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Abstract 

The removal of Nickel (II) ions from wastewater by adsorption using eggshell powder was investigated. 

The adsorbent is cheap and easily available. The main parameters like solution pH, adsorbent dose, 

adsorbent size, initial concentration of metal ions, initial volume of effluent, agitation speed and 

temperatures influencing the adsorption process, were examined. The adsorption kinetics like Pseudo 

first order, pseudo second order, intra particle diffusion, fractional power and Elovich’s equations were 

applied. The adsorption isotherms like Freundlich, Langmuir, Temkin and BET were also studied. 

Significant results on the removal of Ni (II) ions were achieved up to 90%. Fractional model and 

Temkin isotherm were applied and studied in this process. 
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Introduction 

Heavy metal pollutants in wastewater are 

increasing day by day because of the process 

industries. These pollutants are not 

biodegradable and can lead to bioaccumulation 

in living organisms causing health problems in 

animals, plants, and human life [1]. Recently, the 

application of a wide variety of low-cost 

adsorbent materials for the removal of heavy 

metals has raised considerable interest among 

researchers [2]. These pollutants can be readily 

absorbed by marine animals and directly enter 

the human food chains, thus presenting a high 

health risk to consumers [3]. Metals are the main 

environmental concerns, because of their unique 

characteristics unlike organic pollutants; they are 

non-biodegradable and hence accumulated by 

living organisms [4]. Due to toxicity, 

incremental accumulation in the food chain and 

persistence in the ecosystem, wastewaters 

containing heavy metals are required to be 

properly treated prior to discharge into receiving 

waters [5]. 

Nickel was selected as adsorbate, 

because its compounds have widespread 

applications in many industrial processes such as 

non-ferrous metal, mineral processing, paint 

formulation, electroplating, batteries 

manufacturing, forging, porcelain enameling, 

copper sulfate manufacture, steam-electric power 

plants and dye industries, thus leading to 

relatively high concentrations in aquatic 

environment [6]. Nickel is one of the toxic heavy 

metals, which is quite common compared to 

other metal pollutants [4]. In humans, Nickel can 

cause serious problems, such as dermatitis, 

allergic sensitization, lungs, kidneys, skin and 

nervous system damages. It is also known as 

carcinogen [4]. It is important to treat industrial 

effluents polluted with Ni (II) ions before they 

are discharged into the receiving water bodies. 

Adsorption compared with other methods 

appears to be an attractive process in view of its 

efficiency and the ease with which it can be 

applied in the treatment of heavy metal 

containing wastewater [7]. 

It is necessary to have a low-cost material 

to treat large volumes of waste water. The use of 

egg shell powder as low-cost sorbents had been 

thoroughly investigated in this study. One of the 

cheap and easily available material having 

possibilities as a suitable sorbent for Ni (II) ions 

is eggshell. Due to their high calcium content, 

eggshells usually have no commercial 

importance. Disposal of eggshells is also a 
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serious problem for egg processing industries 

due to stricter environmental regulations and 

high landfill costs [9]. Since the eggshell is 

mainly composed of calcium carbonate i.e. 

calcite, it can be used as adsorbents [10], 

calcareous soil [11].  

The hen eggshell mainly consists of two 

regions: the mammillary matrix (i.e., eggshell 

membrane) consisting of interwoven protein 

fibers and spherical masses, and the spongy 

matrix (i.e., calcified eggshell) made of 

interstitial calcite or calcium carbonate crystal 

[12, 13]. The by-product eggshell weighs 

approximately 10 % of the total mass (~ 60 g) of 

hen egg, representing a significant waste from 

the egg-derived products processor because it 

was traditionally useless and commonly disposed 

of in landfills without any pretreatment. This 

work aims to describe the adsorption 

characteristic of Ni (II) on eggshell 

concentrating on various operational parameters 

such as pH, adsorbent dosage, adsorbent size, 

initial concentration of effluent, initial volume of 

effluent, agitation speed and temperature. 

