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Abstract- The presence of heavy metals in the environment, resulting from industrial 

wastewater discharges, causes considerable damage to the natural balance of the aquatic 

ecosystem when they exceed certain concentrations. During this study, we were able to 

eliminate the content of Ni2+ ions contained in synthetic wastewater samples by the adsorption 

technique on a hull substrate taken from the beaches of Mehdia in Morocco. The present study 

indicates that the envisaged adsorption decreased the efficiency of the retention of Ni2+ ions 

from 91.03% (6.5 ppm) to 52.36 (250 ppm) and the adsorption capacity of 13.67%. mg / g for 

200 ppm. The mass effect of the adsorbent was of the order of 84.8% for a value of 2 g, the 

temperature was of the order of 95% for 328±2 K. and a yield of 89.15% for a pH of between 

6 and 7 and of the order of 93.5% for a contact time of 180 min. 
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1. INTRODUCTION 

In a world where the demand for freshwater is constantly increasing, and where limited 

water resources are increasingly constrained by over-exploitation, climate change and pollution 

of different types have produced a very large volume of polluted water [1,2]. These can be 

loaded with organic pollutants, organometallic, inorganic and other toxic micropollutants [3]. 

In most cases, inorganic micropollutants are metallic elements, including heavy metals, which 

are very dangerous and harmful to living aquatic organisms living in the receiving environment 

[4]. These heavy metals are numerous [5,6]. They constitute a negative impact on living 

organisms and consequently on humans [7-10]. 

The presence of nickel in water threatens the quality of groundwater and surface water [11], 

Firstly. On the other hand, it has negative effects on human health while causing fatal diseases 

[12]. This requires their elimination and / or reduction before their rejection in the receiving 

environments by treatment techniques either biological (aerobic and anaerobic) [13], 

physicochemical (ion exchange resins, coagulation and adsorption ...) [14-22] and physics 

(flotation, membrane techniques ...) [23-30]. 

The adsorption technique is one of the physico-chemical separation processes applicable to 

several heavy metal ranges [31], which has the advantage of being simple to implement, very 

efficient and easy to apply [32-37]. Among the adsorbents used, there are organic adsorbents 

(macromolecular resins) [38], composites (clays/polymers) [39] and inorganic (shells, zeolites, 

clay, activated carbon, etc.) and minerals (alumina and oxides, etc.) [40]. 

The adsorption balance between the adsorbent and the adsorbate depends on many factors 

such as pH, porosity, temperature, pressure, concentration, mass and nature of the adsorbent 

and the adsorbate [41-44]. 

The objective of our study is to eliminate / or reduce the nickel ion content contained in a 

model effluent, synthesized in our laboratory, by the adsorption technique on a calco 

carbonated powder composed of four types of molluscs and crustaceans sampled on the coast 

of Mehdia-Morocco. While studying the effect of parameters such as pH, mean temperature, 

adsorbate concentration, adsorbent mass and contact time on adsorption kinetics. 

 

2. MATERIAL AND METHODS 

2.1. Preparation of the adsorbent 

The shells were removed and washed in cold water (at room temperature) to remove all 

soluble impurities and dried in an oven at 313±2 K for 24 h. The barks obtained are introduced 

in to a small jaw crusher in our laboratory LMEE-FSK to reduce their size to a few 

micrometers. The crushed dry material is milled using a mill with a rotational speed of 300 rpm 

for one hour. The recovered particles are sieved, such that their particle size diameter is less 
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than 0.2 microns, retained for the envisaged study. All the steps of the preparation of adsorbent 

are well shown schematically in (Fig. 1). 

 

 

 

Fig. 1. Different stages of the preparation of adsorbent 

 

2.2. Preparation of model solutions containing nickel 

During this step, we dissociated 4.08 g of hydrated nickel chloride (NiCl2, 6H2O) with a 

molecular weight of 237.71 g/mol, in one liter of distilled water in order to reach 1000 ppm 

stock solutions Ni2+ ions. The mother solution obtained is used to prepare solutions at different 

increasing mass concentrations (6.5 to 350 ppm) following successive dilutions. 

 

2.3. Adsorption process 

The experimental protocol was carried out using the batch adsorption technique. In each 

experiment, we added 1 g of the adsorbent in 100 ml of solution of Ni2+ ions. The parameters 

influenced by the ion adsorption process are of the shell mass type, the initial nickel content, 

the stirring speed and the pH of the medium used. The resulting mixture was stirred with a 

magnetic stirrer for such a period of time. The samples were collected after Buchner filtration 

such that the pH tests on adsorption were performed at values 3; 4; 5; 5.5; 6; 7; 8. 

