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Abstract  The potential of the dried cockle shell had 

been studied using an adsorption experiment to determine 

the effectiveness of Mn and Cu removal from wastewater. 

A continuous batch adsorption study was carried out to 

determine the optimum dosage with a range of 3 g to 24 g 

of dried cockle shell and contact time from 15 minutes to 

150 minutes. The equilibrium data for adsorption were 

analysed by three isotherm models (i.e., Langmuir, 

Freundlich, Temkin) and three kinetic models (i.e., 

Pseudo-First Order, Pseudo-Second Order, Elovich) to 

define the best correlation for each metal adsorption. The 

result shows that the highest percentage removal of Mn and 

Cu using dried cockle shells were 77.8% and 88.9%, 

respectively, with an optimum dosage of 15 g and 105 

minutes of optimum contact time. Among these three 

isotherm models, the Temkin model fitted with the 

equilibrium isotherm for Cu with the value of r2 of 0.963, 

while the Langmuir model best described the experimental 

data for Mn with a recorded value of r2 of 0.953. From the 

result, the cockle shell has the ability to adsorb heavy 

metals such as Mn by the process of a monolayer on the 

outer layer of the adsorbent and Cu with a Gaussian energy 

distribution onto a heterogeneous surface. Kinetic studies 

have shown that the adsorption of Cu and Mn towards the 

cockle shell follows Pseudo-Second Order with the 

determination of coefficients of 1 and 0.997, respectively. 

The findings from characterisation analysis found that a 

high percentage of CaCO3 with 95.47% influences the 

adsorption of Mn and Cu from wastewater. The SEM 

image of dried cockle shell exhibits needle-like aragonite 

morphology and cubic-like calcite. Cockle shells have a 

great potential for removing Mn and Cu from industrial 

effluent. Thus, it can be used as a filter material and helps 

increase the economy at a modest pace by recycling 

low-cost waste for wastewater treatment. 

Keywords  Cockle Shell, Heavy Metals, Wastewater 

 

1. Introduction 

One of the metals that are widely produced by the metal 

manufacturing company is steel. Steel is a flexible alloy 

made up of carbon, iron and other metals for mild class 

production [1]. In addition, there was an abundance of 

steel manufactured factories that dealt with various types 

of metals, mainly Mn and Cu. According to the 

Department of Environmental Malaysia, the acceptable 

condition for the industrial effluent by referring to the 

Standard Effluent of Industrial Wastewater from the 

Department of Environment (DOE) (Standard B) of Mn 
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and Cu are 1.0 mg/L for both respectively. According to 

Varma & Misra [2], Cu is widely used in textile industries 

as the main component for the dying process [2]. 

Exposure to the excessive amount of Cu in wastewater has 

adverse effects on human health, such as kidney damage, 

anaemia and liver cirrhosis in humans [3]. In addition, the 

electrolytic manufacturing activities for batteries and Mn 

ore processing activities were the main sources of the Mn 

contaminant in wastewater [4]. Elevated Mn 

contamination in wastewater can cause disturbance toward 

the plumbing fixture due to the accumulation of Mn4+. In 

addition, Mn can affect the laundering operation by 

staining the fabric [5]. Furthermore, the overexposure of 

Mn towards the human body can cause lung tissue 

problems and interference of the central nervous system 

[6]. 

Currently, a lot of techniques have been used by the 

previous study to treat the heavy metals from industrial 

wastewater, such as ion exchange, coagulation and 

flocculation and membrane filtration. However, these 

techniques are high in cost that produce sludge or large 

particles as the by-product of the treating process [7]. 

Among various heavy metals treatment technologies, the 

adsorption process is widely used nowadays as an 

alternative to the existing treatment method. It is a 

physicochemical method that contains high surface area 

and porosity characteristics of adsorbents. It involves the 

movement of the heavy metals towards the free space of 

the adsorbent [8]. The whole behaviour of the adsorption 

process was shown by the adsorption capacity and the 

efficiency of removing organic and inorganic pollutants 

[9]. Moreover, adsorption technology had an easier 

application and low cost compared to other 

physicochemical techniques [10]. Adsorption can produce 

high quality of treated effluent despite its operation 

flexibility [11]. The adsorption process is widely used in 

Malaysia in the sewerage treatment plant.  

