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ABSTRACT: In this article, Synthesis, Characterization and dye adsorption properties of biocompatible 

(Chitosan-Znic oxide Nanocomposite was investigated. Zinc oxide Nanoparticle was encapsulated with 

Chitosan. Physical characterization of Synthesized CS/ZnO was Performed using Fourier transform 

infra-red (FT-IR), X-ray diffraction (XRD), Scanning electron microscope (SEM), Dynamic light 

scattering (DLS), and Fluorescence spectra(FL). Methylene Blue dye was used as model pollutant. The 

isotherm and Kinetic study of dye adsorption was evaluated. The removal efficiency of MB dye was 

studied at different parameters such as, Effect of dosages, pH and Temperature. The Kinetic behavior was 

described in terms of Langmuir and freundlich isotherm model, respectively. The Prepared 

Nanocomposite is also proved to be excellent antibacterial agent against Gram positive and Gram 

Negative bacteria. Based on the data of present investigation, this paper suggests that CS/ZnO is an 

efficient and environment-friendly method to degrade MB.
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1. INTRODUCTION 

The treatment and dye containing waste water is one of the most serious environmental Problems 

faced by the automotive, textiles, paper, printing, leather and related industries [1-2]. one of the main 
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source of waste water pollution are textile industries. The waste water discharged from the textiles is 

often containing contaminants with intense colour. There are five main methods used for the 

treatment of dye-containing effluents: adsorption, oxidation–ozonation, biological treatment, 

coagulation– flocculation, and membrane process [3, 8]. These are the potential threat to our 

environment and reported to be toxic, hazardous and carcinogenic [3-4]. In addition some of the 

organic dyes and their product have mutagenic influence on human beings [5].Therefore eradication 

of dye from the water bodies becomes environmentally important. To, date several techniques such 

as, chemical oxidation, coagulation/flocculation [6], membrane filtration [7], biodegradation, 

adsorption have been developed to remove dye effluents [8-12].Among these methods, adsorption 

technology has proved to be efficient and environment friendly in treating dye effluents and 

producing high quality water[13-14]. In recent years, a considerable number of studies have focused 

on low cost alternative materials for the removal of dyes by adsorption method [15-17]. Various 

conventional physical and chemical methods used for adsorption are often cost prohibitive, while 

biosorption method is economic [18]. Recently chitosan has been observed for the high potential of 

the adsorption of dyes [19].chitosan, β-(1-4) acetyl –D- glucosamine, is a linear biopolymer of 

glucosamine. It can be produced commercially by chemical deacetylation of chitin, a major 

component of the exoskeleton of crustaceans such as, crabs, shrimps, prawns and lobster. As a 

natural polymer it is in abundance and has many properties like, non-toxicity, biodegradability, 

biocompatibility, with ability of the biological activity and film formation [20-26]. It is used as 

bioadsorbent to remove cationic and anionic dyes due to the presence of amino and hydroxyl groups, 

which can serve as active adsorption sites [27]. However, chitosan will be used as an effective 

structure directing agent for the morphology of as-synthesized nanostructure. The goal of 

Nanotechnology is to make Nanostructure with special properties, which do not exist in their single 

particle types. Oxide nanoparticles can present unique physical and chemical properties, because of 

their limited size and high density in their corner or edge surface sites [28-29]. Most of these dyes 

used by industries are of synthetic origin and are usually stable and difficult to remove by 

conventional water treatment processes, for example, flocculation, coagulation, chemical 

precipitation, membrane separation, chemical and biological oxidation, phyto-extraction, ion-

exchange, and so forth. Adsorption in this context has been established as the most efficient, 

ecofriendly, simple, flexible, and cost-effective technique for the treatment of dye-bearing 

wastewater. In recent years, chitosan based different metal composites such as, chitosan/TiO2, 

chitosan/cuprous oxide were prepared increasingly and used as an alternative adsorbent in water 
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treatment. The aim of this study was to prepare and explore the potential of a promising nano-

adsorbent material namely chitosan/Znic oxide metal nanocomposite because both CS/ZnO have 

good biocompatibility and have been wieldy used in many applications such as biosensor [30] 

packaging materials [31-32] and drug release carriers [33]. In Earlier reports Laila.Al 

etal[2017],Arafat.A etal[2015], Anandhavelu etal[2017] synthesized CS-ZnO hybrid composite 

using Bulk chitosan at pH 6.This paper deals with novel synthesis of biocompatible chitosan/Znic 

oxide Nanocomposite via insitu chemical precipitation method with Nanochitosan using TPP as a 

cross linking agent at pH 10 which helps to improve its chemical stability and also its mechanical 

strength is improved through physical modification which include impregnation of its powder on a 

support is one of the major advantage of this current studies. However, chitosan-zno nanocomposite 

is expensive and, accordingly, it is necessary to search for Cheap, easily preparation and efficient 

sorbents. Chitosan from Prawn waste has attracted great research interest as it offers various 

advantages such as abundantly available and ability to adsorption and cosmetic application [12]. 