The concentration effect study on the adsorption process was performed on all experiments 

at room temperature (298±2 K) and at different concentrations (6.5, 20, 40, 100, 150, 200, 250, 

300, 350 ppm) during 1.5 h. The effect of the temperature study was carried out at different 

temperature values 298; 308; 318; 328; 338 (±2 K) for one 1.5 hour. After adsorption, the 

samples were analyzed by the ICP. The nickel removal efficiency contained in the treated 

solutions is given according to the following equation [45]: 
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%𝑹 =
𝐂𝐢 − 𝐂𝐞

𝐂𝐢
× 𝟏𝟎𝟎                                                                                                                          (1) 

where Ci and Ce (ppm) are respectively initial and final equilibrium concentrations of the 

solution of Ni2+ ions. The adsorbed quantity of the metal studied is given by the following 

relation [46]: 

𝑸 =
𝐂𝐢− 𝐂𝐞

𝐦
× 𝐕                                                                                                                                 (2) 

As Q is the amount of the adsorbed metal (mg/g), V is the volume of the solution used (L) 

and m is the mass of the adsorbent used (g). 

 

2.4. Effect of kinetic parameters on the adsorption of nickel ions 

In order to demonstrate the influence of the kinetic parameters (pH of the solution, initial 

solute concentration, contact time and adsorbent mass) on the performance of the proposed 

adsorption technique, we studied the effect of each parameter towards the amount of adsorption 

and the rate of elimination and/or reduction of Ni2+ ions. 

 

3. RESULTS AND DISCUSSION 

After having carried out the experimental protocols concerning the elimination and / or the 

reduction of the Ni2 + ion content in the aqueous solution, this part presents the different results 

obtained by using the "origin 6" software which allows us to trace the curves, and their 

interpretations with regard to the effects of different kinetic parameters appropriate to the 

technique of adsorption. 
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Fig. 2. Effect of the concentration of Ni2+ ions on the yield and the adsorption capacity 
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3.1. Effect of concentration of Ni2+ ions 

The study of the effect of the initial concentration of Ni2+ ions contained in model 

wastewater on the yield (%R) and the adsorption capacity (Q (mg/g)) was studied by varying 

the concentrations of these ions in the aqueous phase (6.5-350 ppm). This study has for results, 

which are represented in the following (Fig. 2). 

From the curves of Fig. 2, it appears that under optimum conditions (100 ml, 1 g, 90 min 

and 5.5 for the initial pH) the Ni2+ removal efficiency decreases according to the increasing 

their concentrations as it reaches a minimum value of 52.36% compared to 250 ppm of the 

content of Ni2+ ions. While at concentrations below 100 ppm, said yield increases in the range 

of 91.03% (6.5 ppm) to 52.36 (250 ppm). However, the adsorption capacity increases according 

to the increase in initial concentrations of nickel so that it reaches a maximum equal to 13.67 

mg/g at a concentration equal to 200 ppm. 

The decrease in yield is due to the absence of binding sites for the adsorption of Ni2+ ions 

as well as the increase in number of metal cations. These can be explained by the saturation of 

the specific surface of the adsorbent used (shell) with the increase of the Ni2+ ions contents. 

The increase in the amount adsorbed is also explained by the relation (2) as it depends on the 

initial content of the ions studied. This increase is related to the concentration of metal ions, 

which can be explained by a high motive force with respect to mass transfer [47,48]. 

Experimental data indicate that the percentage of adsorption of Ni (II) ions decreases from 

83.10% to 56.4% with an increase of the initial Ni2+ concentration from 40 to 200 ppm due to 

absence of binding sites for Ni (II) adsorption. However, the adsorption capacity of the present 

metal has been increased from 3.51 to 14.04 mg/g as the concentration of the Ni (II) solution 

[49,50] as shown in Fig. 2. 
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Fig. 3. Effect of mass on the amount of adsorption of Ni2+ ions ([Ni2+]=10 ppm, pH=5.5, 

Vaq=100 ml and T=298±2 K) 



Anal. Bioanal. Electrochem., Vol. 11, No. 11, 2019, 1547-1558                                         1552 

 

3.2. Effect of the mass 

In order to determine the effect of the optimal mass of adsorbent allowing eliminating a 

significant percentage of the Ni2+ ions, we have obtained a curve representative of the variation 

of the elimination of these ions as a function of the mass of adsorbent according to Fig. 3. 