The efficiency of the adsorption process depends on the 

selection of adsorbent materials. Currently, the application 

of activated carbon and carbonised material as adsorbent 

media has been commonly used in treating heavy metals 

due to its effectiveness regardless of the high cost. 

Activated materials are widely used as the adsorbent by 

most previous studies. They resulted in high percentage 

removal of the adsorbate such as peanut husk charcoal, 

activated coconut shell, and activated rice husk [12-14]. 

Based on the previous studies, the adsorption capacities of 

activated carbon were relatively higher due to its 

microporous nature [12,15]. The microporous 

characteristic of the activated carbon provides a larger 

surface area compared to the inactivated materials [16]. 

Besides, the activated carbon was preferred in treating 

wastewater as the thermal desorption of the adsorbed 

material can result in the regeneration of the activated 

carbon materials [15]. However, the activated and 

carbonisation process of the abundant waste material had 

increased the cost of preparing adsorbent [12]. 

Several types of adsorbents, such as calcium 

carbonate-based material and natural minerals, have 

resulted in a good potential of removing heavy metals [17]. 

Other than that, the useless abundance of waste from the 

fishery sector, such as shells, had resulted in high removal 

performance in removing heavy metals [9]. 

The present study might be an alternative for water 

treatment infrastructure for their filtration system using 

low-cost material, which is dried cockleshell as the 

filtration media. Cockle shell is one of the low-cost 

materials that can be used as a type of adsorbent due to its 

high carbonate content with a high rate of adsorption to 

treat heavy metals pollutants from the industrial steel 

wastewater [18]. Due to the high capability of dried 

cockle shells to remove Mn and Cu, this media is chosen 

as an alternative for the adsorption process of Mn and Cu 

removal in industrial wastewater. 

2. Materials and Methods 

2.1. Preparation of Dried Cockle Shell 

The cockle shells (CS) were randomly collected from a 

few restaurants located at Taiping, Perak. CS were then 

brushed and washed for several times by using tap water 

to remove excessive dirt followed by distilled water to 

avoid any reaction of the water with the shell. The cleaned 

CS were activated at 550 °C for 40 minutes in a furnace. 

The activated CS were then crushed into 2.0-3.0 mm of 

size using the pestle mortar. The crushed cockle shells 

were transferred into the sieve pan and manually sieved to 

remove dust from the crushed cockle shells. Finally, the 

prepared CS were stored in the air-tight container prior 

used as an adsorbent for the removal of Mn and Cu.  

2.2. Characterisation of Dried Cockle Shell 

The properties of dried cockle shells were determined 

in terms of surface morphology, functional groups and 

elemental analysis. These analyses were conducted at the 

Universiti Teknologi MARA, Cawangan Pulau Pinang 

and the equipment is listed in Table 1. 

Table 1.  The instrument used for characterisation study. 

Instrument Model No Function 

X-Ray Fluorescence 

(XRF) Spectrometer  

SI Titan 800 

Bruker 

Elemental analysis of 

adsorbent 

Scanning Electron 

Microscopy (SEM) 

Hitachi TM3030 

Plus 

Surface morphology 

of adsorbent 

2.3. Preparation of Synthetic Wastewater 

Two different synthetic heavy metals solutions with the 

same concentration were prepared. The two heavy metals 

were Mn and Cu, which simulated close to the actual 
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concentration of the heavy metal discharge from the 

selected factory in Pulau Pinang. For the synthetic Mn, 3 

mL of concentrated Mn were mixed with 1 L deionised 

water forming a 3 ppm synthetic Mn solution. Meanwhile, 

for 3 ppm Cu synthetic solution, 3 mL of concentrated Cu 

were mixed with 1 L of deionised water, forming a 3 ppm 

of Cu synthetic solution. The initial concentrations for 

both synthetic solutions were tested using 

Spectrophotometer DR2800 (Model HACH, 127181-D). 

