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A B S T R A C T  
 

This work presents the green preparation of chitosan stabilized silver nanocomposite using aqueous leaf 
extracts of Nicotiana tobaccum. The prepared chitosan – silver nanocomposite was characterized by the 
ultraviolet-visible (UV-Vis) spectroscopy, X-ray diffraction (XRD), high resolution scanning electron 
microscopy (HRSEM) and Fourier transform infrared (FTIR) spectroscopy. The nanocomposite was employed 
to remove copper and iron metal ions from electroplating effluent via batch adsorptions as a function of 
contact time, adsorbent dosage and temperature. The XRD results of the nanocomposite showed reflections 
at 2θ of 38.04°, 44.650 and 64.45° for the presence of silver nanoparticles and 9.29° and 19.300 for chitosan. 
The HRSEM image of the nanocomposite shows the silver nanoparticles embedded in the chitosan polymer 
matrix, to create pores on the surface of the chitosan. The maximum percentage removal of copper and iron 
by chitosan – silver nanocomposite were 94.76  and 98.8%, respectively at temperature of 363 K in 60 minutes 
using adsorbent dosage of 25 mg. The results were well fitted by all the tested isotherm models but the best 
fit into jovanovic isotherm models. Kinetic data for Cu and Fe ions followed Elovich model which implies 
multilayer adsorption. The result of this study showed that chitosan - silver nanocomposite has been prepared 
and it exhibit high adsorption efficiency for copper and iron from electroplating effluent. 

doi: 10.5829/ijee.2019.10.01.01 
 

INTRODUCTION1 
 

The contamination of environment due to the presence of 

heavy metals is one of the foremost issues threaten the effort 

to sustain environment. This called for urgent attentions 

because of their hazardous threat to human life [1]. Heavy 

metals build up in living tissues through the food chain which 

has human at its top [2, 3]. The presence of these toxic metals 

in human body can cause series of health disorderliness like 

liver damage, kidney failure, cancer, and brain damage when 

found above the permissible levels [3]. For this reason, it is 

very imperative that these metal ions be removed from 

industrial effluent before being discharged into the water 

bodies.  

A number of conventional techniques are available for the 

removal of heavy metals from industrial effluent. These 

techniques include precipitation, membrane separation, 

chemical coagulation, ion-exchange and electrodialysis. 

Nevertheless, these methods often involve high cost of 

operation [5]. 

Adsorption using biomaterials as a wastewater treatment  

technique for heavy metals removal from industrial effluent 

is an efficient technology in field of environmental 
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sustainability [6]. Numerous studies have shown the 

feasibility of using biomaterials to remove heavy metal ions 

from industrial effluent. The main advantages of biomaterials 

as adsorbents are their effectiveness, inexpensive, 

biodegradability and large scale applications [7]. 

Chitosan, a biodegradable polymer and component of sea 

shells is a nitrogenous polysaccharide which can be obtained 

from crab shells usually generated in large amount as shell 

waste globally [8]. These shells even though are 

biodegradable, their dumping in large quantities slow down 

the breakdown process resulting in build up of waste after a 

while which is also a major environmental concern [9]. Thus, 

the shell wastes can be treated to prepare chitosan which in 

turn can be employed to develop nanocomposite with silver 

nanoparticles via environmentally friendly method for the 

removal of heavy metals from electroplating effluent 

This study was therefore carried out to determine the 

effectiveness of the chitosan – silver nanocomposite to 

remove copper and iron from electroplating effluent and to 

examine the mechanisms of adsorption onto chitosan – silver 

nanocomposite by batch experimental process. The present 

work was aimed to study the effects of contact time, adsorbent 

dosage and temperature for the removal of copper and iron 
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ions from electroplating effluent using the chitosan – silver 

nanocomposite. 

 
 

MATERIALS AND METHODS 
Materials 

Leaves of Nicotiana tabacum were obtained from a vegetable 

farm in Tunga Awaje area of Paiko, Niger State Nigeria. 

Chitosan was extracted from crab shells via the methods 

reported by Hajji et al., [1]. Silver nitrate (AgNO3) and glacial 

acetic acid with high purity of 99% were obtained from Sigma 

Aldrich Chemicals Limited (USA). All chemicals and 

reagents used in this work were of analytical grade and used 

as received without further purification. Electroplating 

effluent was obtained from waste treatment section of Science 

Equipment and Development Institute (SEDI), Minna, 

Nigeria. 

 

 
Method 

Preparation of aqueous leaf extract          The fresh leaves 

of Nicotiana tabacum were washed with distilled water, sun 

dried and later ground to fine powder. To 10 g of the leaves, 

100 ml distilled water, was added and boiled at 80° C in water 

bath for 15 minutes. This was allowed to cool and 

subsequently filtered through Whatmann no.1 filter paper and 

stored at room temperature for further use. 