The efficiency of the removal of Ni2+ ions increases with the increase of the mass 2 g of 

adsorbent to a value of the order of 84.8%. In general, a large amount of adsorbent in the 

adsorption process could ensure more availability of adsorption sites, which leads to a high 

adsorption capacity. In addition, the efficiency of the removal of the ions studied varies 

according to the increase of the mass of adsorbent. According to the curves in this figure, it 

appears that the addition of 1 g of shell powder has eliminated more than 78.3% of nickel, 

while it reaches the percentage of 90.8% for a mass of 4 g. For economic reasons we have 

chosen this value (1 g) as optimal mass. 

 

3.3. Effect of temperature 

The curves in Fig. 4 below represent the results of the effect of the temperature on the yield 

and the capacity of the adsorption of Ni2+ ions by the shell powder. 
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Fig. 4. Effect of temperature on the capacity and efficiency of the adsorption of Ni2+ ions 

([Ni2+]=10 ppm, pH=5.5, Vaq=100 ml and m=1 g) 

 

According to this figure and under the supposed optimal conditions ([Ni2+]=10 ppm, m=1 

g, Vaq=100 ml, pHi=5.5 and time=90 min), the efficiency of the elimination of Ni2+ ions 

increases in a function of temperature, which indicates that the proposed adsorption process is 

endothermic (physical adsorption) because the mobility of the exploited cations increases with 

the effect of temperature. This causes an increase in the interactions of the different charges on 
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the surface of the adsorbent studied. In addition, the molecular movement in the adsorption 

process could be accelerated to a higher temperature; therefore, the equilibrium adsorption time 

could be reduced. The rise in temperature can be explained by being more active adsorption 

sites. In addition, an increase in temperature leads to an increase in ion mobility and a decrease 

in retarding forces acting on the adsorption ions [51]. 

 

3.4. Effect the pH 

During this part, the effect of the pH of the medium on the yield and the capacity of the 

adsorption of Ni2+ ions by the shell powders are well elucidated in the steps of Fig. 5 below: 
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Fig. 5. Effect of pH on the adsorption of Ni2+ ions ([Ni2+]=10 ppm, Vaq=100 ml, m=1 g and 

T=298±2 K 

 

The pH of the aqueous solution is an important factor in controlling the movement of a 

positively charged particle from one phase to another. It can act simultaneously on the 

predominance of the species of Ni (II) present in solution on the one hand, and on the acidic or 

basic form of our support (shell), on the other hand. The study of the initial pH effect on the 

adsorption of Ni (II) was carried out by making adsorptions with pH ranging from 3 to 5.5. Fig. 

5 shows that the efficiency of the adsorption of Ni2+ ions by the shell is low (slow reaction) in 

the pH range between 3 and 4, then it increases rapidly between 4 and 5.5. This is explained 

by increasing the [H3O
+] ions in the adsorbate-adsorbent mixture and then stabilizes and 

become almost constant, to a maximum of 89.15% at pH between 6 and 7 because of the 

decrease of [H3O
+] ions. The latter synergize with the metal cations to adsorb to the upper 

surface of the adsorbent. 

From Fig. 5, we note that the sorption capacity of Ni2+ ions by the support increases rapidly 

in a pH range between 3 and 5.5, then it becomes constant at a maximum equal to 0.87 mg/g 
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at pH between 5.5 and 6. These findings can be attributed either to the adsorption behavior 

towards the pH change in aqueous phase or the behavior of Ni (II) cations, i.e. the appearance 

and/or the disappearance of the Ni (II) species in the aqueous phase at different pH values. 

For low pH ionic solutions of Ni2+, the latter react with the CO3
2- ions of CaCO3 that occur 

spontaneously according to the principle of CaCO3 dissolution is favored by the presence of an 

excess of H+ protons in solution according to the following equation. 

NiCl2 + CaCO3             Ni2+ + 2Cl- + Ca2+ + CO3
2  -           NiCO3 + CaCl2 + CaCO3 

The effect of the initial pH of the solution on adsorption was determined at various pH 

values ranging from 3 to 8 such that the pH of each solution was adjusted by addition of 

HCl/NaOH buffer solution. 