These sorbents can be disposed of without regeneration because their low cost [13, 14]. Many 

studies were directed to derive of sorbents from chitosan from Prawn waste and using them in the 

sorption process was investigated by many studies [15, 16]. The sorption process is depended on the 

functional groups such as alcohols, aldehydes, lignin, cellulose, ketones, carboxylic, phenolic and 

ether groups available on the sorbents. Physical characterization of CS/ZnO was performed. 

Therefore, a suitable, inexpensive Nano-composite material having multiple functionalities could be 

developed for sustainable multipurpose applications by manipulating their physical forms and/or 

chemical functionalities. A typical model pollutant (methylene blue dye) was selected to evaluate the 

adsorption properties of CS/ZnO by batch adsorption experiments. The effect of various 

experimental parameters on adsorption, such as initial dye concentration, dosage, pH Temperature 

was studied in detail. In addition the adsorption isotherms and kinetics parameters was investigated. 

2. MATERIALS AND METHODS 

Chitosan (degree of deactelyation85.0wt %) was purchased from Sigma Aldrich. Znic Acetate 

dihydrate, Sodium Hydroxide (NaOH), TPP (Tri Poly Phosphate) and Acetic acid were of analytical 

grade. Methylene blue as adsorbate was obtained from Aldrich chemicals. Deionized water was 

used throughout the experiments for solution preparations. 

2.2 Preparation of Chitosan Solution 

1 gram of chitosan was weighed out and dissolved in 100ml of 1% Acetic acid solution and stirrerd 

at room temperature for about 30min until a clear sol formation. After that the pH of of the solution 
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was maintained at 6 by adding NaOH and stirred for 30min. Finally 0.5g of TPP was added to 

above solution with vigorous stirring for 2hours. Then obtained Nano chitosan Particle was 

centrifuged at 5000rpm for 20min and settled nano chitosan was collected, freeze dried for 24hrs 

and it was dried at 600C in oven for further use. 

2.3 Synthesis of Chitosan Based Zinc Oxide Nanocomposite 

Preparation of chitosan/Zinc oxide nanocomposite material was carried out by chemical 

precipitation method using Zinc acetate as a precursor. 0.01M Zinc acetate and 0.05M NaOH was 

mixed with vigorous stirring for 20 min. During stirring a white precipitate was formed it was 

collected and filtered with whatman filter paper then dried at room temperature for 2 days. After 

drying the collected powdered sample was calcinated at 430° C for 30 minutes. After calcination the 

ZnO Nanoparticle was dispersed in chitosan solution and stirred for 30 min to produce clear 

solution. Then the pH was adjusted to 10 by adding NaOH. Finally a White product Chitosan/ZnO 

was washed with deionzed water for several times, and dried in Vacuum at different Temperatures.    

2.4 Physicochemical Characterization of CS/ZnO Nanocomposite 

FT-IR analysis of the CS/ZnO nanocomposite was performed in (Perkin-Elmer Spectrophotometer 

Spectrum One) using the transmittance method with wavelength in the range between 450 and 

4000cm-1 at a resolution of 4 cm-1. An XRD spectrum was recorded on a Phillips PW 1800 

diffractometer with Cu Kα radiation generated at 40KV for crystalline phase identification. The 

relative intensity was recorded in the scattering range of 2Ɵ from 100 to 800. The morphological 

structure of CS/ZnO sample was examined by scanning electron microscopy (SEM) with a SEM 

TESCAN (model WEGA11), operating at an accelerating voltage of 25.0KV. Particle size of 

synthesized Nanocomposite was obtained by Dynamic Light Scattering analysis using (Nanoplus 

Micromeritics, USA). Perkin Elmer LS45 Fluorescence Spectrometer was used for FL 

spectroscopic measurements. 

2.5 Preparation of Stock Dye Solution 

The stock solution was prepared by dissolving 0.5g of dye in 500ml of distilled water. Every 

experiment was performed at room temperature under a constant agitation speed of 100rpm. The 

percentage of dye concentration was calculated from the absorbance value before and after the 

treatment at 664 nm with UV Visible spectrophotometer. 