 

Preparation of chitosan - silver nanocomposite          For 

the preparation of chitosan – silver stabilized nanocomposite, 

40 ml of 1.0 wt% chitosan solution and the 40 ml of 1M 

AgNO3 solution were mixed in the 100 ml conical flasks. To 

this mixture, 5 ml of aqueous leaf extract from Nicotiana 

tabacum was then added. The mixture was stirred on a 

magnetic stirrer at 250 rpm for 2 hours and subsequently 

allowed to age for 24 hours. The changes in colour from 

colourless to pale brown then to dark brown, signifies the 

formation of nanosilver. The reduction of silver nitrate into 

nanosilver was observed with UV-visible spectrophotometer. 

The obtained chitosan – silver nanocomposite was freeze 

dried at - 420C and then further characterized. 

 

Characterization of prepared chitosan – silver 

nanocomposite           The UV-visible spectral measurement 

was done using Shidmadzu UV-visible spectrophotometer 

from 300 to 700 nm. The structures of the prepared 

nanocomposite produced were studied using XRD - 6000 

Shimadzu Scientific Instruments. The surface morphologies 

of the composite produced was observed using MEL-30000 

SCOTECH (Germany). The Fourier Transform infrared 

(FTIR) spectra were recorded with a Frontier FT-IR Perkin 

Elmer (UK) over the range of 400 - 4000 cm−1. 

 

Batch adsorption studies             Batch adsorption studies 

were carried out using 50 ml of the digested electroplating 

effluent and stirring speed of 200 rpm. The contact time, 

adsorbent dose and temperature were assessed in the course 

of study. Samples were collected from the flasks at 

predetermined time intervals for analyzing the residual Cu 

and Fe amounts in the filtrate. The adsorbent was removed by 

filtration through Whatmann filter paper no. 4. The residual 

concentration of Cu and Fe ions in the filtrate were 

determined by atomic absorption spectroscopy (AAS).  

The amount of Cu and Fe ions adsorbed were determined 

by using the following mass balance equation: 

qe =
(Co−Ce)V

m
  (1) 

where Co and Ce are the amounts (mg/l) of Cu and Fe ions 

before and after adsorption, respectively, V is the volume of 

effluent in ml and m is the weight of the adsorbent in grams. 

The percentage of removal of Cu and Fe ions were calculated 

from the following equation: 

Removal (%) =
Co−Ce

Co
x 100  (2) 

 

 

RESULTS AND DISCUSSIONS 
UV–visible spectroscopy analysis of chitosan – silver 

nanocomposite 

The formation of the nanosilver by reduction of AgNO3 in the 

acetic acid solution of chitosan in the presence of aqueous leaf 

extract of Nicotiana tabacum ion was monitored by UV–

visible spectroscopy. During the reduction process, colourless 

solution of chitosan containing AgNO3 gradually changed to 

brown, which signifies the conversion of Ag+ into Ag0 [2-10]. 

The presence of nanosilver in the composite was confirmed 

by UV–visible spectrum (Figure 1) with a maximum 

absorption band at 426.5 nm, which corresponds to the typical 

plasmon resonance band of nanosilver [11]. 

 

FTIR of chitosan - silver nanocomposite 

FTIR analysis was carried out to identify the functional 

groups developed for the interaction between the chitosan 

polymer matrix and the nanosilver. The FTIR spectra for the 

chitosan stabilized silver nanocomposite are shown in Figure 

2. As shown in Figure 2, a characteristics absorption band was 

observed at 1621.63 cm−1 which was assigned as C - N stretch 

while N - H was at observed at 3265.02 cm-1. The C–H bond 

interaction due to Amide II band was at 1463.86 cm−1 and the 

C–O skeletal stretch characteristic of polysaccharides was 

observed at 1102.24 cm−1. The bands at 1739.95cm-1 and 

2870.61 cm-1 were assigned to the carbonyl stretch and alkane 

C-H-stretching, respectively [12].  The single peak at 3265.02 

cm−1 corresponds to N – H is in agreement with the previous 

studies result reported [13]. 

 
XRD study of the prepared chitosan – silver 

nanocomposite 

The phase structure of the prepared chitosan – silver 

nanocomposite was investigated using XRD technique. 

 
Figure 1. UV–visible spectra of chitosan-silver 

nanocomposite 
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Figure 3 shows the diffractogram of the prepared 

nanocomposite. The presence of chitosan and nanosilver were 

apparent from the diffractogram, while other peaks may be 

attributed to the impurity phases due to biomolecules of the 

leaf extract [14].  