Experimental were analyzed by plotting 

adsorption isotherms and kinetics. Moreover, the 

cheap and effective powdered waste eggshell 

(ES) was used as inorganic sorbent for the 

removal of Ni (II) ions from industrial effluent.  

Materials and methods 

Preparation of adsorbents 

Initially, the raw egg shells used for this 

study were collected from nearby hotels. The 

samples were collected, washed with water and 

dried for 2 h in large trays in an oven maintained 

at 60°C, allowed to cool to room temperature, 

crushed, sieved and those with size (0.15 to 

0.048 mm) were used in the experiments. The 

chemical composition (%, w/w) of by-product 

eggshell has been reported as follows: calcium 

carbonate (94%), magnesium carbonate (1%), 

calcium phosphate (1%) and organic matter (4%) 

[20, 21]. 

Preparation of stock solution 

The synthetic stock solution of Ni (II) 

1000 mg/l of Nickel (II) was prepared by 

dissolving 4.478 g of nickel sulphate 

(NiSO4.H2O) in 100 ml double distilled water. 

 

 

Analysis of metal 

Nickel (II) was estimated 

spectrophotometrically using Dimethyl 

Glyoxime (DMG). The solution containing less 

than 100 µg Ni (II) was transferred into 25 ml 

standard flask. 5 ml of 25 % sodium citrate was 

added to 10 ml of 0.5 N HCl and 1 ml of iodine 

solution (0.05 N) was also added in addition to 2 

ml of dimethyl glyoxime (0.5 %) solution. The 

solution was made up to the mark with distilled 

water. The absorbance was measured using 

ELICO Bio UV Vis- Spectrophotometer after 20 

min, at 470 nm against blank. A calibration 

graph with absorbance versus Nickel (II) 

concentration was prepared. The amount of 

Nickel (II) present was obtained from the 

calibration curve [14]. 

Procedure 

Adsorption studies were performed in 

batch process. The concentrated stock solution 

was diluted by double distilled water to various 

concentrations like 500 ppm, 750 ppm and 1000 

ppm. For the experimental study 500 ppm 

solution was accounted. The pH is varied from 2 

to 12. For the different adsorbent dosage (0.5 to 

1 gm/100 ml) the experiment was carried out. 

For different adsorbent size (0.15, 0.112 and 

0.061 mm) batch adsorption process was carried 

out. The removal of Ni (II) was examined by 

varying the initial concentration from 500 ppm 

to 1000 ppm. The same process was carried out 

for various effluent volumes (50 ml, 150 ml and 

200 ml), different agitation speeds (90 rpm, 120 

rpm and 180 rpm) and also at different 

temperatures (50°C, 60°C and 70°C). 

The percentage adsorption of Ni (II) ions 

from the solution was calculated by eq. 1. 

% Adsorption = (C0 – Cr)/C0 × 10  ….(1) 

Where Ci initial concentration of Ni (II) ions 

(mg/l); Cr residual concentration in the filtrate 

after shaking for a definite time period, (mg/l). 

The metal uptake at a particular time qt (mg/g) 

was calculated by eq. 2. 

qt = [(C0 – Cr)/m] * V  ….(2) 

The amount of metal adsorbed at equilibrium, qe 

(mg /g) was calculated by eq. 3. 

qe = [(C0 – Ce)/m] * V …(3) 

Where, Ce (mg l
-1

) is the concentrations of metal 

at equilibrium. Due to the inherent bias resulting 

from linearization of the isotherm model and 

kinetic model, the non-linear regression Root 

Mean Square Error (RMSE) test was employed 
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as criterion for the quality of fitting [15] shown 

in eq. 4. The root mean square error of a model 

is evaluated by: 

 RMSE = √ ∑ (qt – qe)
 2 

                 ….(4) 

n - 2 

Where, qt (mg/g) is the experimental value of 

uptake, qe is the calculated value of uptake 

using a model (mg/g), and n is the number of 

observations in the experiment. The smaller 

RMSE value indicates the better curve fitting 

[15]. 

Results and discussions 

Effect of pH 

Initial pH is the important parameter for 

the protonation of the binding sites.  Moreover, 

the adsorption of divalent nickel by Egg shell is 

also influenced by the surface properties of the 

adsorbent and nickel species present in effluent. 

