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ABSTRACT 

The adsorption of Lead (II) ions from 

industrial waste water using Acid 

Modified Egg Shell as adsorbent was 

studied. The effects of process 

parameters (temperature, contact time, 

pH and adsorbent dosage) on the 

adsorption of Lead (II) ions from 

fertilizer industrial waste water were 

investigated and found significant. The 

adsorption rate parameters showed that 

the adsorption of Pb
2+

 ions using acid 

modified egg shell as adsorbent was a 

second order reaction and the free Gibbs 

energy for the adsorption was evaluated 

to be -220.30kJmol
-1

 for Acid Modified 

Egg Shell (AMES). The negative values 

indicate that the adsorption was 

exothermic in nature and that the acid 

modified egg shell adsorption was 

spontaneous at the optimized 

temperature of 313K. The adsorption 

isotherm suggested a good fit of the 

experimental data into the Langmuir and 

Temkin models. The R
2

 values for the 

acid modified egg of Langmuir, 

Freundlich and Temkin model was 

determined. The thermodynamic 

parameters for the adsorption was also 

determined. The results showed that the 

entropy and enthalpy of the system for 

the AMES adsorption were; 0.025kJ/mol.k 

and 15.96kJ/mol, respectively. 

Keywords: Eggshell, adsorbent, Lead (II), Fertilizer, plant, effluent. 

INTRODUCTION 

The natural beauty of the environment 

is been challenged with improper waste 

disposal. Waste management has been a 

major issue in the developed, 

developing and under developed 

countries of the world. Most of these 

wastes are generated from different 

sources such as residents, hospitals, 

industries, commercial, automobiles, 

agriculture, institutions, construction 

and demolition sites. Apparently, most 

agricultural waste can be reduced, 

reused and recycled into new material 

for industrial consumption. Egg shell is 

a common waste materials emitted from 

households, hatcheries and fast-food 

eateries [1]. Its disposal constitutes a 

major environmental issue as it involves 

odour, cost, abrasiveness, flies and 

avaliabilty of disposal sites [2]. 

Although egg shell can be processed 

into commercial products such as 

fertilizer, used for agricultural purpose 

[3], as adsorbent in waste water 

treatment [4], in the production of 

hydroxyapatite [5], and as a catalyst in 

chemical reactions [6]. The extract from 

the collagen shell membranes has 

various uses in medicine, cosmetics, 

food, biochemical and pharmaceutical 

industries [7]. Thus this aforementioned 

uses of egg shell has reduced their 

environmental pollution menace [8].   

Effluent from Fertilizer industries is also 

an agent of environmental pollution that  

contains various fertilizer plants which 

includes various contaminate  such as 

alcohols, salts and acids and is 

characterized by having extensively 

high Chemical Oxygen Demand(COD) 

and ammonical nitrogen, reliant on the 

source of generation [9]. 

Adsorption is a technological process 

use in the removal of organic 

contaminant in effluent treatment. It is a 

mechanism by which a solid adsorbent 

can adsorbed an adsorbate from an 

aqueous phase to its surface and form 

an attachment through a physical or 

chemical bond, thereby removing the 

component from the aqueous phase 

[10]. Activated carbon is the 

conventional adsorbent usually used 

due to its relative ease of regeneration, 

mailto:euphemiaejikeme89@gmail.com


 
http://www.inosr.net/inosr-scientific-research/                                                                                                                         

Ejikeme et al 

INOSR Scientific Research 4(1): 23-41, 2018. 

24 
 

large adsorption capacity and fast 

adsorption kinetics [11]. 

 The uses of activated carbon as an 

adsorbent are enormous as the rise in 

demands has limited supply, which 

leads to the scarcity and expensiveness 

of the material [12]. This development 

calls for the exploration of cheap and 

affordable source of activated carbon 

with preferred characteristics such as; 

micro- or meso porosity or both, high 

surface area, depending on the end 

application, chemical composition, 

carbon purity, adsorptive capacity, 

thermal stability and surface 

functionality [13] 

Thus this paper seeks to explore the 

effectiveness of treating fertilizer plant 

effluent with activated carbon prepared 

from egg shell bio-waste. 