The diffraction peaks observed at 2θ values of 9.29° and 

19.300 with crystal plane (020) and (110) correspond to a 

diffractogram of a typical chitosan, while the diffractogram at 

2θ of 38.04°, 44.650 and 64.45° indexed (111), (200) and 

(220) miller indices are assigned to silver nanoparticles [15]. 

The particle size of silver nanoparticles in the prepared 

nanocomposite determined using Scherrer formula was 8.86 

nm. 

 

High resolution scanning electron microscope (HRSEM) 

of chitosan silver nanocomposite 

Surface morphology of prepared chitosan stabilized silver 

nanocomposite was analyzed using the HRSEM technique. 

The HRSEM image of the nanocomposite in Figure 4 showed 

distribution of silver nanoparticles on the chitosan surface and 

embedment of some of the nanoparticles into chitosan to 

create pores.  

 
 

Batch adsorption of heavy metals in electroplating 

effluent  

Batch adsorption studies of the percentage removal of Cu and 

Fe from electroplating effluent were performed by changing 

the contact time, adsorbent dosage and temperature. The 

results obtained with respect to each parameter are presented 

as follows. 

 

Effect of contact time on adsorption 

Figure 5 shows the effect of contact time on the percentage 

removal of Cu and Fe respectively from electroplating 

effluent using chitosan – silver nanocomposite (volume = 50 

ml, adsorbent dosage = 25 mg, temperature = 300C, stirring 

speed = 200 rpm). 
Keeping temperature, adsorbent dosage and stirring speed 

constant, the percentage removal of Cu ions on chitosan – 

silver nanocomposite depends on contact time. The effect of 

contact time on percentage removal of Cu ions at optimum 

adsorbent is shown in Figure 5. Figure 5 shows that Cu ions 

removal increases with increasing contact time at all the 

temperatures and approximately 71.75 % of Cu ions on 

chitosan – silver nanocomposite were attained within 30 

minutes and the maximum percentage removals were attained 

in about 75 minutes. The early rapid rate of percentage 

removal of the metal ions may be due to the large availability 

of the charged surface of the adsorbents for Cu ions present 

in the effluent, while later slow removal rate may be as a result 

of electrostatic interference caused by the adsorbed metal ions 

and the slow pore diffusion of the ions [16]. 

The relationship between the percentage removals of Fe 

ions with contact time, as shown in Figure 5, indicates that the 

chitosan – silver nanocomposite - metal ion solution system 

have high rapid uptake of Fe ions from the effluent. The 

adsorptions were done using 25 mg of chitosan – silver 

nanocomposite. The percentage removal of Fe ions increased 

with contact time until equilibrium was established. It is thus 

obvious from Figure 5 that at short contact time the 

 
Figure 2. FTIR of the Synthesized Chitosan – Silver 

Nanocomposite 
 

 

 
Figure 3. XRD pattern of chitosan–silver nanocomposite 

 

 

 
 

Figure 4. HRSEM image of chitosan stabilized silver 

nanocomposite 
 

 

 
Figure 5. Effect of Contact Time on Cu and Fe Removal 

 

percentage removal of Fe ions on the adsorbent was high due 

to the large availability of active sites in the adsorbents. As 

contact time increased, more metal ions diffused from the 

effluent to occupy vacant actives sites in the adsorbents. This 

leads to rise in the percentage removal of the metal ions [17].  
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The effect of adsorbent dosage 

The dosage of adsorbent has a significant consequence on the 

adsorption process and it describes the capacity of the 

adsorbent through the number of active binding sites 

accessible to remove heavy metal ions.  

Figure 6 shows the effect of adsorbent dosage on the 

adsorption of Cu ions using chitosan – silver nanocomposite. 

In this case percentage removal of Cu ions increased with 

adsorbent dose in the range from 5 – 25mg and showed some 

variation. This trend may be as a result of saturation of active 

sites at higher adsorbent dosage. This shows that percentage 

removal is determine by the number of accessible active sites 

[18]. Figure 6 shows that the percentage removal increased 

from 69.42 to 74.92 % on chitosan – silver nanocomposite 

with increase in the adsorbents dosages from 5 – 25mg. This 

outcome conforms with the reported data in literature [19] on 

the adsorption of Pb (II), Cu (II), and Zn (II) Ions onto Urtica 

dioica leaves as a low cost adsorbent. 

The result for the Fe ions uptake using various dosages of 

chitosan – silver nanocomposite (5 – 25mg/50ml) is shown in 

Figure 6. The percentage of Fe ions removal was found to 

increase with increase in the dosages of the adsorbents. The 

increase in Fe ions uptake value may be to the absence of 

splitting effect of the concentration gradient between the Fe 

ions and adsorbents [20]. 
 