2.6 Batch Adsorption Procedure 

The adsorption of MB (Methylene blue) was carried out using batch mode method with effect of 

different parameters, such as adsorbent dosage (0.1-0.3g/L), solution pH (5.4-7.4) and temperature 
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(30-600C) was assessed. Adsorption experiment was performed by adding a desired amount of 

adsorbent (CS/ZnO) to a conical flask containing 100ml solution of MB (20ppm). Then the sample 

was placed in a shaker for 24hrs at agitation speed of 100rpm in room temperature. The pH of the 

MB solution was adjusted by 0.01M HCl and/or 0.1N NaOH before adding the adsorbent. Finally 

the result was verified with adsorption isotherms and kinetics. 

The adsorbed amount dye adsorbed of MB solution was calculated by following equations, 

v
m

CfCi
qe 


                                                                                                                                         

(1) 

Where qe = Adsorbed amount (mg/g); Ci- initial concentration of MB (mg/L);Cf- Final 

concentration of MB (mg/L); V- Volume of adsorbate; m- Mass of used adsorbent (CS/ZnO 

composite) 

2.7 Adsorption Equilibrium 

Table 1: Different liberalized form of Langmuir and Freundlich equations 
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3. RESULTS AND DISCUSSION 

3.1 Fourier Transforms Infrared (FTIR) Studies 

To determine the functional group of CS/ZnO Nanocomposite the FT-IR was employed which is 

shown in Fig (1). The peak exhibit band at 3365cm-1, is due to strong binding of ZnO to the amide 

group of polymer (chitosan) molecules. The absorption peak at 2924cm-1 is asymmetric stretching 

of CH3 chitosan polymer. The absorption band at 1634cm-1 corresponds to the bending vibration of 

–NH2 group. The peak formed at 1381cm-1is due to COO- group in carboxylic acid salt. 1159cm-

1and 1113cm-1 is the special peak of β (1-4) glycosidic bond in the polysaccharide unit. 1022cm-1 

peak indicate the stretching vibration of C-O-C in glucose circle which corresponds to CH-OH in 

cyclic compounds [34]. The peak at 847cm-1and 674cm-1 is due to Aromatic C-H bending. A new 

adsorption peak in the range of 478cm-1 was found in the FT-IR spectrum of CS/ZnO 

Nanocomposite, is because of vibration mode of O-Zn-O groups. The reason is that, hydrogen 
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bonds formed between chitosan and ZnO [35- 40]. 

 
 

                       Fig.1. FT-IR Spectra of Encapsulated CS-ZnO Nanocomposite 

3.2 X-Ray Diffraction (XRD) 

XRD pattern is used to analyze the interlayer changes and crystalline properties of the prepared 

sample (CS/ZnO) Nanocompoaite. The XRD spectrum of chitosan-Znic oxide Nanocomposite was 

recorded and the results were stated in Fig (2) which clearly shows the crystalline nature of the 

material due to sharpness of peaks in the spectra. For pure chitosan, one peak around 2θ value 

100and 200(41) was proved that chitosan retained a semicrystalline nature in the nanocomposite. 

Major diffraction peaks was observed at 2θ= 31.90, 34.70, 37.90, 45.60, 56.90, 63.00, 67.90, and 

75.50.This diffraction line was assigned to the (100), (002), (101), (102),  (103), (112) and (202) are 

the crystal planes of pure Znic oxide nanoparticle. These peaks are coherent with the database of 

Joint Committee on Powder Diffraction standards (JCPDS file, PDF No, (36-1451) [42]. At the 

same time, the strong diffraction peaks in (100), (002), and (102) are found to be the pattern of 

CS/ZnO Nanocomposite. According to the Debye Scherrer equation the crystal size of the prepared 

CS/ZnO Nanocomposite has an average diameter of     nm. This result revealed the successful 

encapsulation on ZnO on chitosan. 
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                          Fig.2. XRD Patters of Encapsulated CS-ZnO Nanocomposite 

3.3 SEM (Scanning Electron Microscope) & DLS (Dynamic Light Scattering) 

Particle size and surface morphology of the Synthesized Nanocomposite (CS/ZnO) was determined 

by SEM which shown in Fig (3). As it can be clearly seen that, the CS/ZnO was Polymorphological 

in shape with aggregation were investigated. Its diameter was found to be 10µm. The average 

particles size and polydispersity index (PDI) of the synthesized Nanocomposite was determined by 

DLS and the results was shown in Fig (3). It shows the average particle size of 259.6nm which is well 

contract with scanning electron microscopy analysis. The Polydispersity index was found to be 0.237 

which implies that the synthesized nanocomposites are monodispersed. 