  MATERIALS AND METHODS 

Reagents 

All chemicals reagents used were of 

analytical grade. These chemicals were 

used as such without further 

purification.  

Sample Collection 

The effluent was collected from Ebonyi 

State fertilizer plant in Izzi Local 

Government Area, Ebonyi State, Nigeria. 

The effluent was collected at earlier 

hours of the day in amber coloured 

specimen bottles. The effluent was 

immediately taken to the laboratory for 

physicochemical analysis and stored at 

ambient temperature. Where analysis 

was not immediately possible, the 

effluent was preserved in a refrigerator 

at 4
0

C. At this temperature, bacterial are 

in-active and biodegradation is inhibited 

[14].  

Effluent analysis 

The effluent was analyzed before the 

adsorption experiments with egg shell 

adsorbent as described in the standard 

methods for effluent analysis [15]. The 

effluent was determined, using a 

standard electronic pH meter (model: 

PHS – 3C) [16]; [17].  The turbidity of the 

effluent was determined using  

electronic turbidity meter manufactured 

by Labscience England (model: SGZ-

200BS) [18]. Electrical conductivity 

effluent was measured by using table 

top conductivity meter manufactured by 

MetlerToledo  (model: DDS – 307A 

CONDUCTIVITY METER). (AOAC, 2004). 

 Dissolved Oxygen and Biochemical 

Oxygen Demand were measured  using 

table top dissolved oxygen meter 

manufactured by Hanna Instruments, 

Romania. Total Solid, Total Suspended 

Solids and Total Dissolved Solids values 

were determined using gravimetric 

methods according to APHA, (1992) and 

AOAC, (2004). 

Acidity sulphate and chloride content of 

the waste water was determined using 

titrimetric method as described in [19]. 

 Nitrate was determined using 

Spectrophotometry (SPECTIONIC - 20)  at 

410nm wavelenghth, while Phosphate 

analysis was carried out using the Uv 

spectrophotometer (spectrumlab 23A) at 

650nm wavelength [20]. 

Adsorbent Preparation 

The eggshells were obtained from 

Dennis Bakery industry in Abakaliki, 

Ebonyi state, Nigeria. The eggshells were 

washed and dried in a hot-air oven at 

about 40
0

C for 30mins to avoid 

denaturing of the protein content in the 

eggshell [21]. The dried eggshells were 

milled properly to fine powder to ensure 

a large surface area. The ground egg 

shells were sieved using 250µm 

aperture sieve.   

About 100g of the ground bio-solid (< 

250µm mesh size) was carbonized in a 

muffle furnace at a temperature of 

500
0

C for four hours after which they 

were allowed to cool. This process 

continued until a considerable quantity 

of carbonized samples was obtained 

[22]. The carbonized samples were 

washed in 10% HCL in order to remove 

the surface ash, after which it was hot-

water washed before rinsing it with 

distilled water  to ensure complete 

removal of  residual acid [12]. The 

solids were sun dried, before it was 

oven dried at 100
0

C for 1hour [2].  

For activation of the sample, 

approximately 50g of the carbonized 

sample of 250µm mesh-size was mixed 

with 100ml of 1M activating agent 

(phosphoric acid). The sample mixtures 

was placed in a reflux system and 

heated at 900C for two hours. After 

which it was filtered and oven dried at 

105
0

C and duration of drying. The oven 

dried samples were subjected to the 

incinerator at 500
0

C for four hours. The 
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activated sample  generated was allowed 

to cool and  washed or rinsed in 10% 

HCL [10] in order to removed surface-

ash, before preceded by warm water. 

Rinsing was done with distilled water to 

removed residual acid [4].The samples 

were then dried in an oven at 110
0

C 

overnight and ball milled into 

dimensions/sizes that could pass via 

both less than 250µm sieve. When a pH 

range of about 6-8 was confirmed, 

washing process completed [11]. 

