
10.51975/25400101.som 

Journal of the Nigerian Society of Chemical Engineers, 40(1), 2025 

ISSN:0794-6759   1 

REMOVAL OF LEAD FROM TEXTILE WASTE WATER USING CHITOSAN 

PRODUCED FROM SNAIL SHELL 

 

Oyedeko K F K., Akinyanju A S., Lasisi-Amokun M K. 
Department of Chemical Engineering, Lagos State University, Epe, Nigeria 

Department of Chemical Engineering, University of Lagos, Lagos, Nigeria 

Email of the Corresponding author: mlasisi@unilag.edu.ng(+234-7055047648) 

               

ABSTRACT 

The sorption process of lead (II) ions from textile effluent was investigated using chitosan obtained from 

a snail shell (SSC). The effects of various experimental parameters on Pb (II) ions adsorption were 

studied, and optimal conditions were determined. The equilibrium data were analyzed with Langmuir, 

Freundlich, Temkin, Elovich, Florry Huggins, Jovanovic, Harkin Jura, and Dubinin–Radushkevich 

(DRK) adsorption models. The high correlation factor of Langmuir isotherm indicates the monolayer 

coverage of the adsorbent. Freundlich isotherm fitted the adsorption data excellently. The adsorption 

intensity (n) is 1.68. This means the suitability of the adsorption process. The adsorption process is 

beneficial when the adsorption intensity is between 1 and 10. Adsorption kinetics data for sorption of 

Pb2+ ion unto chitosan were analyzed using the pseudo-first order, pseudo-second order, and 

intraparticle diffusion models. The results indicated that the pseudo-second-order model best described 

the adsorption kinetic data. For the thermodynamic studies, the enthalpy change, ΔH°, and the entropy 

change, ΔS°, for the adsorption processes are -18.10 kJ/mol and -0.0652 KJ/mol K respectively. The 

free energy, ΔG° for the process are 2186.39 J/mol, 3071.761 J/mol, 3689.615J/mol, and 4153.032 

J/mol at 303K, 313K, and 323K respectively. The thermodynamic parameters showed that the 

adsorption of lead into SSC was exothermic and non-spontaneous.  

Keywords: Adsorption, sorption, chitosan, isotherm, kinetic models, intra-particle diffusion. 

 

1. INTRODUCTION 

 

Water pollution by the discharge of harmful heavy metals 

has been one of the problems threatening the human 

health and ecological system. These heavy metals may be 

released naturally into the environment or through 

anthropogenic activities like mining and smelting 

processes, battery and machinery manufacturing, and 

electroplating plants,( Zhang et al, 2020). Pb(II) is highly 

toxic and forms complexes in the liver and kidney, 

resulting in endocrine disorders, and cancer ( Ghorbani et 

al, 2020, Zhu et al, 2021). 

 

Lead is one of the highly toxic heavy metals, that even 

at a low concentration, can cause serious health hazards 

to man and aquatic animals. Thus, there is a growing 

demand for the elimination of toxic metals from polluted 

areas such as water streams and wastewater to avert their 

hazardous impacts. (Zhu et al, 2021) 

 

Several methods such as ion exchange (Li. et al, 2021), 

membrane technology (El-Batouti et al, 2021), 

precipitation (Qasem et al, 2021), ion exchange (Hussain 

et, al, 2021), coagulation (Sylwan et al, 2021), co-

precipitation (Zhao et al, 2021), electrolysis (Kumar, et 

al, 2021), and adsorption are being used to remove heavy 

metals from textile waste. The adsorption technique can 

be considered useful for removing dissolved heavy metals 

from liquid wastes. It is also more effective and 

economical for removing heavy metals from industrial 

wastewater than other conventional wastewater treatment 

methods. (Iconaru et al, 2016) The adsorption method is 

effective in removing from wastewater low  

 

concentrations of heavy metal ions and is also used at the 

industrial level (Khazael, et al 2016 Oliveira, et al 2011). 