2.4. Batch Equilibrium Study 

A batch adsorption study was carried out to determine 

the potential of dried cockle shells as an adsorbent media 

to remove Cu and Mn from prepared synthetic wastewater. 

The experiment was conducted with a varied dosage of 3 

g to 24 g in 100 mL of synthetic solutions in each conical 

flask. These various dosages of dried cockleshell were 

mixed with the synthetic solution with a pH value of 4.  

For the varied pH experiment, the initial pH values of 

the synthetic sample were varied from pH 4 to pH 10 in 

100 mL of the synthetic solutions. The initial pH of 

synthetic samples was adjusted using 1% to 2% of the 5M 

NaOH and 5M of HCl. After that, the sample solutions 

were mixed with the optimum dosage obtained from 

varied dosage experiments. The optimum pH from the 

effect of varied pH values for the synthetic solution was 

identified by the highest percentage removal of Mn and 

Cu from the adsorption study. 

For the varied contact time, the contact time was varied 

from 0 minutes to 150 minutes. The optimum dosage 

value from the previous experiment was used for this 

experiment. The samples were agitated under 250 rpm 

speed using an orbital shaker for 105 minutes and allowed 

to settle for 60 minutes after the agitation process finished. 

The final concentrations of the Cu and Mn were 

determined using the Spectrophotometer DR 2800 (Model 

HACH, 127181-D). 

2.5. Analysis of Adsorption Isotherm and Kinetic 

Model 

2.5.1. Adsorption Isotherm Model 

The analysis of the adsorption mechanism was carried 

out using Isotherm Models, namely Langmuir, Freundlich 

and Temkin models, to analyse the adsorption capacity of 

the dried cockleshell using Equation 1-3. For the 

Langmuir model, the linear graph of Ce/qe versus Ce was 

plotted to determine the coefficient of determination (r2) 

as expressed in Equation 1.  

Langmuir model:  

Ce

Qe

   
1

Qo 
 

Ce

Qo

                (1) 

Where Ce is the equilibrium concentration of solution 

and qe is the amount of molecule adsorbed per unit weight 

of adsorbent (mg/g). Q0 is the monolayer capacity of the 

adsorbent indicates by the number of molecules adsorbed 

per unit weight adsorbent. Whereas b (L/mg) is a constant 

that is related to the heat of adsorption. The value of Qo 

and b can be determined by the intercept and slope of 

plotting Ce/qe versus Ce, respectively.  

The equation of Freundlich’s linear model is written in 

Equation (2). 

Logq
e
 LogKf  

1

n
 LogCe         (2) 

Where Kf is the isotherm constant (mg/g), n is the 

adsorption intensity, whereas Ce is the equilibrium 

concentration of adsorbate (mg/L) and the qe is the 

amount of molecule adsorbed per unit weight of adsorbent 

(mg/g) [17]. Kf and 1/n are determined from the 

interception of the linear plot (log qe versus log Ce), while 

1/n is obtained from the gradient of the plot. 

The mathematical equation of the Temkin model can be 

written as following Equation (3): 

q
e
    ln  T   ln Ce              (3) 

Where  T is the constant parameter for equilibrium 

binding (L/g), and   (J/mol) is the Temkin constant related 

to sorption heat (J/mol), which can be measured using 

Equation (4). Linear plot of Temkin Model was developed 

from qe against ln Ce. The intercept and slope of the plot 

represent the   (J/mol) and  T (L/mg)  

   
  

 
                       (4) 

2.5.2. Adsorption Kinetic Model 

The analysis of the adsorption kinetic interaction by the 

kinetic model was determined using the 

Pseudo-First-Order, Pseudo-Second Order and Elovich 

with Equation 5 -7. The linear equation of Pseudo-First 

Order is presented by Equation (5): 

Log(q
e
-q

t
)   Log q

e
 - K1t             (5) 

Where qe is the amount of adsorption capacity achieved 

at equilibrium condition (mg/g) and qt is the adsorption 

capacity achieved at a time (min) with the value of k1, 

which indicates the rate constant of the model (min-1)[28].  