As shown in Fig. 5, the adsorption of Ni (II) on the biosorbents (shellfish) increased from 

68.9% to 89.15% when the pH of the solution is between 3 and 8. This phenomenon can explain 

by the surface charge of the adsorbent and the H+ ions present in the solution. At low pH, the 

cations compete with the H+ ions of the solution for the active sites and thus have a lower 

adsorption. The surface charge of the materials studied is an important function of the pH. 

Therefore, at high pH values, the surface of the adsorbent has a higher negative charge, 

resulting in stronger attraction of the cations. 

At pH greater than 7, the adsorption of the nickel becomes slightly weak, which can be 

attributed to the formation of the hydroxyl species [Ni(OH)]+ or Ni(OH)2+. As maximum 

adsorption occurs at pH=8, the pH of the solutions for the rest of the reactions was maintained 

at this value [52-54]. 
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Fig. 6. Time effect on the adsorption of nickel ions ([Ni2+]=10 ppm, pH=5.5, Vaq=100 ml, 

m=1 g and T=298±2 K) 
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3.5. Effect of agitation time 

The kinetic study corresponds to the determination of the sufficient and necessary time to 

reach the equilibrium or the maximum of extraction. For this, we take a beaker in which we 

introduce a quantity of shell of 1 g and 100 ml of a 10 ppm lead solution. The beaker is stirred 

for a determined and different period of time (ranging from 15 to 240 min). After separation of 

the two phases, the content of Ni (II) in aqueous phase is analyzed by ICP. The Fig. 6 below 

represents the variation of the stirring time on the capacity and the adsorption efficiency. 

According to this figure, we find that a variation in yield and adsorbed quantity. These two 

parameters increase according to the increase of the stirring time in two phases namely that is 

rapid and between 0 min and 180 min and that which is stable and between 180 min and 240 

min. This is explained by the presence of the number of sites on the specific surface of the 

adsorbent (shell), on the one hand, and secondly by the stirring time. The adsorbed amount of 

the metal being studied also depends on the contact time if other parameters such as initial 

concentration, temperature, pH and mass, and which must be constant. Figure 6 also shows the 

effect of the contact time on the adsorption capacity of Ni (II) metal ions on the adsorbent used. 

It was found that the adsorbed amount of the ions increased rapidly upon first application, 

indicating that there were sufficient adsorption sites for the ions to be accommodated. 

The adsorption percentage of the Ni2+ ions increased with the contact time up to 180 min 

and reached the maximum value of 93.5%. After this step, there is no significant change in the 

removal of Ni2+ ions, which shows that the adsorption sites are gradually saturated, and then a 

constant value was found at about 180 min. Therefore, it has been found that the system reaches 

the equilibrium value at 180 min, that the stirring time is used for all equilibrium studies [55]. 

 

4. CONCLUSION  

In the light of this study, the adsorption of heavy metals of the Ni2+ type by the shellfish 

that is taken from the beaches of Mehdia-Morocco is satisfactory. This has been well 

demonstrated in the case of the study of the effects of adsorption kinetics parameters such as 

adsorbent mass, contact time, stirring speed, Ni2+ ion content and the pH of the medium. 

The results obtained during this work showed that the shellfish used in our case had the 

adsorption capacity is higher towards the heavy metals (Ni) addressed by this study which is 

explained its specific surface area and the number high pores per unit area. 

These results showed that the content of the Ni2+ ions contained in the solution has a 

significant influence on the yield and the adsorption capacity. This proved to be the efficiency 

of removal of Ni2+ ions as it decreases with increasing concentrations. It decreased by 91.03% 

with respect to the concentration of 6.5 ppm up to 52.36% towards the 250 ppm concentration. 

While the present metal adsorption capacity increased from 3.51 mg/g to 14.04 mg/g. They 

also showed that the addition of a mass of 1 g of the adsorbent (shell powder) eliminated more 
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than 78.3% of nickel, while it reached at 90.8% for a mass of 4g. At initial pH and ambient 

temperature, the retention of the metal under study was low (slow reaction) [3-4], then 

increased rapidly at pH between 4 and 5.5, then stabilized to a maximum of 89.15% at pH 

between 6 and 7. 

The sorption capacity of Ni2+ ions by the adsorbent exploited increased rapidly in a pH 

range between 3 and 5.5 then became constant at a maximum of 0.87 mg/g in a pH between 

5.5 and 6. This capacity proved to be greater during a contact time of between 180 min and 240 

min since it reached a maximum value of 93.5%. 
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