Of all the low-cost adsorbents, chitosan has the highest 

sorption capacity for several metal ions. (Babel and 

Kurniawan, 2004; Nomanbhay and Palanisamy, 2005).  

 

The waste derived from snails constitutes environmental 

challenges after removing the inner part, which greatly 

benefits human health. Waste generated from the shells 

of snails is the main precursor for the production of 

chitosan. Chitosan is one of the low-cost adsorbents with 

high sorption capacity for metals removal. It is widely 

used in diverse fields, ranging from waste management to 

food processing, medicine, and biotechnology (Kalut, 

2008). In agriculture, it is used to improve the yield of 

rice and orchid production (Kim, 2010). 

 

Chitosan is the most common derivative of chitin formed 

based on chitin partial N-deacetylation through variations 

of chemical processes with more than one soluble analog. 

As a result of numerous benefits (non-toxicity, 

biocompatibility, biodegradability, and non-antigenicity) 

attributed to chitin and chitosan, they have continued to 

attract interest worldwide (Daniel and James, 2019). The 

Chitosan produced through chitin deacetylation is a high 

molecular weight molecule with a biodegradable polymer 

and consists of-(14)-2-amino, 2-deoxy- Dglucopyranose 

(Islam et al., 2017).  

 

Heavy metals discharged into water from various 

industries are toxic and carcinogenic. They cause severe 

problems for humans and aquatic ecosystems. Thus, the 

removal of heavy metals from wastewater is a serious 
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concern. Both commercial adsorbents and bio-adsorbents 

are used for the removal of heavy metals from 

wastewater, with high removal capacity. The challenge in 

heavy metal removal from wastewater is that it may 

require large amounts of bio-adsorbents and extra 

chemicals to maintain a pH that provides suitable 

conditions for adsorption. 

This study aimed to remove Pb2+ in the wastewater by 

adsorption using chitosan. The chitosan used for 

adsorbent was obtained from a snail shell (SSC).   

 

2. MATERIALS AND METHODS 

 

All the chemical reagents used for this research work 

were of analytical grade and were supplied by Foray 

Enterprises Ltd, Lagos State. The raw material used for 

chitosan production is Archachatina marginata (African 

giant). The reagents are hydrochloric acid and sodium 

hydroxide. Deionized water used for this research was 

obtained from the Chemistry Department, University of 

Lagos, Akoka, Yaba, Lagos. 

 

2.1 PREPARATION OF CHITIN  

There are four basic stages involved in the production of 

chitosan. The stages are Demineralization, 

deproteinization, depigmentation or decolorization, and 

deacetylation. 

 

The first stage in Chitosan production is the 

Demineralization stage. The methods employed for the 

production of chitin from snail shells were as described 

by Moosa et al. (2016). 500 g of the sieved sample was 

weighed and put into a beaker. 2500 ml of 3.2525 M of 

HCl solution was added (1:5w/v). The mixture was stirred 

using a griffin shaker at 30 oC, for 2 hours to avoid 

effervescence and to remove carbonate and phosphate 

content. The resulting solution was washed with distilled 

water and filtered with Whatman filter paper. The residue 

was scraped into a petri dish and dried in an oven at 105 
oC for 2 hours. In the deproteinization process, the 

demineralized chitin was soaked in 870 ml of 2.39M of 

sodium hydroxide (NaOH) solution (1:5w/v). The 

mixture was stirred and boiled in a water bath at 70 oC for 

2 hours. The resulting solution was filtered with 

Whatman filter paper and washed with distilled water 

until the pH of the filtrate was neutral. After washing (as 

shown in plate 3), the mixture was filtered and the residue 

was put in an oven at 105 oC for 2hrs to dry. 

 

2.2 PREPARATION OF CHITOSAN. 

 The obtained chitin was soaked in 750 mL of 50 wt /wt% 

NaOH, heated at 85 oC for 2 hours, 30 mins in a water 

bath, and cooled for 30 min at room temperature. The 

mixture was placed on a magnetic stirrer at 30oC for 4 

hours. The mixture was washed and the pH of the filtrate 

was constantly checked until it was neutral. Thereafter, 

the mixture was filtered using Whatman filter paper to 

retain the solid matter. The chitosan thus produced was 

dried in an oven at 105 oC for 2 hours. This process is 

known as Deacetylation.  

