe, they can be employed as sorbents to remove pollutants from the environment. 

Because of its special qualities and numerous uses with chemical sensors, piezoelectric devices, UV light emitters, 

transparent electronics, and spin electronics, nanoparticles of zinc oxide have attracted a lot of scientific attention. Wet 

chemical methods, sol-gel methods, hydrothermal techniques for synthesis and chemical vapor deposition methods, 

precipitation methods, laser vaporization condensation methods, and spray-pyrolysis techniques have all been employed to 

create ZnO [14, 15]. 

The majority of these strategies weren't commonly applied on a broad scale; still, chemical synthesis has been frequently 

used because it is less complicated and costly. In wastewater engineering, nanoparticles of zinc oxide are repeatedly 

employed to remove dyes, metals, nitrogen, and phosphorus [16–18]. Therefore, ZnO nanoparticles are synthesized and 

utilized in this research to degrade phenol from aqueous and industrial effluent. In this work, coprecipitation and in situ 

graft copolymerization are used to create carboxymethyl cellulose hydrogel-coated Zn(NO3)2 nanoparticles. 

 

Materials and methods 
Materials: LobaChemie, India, supplied sodium hydroxide (NaOH), zinc nitrate (Zn(NO3)2), and other necessary 

chemicals. Double-distilled water was used to prepare all aqueous solutions. 

N, N'-methylene bisacrylamide , acrylic acid , acrylamide , ammonium persulfate , carboxymethyl cellulose sodium , and 

H2O2 (30%, weight%) were obtained from Sigma-Aldrich. 

 

Synthetic Effluent Preparation: 1.0 g of phenol dispersed into freshly heated and cooled distilled water to create the 

solution of stock phenol, which was then diluted to 1 liter (1 mL = 1 mg phenol). The stock solution was used to create the 
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functioning solution. A spectrophotometric technique was used to analytically quantify the phenol levels in the synthetic 

effluent [19]. 

ZnO Nanoparticle Development: An Experimental Method 

14.85 g of zinc nitrate [Zn(NO3)2)] were dissolved in 100 ml of double-distilled water to create a aqueous solution at 0.5 M.  

The zinc nitrate solution was continuously agitated for one hour at 70 °C to achieve complete dissolution, while 100 mL of 

1 M NaOH solution was prepared separately in another beaker. 

Under continuous vigorous stirring, the zinc nitrate solution was gradually introduced into the sodium hydroxide solution 

using a burette. The reaction led to the immediate formation of a whitish suspension, which was further maintained under 

constant agitation for nearly two hours to ensure proper reaction completion. Following overnight settling, the supernatant 

was separated by filtration, after which the obtained precipitate underwent two successive washes with double-distilled 

water and was subsequently treated with ethanol. 

 

Preparation of ZnO-embedded hydrogel: 

ZnO nano composites coated with hydrogel were produced using a one-pot process. In short, 100 ml of an aqueous solution 

containing 2700 mg/l of carboxymethyl cellulose sodium was combined with the generated zinc oxide suspension. 

Following 30 minutes of mechanical stirring at 500 C, the reaction solution was quickly and successively supplemented 

with 0.5 ml of acrylic acid, 0.5 g of acrylamide, 25 mg of N, N'-methylene bisacrylamide, and 25 mg of ammonium 

persulfate. For three hours, the resultant mixture was stirred at 700C. The resulting black products, known as ZnO hydrogel 

nano composites, were gathered, cleaned with deionized water, and subsequently dried in a hot air oven for further usage. 

 

Degradation of phenols using zinc oxide nano particles 

The degradation efficiency of phenol was evaluated by varying key operational parameters, including initial pH (3–7), 

phenol concentration (100–400 ppm), contact duration (0–40 min), and ZnO dosage (1–4 g/L). 

Experiments were conducted at 30oC in a 1 L batch reactor to examine the impact of contact time. To start the sorption 

process, 3g/L of ZnO nano particles were introduced to 0.5 L of diluted phenol solution with a concentration of 100 ppm 

and a pH of 6. The sample was taken every ten minutes and filtered to get rid of nanoparticles after the solution was 

thoroughly mixed using a magnetic stirrer. The phenol content of the filtered sample was estimated analytically using the 

spectrophotometric technique. The process described above was repeated with a modified pH and ZnO dose. 

 

Characterization techniques 

Zinc Oxide Nanoparticle X-Ray Diffraction Analysis (XRD) 

A Bruker AXS D4 Endeavor diffractometer with a Cu K radiation source filtered by a graphitic monochromator was used 

for the analysis, producing X-rays with a wavelength of 1.54060 Å. 

 

Scanning Electron Microscopy (SEM) 

A method for creating a picture of a surface is scanning electron microscopy (SEM).  The JSM-5610 instrument was used 

to perform the SEM study. 