  

                        Fig.3. SEM and DLS of Encapsulated CS-ZnO Nanocomposite 
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3.4 Fluorescence Spectroscopy Analysis (FL) 

Fluorescence Spectroscopy Analysis (FL) is used to investigate the band gap of CS/ZnO 

Nanocomposite.  Commonly it also exposed visible emission with a peak in the range from 400-

750nm [43]. The visible emission intensity at 409 nm is ascribed to the interstitial oxygen (induced 

recombination). In the plot, the excitation peaks was observed at 409nm, 645nm and the emission 

peak at 730nm shown in Fig (4). The most prominent peak in this spectrum was arrayed at 645nm. 

It represents that encapsulation of chitosan - ZnO Nanocomposites vividly increases the 

Fluorescence intensity at 645nm is due to change in energy band structure as a result of doping. The 

excitation peak conform band to band transitions and also affirmed the Red shift in the band-gap of 

CS/ZnO sample. 

 

                                 Fig.4. FL Spectra of Encapsulated CS-ZnO Nanocomposite 

3.5 Effect Of Adsorbent Dosage 

The effect of adsorbent mass on the removal of MB was carried out by varying the dosage of 

CS/ZnO from 0.1-0.3g/l while keeping other parameters such as, (temperature and pH as constant). 

The amount of dye removal by adsorbent was represented in Fig (5). It was noticed that the uptake 

of dye was increased with increasing the adsorbent mass. Almost optimum adsorption was noticed 

in 0.3g/l of CS/ZnO.  Such effect is due to enabling large dye molecule penetrates to all internal 

pore structure of CS/ZnO Nanocomposite which was reported previously for the adsorption of 

certain dyes on various adsorbents [Anirudhan etal., 2017; Mohamed etal., 2017; Kashif etal., 

2016]. An increase in percentage of removal of MB may be attributed due to increase in adsorbent 

surface areas, however more active functional groups resulting in the availability of more 

adsorption sites [44]. 
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                        Fig. 5.  Maximum Uptake of Methylene blue at different Dosage  

3.6 Effect Of PH 

The pH is an important parameter in adsorption process because it has the effect on active site of 

nano-adsorbent and dye speciation during adsorption process [45]. The removal of percentage of 

MB by CS/ZnO is shown in Fig (6). The pH was maintained in the range of 5.4-7.4 by adding either 

0.1M HCL or 0.1MNaOH solution at 0.3g of adsorbent mass by keeping temperature as constant. 

The highest adsorption was found at pH 6.4, indicating that adsorption was strongly pH dependent.  

The pH at 6.4 revealed that, all chitosan amino groups are protonated and the repulsion of the 

polymer chains was carried out at pH lower than 6.5, and the adsorption occurred at the interior of 

the particles[46].The result showed that the removal MB was increased with increasing pH upto 8 

and then decreased. The effect of pH on adsorption was explained by the interaction between the 

sorbent and sorbate .It mainly affects the surface properties of the sorbent and plays a role onto 

these surfaces. According to [Yoshida etal., 1997]at lower pH more protons will protonate amine 

groups of chitosan molecule to form –NH2-  Thereby it increases the electrostatic attraction between 

negatively charged dye anions and positively charged adsorption sites which causes an increase in 

dye adsorption. This theory agrees with our data on pH effect.  
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                             Fig.6. Maximum Uptake of Methylene blue at different pH 

3.7 Effect Of Temperature 

Temperature is one of the important factors to determine the adsorption. Adsorption isotherm of MB 

on CS/ZnO was determined at three different temperatures 300C, 450C and 600C which was 

recorded in Fig (7). It reveals that the amount of MB adsorbed on CS/ZnO increases with increasing 

concentration non-uniformly and the amount adsorbed increases with increasing temperature 

implying endothermic process. It may be the result of increase in the mobility of dye with 

increasing temperature [47]. The endothermic effect was found at above 400C. The high 

temperature favors to the diffusion of dye molecule into the internal porous structure of surface. The 

curve indicates the strong tendency of monolayer formation [Martina etal., 2017]. Therefore the 

adsorption capacity strongly depends on chemical interaction between functional groups on 

adsorbent surface and adsorbate and increases with temperature rising. 
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      Fig.7. Maximum Uptake of Methylene blue at different Temperature 

3.8 Adsorption Isotherms 

Adsorption isotherm is an important tool to determine the maximum capacity of adsorption. It also 

indicates how efficiently the adsorbent will adsorb. To optimize the design of an adsorption system 

several mathematical models have been used for the adsorption of dyes on adsorbate. In order to 

adapt for the considered system, one or more isotherm models have been used. In my work, two 

models was applied namely Langmuir and Freundlich isotherm. The Langmuir isotherm is 

applicable for homogenous adsorption system whereas Freundlich isotherm is Heterogeneous 

system. 