In order to study the effect, pH of solution was 

varied from 2.0 to 12.0. It is well established that 

at pH < 8, the predominant species of nickel is 

Ni
2+

. At pH > 8, nickel ion in the   2+ state 

seems to be capable of being hydrolyzed to 

NiOH
+
, soluble Ni (OH) 2 and Ni (OH) 3

-
 and 

solid Ni (OH)2 [16, 17]. The powdered eggshell 

consists mainly of CaCO3. When calcium 

carbonate (as sparingly soluble salt-type mineral) 

was suspended with water, HCO3
-
, Ca2

+
, 

CaHCO3
+
 and CaHO

+
 are formed as surface-

charged species and their presence is a function 

of solution pH [18]. 

At low pH values, H
+
 ions compete with 

Ni (II) ions for the surface of the adsorbent 

which would hinder the Ni (II) ions from 

reaching the binding sites of the adsorbent 

caused by repulsive forces. Also, the lower 

removal of Ni (II) ions at pH= 3 may be 

attributed to the partial solubility of Egg shell 

sorbent used (consists mainly of CaCO3). When 

pH is increased, the Ni (II) ions get precipitated 

due to increase in hydroxide anion forming a 

nickel hydroxide precipitates. For this reasons, 

the optimal pH was selected to be 4 with 120 

min shaking for further experiment at studies. At 

the pH 4, the Ni (II) ions get maximum removal 

(Fig. 1). 

Effect of adsorbent dosage 

 The effect of Ni (II) ions concentration 

on adsorbent dosage was calculated by varying 

the amount of adsorbent from 0.1 to 2.5 g. It 

was observed that the increase in the adsorbent 

dosage, leads to an increase of metal removal. 

As there is more surface area for the adsorption 

process, the more metal ions get adsorbed onto 

the surface of the powdered egg shell (Fig. 2). 

Fig. 1. Effect of pH on removal of Ni (II) 

 
Fig. 2. Effect of adsorbent dosage on removal 

of Ni (II) 

Effect of adsorbent size 

The effect of adsorbent size was 

calculated by varying the size of adsorbent from 

0.15 mm, 0.112 mm, 0.061 mm. The study was 

carried out at the temperature of 30°C and at the 

optimum pH and adsorbent dosage for the 

metal. The process is carried out for 120 min. 

After certain time, the adsorption process attains 

equilibrium (Fig. 3). Very slow increase in 

removal of Ni (II) beyond an optimum dose 

may be attributed to attainment of equilibrium 

between adsorbate and adsorbent at the 

preferred operating conditions [19]. Higher 

adsorbent dose cause screening effect of dense 

outer layer of cells, blocking the binding sites 

from metal ions, resulting in lower metal 

removal per unit adsorbent [20,29,30]. 

Effect of initial concentration 

 The effect of initial concentration of 

effluent on Egg shell at room temperature by 

keeping the optimized value unchanged. These 

values are maintained constant for the further 
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studies. The rate of adsorption increases with 

increase in initial concentration. But after the 

process reached equilibrium, i.e, after 120 min 

there was no increase in the metal removal. At 

500 ppm, the removal attained equilibrium (Fig. 

4). This result show that the removal of metal 

ions on egg shell powder depends on initial 

concentration of effluent. Moreover, with 

increasing Ni (II) concentration in the synthetic 

solution, the diffusion of Ni (II) ions in the 

boundary layer increases resulting in higher 

sorption by egg shell powder [31].  

 
Fig. 3. Effect of adsorbent sizes on removal of 

Ni (II) (a – 0.15 mm, b – 0.112 mm & c – 0.061 

mm)  

Fig. 4. Effect of initial concentrations on 

removal of Ni (II) (a–500 ppm, b–750 ppm & c–

1000 ppm) 

Effect of initial volume 

Adsorption of Ni (II) for different initial 

volume of effluent (50 ml, 150 ml and 200 ml) 

on Egg shell powder was conducted. As there are 

more ions for adsorption, the optimized amount 

of dosage adsorbs more ions till equilibrium was 

attained. The increase in the effluent volume 

tends to more rate of adsorption. Maximum 

removal was attained at maximum volume (Fig. 