 

3.0. CHARACTERIZATION OF CHITOSAN  

 

3.1 DEGREE OF DEACETYLATION 

The degree of deacetylation (DD) of chitosan is an 

important parameter to be noted as it affects the solubility, 

chemical reactivity, and biodegradability of chitosan.  DD 

may range from 30% to 95% (Martino et al., 2005), 

depending on the available source and procedure.100% 

DD is very scarcely obtained, with commercial chitosan 

with various DD in the range of 75-85%.  IR technique 

was used for determining the degree of deacetylation, 

DD, of chitosan, according to the methods described by 

(Ghimire et al., 2011): The degree of Deacetylation 

(DDA) of the refined chitosan from snail shells was 

calculated using the equation given 

    DD = (100 −
𝐴1320

𝐴1420
 ×

1

0.03133
) 

A1320 and A1420 are the absorbance values at the 

wavelengths 1320 and 1420 cm-1 respectively. the FTIR 

analysis of chitosan, the % transmittance of the 

wavelength 1320 and 1420 cm-1 was obtained as 21.5 %   

and 25.1 % respectively.   This was then converted to 

absorbance [A=2- log (% T), where T is transmittance. 

The degree of deacetylation of the chitosan sample was 

obtained to be 64.50%.   

 

3.2 DETERMINATION OF ASH CONTENT 

A 2g sample of the sample was weighed into an empty 

crucible that had previously been heated, cooled, and 

weighed. This was then kept in the furnace at 600oC for 5 

hrs. and later allowed to cool to about 200oC. The crucible 

was transferred directly into a desiccator to cool to room 

temperature and weighed immediately. The percentage 

(%) ash content was calculated as follows (Baby R. et al. 

2021) 

                                    
(𝑴𝒂𝒔𝒔 𝒐𝒇 𝒄𝒓𝒖𝒄𝒊𝒃𝒍𝒆+𝒂𝒔𝒉)−(𝑴𝒂𝒔𝒔 𝒐𝒇 𝒆𝒎𝒑𝒕𝒚 𝒄𝒓𝒖𝒄𝒊𝒃𝒍𝒆)

𝑴𝒂𝒔𝒔 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆 𝒖𝒔𝒆𝒅
× 𝟏𝟎𝟎 

 

3.3 DETERMINATION OF MOISTURE CONTENT 

A clean crucible was dried in an oven at 105 oC for 1 hr. 

cooled in a desiccator, and the mass of the crucible was 

weighed as Wo. A 5 g sample of the bio sorbent was 

placed in an oven at 105 oC for 2hrs, cooled in a 

desiccator, and weighed. The same procedure was 

conducted severally until a constant weight was observed. 

The moisture content of the sample was then calculated 

(Ajala, LO et al. 2012): 

                   
W1−𝑾𝟐

W1−Wo
× 𝟏𝟎𝟎 

Where the mass of the empty crucible is Wo; that mass of 

the sample and crucible before heating = W1 and the mass 

of the sample and crucible after heating =W2 

 

3.4 SOLUBILITY  

Chitosan dissolution was carried out by dissolving 1 gram 

of chitosan in 100 ml of 2% acetic acid. The solution is 

stirred until homogeneous or vortex for 10 seconds. The 

solution was then centrifuged for 15 minutes and then 

filtered to get residue on filter paper. The filter paper was 
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then in the oven at 100-105oC for 2 hours, the process was 

repeated until a constant weight was obtained.  

Solubility is obtained by inserting into the formula (Shon 

et al, 2011):  

 Insolubility (%) = 
𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
𝑥 100%  

 

Solubility (%) = 100% - Insolubility 

 

4.0 BATCH EXPERIMENTS 

 

Batch adsorption was carried out to study how various 

factors affect the removal of lead (Pb+) from wastewater 

using locally produced chitosan. The factors considered 

are pH, adsorbent dosage, contact time, and temperature. 