The Pseudo-Second-Order Model is written as: 

t

qt
 

1

K2qe
2
 

t

q
               (6) 

Where k2 is the Pseudo-Second Order constant (g 

mg-1min-1). The equation of Elovich’s linear model is 

written using expression (7). 
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Where a represent constant related to chemisorption 

rate, and   is a constant which depicts the extent of 

surface coverage. 
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3. Results and Discussion 

3.1. Characterisation of Dried Cockle Shell 

 

Figure 1.  SEM Images of Raw Cockle Shell 

Table 2.  Chemical Composition of Dried Cockle Shell 

Compound Concentration (wt %) 

MgCO3 1.9254 

Al2O3 0.4095 

SiO2 1.3269 

P2O5 0.0613 

SO3 0.5624 

K2O 0.0502 

CaCO3 95.4726 

TiO2 0.0093 

MnO 0.0092 

Fe2O3 0.2344 

Surface morphology of the raw cockle shell was 

examined under SEM, as shown in Figure 1. It was 

observed that aragonite, a needle-like structure found in 

natural cockle shells and calcite with a hexagonal shape. 

According to [19], calcite cube-like crystals are much 

more stable than aragonite rod-like orthorhombic crystals. 

According to XRF analysis as shown in Table 2, raw 

cockle shell contains 95.47% CaCO3, 1.93% MgCO3, 1.33% 

SiO2, 0.562% SO3, 0.401% Al2O3. The result shows that 

the cockle’s shell that is high in calcite can help with ion 

exchange and adsorption processes. Aragonite CaCO3 is 

one of the orthorhombic polymorphs of CaCO3 other than 

calcite and vaterite found in raw cockle shells. Cockle 

shell is made up of CaCO3, which is one of the sources of 

CaO. The findings supported by [20] and [21] claim that 

cockle shells contain a large amount of calcium oxide. 

CaCO3 will be decomposed to CaO when exposed to high 

temperatures at 700 0C or above [21]. Besides removing 

heavy metals, calcium oxide can be used as a pH booster 

due to its ability to generate hydroxide groups in water 

[22].  

3.2. Batch Adsorption Experiment 

3.2.1. Effect of Varied Dosage 

The batch adsorption experiment was carried out in this 

research to identify the potential of the cockleshell as 

adsorbent media to remove heavy metals from industrial 

wastewater. In this study, the effect of varied dosage, pH 

and contact time was investigated. Figure 2 shows the plot 

of the percentage removal of both Mn and Cu 

concentrations for varied dosage experiments. The highest 

removal percentages of both Mn and Cu from the 

adsorbate was 84.8% and 92.9%, respectively, at 15 g of 

dried cockle shell in 100 mL of the synthetic sample. The 

percentage removal for both metals tends to be increased 

until the optimum dosage is identified. This is due to the 

available porous space on the dried cockle shell that helps 

to adsorb the Mn and Cu molecule [23]. As plotted in 

Figure 2, the percentage removal for both metals was 

gradually increased with the maximum dosage of 15 

grams of adsorbent and decreased after more than 18 

grams of adsorbent was applied. 

The desorption process occurs due to the unavailable of 

free space for the molecule to undergo adsorption, which 

limits the capacity of the dried cockle shell as an 

adsorbent media. Based on the previous study done by 

Budin et al. (2014)], the optimum dose resulted from the 

study of treating lead (Pb) metal using raw cockle shell 

was 1.0 g with a percentage removal of 68.0% at 90 

minutes contact time. On the contrary, in this study, the 

550 oC dried cockleshell was able to treat Mn and Cu at a 

dosage of 15 g cockleshell with the percentage removal of 

84.8% and 92.9% for Mn and Cu, respectively. This 

indicates that the reduction of Mn and Cu concentration 

from the synthetic sample using the 550 oC dried cockle 

shell was higher compared to the raw cockle shell done by 

the previous study. 
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Figure 2.  Removal of Mn and Cu concentration against varied dosage of adsorbent 

 

Figure 3.  Removal of Mn and cu concentration against varied pH 

3.2.2. Effect of Varied pH 

Figure 3 shows the actual percentage removal of Mn 

and Cu for varied pH studies.  