3.9 Langmuir Isotherm  

Equilibrium adsorption isotherm is a basic significance in adsorption frameworks. It communicates 

connection between mass of colour at specific dose, pH and temperature. A fundamental 

supposition of the Langmuir hypothesis (Langmuir, 1918) is that the sorption happens at the 

particular locales inside the adsorbent (Chen et al., 2008; Asfour et al., 1985; Poots et al., 1976). 

The information gained from the adsorption was fitted in various adsorbent doses, pH and 

temperature. A plot of (1/qe versus 1/Ce) brought about a straight graphical connection 

demonstrating the appropriateness of the above model as appeared in Fig. 8-10. The Langmuir 

constant co - efficient accounted on Table 2.  
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The investigation on measurement of adsorbent is important and valuable to discover the ideal 

measure of sorbent required for the expulsion of colour. The measure of colour increases in sorbent 

dose because of accessibility of more surface dynamic locales for the adsorption of methylene blue 

colour onto the chitosan encapsulated ZnO Nanocomposite. At first, the rate of expulsion of colour 

is found to increment quickly which hindered as the dosage expanded. The rate of adsorption is 

higher and more free destinations are accessible and combine the atomic layers increment. From 

this survey, the measurement of adsorbent at 0.3g/L exposes the maximum removal of methylene 

blue colour and after increasing the dosage of adsorbent there is no critical change. The pH is an 

overwhelming parameter in adsorption. The impact of pH in the expulsion of colour was analyzed 

and the ideal pH for the adsorption of Methylene blue colour onto Chitosan encapsulated Znic 

Nanocomposite was viable at pH 6.4.  The most extreme measure of methylene blue colour by the 

adsorbents decay at the point, when the temperature was raised from 30 to 600C. As the 

temperature builds, the rate of dispersion of adsorbate atoms over the outer limit layer and interim 

pores of the adsorbent particles increments. Consequently, the adjustment in the temperature will 

change the balance limit of the adsorbent for a specific adsorbate. 

3.10 Freundlich Isotherm 

Freundlich isotherm model stipulates the ratio of solute adsorbed to the solute concentration. It is 

used for heterogeneous surface system. Show the batch isothermal data fitted to the linear form of 

the Freundlich isotherm (Dosages, pH, Temperature) as shown in Fig 11-13. 

                                      
n

eFe CKq
/1

                                                                       (4) 

Whereas, (kf) is sorption capacity;  (1/n) is sorption intensity 

Various constants associated with isotherm are intercept which indicates the sorption capacity (Kf) 

and the slope (l/n) sorption intensity were recorded in table (2). Freundlich isotherm is a special 

case of heterogeneous surface energies. It has been stated by [Sher etal., 2016] that the magnitude 

of the exponent 1/n gives an indication of the favorability and capacity of the adsorbent/adsorbate 

system where n>1signifies favorable adsorption conditions. In most of the cases, exponent between 

1<n<10 shows beneficial adsorption.  
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Fig.8. Langmuir isotherm for the removal of Methylene blue using (Encapsulated chitosan-

ZnO Nanocomposite) at different dosages  

 

 
 

Fig.9. Langmuir isotherm for the removal of Methylene blue using (Encapsulated chitosan-

ZnO Nanocomposite) at different pH 
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Fig.10. Langmuir isotherm for the removal of Methylene blue using ((Encapsulated chitosan-

ZnO Nanocomposite) at different temperatures 

 

 
 

Fig. 11. Freundlich isotherm for the removal Methylene blue using (Encapsulated   chitosan- 

ZnO Nanocomposite) at different adsorbent dosages 
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Fig.12. Freundlich isotherm for the removal of Methylene blue using (Encapsulated chitosan- 

ZnO Nanocomposite) at different pH  

 

 

Fig.13. Freundlich isotherm for the removal of Methylene blue using (Encapsulated chitosan- 