Effect of temperature on adsorption 

The effect of temperature on the removal of Cu and Fe, by 

chitosan – silver nanocomposite was studied. The temperature 

of the electroplating effluent was varied in the range of 300 – 

363 K while other parameters (adsorbent dosage and contact 

time) were kept constant at 25 mg and 60 minutes respectively 

at stirring speed 200 rpm. The results of effects of temperature 

with respect to the percentage removal of each metal are as 

shown in Figure 7. 

The effect of temperature on the adsorption of Cu ions on 

chitosan –silver nanocomposite from the electroplating 

effluent was also  examined.  Figure 7  shows the  plot  of 

 

 

 
 

Figure 6. Effect of Adsorbent Dosage on Cu and Fe Removal 
 

 
Figure 7. Effect of Temperature on Cu and Fe Removal 

 

percentage removal of Cu ions against temperature. The 

percentage removal of Cu ions by chitosan – silver 

nanocomposite increased from to 87.84 – 94.76 % 

respectively as temperature rise from 303 to 363 K for the 

equilibrium time of 60 minutes. These outcomes correspond 

to the findings reported in literature [21] on adsorption of 

copper (II) from aqueous solutions by activated carbon 

prepared from grape bagass. 

Figure 7 demonstrates the effect of temperature changes 

on the percentage removal of iron, it can be noticed that there 

was continuous increases in the percentage removal of iron by 

chitosan – silver nanocomposite to temperature of 363 K with 

percentage removal of 98.80 %. This may be attributed to 

large surface area of chitosan – silver nanocomposite due to 

the presence of silver ions. 

Generally, the temperature of the electroplating effluent 

plays a critical role on the adsorption of metal ions, which was 

seen to increase with the increase of temperature. The initial 

rates of Cu and Fe ions adsorption by chitosan – silver 

nanocomposite were fast which later became slow. This trend 

indicates that the adsorption of the metal ions onto chitosan – 

silver nanocomposite was not significantly influence by the 

increased temperature.  This is consistent with the result 

reported in literature [22] on heavy metal adsorption onto 

Kappaphycus sp. from aqueous solutions. It can be concluded 

that, with increase in temperature, the activation of the 

adsorbent surfaces is improved easing more active sites for 

adsorption of the metal ions. In addition, an ease diffusion of 

the metal ions from the effluent to the active sites of the 

adsorbent (chitosan – silver nanocomposite) may also be 

responsible for the initial higher adsorption of metal ions [23]. 

 

Adsorption isotherm models 

Adsorption is usually studied using a graph which is known 

as adsorption isotherm. Adsorption isotherm is a curve that 

shows the variation in the amount of adsorbate taken up by 

the adsorbent with concentration at constant temperature. So 

far, fifteen different isotherm models were designed to 

describe adsorption process [24]. These models are 

commonly employed to fit in data obtained from adsorption 

studies with the aim of establishing the best correlation for the 

isotherms. Adsorption isotherm is in essence important in 

optimizing the use of adsorbents for the removal of pollutants 

like heavy metals from industrial effluent [25]. From the 

available isotherm models, this study employed four of the 

isotherm models, namely Freundlich, Jovanovic, Harkin – 



Iranian Journal of Energy and Environment 10 (1): 1-9, 2019 
 

5 

Jura and Temkin isotherm models. At constant temperature 

the amount of the metal ions varied to obtain the equilibrium 

data. The obtained data was used to plot isotherms in their 

liner form to calculate the model constants and correlation 

coefficients (R2). The applicability of the isotherm model to 

explain the adsorption process was criticised by the 

correlation coefficients (R2) values.  

For the Freundlich isotherm, the plot of Inqe versus InCe 

gives a straight line with slope of 1/n and intercept of InKF. 

For Jovanovic isotherm, when Inqe is plotted against Ce, a 

straight line with slope of - Kj and intercept of Inqmax is 

obtained. A plot of 1/qe
2 versus LogCe for Harkin – Jura 

isotherm yields a linear line with slope of -1/AHJ and intercept 

of BHJ/AHJ. For Temkin isotherm, a plot of qe versus InCe 

enables the constants K1 and K2 to be determined. 

 

 

Freundlich isotherm models for the removal of cu and fe 

ions from electroplating effluent 

From Table 1, the order of increasing in values of Freundlich 

constant (Kf) as adsorption capacities of Chitosan – Silver 

nanocomposite for the metal ions is Fe>Cu. The lower 

adsorption capacity of chitosan – silver nanocomposite for Cu 

ions may be attributed to the lower concentrations of these 

ions in the effluent. Meanwhile, the presence of Ag ions in the 

chitosan polymer matrix might have reduced the number 

available functional groups as active sites for metal ions 

adsorption; this could responsible for the lower adsorption 

capacity of the chitosan – silver nanocomposite. The values 

of Kf obtained in this study for chitosan – silver 

nanocomposite were compared with some low – cost 

adsorbents reported in the other studies (Table 2). 