Adsorbent Characterization 

The raw, carbonized and acid modified 

egg shell were characterized for fixed 

carbon, ash content, surface area, bulk 

density, iodine number, moisture 

content and volatile content according 

to the   methods outlined by  [1]; [2]; [3]. 

The morphology and the surface 

chemistry of the egg shells were studied 

using Scanning Electron Microscope 

(SEM) instrument, manufactured by SEI 

with mode number 2250 and Fourier 

transform infrared spectrometer (FTIR) 

instrument, manufactured by AGILENT 

TECHNOLOGIES with mode number 

CARY 630. 

Adsorption Experiment 

The Effect of Dosage 

The Dosage effect of take-up adsorption 

of lead (II) charge using acid modified 

egg shell activated carbon was studied 

by stirring 10Mg of the activated carbon 

with 100ml of 27.9mg/l of the lead (II) 

solution added with liquid at about 

40°C, for 60 minutes. After which the 

solution observed to separate and take-

up capacity was measured at 556nm. 

Observed reaction was measure for the 

acceptable graph. The process was 

repeated with 20, 30, 40 and 50Mg of 

the activated carbons.  

The Effect of pH 

The hydrogen potential on the take-up 

ability and obtained percentage removal 

of lead (II) ions on egg shell activated 

carbon were investigated. The pH of the 

fertilizer effluent of lead (II) ion of 

arsenic ion was varied with drops of 1M  

HCl and 1M  NaOH.  pH was measured 

using the pH meter. It was also noted 

that the pH of 3, 4, 5, 6, 8, 9 and 11 

were prepared and used for the 

experiments by mixing 40Mg of the 

adsorbent with 100ml of 27.9Mg/l of the 

adsorbate in a water bath with shaker at 

40
o

C and 60 Minutes.  

The Effect of Time 

The contact time on the take-up of lead 

(II) ion using the  acid modified egg 

shell (AMES)  was investigated by mixing 

40Mg of the adsorbent with 100ml of 

27.9mg/l of the adsorbate in a water 

bath with shaker at room temperature at 

a neutral pH and for 10,20,30,40, 50 and 

60 minutes respectively.  

The Effect of Temperature  

The effects of the varied Temperature 

were investigated by mixing 40Mg of the 

acid modified egg shell with 100ml of 

27.9mg/l of the adsorbate in a water 

bath set at 30°C and stirred for 60mins. 

After which the solution was filtered 

and the absorbance was measured at 

556nm. The concentration was 

evaluated from the standard graph. The 

process was repeated with temperature 

set at 30, 35, 40, 45 and 50°C 

respectively.  

Adsorption Kinetics 

The kinetics process for the adsorption 

of lead (II) ion in the waste water 

(fertilized effluent) was investigated 

using different kinetics models such as; 

Pseudo- first-order, Pseudo-Second-

order, Elovich equation and Weber 

Morris kinetics model.  

Pseudo-First-order kinetics: The linear 

form of the Lagergren or pseudo first 

order kinetics equation is given in 

Equation 1 [21], 

 

log 𝑞𝑒 −  𝑞𝑡 = 𝑙𝑜𝑔𝑞𝑒   −  
𝑘1𝑡

2.303
            (1) 

 

Where  

q
e

=equilibrium adsorption capacity 

(mg\g) 

q
t

 =instantaneous adsorption capacity 

(mg\g) 

k
1

= pseudo first order adsorption 

constant (min
-1

 

Pseudo-Second-order kinetics: This 

model is based on the theory that 

chemisorptions is the rate determining 

step [2]. 

 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2

+
𝑡

𝑞𝑒
             (2) 

 

Where k
2

= pseudo second order 

adsorption constant (g/mg min). 

The calculated adsorption capacity qe
cal

 

is obtained from the slope of the plot of  
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𝑡
𝑞𝑡  against t while k

2

 is obtained from 

the intercept. 