50 mL of known lead solution was put into a 250 mL 

Erlenmeyer flask at specific conditions. The effects of pH 

were studied by varying the pH of wastewater using 0.1 

M HCl and 0.1 M NaOH. The effect of time was within 

130 mins at a fixed mass of 0.1g chitosan and at room 

temperature of 30 ±1 oC. Also, a thermodynamics study 

was carried out with temperature ranges from 30 to 50 oC 

at a fixed mass adsorbent of 1g. 

 

4.1 ADSORPTION KINETICS 

Adsorption kinetics describes the rate at which solute is 

adsorbed at the solid–solution interface. This helps to 

understand the sorption process to design a proper 

wastewater treatment plant. The kinetic parameters assist 

in predicting the rate of adsorption and as well as 

equilibrium time. (Sivarajasekar and Baskat, 2014). 

Adsorption kinetics is a major issue in the design of a 

treatment system using adsorbent. Adsorption kinetics 

provides information that assists industry operators and 

planners to effectively treat contaminated wastewater. 

(Olafadehan et. al. 2021). The adsorption kinetics 

examined in this study as illustrated below. 

 

 

4.1.1 PSEUDO-FIRST ORDER MODEL 

The pseudo-first-order kinetic model, shown in equation 

1 below, has been widely used to predict the metal 

adsorption kinetics. The metal adsorption kinetics 

following the pseudo-first-order 

model is given by (Ho and McKay 2000, Sivaraj 2001) 

1
( )t

e e t

dq
K q q

dt
= −

 1 

Where  

1e
K =equilibrium rate constant of pseudo-first order 

sorption (min-1) 

tq = Integrating equation with the conditions 

0 0 ;t

t t

q at t

q q at t t

= =

= =
 

Integrating and applying the boundary conditions give: 

1( )e t eIn q q Inq Ke t− = −

  
Therefore, a straight line should be obtained from the 

plot of (qe-qt) against t, which is adequate to determine 

ke1. 

 

 

4.1.2 PSEUDO-SECOND ORDER MODEL 

The pseudo-second-order kinetic model assumes the 

adsorption of solutes onto adsorbents follows the second-

order mechanism and is expressed as: 

2

2( )t
e e t

dq
K q q

dt
= −

    2

       

  Integrating and substituting equation conditions. 

0 0;t

t t

q at t

q q at t t

= =

= =
 

2

1

( )e t

Ke t C
q q

= +
−

    3

       

     

0 0

1

t

e

q t

C
q

= =

=

 
Substituting C into equation 3 above and re-arranging 

the equation gives 

2

2

1

e e t

t t

Ke q q q
+ =     4

  

The plot of t

t

q
 versus t  should give a straight line if 

pseudo-second-order kinetics are applicable and the 

values of eq
 and 2ek

 can be determined from the slope 

and intercept respectively. 
2

2e eh k q=
.   

 

4.1.3 INTRAPARTICLE DIFFUSION (IPD)  

One of the most widely used techniques for identifying 

the mechanism involved in 

the adsorption process is an intraparticle diffusion model. 

The intra-particle diffusion equation is expressed as 

follows: 

 
1/ 2

e dq k t C= +
      5

  
 

where dk  Is the intraparticle diffusion rate constant 

(mg/gmin1/2 ) and C  Is the intercept (mg/g).   

 

The plot of qt versus t1/2 gives a straight line from which 

the slope of the graph Kd and the intercept C which gives 
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information about the thickness of the boundary layer can 

be calculated. 

  

4.1.4 ELOVICH RATE EQUATION 

Elovich rate equation is used to describe second-order 

kinetic, with the assumption that the actual solid 

surfaces are energetically heterogeneous, (E. Malkoc et 

al.2007). It is given as follows: 

exp ( )t
t

dq
a bq

dt
= −                   6 

Integrating and substituting equation conditions and 

subsequently linearizing the result yields 

1 1

exp( )
t

ab bqt ab
= +

−
.   