5).  

 
Fig. 5. Effect of initial volumes on removal of Ni 

(II) (a – 50 ml, b – 150 ml & c – 200 ml) 

Effect of temperature 

The temperature studies were 

investigated by carrying out batch studies at the 

optimal conditions and different temperatures 

[21,32]. The temperature was varied from 30 to 

60°C by keeping all the optimized parameters 

unchanged. The influence of temperature in the 

adsorption of Ni (II) on Egg shell powder was 

noted. Pure adsorption kinetics in the range of 

30 to 60°C, also follows pseudo second order 

rate equation. The equilibrium amount absorbed 

also increases linearly with increase in 

temperature. This may be due to the movements 

of the accelerated metal ions. These ions get 

easily adsorbed on the surface of the adsorbate 

(Fig. 6). 

 
Fig. 6. Effect of temperatures on removal of Ni 

(II) (a – 40°C, b - 50°C & c - 60°C) 

Effect of agitation time 

Agitation speed is an important 

parameter to be considered. For the various 

agitation speeds like 90 rpm, 120 rpm and 180 

rpm the adsorption studies was carried out in 
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room temperature with optimized value. With 

increase in the agitation speed the metal removal 

was found to increase, which may be due to 

forces between the molecules, resulting with 

more metals gets bind to the surface of the 

adsorbate. There is no further increase in the 

removal after the equilibrium was attained (Fig. 

7). Increase in the removal was due to the 

decrease in the boundary layer thickness.  

 
Fig. 7. Effect of agitation speed on removal of Ni 

(II) 

Kinetics of adsorption 

In order to examine the mechanism of 

adsorption, suitable kinetic model is necessary to 

analyze the rate data. The dynamics of 

adsorption describes the rate of Ni (II) uptake on 

egg shell powder and this rate controls the 

equilibrium time. In order to study the 

mechanism of sorption and potential rate 

determining steps, different kinetic models have 

been used to test experimental data obtained 

from two different process variables ( Different 

initial concentration and different temperatures). 

The adsorption dynamics of the Ni (II) on egg 

shell were tested with the Lagergren pseudo-first 

order [25], the chemisorptions pseudo-second 

order [26], Elovich kinetic model [23], the 

intraparticle diffusion model [22], and Fractional 

power model [26]. 

Pseudo first order 

 The adsorption kinetics may be described 

by a pseudo first-order equation. The linear 

pseudo first-order equation is given by eq. (5). 

  log (qe- qt) = log qe    –     k1 t  …(5) 

      2.303 

Where qe and qt are the amounts of metal ions 

adsorbed (mg/g) at equilibrium and at time t, 

respectively, and k1 is the equilibrium rate 

constant of pseudo first-order adsorption, (min
-

1
). The linear plot of log (qe – qt) versus t shows 

the appropriateness of the above equation and 

consequently, the first-order nature of the 

process. At various temperatures and for 

different concentrations experiments were 

conducted. The theoretical qe values found from 

the first-order kinetic model did not give any 

reasonable values. This suggests that this 

adsorption system is not a first-order. 

Pseudo second order 

 The linear pseudo second-order equation 

is given by eq. (6). 

     t /qt = 1/ k2qe
2
 + 1/qt * t …… (6) 

Where k2 the equilibrium is rate constant of 

pseudo second-order adsorption (g/mg.min). The 

slopes and intercepts of plots t/qt versus t were 

used to calculate the second-order rate constants 

k2 and qe. The plot of t/qt versus t did not show 

any good agreement of experimental data with 

the second-order kinetic model for different 

temperatures and initial concentrations (Table 1 

and Table 2). The obtained regression 

coefficients for the second order kinetic model 

were not in acceptable value. This shows that 

this model not suits for the adsorption of Ni (II) 

ions. 