Elovich Model: This model was 

originally developed for adsorption of 

gases on solid surfaces but it also 

provides a good model for solid-liquid 

or solid–solid adsorption [3]. 

𝑞𝑡 =
1

𝛽
𝑙𝑛 𝛼𝛽 +

1

𝛽
ln 𝑡                    (3) 

 

Weber Morris Kinetics Model: This 

model provides indices of the 

intraparticle diffusion rate (𝑘𝑑) and 

boundary layer effect (𝑙).The larger the 𝑙, 
the greater the contribution of surface 

sorption in the rate determining step. 

𝑞𝑡 = 𝑘𝑑𝑡
1

2  + 𝑙                       (4) 
Where  

k
d

= intra-particle diffusion rate constant 

(mg/g min
½

) 

𝑙 = the boundary layer effect (mg/g) 

Adsorption Isotherms 

The adsorption isotherms used to model 

the adsorption of heavy metals are 

Langmuir, Freundlich, Temkin and 

Dubinin-Radushkevich Isotherm models. 

Langmuir Isotherm: 

This isotherm was based on the theory 

that took place in monolayer surface 

coverage. The linear form of the 

Langmuir isotherm is given in Equation 

5.              
𝐶𝑒

   𝑞𝑒
=

1

𝑞𝑙𝑘𝑙

+
𝐶𝑒
𝑞𝑙

                       (5) 

Where 

𝑞𝑙 = Monolayer adsorption capacity 

(mg/g) 

𝑘𝑙 = Langmuir adsorption constant 

(L/mg) 

Langmuir isotherm provides a 

dimensionless quantity known as 

separation factor 𝑅𝑙 that reflects the 

nature of the adsorption process. The 

equation for calculating 𝑅𝑙 is given in 

Equation 6. 

 

         𝑅𝑙

=
1

[1 + 𝐾𝑙𝐶𝑜]
                                             (6)      

 

Where Co is the initial concentration of 

the adsorbate (ppm) 

Freundlich Isotherm: The linear form of 

this isotherm is given in  Equation 7. 

 

  log 𝑞𝑒 = 𝑙𝑜𝑔𝑘𝑓 + 1
𝑛 𝑙𝑜𝑔𝐶𝑒                              (7)    

                                                                        

Where 

𝐾𝑓= Freundlich adsorption constant 

(mg/g)(mg/l)
1/n

 

n= adsorption index, reflecting the 

intensity of the adsorption. If n lies 

between 1 and 10, it indicates a 

favorable adsorption [17].  

Temkin Isotherm: This Isotherm takes 

into description the interaction between 

adsorbents and metal ions based on the 

theory that the free energy of sorption 

is a function of the surface coverage. 

The linear form of this isotherm is as 

shown in Equation  8 [6].  

 

 𝑞𝑒 = 𝐵𝑙𝑛𝐴 + 𝐵𝑙𝑛𝐶𝑒                              (8)     
Where 

    𝐵 = 𝑅𝑇
𝑏𝑇,                                       (9)                                                                                                                                       

 B is related to the heat of adsorption.  

A is the equilibrium binding constant 

(mg/L), 𝑏𝑇  
𝐽 .𝑔

𝐿𝑚𝑜𝑙
   is adsorption constant, 

R is the universal gas constant 

(8.314J/mol. K), T is the absolute 

temperature of the adsorption process 

Dubinin-Radushkevich (R-D) Isotherm: 

The linear form of this isotherm is given 

in Equation 10.    