      

( ) ( )t obq In ab In t t= + +
   

     
 

0

1 1
( ) ( )tq In ab In t t

b b
= + +

   7

 

 

Where  a  and b are the parameters of the Elovich rate 

equation indicating the initial adsorption rate 

( / .min)mg g   and the desorption constant (g/ mg) 

respectively. This can further be simplified (Rajeshwari 

Sivaraj et al., 2010). 

 

1 1
( )tq In ab In t

b b
= +                                  

           8 

 

4.1.5 AVRAMI KINETIC MODEL 

The Avrami kinetic model assumes arbitrary nucleation 

locations across the reaction surface of the adsorbent. It 

evaluates changes in kinetic parameters as a function of 

reaction time and temperature. The linear form of the 

expression is given (Ahmad et al., 2014; Yoro et al., 

2017): 

 

ln[ ln (
𝑞𝑚

𝑞𝑚−𝑞𝑡
)] =𝑛𝑎𝑣𝑙𝑛𝑘𝑎𝑣 + 𝑛𝑎𝑣  𝑙𝑛𝑡   9 

     

Where KAv is the Avrami adsorption kinetic constant 

and nAv is another constant, which is related to the 

adsorption mechanism changes. The slopes and 

intersections values of this equation provide the nAv and 

lnKAv values, respectively.  

 

4.2 THERMODYNAMIC STUDY: 

 For the determination of thermodynamic parameters, the 

following were used:    

 

                  Kc = 
𝐶𝐴𝑑𝑠

𝐶𝑒
                                        10 

       

        ln Ke =  
∆𝑆0

𝑅
− 

∆𝐻0

𝑅𝑇
                                              11

        

            ∆𝐺𝑜 = ∆𝐻𝑜 − 𝑇∆𝑆0      12 

 

where Kc: Equilibrium constant Cad: Adsorbed heavy 

metals concentration 

Ce: Equilibrium concentration of metal in solution (mg L-

1) 

 

G: Change in standard Gibbs free energy (kJ mol-1) 

H : Change in enthalpy (kJ mol-1) 

S: Change in entropy (J mol-1 K-1) 

T: Temperature 

 

4.3 ADSORPTION ISOTHERMS 

 The Freundlich, Langmuir, Temkin, Jovanovic, 

Harkins-Jura, Flory-Huggins, and Dubinin-

Radushkevich isotherms were used to investigate 

sorption processes. They are expressed in Eq. (13) to Eq. 

(19) as follows:  

A linear form of the Freundlich expression is: 

1
e f eLog q LogK LogC

n
= +    13 

The linear form of Langmuir Isotherm is given as: 

1e e

e m m

C C

q KQ Q
= +

    14 

 

The linearized Dubinin-Radushkevich Isotherm is 

expressed as: 

 

𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑞𝑠 − 𝛽𝜀2    15 

The linearized Temkin Isotherm is expressed as:  

 

qe = B ln𝐴𝑇 + 𝐵 𝑙𝑛𝐶𝑒     16 

𝐴𝑇  = Temkin isotherm equilibrium binding constant 

(L/g) 

𝑏𝑇 = Temkin isotherm constant 

R = universal gas constant (8.314 J/mol/K) 

T = Temperature at 298 K 

B = constant related to heat of sorption (J/mol) 

The plot of  𝑞𝑒 against 𝑙𝑛𝐶𝑒 is required to fit the model 

(Rajeshwari Sivaraj et al., 2010) 

 

The linear form of Harkins- Jura Adsorption Isotherm is 

given as: 

   

       17 

 

eC  Is the equilibrium concentration ( /mg l ) and eq  Is 

the amount adsorbed onto the adsorbent ( /mg g )  

 

Where A and B are constants. The plot of 1/qe against 

Log Ce gives the required fit for the model (Rajeshwari 

Sivarajet al., 2010). 