 
 

TABLE 1. Isotherm Models Parameters for the Adsorption of 

Cu and Fe ions from Electroplating Effluent using Chitosan- 

Silver Nanocomposite 

Isotherm Models Fe Cu 

Jovanovic 

Kj 0.218 0.348 

qmax 11.905 7.905 

R2 0.977 0.999 

Freundlich 

Kf 10.907 6.377 

n -39.154 -11.232 

R2 0.919 0.988 

Temkin 

K1 -0.352 -0.641 

K2 6.35 x 10-28 5.16 x 10-5 

R2 0.954 0.990 

Harkins – Jura 

AHJ -1127.39 -126.326 

BHJ -9.433 -3.033 

R2 0.911 0.984 

 

TABLE 2. A comparison of the Kf of chitosan – silver 

nanocomposite with those of low – cost adsorbents reported 

in the literatures 

Metal ion Adsorbent Kf (mg/g) Reference 

Cu Microfibrillated cellulose 3.150 [26] 

 Collagen/cellulose hydrogel beads 1.06 [27] 

 Locally Developed Chitosan 1.45 [28] 

 Chitosan – silver nanocomposite 6.009 This study 

Fe Chitosan 4.522 [29] 

 Modified Orange Peels 0.838 [30] 

 
Glutaraldehyde Crosslinked 

Chitosan–coated Cristobalite 
0.159 [31] 

 Chitosan – silver nanocomposite 10.91 This study 

 
Freundlich isotherm (1/n) which stands for the adsorption 

efficiency is a parameter related to the surface heterogeneity 

and the energies linked in the adsorption process, it also 

indicates a favourable adsorption of the adsorbate on the 

given adsorbent [32]. The values of 1/n for the adsorption of 

Cu and Fe ions on chitosan – silver nanocomposite by 

Freundlich adsorption isotherm are shown in Table 2. 

According to literature [33] for an adsorption, 1/n =0 indicate 

an irreversible adsorption, 0<1/n<1 shows a favourable 

adsorption and 1/n >1 indicates an unfavourable isotherm. 

This implies that the adsorption of Cu and Fe ions on chitosan 

– silver nanocomposite in this study is favourable and 

beneficial. Also, the smaller the value of 1/n the better 

adsorption mechanism and formation of relatively stronger 

bond between the metal ions and chitosan – silver 

nanocomposite [34]. The values of 1/n < 1 show that there is 

significant adsorption at low concentration of the metal ions.  

The correlation coefficients (R2) for Freundlich adsorption 

isotherms for copper and iron removal from electroplating 

effluent by chitosan – silver nanocomposite is presented in 

Table 1. For adsorption of Cu and Fe ions on chitosan – silver 

nanocomposite the correlation coefficients are 0.988 and 

0.919, respectively. This indicates that the experimental data 

for the adsorption of the metal ions fitted well to Freundlich 

isotherm model. By comparing the correlation coefficients, it 

was observed that Freundlich isotherm gives a better model 

for the adsorption of Cu ions than Fe ions on chitosan – silver 

nanocomposite, which is based on heterogeneous surface 

adsorption of exponential distribution of active sites and their 

energies. Due to this, it may be concluded that the adsorptive 

surfaces of chitosan – silver nanocomposite are made up of 

minute heterogeneous adsorption active sites that are 

homogeneous themselves. Thus, application of Freundlich 

model for the experimental data indicates monolayer 

coverage on heterogeneous adsorbent surface by both metal 

ions. 

 
Harkin – jura isotherm model for the removal of cu and 

fe ions from electroplating effluent 

Harkin – Jura isotherm accounts for multilayer adsorption and 

can be explained by the existence of a heterogeneous pore 

distribution. From Table 1, the values (0.946 and 0.855) of 

correlation coefficients for Harkins-Jura model for adsorption 

of Cu and Fe ions on chitosan – silver nanocomposite were 

high. This reveals that Harkins-Jura model could describe the 
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experimental isotherm data in the adsorption of both metal 

ions onto chitosan – silver nanocomposite. This result also 

showed that the adsorption of Cu and Fe ions onto chitosan – 

silver nanocomposite can be explained by multilayer 

adsorption phenomena. 