 

Results and discussion 
ZnO nano particles characteirization 

Figure 1 examines the ZnO nano particles' XRD patterns. The hexagonal ZnO structure's most distinctive peaks are located 

at 2ϴ = 31.740, 36.830, and 47.620, which match the (100), (101), and (102) planes. High material crystallinity is implied 

by the peaks' high intensity degree. Figure 1 makes it clear that there are no distinctive peaks for contaminants. As a result, 

the materials that were manufactured were pure and free of PVA stabilizing agent contamination. 

 
Figure 1. X-ray diffraction (XRD) patterns for ZnO nanoparticles 
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Using X-ray diffraction (XRD) data, the Scherrer equation calculates the average crystallite size of ZnO nanoparticles. In 

particular, it is stated as:  

𝐷 = 𝐾𝜆 / 𝛽cos  (𝜃)            (1) 

 

D = 
𝟎,𝟗𝒙𝟎.𝟏𝟓𝟒𝟎𝟔

𝟎.𝟎𝟎𝟑𝒙𝟎.𝟗𝟖𝟒𝟓𝟒 
 

 

D≈46.94nm 

 

Where  

D: Size of crystallites (usually in nm).s  Particle shape is represented by the Scherrer constant,  

𝐾: It is commonly assumed to be 0.9 or 0.94 for spherical ZnO nanoparticles with cubic symmetry. 

𝜆: X-ray source wavelength. For 𝐶𝑢-𝐾𝛼 radiation, this is typically 0.15406 nm. 

𝛽: Full Width at Half Maximum (FWHM) of the diffraction peak in radians  

𝜃: Bragg angle  

Figure 2 displays the SEM images of zinc oxide nanoparticles made from a solution of sodium hydroxide and zinc nitrate. 

It can be seen from the figure that the particles have a homogeneous size distribution and are nanoscale. The particles are 

uniformly shaped, spherical granules. The surface area that was available for reaction was expanded by these structures. 

 

 
Figure 2: Zinc Oxide Nanoparticle SEM scans at 20μm/600 X 

 

Influence of initial phenol concentration and contact time 

Figure 3 illustrates the impact of contact time on phenol removal from aqueous solutions at concentrations of 100, 200, 300, 

and 400 ppm at pH 6. It was established from the figure that phenol elimination rises as contact time increases. Phenol was 

shown to sorb onto ZnO quickly over the first 20 minutes, reaching equilibrium after 30 minutes for various initial phenol 

concentrations. The elimination of phenol by the nanoparticles is barely affected by an additional increase in contact 

duration. Because the zno nanoparticles had a greater surface area at first, the removal effectiveness of phenol was higher. 

Figure 3 also displayed the influence of the initial phenol concentration on the phenol removal. As the initial phenol 

concentration rises, the elimination rate of phenol falls. 

 

 
Figure 3: Influence of initial phenol concentration and contact time (experimental conditions: phenol 

concentration = 100–400 ppm; pH = 6; ZnO dosage = 6 g/L; 

 

Nano-ZnO Dosage's influence on the Phenol Adsorption Process 
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Figure 4 illustrates how the dosage of ZnO nanoparticles affects the degradation of phenol. The pH was kept at 6 and the 

original phenol concentration was kept at 100 ppm. The degradation of phenol is increased when the dosage of ZnO 

nanoparticles is increased from 2 to 8 g/L. When the ZnO dosage was raised to 6 g/L, phenol degradation increased; 

however, subsequent increases in the dosage of nanoparticles did not accelerate the degradation. At ZnO of 6 g/L, the 

maximal phenol degradation efficiency was discovered to be 90.5%. 

 

 
Figure 4: ZnO dose influence (experimental conditions: pH = 6; phenol concentration = 100 ppm) 

 

Influence of pH 

The ability of hydrogen ions to compete with phenol for active sites on ZnO is closely correlated with pH. The pH of the 

solution significantly affects both the degree of phenol ionization and the surface charge of the adsorbent material, which 

in turn controls the phenol adsorption process on to magnetic ZnO nanotubes[20]. In the pH range of 3.0 to 6.0, the impact 

of solution pH on phenol degradation onto ZnO nanoparticles was assessed; the outcome is displayed in Fig. 5. 

Figure 5 shows that adsorption is high at pH< 7, indicating that magnetic ZnO has a higher capacity for adsorption in an 

acidic media. For ZnO, phenol elimination reached its lowest values at pH 3.The proportion of phenol degradation increased 

as the pH rose from 3 to 6. The elimination of phenol was impacted by the first pH increase, and the ideal pH was determined 

to be 6. At a pH of 6, a maximum phenol removal of 90.1% was attained in 30 minutes. 