( )2

1 1
e

e

B
Log C

q A A

    
= −    
    
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The linearized form Jovanovic Isotherm is expressed as: 

 ln 𝑞𝑒 = 𝑙𝑛𝑞𝑚𝑎𝑥 − 𝐾𝐽∁𝑒            18 

 

The linearized form of Flory- Huggins Isotherm is 

expressed as: 

 

 ln
𝜃

∁𝑜
 = 𝑙𝑜𝑔𝐾𝐹𝐻 + 𝛼𝐹𝐻𝑙𝑛(1 − 𝜃)               19

  

where: 𝜃 = 1 −
∁𝑒

∁𝑜
    

      

The values of KFH and αFH are determined from the 

intercept and the slope of the plot of ln
𝜃

∁𝑜
 versus ln(1-θ) 

(Hossain et al, 2016) 

 

5. RESULTS AND DISCUSSION 

 

The experimental data were fitted into different 

adsorption isotherms: Langmuir, Freundlich, Temkin 

isotherm, Toth adsorption isotherm, Dubinin-

Radushkevich (DRK), Harkins-Jura Adsorption 

Isotherm, Jovanovic Isotherm, and Flory-Huggins 

adsorption isotherm. The linear plot of Ce/qe versus Ce 

suggests the applicability of the Langmuir isotherm (Fig. 

1 a) The maximum monolayer coverage (Qm) from the 

Langmuir isotherm model was found to be 50.51mg/g, KL 

(Langmuir isotherm constant) is 0.00374L/mg, RL (the 

separation factor) is 0.217 indicating that the equilibrium 

sorption was favorable.  The coefficient of correlation for 

Freundlich Isotherm was 0.991. (Fig 1 b). The values Kf 

and n are constants that show factors affecting the 

adsorption capacity and the intensity of adsorption. The 

intensity of adsorption is a suggestion for the bond 

energies between Pb2+ and chitosan. The value of 1.68 for 

the adsorption intensity showed that the adsorption is 

more favorable. The heat of the sorption process was 

estimated from the Temkin isotherm model (Fig. 1 e) to 

be 9.92 J/mol and the mean free energy was determined 

from DRK isotherm (Fig. 1g) as 50 KJ/mol. This shows 

that the adsorption experiment followed a physical 

process. The Coefficient of correlation, R2 values were 

used for fitting the experimental data to these isotherms. 

As shown in Fig 1, all eight (8) isotherms fitted to the 

experimental data. Table 1 shows isotherm parameters 

and their correlation coefficients  
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Fig 1(a) Freundlich adsorption Isotherm (b) Langmuir adsorption Isotherm (c) Harkin-Jura adsorption 

Isotherm (d) Jovanovic adsorption Isotherm (e) Temkin adsorption Isotherm (f) Elovich adsorption Isotherm 

(g) Dubinin- Radushkevich adsor(DRK) Isotherm (h) Florry- Hugguins adsorption Isotherm 

  

 

 

Table 1:  Isotherm Constants for Pb2+ ions into Chitosan. 

 

Isotherm Model Isotherm parameters Coefficient of Correlation (R2) 

Langmuir  Qm = 50.51(mg/g) 

KL = 0.00374 (L/mg) 

RL = 0.217 

0.943 

Freundlich 1/n =0.596 

n =1.68 

Kf = 0.818 (mg/g) 

0.991 

Harkin -Jura B =2.74 

A= 63.69 

0.816 

Jovanovic KJ = 0.873 

qmax = 0.774 (mg/g) 

0.873 

Temkin AT = 0.048 (L/mg) 

BT = 249.79  

B = 9.92 (J/mol 

0.946 

Elovich Ke = 0.945 

qm  = 26.11 

0.909 

DRK Qm =22.34 

  β = 0.0002 

 E = 50 (KJ/mol) 

0.694 

Florry-Hugguins αFH = 0.275 

KFH =0.531 

0.801 
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Kinetics of Adsorption of Pb2+ unto SSC 

The kinetics of lead (II) ions adsorption unto chitosan was 

analyzed using pseudo-first order, pseudo-second order, 

Elovich, Fractional Power model, Bangham’s model 

(pore diffusion model), Avrami kinetic model, and 

Intraparticle diffusion models. The kinetic modeling of 

Pb (II) ions adsorption showed that the pseudo-second-

order kinetic model gave the best fit among the 

investigated kinetic models. 