ZnO Nanocomposite) at different temperatures 
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Table 2: Langmuir and Freundlich isotherm constants at different dosage, temperature   and 

pH (Encapsulated chitosan- ZnO Nanocomposite) – Methylene blue dye 

 

3.11 Antibacterial Activity 

 Antibacterial activity of synthesized Nanocomposite (CS/ZnO) was tested against gram positive 

(Bacillus) and gram negative (E-coli) using agar well diffusion method which was exhibited in Fig 

(13). The zone of inhibition value was shown in Table (3). The inhibitory action towards gram 

positive pathogen (Bacillus) obtained the value of (4, 2, 2 and 3mm) and gram negative (3.4 and 

2mm), for CS/ZnO Nanocomposite. The greater effect was noted in gram positive compared to gram 

negative bacteria, because gram positive bacteria have one cytoplasmic membrane and the thick cell 

wall composed of multilayered peptidoglycan whereas gram negative have complex cell wall with 

peptidoglycan between cytoplasmic membrane and outer membrane. We noticed that CS/ZnO was 

able to suppress the bacterial growth at lower concentration. The observed results affirmed that the 

strong anti-biocidal efficiency is due to symbiotic effect of CS/ZnO Nanocomposite [48-49]. Many 

researchers revealed that CS encapsulated ZnO Nanocomposite had effective antibacterial activity. 

CS is a cationic polysaccharide, which has positive surface charge and able to attract the negatively 

charged cell membrane of bacteria whereas ZnO provokes reactive oxygen species which enhance the 

interaction between CS/ZnO nanocomposites [50-51].          

 

Dosage (g/l) 

Langmuir Isotherm -model 

parameters 

Freundlich Isotherm -model parameters 

0.1 K=79.31; b=0.43; R2= 0.9817 KF =0.267; n=1.406; R2=0.89 

0.2 K=80.38; b=0.48; R2= 0.9981 KF =0.067; n=1.445; R2=0.86 

0.3 K=115.59 ; b=0.51; R2=0.9956 KF=0.115; n= 1.466; R2=0.88 

 

Temperature 

(oC) 

Langmuir Isotherm -model 

parameters 

Freundlich Isotherm -model parameters 

30 K=82.62; b=0.42; R2=0.9956 KF=0.2679; n= 3.73; R2=0.9829 

45 K=96.19; b=0.50; R2=0.9937 KF=0.023; n=43.48; R2=0.9644 

60 K=115.88; b=0.51; R2=0.9826 KF=0.099; n=10.10; R2=0.9471 

 

pH 

Langmuir Isotherm -model 

parameters 

Freundlich Isotherm -model parameters 

5.4 K=149.61; b=0.06; R2=0.9859 KF=0.257; n=3.89; R2=0.9362 

6.4 K=25.20; b=0.26; R2=0.9976 KF=0.267; n=3.75; R2=0.9828 

7.4 K=8.00; b=0.42; R2=0.9956 KF=0.914; n=1.09; R2=0.9853 
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Table 3: Zone of Inhibition of Encapsulated chitosan/ZnO Nanocomposite 

Name of 

Bacteria 

100µl µl 120µl 140µl 160µl 

Escherichia coli 3mm 4mm 2mm - 

Bacillus sp. 4mm 2mm 2mm 3mm 

 

 
                Fig. 13. Antibacterial activity of encapsulated chitosan/ZnO Nano composite 

4. CONCLUSION 

The study was investigated under invitro condition. CS/ZnO was acted as good adsorbents – 

adsorption of MB in aqueous solution. Encapsulation of Chitosan-Znic Oxide Nanocomposite was 

synthesized by chemical precipitation method. CS/ZnO was studied using Fourier Transform infra-

red (FT-IR), X-Ray diffraction (XRD), Scanning electron microscopy (SEM), Dynamic light 

scattering (DLS) and Fluorescence spectroscopy (FL). CS/ZnO has examined under different 

conditions in batch and equilibrium mode. The equilibrium mode was analyzed using Langmuir and 

Freundlich isotherms. Furthermore, the antibacterial efficacy of the CS/ZnO was tested against both 

gram positive and gram negative pathogens using Zone inhibition method. The results revealed that 

the Synthesized CS/ZnO inhibits the proliferation of bacteria very effectively. In this view of 

distinguished properties of CS/ZnO Nanocomposite the results suggests that encapsulated 

chitosan/ZnO Nanocomposite could be used for environmental remediation. 
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