 
Jovanovich isotherm model for the removal of cu and fe 

ions from electroplating effluent 

Jovanovich isotherm model predicates monolayer adsorption 

onto a surface with a limited number of identical sites in 

addition to likelihood of some mechanical contacts between 

the adsorbate and adsorbent. At high concentrations of 

adsorbate, Jovanovich isotherm becomes Langmuir isotherm. 

The correlation coefficients (R2) values for Jovanovich model 

were 0.999 and 0.977 for Cu and Fe adsorption on chitosan – 

silver nanocomposite (Table 1) which very high for the metal 

ions tested. This result showed the adsorption of the selected 

metal ions can be better explained by approximation of 

monolayer localized adsorption with surface binding 

vibrations of an adsorbed species. Thus, Jovanovic isotherm 

models could explain the adsorption of the metal ions onto 

chitosan – silver nanocomposite adequately. 

 
Temkin isotherm model for the removal of cu and fe ions 

from electroplating effluent 

Temkin isotherm model is a kind of isotherm model which 

takes into account the existence of interactions between 

adsorbents and adsorbates like metal ions and also assumed 

that the free energy of adsorption is a function of the surface 

coverage [35]. From the linear form of the Temkin model (qe 

= K1lnK2 + K1lnCe), a plot of qe versus lnCe make possible 

the calculation of constants K2 and K1. The constant K1 is 

associated to the heat of adsorption in J/mol. If K1 has a 

negative value that means the adsorption process is 

exothermic one. Otherwise (if it has a positive value), it is 

endothermic. Negative K1 values in Table 1 show that the 

removal of Cu and Fe ions in this study is an exothermic 

adsorption processes. Order of decrease in K1 by chitosan – 

silver nanocomposite is Fe>Cu. This implies that Fe ions 

adsorption by chitosan – silver nanocomposite involves 

release of greater energy compare to Cu ions.  

K2 is the equilibrium binding constant equivalent to the 

maximum binding affinity, which is the strength of the 

binding interaction between a single individual molecule and 

ligands. The larger the K2 value, the more strongly the target 

species and ligands are attracted to and bind to one another. 

In this study, the orders of decrease in K2 of chitosan – silver 

nanocomposite are Cu>Fe. This shows that chitosan – silver 

nanocomposite have higher binding affinity for Cu ions as 

compare to Fe ions. This higher binding affinity constant 

observed for Cu ions imply that chitosan - silver 

nanocomposite have more stronger interaction and attraction 

for Cu ions due to their higher electronegativity [36].  

From Table 3, regression coefficients (R2) for all four 

isotherm models show that the best fitted model for the 

removal of Cu and Fe ions under investigation using chitosan 

– silver nanocomposite is Jovanovich isotherm model. Other 

isotherm models Freundlich, Harkin- Jura and Temkin) also 

were fitted to a convinced extent with high R2 values. 

Jovanovich isotherm model best explained the adsorption 

behaviour of these metal ions more than other isotherm 

models due its higher R2 values (0.977 and 0.999). Thus, the 

adsorptions of the metal ions in this study can be said to have 

took place more on homogenous site with monolayer 

coverage of metal ions on the outer surfaces of the chitosan – 

silver nanocomposite along with some mechanical contacts 

between the metal ions and adsorbent without interaction 

between adsorbed metal ions.  

 

Kinetic model of cu and fe ions adsorption 

The rate of adsorption and possible adsorption mechanism of 

Cu and Fe ions onto chitosan – silver nanocomposite were 

analyzed by applying adsorption kinetics models to the 

experimental data. In this, study, adsorption kinetic models 

were studied by different models to explain the kinetic of 

adsorption. These include pseudo first order, pseudo second 

order, Elovich –Types and intra-particles models. The values 

of the rate constants and other parameters obtained from the 

slopes and intercepts of the plots are shown in Table 4. 

 

Pseudo-first-order kinetic model 

The pseudo-first order equation has been used to portray 

reactions. Though, it is usually expressed in a range of 

reaction only. The data for the adsorption of metal ions using 

chitosan – silver nanocomposite were plotted as in pseudo –

first order equation and the parameters obtained are shown in 

Table 4. From Table 4, it can be observed that pseudo –first 

order model gave the linear regression coefficients of 0.758 

and 0.789 for Cu and Fe metal ions  adsorption  on 

 

 

TABLE 3. Regression coefficients of adsorption isotherm 

models for the heavy metal ions under study 

Heavy Metal Freundlich Javonovic Harkins - Jura Temkin 

Cu 0.988 0.999 0.984 0.990 

Fe 0.919 0.977 0.911 0.954 

 

 

 