As shown in Fig 2, the experimental kinetic data fitted 

perfectly into all the kinetic models. The R2 values of all 

the models are close to unity. The linear plot of the 

intraparticle diffusion model (Fig.2) did not pass through 

the origin. This showed that the Intraparticle kinetic 

model was not the rate-controlling step in the adsorption 

of Pb2+ into SSC. It means that there is some degree of 

boundary layer diffusion. The sorption can be 

approximated more by the pseudo-second-order kinetic 

model than by the first order kinetic model. 
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Fig 2 (a) Pseudo-first order kinetic (b) Pseudo-second order kinetic (c) Elovich plot (d) Intraparticle 

diffusion plot (e) Fractional power model plot (f) Bangham’s model plot (g) Avrami kinetic model plot 

 

 

Table 2: Parameters in the linearized kinetic models for the adsorption of Pb2+ on chitosan. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kinetic Model Parameters Values 

 H (g/mg min) 0.0706 

Pseudo-Second order K2  (g/mg min) 5.961×10-4 

 qe (mg/g) 10.88 

 R2 0.9531 

   

Pseudo-First   order K1 (min-1) 0.032 

 qe(mg/g) 7.909 

 R2 0.8649 

   

Intraparticle Kd (mg/gmin1/2) 0.5122 

 C (mg/g) 0.964 

 R2 0.9865 

   

Elovich a (mg/g min) 0.1877 

 b (g/mg) 0.5721 

 R2 0.9584 

   

Fractional Power model v 0.757 

 K 0.131 

 R2 0.9927 

   

Bangham KB 0.266 

 b 0.759 

 R2 0.9893 

   

   

Avrami KAV 0.0190 

 nAV 1.226 

 R2 0.9581 
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Proximate Analysis of Chitosan  

 The proximate analysis of SSC is shown in Table 3 

below. The solubility is one of the standards used to 

determine the quality of chitosan. The higher the 

solubility, the better the quality of the chitosan produced. 

The SSC has a solubility of 94.63%. The solubility of 

chitosan was examined using water and acetic acid. It was 

found that chitosan was no soluble in water but partially 

soluble in acetic acid. The Moisture content and ash 

content of chitosan were found to be 3.24 % and 1.21% 

respectively. The protein of the chitosan was 3.11%. 

 

 

 

 

 

Table 3: Results of Proximate Analysis of Chitosan 

Parameters Chitosan 

Solubility (%) 94.63 

Moisture Content (%) 3.24 

Ash content (%) 1.21 

Protein (%) 3.11 

 

Scanning Electronic Microscopy 

The SEM images, in Fig 3 (a) and 3 (b) revealed the 

surface morphology of chitosan from snail shells. The 

morphology of the adsorbent was observed to be rough 

and possessed irregular shape particles capable of 

adsorption of metals from solution. It was observed that 

the SSC biopolymer possesses porous and fibril 

structures. 

 

    
 Fig 3 a: SEM Image of Chitosan at X10000                          Fig 3 b: SEM Image of Chitosan at X12000 

 

EDS Analysis of Chitosan 

The result of Energy Dispersive X-ray Spectroscopy 

(EDS) shows the elements present in the SSC. Oxygen, 

Carbon, Magnesium, Calcium, and phosphorus are 

present in the chitosan sample as shown in Fig 4 below. 

Oxygen has the highest peak in the EDS spectrum 

followed by Carbon and calcium respectively. The EDS 

compositional analysis results obtained on the spectrum 

of the extracted chitosan from snail shells confirm a 

weight percent of Oxygen (45.5wt %), Carbon (25.2 wt. 