The highest percentage removal of Mn occurs at pH 4, 

which was 84.3% after reducing the percentage removal 

for the presence of adsorbent with the percentage removal 

of the control experiment. At the same time, the highest 

percentage of Cu removal after subtracting both control 
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and prepared adsorbent values was 90.4%. Nevertheless, 

the actual percentage removal for both Mn and Cu 

adsorbate decreased as the pH value was increased from 

pH 5 to pH 10 due to the decreasing amount of H+ 

molecules on carbon surface when subjected to high pH 

value and alkaline conditions. The high amount of 

hydrogen ions was believed to strengthen the electrostatic 

attraction between the adsorbate and the positively 

charged adsorbent [24]. The higher adsorption of Cu that 

took place in alkaline condition that caused the surface of 

cockle shell to become more negative. The negative 

charge on the cockle shell provided electrostatic 

interactions to adsorb cation species [25]. Electrostatic 

attraction between anionic surface group of cockle shell 

and cationic metals was suggested to contribute to the 

adsorption of Mn and Cu by cockle shell.  

Besides, the present of OH- in alkaline condition caused 

reaction with metal ions to form precipitates [26]. Result 

from the batch adsorption experiment found that the 

adsorption mechanisms of Mn and Cu by cockle shell 

occur due to ion exchange and surface precipitation. 

Ion-exchange mechanism on the CaCO3 material into 

solution are expressed in the equation (8) and (9).  

- CaCO3   Mn2   - CaCO3Mn   Ca2         (8) 

- CaCO3   Cu
2   - CaCO3Cu   Ca

2         (9) 

3.2.3. Effect of Varied Contact Time 

Besides, one of the important factors that influenced the 

removal rate of the cockle shell was the contact time of the 

process. The optimum contact time required for both heavy 

metals onto dried cockle shells was investigated. Figure 4 

shows the relationship between dried cockle shells and 

heavy metals (Mn and Cu) in a series of reaction times. 

Based on the plot, the highest percentage removal of both 

Mn and Cu were 77.8% and 88.9% at an optimum contact 

time of 105 minutes, respectively. The plotted graphs 

exhibit rapid Mn and Cu adsorption in the 15 minutes of the 

experiments, with the removal of Mn and Cu, increased up 

to 55.6% and 80.6%, respectively. Moreover, there were 

increased gradually of percentage removal for both metals 

between 15 minutes to 105 minutes as the optimal 

condition were applied for the majority condition. After 

105 minutes of reaction time, the percentage removal for 

both metals tends to decrease due to the lack of space of 

active sites for the adsorption to take place [27]. The 

adsorption process had achieved an equilibrium condition 

at 120 minutes for Mn resulted in no further reduction of 

Mn metal concentration. At the equilibrium condition, it 

indicated that the maximum capacity of the dried cockle 

shell had been used in that particular contact time [28].  

Figure 4 illustrates the adsorption capacity of Mn and 

Cu by cockle shells subjected to varied contact times. It 

was found that the highest capacity of adsorbent was at 

105 minutes with the maximum adsorption capacity, qe of 

0.0166 mg/g and 0.014 mg/g for both Mn and Cu, 

respectively. However, the capacity for removing both 

metals decreased after the process reached the equilibrium 

phase after 105 minutes. According to Mojiri et al. [29] 

the result found that the cockle shell powder adsorbent 

had a higher adsorption capacity of 0.975 mg/g in 

removing Molybdenum metals compared to this present 

study. The difference between the adsorption capacity for 

both current and previous studies was due to the larger 

cockle shell with particle size in the range of 2 -3.35 mm 

used in this study having a smaller surface area, resulting 

in less adsorption capacity the powdered cockleshell [30]. 

 

Figure 4.  Removal of Mn and Cu concentration against varied contact 

time of adsorbent 

3.3. Adsorption Isotherm Model 

Adsorption isotherm is a crucial step to understand the 

relationship between adsorbents and target pollutants. The 

distribution of the adsorbate onto the surface of the 

adsorbent was quantified by the linear regression analysis 

[31]. In this study, the experimental data from the 

adsorption of Mn and Cu by dried cockle shells were 

explored using three equilibrium isotherm models, i.e., 

Langmuir, Freundlich and Temkin. 