 

 
Figure 5. Influence of solution pH on the degradation of phenol (Experimental Conditions: Phenol Concentration = 

100 mg/L , ZnO dosage = 6 g/L) 

 

Equilibrium isotherms 
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When designing an adsorption system, the equilibrium adsorption isotherm is fundamentally important. Adsorption 

equilibrium studies provide the adsorbent's capability. The sorption data in this article were analyzed using the Freundlich 

and Langmuir isotherms. 

  

Langmuir isotherm 

The Langmuir (1916) isotherm's linear form [21] is provided by 
𝟏

𝒒𝒆
=

𝟏

𝒒𝒎𝒃𝒄𝒆
+

𝟏

𝒒𝒎
                                  (2) 

 

where 𝑞𝑚 is the sorbent's monolayer sorption capacity (mg/g), qe is the sorbent's equilibrium metal uptake (mg/g), Ce is the 

solution's equilibrium phenol concentration (mg/L), and b is the Langmuir sorption constant (L/mg) associated with the 

sorption's free energy. 

The Langmuir isotherm is used to estimate the equilibrium uptake (e q) from the experimental data. Figure 6 displayed the 

Langmuir plot for the sorption of phenol. 

Figure 6 displayed the Langmuir plot for the sorption of phenol. Table 1 displays the results of the evaluation of the 

constants. According to the findings, the fitting of the Langmuir isotherm indicates that the process of phenol adsorption 

onto nanoparticles involves both homogeneous and heterogeneous sites. 

 
Figure 6: Langmuir isotherm graphical representations showing ZnO nanoparticle sorption 

 

Freundlich isotherm 

Heterogeneous systems are described by the Freundlich [22] isotherm. The heterogeneity factor 1/n is what defines it. The 

isotherm's linear form is: 

 

𝑙𝑜𝑔 𝑞𝑒 = 𝑙𝑜𝑔𝐾𝑓  +
1

𝑛
 𝑙𝑜𝑔𝐶𝑒                 (3)    

 

Ce is the equilibrium concentration (mg/L), qe is the quantity of phenol adsorbed at equilibrium (mg/g), 1/n is an empirical 

value related to the sorption intensity, and Kf is a constant related to the sorption capacity that changes depending on the 

material's heterogeneity. The phenol sorption isotherm at various starting phenol concentrations is displayed in Figure 7. 

The slope value of the log qe against log Ce plot indicates Kf, and the intercept value indicates 1/n. Table 1 provides the 

constants Kf and 1/n.  

Nevertheless, the Langmuir isotherm model has a higher R2 value than the Freundlich isotherm. As a result, the Freundlich 

isotherm does not suit the experimental data as well as the Langmuir isotherm. 

 
Figure.7. Freundlich isotherm plots for the sorption of ZnO nano particles 

Table 1: ZnO nanoparticle sorption isotherm constants 
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Isotherm  Parameter  Values  

Langmuir  qmax 19.6 mg/g 

b 0.10 

R2 0.9682 

Freundlich Kf 8.47 

1/n 0.163 

R2 0.8688 

 

Conclusions 

To effectively break down phenol in aqueous solution, hydrogel-coated Zno nano particles with diameters of 46.94 nm were 

created and used as an adsorbent. 

The present study demonstrated that ZnO nanoparticles are an effective adsorbent for the removal of phenol from aqueous 

solutions under optimized conditions. The adsorption efficiency of phenol was strongly influenced by contact time, initial 

phenol concentration, ZnO dosage, and pH. Phenol removal increased rapidly during the initial adsorption period and 

equilibrium was achieved within 30 minutes, indicating the fast adsorption capability of ZnO nanoparticles. However, the 

adsorption efficiency decreased with increasing initial phenol concentration, suggesting saturation of available active sites 

at higher pollutant concentrations. Furthermore, an increase in ZnO nanoparticle dosage enhanced phenol degradation 

efficiency due to the greater availability of adsorption sites, with an optimum dosage of 6 g/L yielding a maximum phenol 

removal of 90.5%. The pH of the solution also played a significant role in adsorption performance, with acidic conditions 

favoring phenol removal and the optimum pH determined to be 6, where a maximum removal efficiency of 90.1% was 

achieved. Overall, the findings confirm that ZnO nanoparticles possess excellent adsorption potential for phenol remediation 

and can be considered a promising material for wastewater treatment applications. 