TABLE 4. Kinetic Parameters for the adsorption of selected 

heavy metals on Chitosan – Silver Nanocomposite 

Kinetic Models Heavy Metals 

Pseudo-First Order Fe Cu 

K1 -3.755 x10-3 -1.325 x 10-3 

R2 0.789 0.758 

Pseudo-Second Order 

K2 9.400 x10-4 5.600 x 10-4 

R2 0.771 0.766 

Elovich   

Δ 1.633 9.600 

Θ 14.794 1.407 x 107 

R2 0.950 0.595 

Intra-Particles  

Kint 0.200 0.038 

L 2.892 2.089 

R2 0.997 0.991 
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chitosan – silver nanocomposite. This shows that the pseudo 

– first order model do not fits the adsorption of Cu and Fe on 

chitosan – silver nanocomposite. These lower values of the R2 

further suggest that the kinetics of adsorption of Cu and Fe 

ions on chitosan – silver nanocomposite could not therefore 

be described by pseudo – first order model. However, 

adherence of Cu ions adsorption data to first order kinetics 

have earlier been reported in the literature [37, 38]. 

 

Pseudo-second-order kinetic model 

The regression coefficients (0.766 and 0.771) of the 

linearized pseudo – second order kinetic model as shown in 

Table 4 were low for the adsorption of Cu and Fe ions on 

chitosan – silver nanocomposite, respectively. Thus, it can be 

implied that the kinetic data for the metal ions does not 

perfectly support the best fit of the pseudo – second order 

model for the adsorption of the metal ions. Therefore, the 

adsorption of these metal ions was not only by chemisorption 

and also, pseudo-second order model is not the only model 

that influence the rate-determining step in the chitosan – silver 

nanocomposite [39, 40]. 

The pseudo-second-order rate constants K2 (g /mg/ min), 

were found to be appreciable, which supports that the Cu and 

Fe ions uptake onto the chitosan – silver nanocomposite from 

electroplating effluent was fast and favourable. Similar 

observation was reported in literature [23, 41]. This trend 

shows that the pseudo – second order model is part of the rate-

determining step in the adsorption process [40].  

 

Elovich model  

The values of the regression coefficients R2 ≥ 0.90 of Elovich 

kinetic model for the adsorption of Cu and Fe ions on chitosan 

– silver nanocomposite (Table 4) showed that kinetic data for 

the mentioned metal ions followed Elovich model. This 

suggests that part of adsorption of these metal ions was 

multilayer adsorption. Furthermore, the higher values of 

Elovich constants, δ (mg g−1 min−1) and θ (g mg−1), as shown 

in Table 4 are indicative of an increased rate of chemical 

adsorption. Also, the fitness of the kinetic data on elovich 

model signifies that the adsorption of these metal ions took on 

heterogeneous surfaces of chitosan – silver nanocomposite 

[39]. 

 

Intraparticle diffusion kinetic models 

The nonlinear regression data of qt were plotted against t1/2 for 

the selected heavy metal ions to determine the intraparticle 

diffusion rate constant and other parameters. The intraparticle 

diffusion rate constant (kd) as shown in Table 4 was 

determined from the slope of the second linear sections of the 

graph of qt against t1/2 for the metal ions. Actually intraparticle 

diffusion plays a major role in the adsorption of Cu metal ions 

(R 2 ≥ 0.95) and Fe (R 2 ≥ 0.90) onto the chitosan – silver 

nanocomposite, signifying a very good relationship between 

qt and t1/2 for the metal ions at the experimental conditions. 

Nevertheless, the L values in all the cases > 0 implies that qt 

against t1/2 plots did not pass through the origin, indicating 

that even though the intraparticle diffusion was part of the 

adsorption process, it did not determined rate-controlling step 

alone [39, 42] and also that external mass transfer had as well 

contributed a lots in   the   metal   ions   adsorption   on    

chitosan- silver nanocomposite [39]. 

Thermodynamic of heavy metal ions adsorption 

The nature of adsorption process can be obtained from 

thermodynamic study. The parameters to determine are the 

changes in Gibbs energy (ΔGº), enthalpy (ΔHº), and entropy 

(ΔSº). The change in ΔGº indicates the spontaneity of a 

chemical reaction. Reactions only occur spontaneously if ΔGº 

at a given temperature is negative.  

The Van't Hoff equation can be used to calculate Gibbs 

free energy change ΔG of the adsorption process [43]: 
ΔG°= -RTInK (3) 

The relationship between enthalpy change (ΔH) of 

adsorption, entropy change (ΔS) and Gibbs free energy is 

presented in the following equations: 

ΔG°= -RTInK = ΔH - T ΔS (4) 

InK =  
−ΔH

RT
+

ΔS

R
  (5) 

where K is equilibrium constant of Van't Hoff equation. A 

plot log In K against 1/T is a straight line, ΔH and ΔS can be 

determined from intercept and slope, respectively. In this 

study, Table 5 shows the thermodynamic parameters for 

adsorption of heavy metal ions on chitosan – silver 

nanocomposite. 