Figure 5 and Figure 6 show the linear regression plot of 

Mn and Cu adsorption using dried cockle shells by 

Langmuir, Freundlich and Temkin isotherm models. From 

the linear regression plot, the coefficient of determination 

(r2) values for all models were determined, and the best 

isotherm model was selected based on the highest value of 

r2. The r2 value recorded for the Langmuir model in 

Figure 5, which was 0.933, stipulated that the design for 

the adsorption process of Mn by dried cockle shell was 

matched with the Langmuir model. Similarly, a previous 

study regarding the adsorption process of Mn removal 

using activated zeolite was fitted the Langmuir model 

with an r2 value of 0.972 [32]. Despite the lower value of 

r2, i.e., 0.604, the Freundlich model has not suited the 

pattern of the adsorption process.  
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(a) 

 

(b) 

 

(c) 

Figure 5.  Adsorption isotherm modelling for Mn adsorption; a) 

Langmuir, b) Freundlich, c) Temkin 

 

(a) 

 

(b) 

 

(c) 

Figure 6.  Adsorption isotherm modelling for Cu adsorption; a) 

Langmuir, b) Freundlich, c) Temkin 
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Figure 6 interprets the Langmuir, Freundlich and 

Temkin isotherm models of the Cu adsorption process by 

cockle shells. The result from the effect of the varied 

contact time experiment was plotted and identified for the 

best model that fit the adsorption of Cu by cockle shell. 

The suitability of adsorption isotherm models to present 

the experimental data for Cu in accordance to r2 value can 

be arranged as follows: Temkin (0.963) > Freundlich 

(0.969)> Langmuir (0.882). 

Table 3.  Summary results of the constant parameters of the adsorption 
isotherm model for cockle shell 

Isotherm model Mn Cu 

Langmuir 

r2 0.933 0.882 

Q(mg/L) 0.022 0.139 

b 51.221 0.793 

Freundlich 

r2 0.604 0.959 

n 2.453 1.468 

Kf 0.023 0.061 

Temkin 

r2 0.645 0.963 

 T 14.558 8.828 

  280143 86735 

Table 3 present the summary of these isotherm models 

for Mn and Cu adsorption. The RL value for both Mn and 

Cu were 0.230 and 0.267, respectively, which were less 

than 1, and it shows that both metals were favourable 

towards the Langmuir model [17]. Based on the 

Freundlich data, the adsorption intensity, i.e., the N value 

for Mn and Cu, were 2.453 and 1.468, respectively. The N 

value for both metals, which were greater than one, 

indicated that the Mn and Cu undergo good adsorption 

[33], and the sorption intensity is good for a wide range of 

pollutant concentrations. The suitability of the Langmuir 

model for the Mn was supported by the higher value of 

the coefficient of determination (r2 =0.933) compared to 

the Freundlich model (r2 =0.604) and Temkin (r2 =0.645). 

From this result, it was found that the Mn carried out the 

process with monolayer adsorption. This mechanism is 

usually completed by binding the solute molecule onto 

dried cockle shell adsorbent surface through 

chemisorption reaction. On the contrary, the Temkin 

model is the best model (r2 = 0.963) to identify the 

Cu-dried cockle shell adsorbent interaction in this study. 

This model describes the adsorption mechanism through 

the energy value required for the adsorption of pollutants 

onto the surface of the dried cockle shell. 

3.4. Adsorption Kinetic Model 

 Kinetic models are important to identify the dynamic 

mechanism of adsorbate toward the adsorbent. Three 

different models were used to determine the suitable 

kinetic model for the adsorption of Mn and Cu by the data 

resulting from the batch adsorption experiment with the 

effect of varied contact time. The linear regression plots 

for both models were based on adsorbate per unit mass of 

adsorbent (mg/g) at certain contact time data from the 

experiment. Figure 7 and Figure 8 present the kinetic 

model of Mn and Cu using cockle shell respectively. 