Fractional power model 

 The adsorption kinetics can also be 

described by power function equation. The linear 

power function equation is given by eq. (7). 

           ln qt= lnk + µ lnt  ....(7) 

The plot ln q and ln t should give linear 

relationship from which µ and k can be 

determined from the slope and intercept of the 

plot respectively. For different temperatures and 

concentrations, the model was checked to fit. 

The results indicated that the power function 

model described the time-dependent. The kinetic 

of Ni (II) ion adsorption can be satisfactory 

described by power function model. Power 

model describes rates of adsorption (as in the 

common Freundlich model). However, the 

regression coefficient R
2
 was very high (<0.99) 

(Table 2) which indicates that power function is 

the best model to correlate kinetic data.  

Intra particle diffusion 

 The rate parameters for intraparticle 

diffusion at different initial concentrations are 

determined using the following eq. (8). 

            qt = k int t
1/2

  ….(8) 
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Where k is the intraparticle diffusion rate 

constant, (mg/g.min). The mechanism of 

adsorption is complex but that intraparticle 

diffusion is important in the early stages. In this 

case, the first linear portions observed at 

different temperatures and concentrations may 

be due to intraparticle diffusion effects. The 

slopes of these linear portions can be defined as 

a rate parameter and characteristic of the rate of 

adsorption in the region where intraparticle 

diffusion occurs. Initially, within a short-time 

period, it was postulated that the ion was 

transported to the external surface of the egg 

shell powder through film diffusion and its rate 

had been very fast. After saturation of the 

surface, the ion entered into the egg shell powder 

by intraparticle diffusion through pore and 

interior surface diffusion until equilibrium was 

attained which was represented by the second 

straight.  

Elovich equation 

 The linear Elovich equation is given by 

equation 9, 

qt =  1/β * ln (αβ ) + 1/β * ln t  ....(9) 

Where α is the initial sorption rate (mg/g.min), 

and the parameter β is related to the extent of 

surface coverage and activation energy for 

chemisorption (g/mg). The Elovich equation 

describes predominantly chemical adsorption on 

highly heterogeneous adsorbents, but the 

equation does not propose any definite 

mechanism for adsorbate–adsorbent interaction. 

The experiment was conducted for various 

temperatures and different concentrations. This 

kinetic data also not fit for this adsorption 

process, because of the low regression co-

efficient value (0.907). 

Table 1. Kinetic parameters for the adsorption of Ni (II) at different concentration 

Models Parameters 
Concentration at 

500 ppm 

Concentration 

at 750 ppm 

Concentration 1000 

ppm 

Pseudo first order 

R
2 

K (g/mg.min) 

qe  (mg/g) 

0.772 

0.055 

11.023 

0.671 

0.0552 

7.838 

0.695 

0.046 

5.349 

Pseudo second 

order 

R
2 

K (g/mg.min) 

qe  (mg/g) 

0.835 

0.00007 

21.73 

0.908 

0.0001 

26.315 

0.987 

0.0002 

34.48 

 

Fractional power 

R
2 

K 

Ν 

0.99 

0.0009 

2.099 

0.816 

4.859 

0.291 

0.815 

16.726 

0.123 

Intra particle 

diffusion 

R
2 

K 

0.972 

3.696 

0.857 

1.317 

0.878 

0.927 

 

Elovich 

R
2 

αe 

βe 

0.902 

0.445 

0.071 

0.768 

2.200 

0.201 

0.794 

162.14 

0.285 

RMSE - 18.18 7.937 5.525 

Adsorption isotherms  

Equilibrium isotherm was described by a 

sorption isotherm, characterized by certain 

constants whose values express the surface 

properties and affinity of the adsorbent sorption 

equilibrium was established when the 

concentration of sorbate in the bulk solution was 

in dynamic balance with that at the sorbent 

interface. In order to quantify the affinity of Egg 

shell powder for the metal studied, i.e. Ni (II), 

four widely used isotherm models (Langmuir, 

Freundlich, Temkin and Brunauer-Emmett-

Teller isotherm models) were used to analyze the 

data obtained from the adsorption process 

[27,28,33,34]. 