Generally, the negative values of ΔH° for the adsorption 

of the heavy metals by chitosan – silver nanocomposite 

showed that the adsorption of these metals is exothermic [44].  

The randomness during adsorption process can be 

described using the value of ΔS°. The negative values of ΔS 

obtained for the heavy metals adsorption using chitosan –

silver nanocomposite shown in Table 5 suggest decreased 

randomness at the solid/solution interface and no significant 

changes occur in the internal structure of the adsorbent 

through the adsorption of metal ions onto chitosan – silver 

nanocomposites [45, 46]. 

In general, from Table 6, the values of ΔG° for adsorption 

of both Cu and Fe ions on chitosan – silver nanocomposite at 

all tested temperatures were positives which indicate that 

adsorption processes were feasible but not spontaneous in 

nature. It was noticed that the ΔG° values become more 

positive with increase in temperature. This indicates that the 

adsorption process becomes less favourable at high 

temperatures [47].  

 

 

TABLE 5. Enthalpy and Entropy Changes for the adsorption 

of Cu and Fe ions on Chitosan – Silver Nanocomposite (CHS-

Ag) 

      Heavy Metals 

Adsorbent Item Cu Fe 

CHS-Ag ΔH -0.290 -0.347 

 ΔS -26.198 -34.106 

 

 

TABLE 6. Gibbs free energy for the adsorption of Cu and Fe 

ions on Chitosan – Silver Nanocomposite (CHS-Ag) 

Adsorbent Temperature (K) Cu Fe 

CHS - Ag 303 0.4952 0.6766 

 318 0.8881 1.1882 

 333 1.2811 1.6998 

 348 1.6741 2.2113 

 363 2.0670 2.7229 
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CONCLUSIONS 
 

Chitosan – silver nanocomposite was successfully prepared 

by the green synthesis method with the use of green agents 

(chitosan and leaves of Nicotiana tobaccum) at room 

temperature. The formation of the nanocomposite was 

actually confirmed by all instruments employed in this work. 

The removal of Cu and Fe ions in electroplating effluent by 

chitosan – silver nanocomposite has been studied. The 

prepared nanocomposite exhibited efficient removal of Cu 

and Fe ions from the electroplating effluent.  
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 چکیده 

با  یتوزانک ینقره ا یتتوتون است. نانو کامپوز یکوتینابا استفاده از عصاره برگ آبي ن  یتوزانشده توسط ک یتنقره تثب یتسبز نانو کامپوز یهکار ارائه ته ین

 یهفور يسنج یف( و طHRSEMاسکن با وضوح باال ) يالکترون  یکروسکوپ(، مXRD) یکس(، پراش اشعه اUV-Visاشعه ماوراء بنفش ) يسنج یفاستفاده از ط

به عنوان عملکرد زمان تماس،  یجذب دسته ا یقاز طر یآبکار یمس و آهن از پساب ها یونهایحذف  یبرا یت( مشخص شد. نانوکامپوزFTIRمادون قرمز )

حضور نانو ذرات  یدرجه برا 64.45و  44.650درجه،  38.04از  2θنشان دهنده بازتاب در  یتنانوکامپوز XRD یجدوز جاذب و درجه حرارت استفاده شد. نتا

 يشده اند را نشان م یهتعب یتوزانک یمریپل یسکه در ماتر ینانوذرات نقره ا یتاز نانوکامپوز HRSEM یربود. تصو یتوزانک یبرا 19.300درجه و  9.29نقره و 

درصد و  98.8و  94.76 یبنقره به ترت - یتوزاننقره ک زیتکند. حداکثر حذف درصد مس و آهن توسط نانوکامپو یجادا یتوزانسطح ک یرا رو یدهد تا منافذ

آنها در  ینقرار گرفت اما بهتر یشمورد آزما یزوترما یبه دست آمده از مدل ها یجگرم بود. نتا یليم 25با استفاده از دوز جذب  یقهدق 60در  K 363 یدر دما

شود. نتیجه این تحقیق نشان  يم  یهر به جذب چند الکه منج  یچبه دنبال مدل الوو Feو    Cu  یها  یون یبرا  يجنبش  یبود. داده ها  یکيجناوو  یزوترما  یمدل ها

  نقره ای تهیه شده و دارای کارایي جذب باال برای مس و آهن از پساب های آبشستگي است. -داد که نانوکامپوزیت نقره کیتوزان 
 

 

 