%), Magnesium (7.0 wt. %), Calcium (15.7 wt. %) and 

Phosphorus (1.2 wt. %). 

 

 
Fig 4: EDS spectra of Chitosan. 
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Fourier-Transform Infrared (FTIR) Analysis  

The FTIR analysis of the adsorbent was determined using 

a Thermo Scientific Spectrometer.  The corresponding 

spectra of the chitosan showed the wavelengths in the 

range 4000 to 350 cm-1 of the different functional groups 

in the samples which were identified by comparison with 

those in the library. As shown in Table 4, The distinct 

band at 3445cm-1 could be attributed to the stretching 

of -NH2 and -OH present in primary amines and 

pyranose ring respectively. The band at 2927.76 cm -1 

could be attributed to -CH2 in the -CH2OH group, while 

the observed peak at 1631.73 cm-1 was assigned to -

C=O in the -NHCOCH3 group (amide I band). The 

characteristic band at 1056.00cm-1 was assigned to -C-

O in the -OH group. Also, the band at 685.36 cm-1 was 

attributed to NH out of the plane. The agreement 

between the characteristic band of standard chitosan 

and the chitosan used in this study confirmed the 

production of chitosan from snail shells. 

 

 
Fig. 5: FTIR Spectra of Chitosan 

  

Table 4: Comparison of FTIR spectrum with standard spectra from Sigma Aldrich 

Wavelength   Functional groups 

Experimental 

cm-1 

Sigma Aldrich Standard cm-1 % error  

3445.00 3422 ±0.67 ʋ(NH2) associated with primary amines 

and ʋ (OH) associated with pyranose ring 

2927.76 2923 ±0.163 ʋ (CH2) in CH2OH group 

1631.73 1655 ± 1.41 ʋ (C=O) in NHCOCH3 group (amide I 

band) 

1562.01 1554 ± 0.51 ʋ (NH2) in NHCOCH3 group (amide II 

band) 

1056.00 1073 ±1.58 ʋ (C–O) in secondary OH group 

685.36 662 ±3.53 δ (NH) out of the plane 

Thermodynamic Study 

The thermodynamic study gives an insight into the nature 

of the adsorption process. As shown in Table 5, the 

increase in the values of ΔG° with an increase in 

temperature indicates that the adsorption process is less 

favorable at high temperatures. The negative value of 

ΔH° means that the adsorption process is exothermic. The 

small negative value of enthalpy showed that the 

adsorption process is physical. The enthalpy change, 

ΔH°, and the entropy change, ΔS°, for the adsorption 

process are -21.384 kJ/mol and 75.44 J/mol K 

respectively. The positive value of entropy (ΔS°) showed 

an increased randomness of the adsorption process.  
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Fig 6: Plot of ln Kc versus 1/T 

 

                 

6.0 CONCLUSION  

The ability of chitosan produced from snail shells as a 

natural adsorbent to remove Pb2+ ions from textile 

wastewater was investigated in this work. The results 

showed that SSC is a good adsorbent for the removal of 

lead Pb (II) from wastewater. It was also observed that 

the removal of Pb2+ increases slightly as the temperature 

increases. The adsorption Isotherms fitted the adsorption 

data of Pb2+ into SSC. 

 

Kinetic parameters were analyzed using the Pseudo-first 

order, Pseudo-second order, Intraparticle diffusion, 

Elovich, Fractional power, Bangham and Avrami model. 

All the kinetic models excellently fitted the adsorption 

data Pb2+ into chitosan. Kinetic studies showed that the 

adsorption of Pb2+ ions into SSC followed Elovich kinetic 

model. Intra particle diffusion model was used to 

determine the adsorption mechanism. However, 

Intraparticle diffusion was not the rate-determining step 

because the plot of qt against t0.5 did not pass through the 

origin. This showed that there was some degree of 

boundary layer diffusion.  

 

It can be concluded that chitosan from snail shells (SSC) 

offers an effective and efficient means of removing Pb2+ 

from wastewater. 
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