Langmuir adsorption isotherm 

 The monolayer coverage of the sorbate 

on a sorbent surface at a constant temperature 

was represented by the Langmuir isotherm. The 

basic assumption is that the forces exerted by 

chemically unsaturated surface atoms do not 

extend further than the diameter of one sorbed 

molecule. The Langmuir isotherm is given by eq. 

(10). 

 Ce/qe = [1/Kdqm] + [1/qm]Ce  ….(10) 
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Where, qe is the amount of Ni (II) adsorbed at 

equilibrium per mass of Egg shell powder 

(mg/g); Ce is the concentration of the metal in 

aqueous phase at equilibrium (mg/l); Kd is the 

sorption equilibrium constant; qm (mg/g) is the 

monolayer capacity. The monolayer coverage is 

obtained from a plot of Ce/qe versus Ce. For 

different temperatures and different 

concentrations the equation is checked to fit. The 

slope and the intercept of the linear graph 

obtained from this plot give the value of qm and 

K.  

Table 2. Kinetic parameters for the adsorption of Ni (II) at different concentration 

Models Parameters 
Temperature at    

30°C 

Temperature at  

40°C 

Temperature at  

50°C 

Temperature 

at 60°C 

Pseudo first 

order 

R
2 

K (g/mg.min) 

qe  (mg/g) 

0.772 

0.055 

11.023 

0.811 

0.05 

9.66 

0.894 

0.08 

13.105 

0.851 

0.025 

4.495 

Pseudo 

second 

order 

R
2 

K (g/mg.min) 

qe  (mg/g) 

0.835 

0.00007 

21.73 

0.89 

0.0004 

13.33 

0.490 

0.00005 

71.42 

0.921 

0.00046 

31.25 

Fractional 

power 

R
2 

K 

Ν 

0.99 

0.0009 

2.099 

0.983 

0.01 

1.594 

0.933 

0.392 

0.859 

0.972 

1.9 

0.491 

Intra 

particle 

diffusion 

R
2 

K 

0.972 

3.696 

0..973 

3.512 

0.911 

2.63 

0.957 

1.839 

Elovich 

R
2 

αe 

βe 

0.902 

0.445 

0.071 

0.907 

0.474 

0.074 

0.972 

0.708 

0.092 

0.927 

0.929 

0.138 

RMSE - 18.18 17.01 10.88 9.74 

Freundlich isotherm 

 Freundlich equation assumes that the 

uptake of metal ions occurs on heterogeneous 

surface by multilayer adsorption. Linear form of 

Freundlich equation is given by eq. (11). 

      log qe = log kf + 1/n log Ce ….(11) 

Where qe - adsorption capacity (mg/g), Ce - final 

concentration (mg/l), n= empirical constant. The 

experiment is conducted for various 

temperatures and different concentrations. The 

Freundlich coefficients n and Kf are obtained 

from the plots of lnqe versus lnCe. From the 

below graph it was observed that this adsorption 

process not followed Freundlich isotherm. 

Temkin isotherm 

 The Temkin isotherm equation assumes 

that the heat of adsorption of all the molecules in 

layer decreases linearly with coverage due to 

adsorbent - adsorbate interactions, and that the 

adsorption was characterized by a uniform 

distribution of the bonding energies, up to some 

maximum binding energy. The Temkin isotherm 

is given by eq. (12). 

  X = a + b ln C   ….(12) 

Where, C - concentration of adsorbate in 

solution at equilibrium (mg/l), X -amount of 

metal adsorbed per unit weight of adsorbent 

(mg/g), a and b are constants related to 

adsorption capacity and intensity of adsorption 

and related to the intercept and slope of the plots 

of ln C against X [27]. For different temperatures 

and concentrations the given equation was 

checked to fit. 

BET adsorption isotherm 

 BET isotherm was developed by 

Brunauer, Emmett and Teller as an extension of 

Langmuir isotherm, it assumes that first layer of 

molecules adhere to the surface with energy 

comparable to heat of adsorption for monolayer 

sorption and subsequent layers have equal 

energies. Equation in linearized form is 

expresses by eq. (13). 