Moreover, Table 4 shows the summary of the constant 

parameter and the coefficient of determination for both 

adsorption kinetic models for Mn and Cu by dried cockle 

shells. The suitability of both Mn and Cu toward the 

Pseudo-Second Order model was shown by the high value 

of r2, which were 0.997 and 1 for both Mn and Cu 

adsorption type, respectively, compared to the r2 value of 

Pseudo-First Order kinetic model. The qexp results for both 

Mn and Cu at equilibrium time were 0.0166 mg/g and 

0.014 mg/g, respectively. The kinetic adsorption of Mn 

and Cu were suitable with the Pseudo-Second Order 

model as the value of qcal were closed to the qexp for both 

Mn and Cu with a value of 0.0144 mg/g and 0.0166 mg/g. 

This is similar to a previous study [34] on the adsorption 

of Mn metal using rice husk ash.  

A study [35] found that the adsorption of Mn and Cu 

using orange peel from aqueous solution followed the 

Pseudo-Second Order kinetic model with rate constant, k2 

value of 0.17 and 1.50 for the Mn and Cu, respectively. 

Despite the higher value of the rate constant, k2 of Mn and 

Cu (calculated from Equation 6) for this experiment using 

the dried cockle shell were 3.652 and 6.504, which 

indicates that the speed of the adsorption process carried 

out using the dried cockle shell were faster compared to 

the orange peel. In addition, it was found that the dried 

cockle shell had a stronger chemical interaction with the 

adsorbent due to its high calcium carbonate content with 

the presence of O-H bonding [36] compared to the orange 

peel done by a previous study. 

The analysis found that both Mn and Cu adsorption 

followed the Pseudo-Second Order kinetic model. This 

result indicates that the adsorption of both Mn and Cu is 

carried out by chemical adsorption or known as 

chemisorption. Chemisorption occurred as their strong 

hydrogen interaction creating ionic and covalent bonding 

on the adsorbent surface at low concentrations [37]. 
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(c) 

Figure 7.  Adsorption kinetic modelling for Mn adsorption; a) Pseudo First Order, b) Pseudo Second Order, c) Elovich 

 

(a) 
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(b) 

 

(c) 

Figure 8.  Adsorption kinetic modelling for Cu adsorption; a) Pseudo First Order, b) Pseudo Second Order, c) Elovich 
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Table 4.  Summary results of the constant parameters of the adsorption 
kinetic model for cockle shell 

Kinetic model Mn Cu 

qe,exp 0.014 0.0166 

Pseudo- First Order 

r2 0.745 0.907 

k1 0.0124 -0.0087 

qe,calc 0.004 0.001603 

Pseudo Second Order  

r2 0.997 1 

k2 3.652 6.504 

qe,calc 0.0144 0.0166 

Elovich 

r2 0.840 0.899 

  0.0217 3.546x106 

  476.19 1.667x103 

qe,calc 0.0106 0.0151 

4. Conclusions 

In conclusion, dried cockle shells have a high potential 

to remove Mn and Cu from industrial wastewater. The use 

of cockle shells can be applied as a filter media to reduce 

the abundance waste of cockle shells with lower cost 

needed. Based on the results obtained, the highest 

percentage of Mn and Cu removal was recorded at 84.8% 

and 92.9%, respectively, with 15 g of dried cockle shell 

used and 105 minutes contact time. The adsorption 

process of Mn suits the Langmuir isotherm model with an 

r2 value of 0.953, whereas the adsorption process of Cu 

fits the Temkin isotherm model with a value of 0.963. 

Moreover, the rate of kinetic adsorption for both Mn and 

Cu followed the Pseudo-Second Order kinetic model. The 

suitability of Pseudo-Second Order models was strongly 

supported by the higher value of qcal and qexp for both Mn 

and Cu, which were 0.0144 mg/g and 0.0166 mg/g, 

respectively, compared to the Pseudo-First Order model. 

This result indicates that the adsorption process was done 

by chemisorption, which is related to the strong ionic and 

covalent between the dried cockle shell and the adsorbate. 

Hence, the dried cockle shells have great potential and are 

capable of removing heavy metals from industrial 

wastewater. In addition, it can overcome the problem of 

abundance of cockle shell waste by recycling it, which 

complies with the concept of waste minimisation, i.e., 3R 

concept. 
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