 

References 

[1] Roostaei, N.; Tezel, F.H. (2004) Removal of phenol from aqueous solutions by adsorption. Journal of Environmental 

Management, 70 (2): 157–164. doi:10.1016/j.jenvman.2003.11.004 

[2] Ahmaruzzaman, M. (2008) Adsorption of phenolic compounds on low-cost adsorbents: a review. Advances in Colloid and 

Interface Science, 143 (1–2): 48–67. doi:10.1016/j.cis.2008.07.002 

[3] Zazouli, M.A.; Taghavi, M. (2012) Phenol removal from aqueous solutions by electrocoagulation technology 

using iron electrodes: effectof some variables. Journal of Water Resource and Protection, 4 (11): 980–983. 

doi:10.4236/jwarp.2012.411113  

[4] Ahmed, S.; Rozaik, E.; Abdelhalim, H. (2015) Effect of configurations, bacterial adhesion, and anode surface 

area on performance of microbial fuel cells used for treatment of synthetic wastewater. Water Air and Soil Pollution, 226 (9): 

300. doi:10.1007/s11270-015-2567-3 

[5] Safwat, S.M. (2018) Performance of moving bed biofilm reactor using effective microorganisms. Journal of Cleaning 

Products, 185: 723–731. doi:10.1016/j. jclepro.2018.03.041 

[6] Safwat, S.M.; Rozaik, E.; Abdel-Halim, H. (2018) A comparative study on treatment of wastewaters with various 

biodegradability and various pH values using single-chamber microbial fuel cells. Water and Environment Journal, 1–9. 

[7] Al-Jabari, M. (2017) Kinetic mass transfer adsorption model for treating dairy wastewater with stone cutting solid waste. 

Environmental Technology & Innovation, 7: 21–29. doi:10.1016/j.eti.2016.11.004 

[8] Safwat, S.; Matta, M. (2018) Adsorption of urea onto granular activated alumina: a comparative study with granular 

activated carbon. Journal of Dispersion Science and Technology, doi:10.1080/01932691.2018.1461644 

[9] Safwat, S.; Hamed, A.; Rozaik, E. (2018) Electrocoagulation/electroflotation of real printing wastewater using copper 

electrodes: a comparative study with aluminum electrodes. Separation Science and Technology, 

doi:10.1080/01496395.2018.1494744 

[10] M. Dineshkumar, A. Sivalingam, M. Thirumarimurugan, Removal of Phenol using ZnO Nanoparticle in Three Phase 

Fluidization. Int. J. Engg. Res. Technol., 4 (2015) 1111-1116. 

[11] Happy Agrawal, S. Venkat Kumar, S. Rajeshkumar, A review on green synthesis of zinc oxide nanoparticles –An eco-

friendly approach, Res. Eff. Technol., 3(2017) 406–413 

[12] Overview and Comparison of Conventional treatment technologies: Nano-based techniques, Procedings of International 

workshop on Nanotechnology, Water and Development, India, 2006, 10-12. 

[13] U.S. Environmental Protection Agency Nanotechnology White Paper Prepared for the U.S. Environmental Protection 

Agency, 2007. 

[14] Gayathri Gangadhara, Utkarsh Maheshwarib and Suresh Guptac, Application of Nanomaterials for the Removal of 

Pollutants from Effluent Streams, Nanosci. & Nanotechnol. Asia, 2012, 2, 140-150 

[15] J. Pandipriya, E. Praveena, Jegan and Antony Marcilin, An Insight into the Selection of Nano Particle for Removing 

Contaminants in Wastewater. Int. J. Engg. Res. App., 4 (2014) 203-208. 

[16] A.V.Kulkarni, A.Chavhan, A.Bappakhane, J.Chimmankar, ZnO Nanoparticles as Adsorbent for Removal of Methylene 

Blue dye Res J. Chem. Environ. Sci., 4 (2016) 158-163. 

 



219   Sachin B. Divate et al.  

[17] L. Khezamia, Kamal K. Tahaa, Ezzeddine Amamic, Imed Ghiloufid, Lassaad El Mird, Removal of Cadmium (II) from 

aqueous solution by zinc oxide nanoparticles: kinetic and thermodynamic studies, Desalination and Water Treatment, 62 

(2017) 346–354 

[18] Xiong Zheng, Rui Wu, Yinguang Chen, Effects of ZnO Nanoparticles on Wastewater Biological Nitrogen and Phosphorus 

Removal, Environ. Sci. Technol., 45 (2011) 2826–2832. 

[19]USEPA – 1989. Determination of Phenol: Standard Methods for the Examination of Water and Wastewater Procedures, 

APHA, AWWA and WPCF, USA, 1989. 

[20] Abd El-Latif, M.; Ibrahim, A.M.; El-Kady, M.F. Adsorption equilibrium, kinetics and thermodynamics of methylene blue 

from aqueous solutions using biopolymer oak sawdust composite. J. Am. Sci. 2010, 6, 267–283. 

[21] I. Langmuir, The adsorption of gases on plane surface of glass, mica and platinum. J. Am. Chem. Soc ., 40 (1916) 1361–

1368. 

[22] H.M.F. Freundlich, Over the adsorption in solution, J. Phys. Chem., 57 (1906) 385 – 470. 