Cf/(Cs – Cf)q=1/Bqmax–(B –1/Bqmax)(Cf/Cs) ..(13) 

Where Cs is the saturation concentration (mg/l) 

of the solute, Cf is solute equilibrium 

concentration. For different temperatures and 

concentrations the given equation is checked to 

fit.  B and q max are two constants and can be 

evaluated from the slope and intercept [28]. The 

fitting of data, values obtained from the 
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adsorption of Ni (II) on egg shell powder, to the 

4 isotherm models showed that the linearity of 

the Temkin isotherm models (0.998) was higher 

than that of the other isotherm models (Table 3, 

4). This shows that the adsorption of Ni (II) on 

egg shell powder was more of monolayer 

sorption rather than adsorption on a surface 

having heterogeneous energy distribution. 

Table 3. Adsorption isotherm data for different temperatures on the removal of Ni (II) 

Isotherm Parameters 
Temperature 

at 30°C 

Temperature 

at 40°C 

Temperature 

at 50°C 

Temperature 

at 60°C 

Freundlich 

isotherm 

R
2 

Kf 

n 

0.767 

0.001 

1.848 

0.833 

0.0009 

1.364 

0.905 

0.0002 

0.810 

0.903 

0.00004 

0.561 

Langmuir 

isotherm 

R
2 

Qo 

b 

RL 

0.654 

1.25 

0.007 

0.222 

0.772 

2.381 

0.008 

0.2 

0.905 

5.555 

0.012 

0.142 

0.945 

8.772 

0.016 

0.111 

Temkin 

isotherm 

R
2
 

a 

b 

0.955 

71.61 

11.16 

0.959 

69.46 

10.73 

0.964 

62.65 

9.316 

0.961 

55.8 

7.84 

BET 

isotherm 

R
2
 

B 

qmax 

0.908 

5.297 

0.162 

0.895 

4.801 

0.032 

0.508 

3.785 

0.039 

0.961 

3.842 

0.013 

RMSE - 18.18 17.01 10.88 9.74 

Table 4. Adsorption isotherm data for different concentrations on the removal of Ni (II) 

Models Parameters 
Concentration for   

500 ppm 

Concentration for   

750 ppm 

Concentration for 

1000 ppm 

Freundlich 

isotherm 

R
2 

Kf 

n 

0.767 

0.001 

1.848 

0.988 

0.00001 

1.113 

0.996 

0.00002 

0.732 

Langmuir 

isotherm 

R
2 

Qo 

b 

RL 

0.654 

1.25 

0.007 

0.222 

0.984 

8.13 

0.004 

0.25 

0.997 

16.66 

0.005 

0.167 

Temkin 

isotherm 

R
2
 

a 

b 

0.955 

71.61 

11.16 

0.997 

133.4 

19.38 

0.998 

155.7 

21.01 

BET 

isotherm 

R
2
 

B 

qmax 

0.908 

5.297 

0.162 

0.925 

2.409 

0.007 

0.896 

2.251 

0.012 

RMSE - 18.18 7.937 5.525 

Conclusion 

The powdered eggshell was used as a cheap and 

effective inorganic adsorbent for the removal of 

Ni (II) ions from aqueous solutions. The 

adsorption was found to occur mainly at the 

surface of the solid egg shell powder and slightly 

by the internal pores. The adsorption data was 

well described by Temkin model over the 

concentration range and different temperature.  

The adsorption process followed Fractional 

power model for different concentrations and 

different temperatures. The adsorption occurs, 

depending on the solution pH, through ion 

exchange, adsorption of hydrolytic species, Ni 

(OH)
 +

 ions, and/or the precipitation of nickel 

hydroxide onto egg shell powder adsorbent. The 

pH value of 4, adsorbent dosage of 2.5 g and 

agitation speed of 120 rpm were optimized for 

the further studies. From this study it was proved 

that Ni (II) ions can be removed up to 90% from 

effluents using ecofriendly material like egg 

shell powder. 
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