 

𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑞𝑚 − 𝛽𝜀2                                      (10} 
 

Where  

β is a coefficient related to the mean 

free energy of adsorption per mol of the 

metal ion (mol
2

/J
2

), 

q
m

 is the theoretical saturation capacity 

(mg/g) and ε is the Polanyi  potential 

expressed as: 

 

𝜀 = 𝑅𝑇𝑙𝑛  1 + 1
𝐶𝑒
                             (11) 

    

 𝐶𝑒  is the equilibrium concentration 

(mg/l) 

 

Thermodynamics of the Adsorption 

Process 

The thermodynamic parameters that 

were applied to the system are the 

standard Gibb′s free energy change 

(ΔG°), the standard enthalpy change 

(ΔH°) and the standard entropy change 

(ΔS°). The standard Gibb′s free energy 

change would indicate if the process is 

spontaneous (ΔG°<0), if the process is 

non-spontaneous (ΔG°>0) or if the 

process is at equilibrium (ΔG°=0). The 

standard enthalpy change would 
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indicate if the process is endothermic 

(ΔH°>0) or exothermic (ΔH°<0). 

Moreover, the absolute value of the 

standard enthalpy change would 

indicate if the process is chemisorptions 

(80<ΔH°<200kJ/mol) or physiosorption 

(ΔH°<80kJ/mol) [7]. The standard 

entropy change would indicate the 

degree of dis-orderness of the process. 

The process is possible (ΔS°>0) or not 

possible (ΔS<0). Equations 12 – 14 were 

used to calculate the thermodynamic 

parameters [11].  

 

∆𝐺° = 𝑅𝑇𝑙𝑛𝐾                                         (12)          
  

𝐾 =
𝐶𝑎
𝐶𝑒

=
𝐶𝑜 − 𝐶𝑒

𝐶𝑒
                                   (13) 

 

ln𝐾 =
−∆𝐻𝑂

𝑅𝑇
+ ∆𝑆                          (14)  

 

Using Equation 14, a plot of lnK against 

the inverse of temperature produced a 

straight line where the standard 

enthalpy change was calculated from 

the slope and the standard entropy 

change was calculated from the 

intercept.  

RESULT AND DISCUSSION 

Characterization of the Fertilizer Plant 

Waste Water 

Table 1 below shows the result on the 

characterization of fertilizer plant waste 

water. It is observed from the table that 

the pH of the sample was highly alkaline 

due to the presence of inorganic 

compounds. The total suspended solid, 

turbidity, total solid, biochemical 

oxygen demand, total dissolved solid 

and chemical oxygen demand of the 

waste water sample were very high due 

to the presence of organic and inorganic 

compounds. 

 

Table 1: Results on the characterization of waste water sample 

S/NO PARAMETERS UNITS FERTILIZER EFFLUENT  

   

1  PH  Nil 10.5 

2  Colour  Nil BROWN  

3  Turbidity  FAU  41  

4  Temperature  °C  30.3  

5  Conductivity  μs/cm  321  

6  TSS  mg/l  0.287  

7  TDS (Pb
2+

) mg/l  630  

8  TS  mg/l  631.267  

9  BOD  mg/l  42  

10  COD  mg/l  143 

11  DO  mg/l  1.2  

12  Nitrate  mg/l  6.12  

13  Phosphate  mg/l  0.076  

Where: Total solid (TS), Total suspended solid (TSS), Biochemical oxygen demand 

(BOD), Chemical oxygen demand (COD) 

 

Characterization of the Egg Shells 

From the Table 2 below, the 

experimental result reveals that the 

samples have low fixed carbon and high 

volatile contents these suggested that 

the samples required activation. It was 

also observed that after carbonization 

and acid modification, the surface area 

and fixed carbon of the adsorbents 

increased showing that activation 

increases the adsorption capacity of 

adsorbents. 

  

Table 2:  Result on the Characterization of the egg shell (ES)  

Parameter/ 

Adsorbents 

EGG SHELL (ES) 

Raw Carbonized Acid modified 

Sample 

Fixed Carbon (%) 10 63.73 71.28 
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Ash content (%) 6 1.93 1.36 

Surface area (cm
2

/g) 706.65 847.44 928.27 

Bulk density (g/cm
2

) 0.63 0.57 0.51 

Iodine number (mg/g) 622.73 730.94 783.97 

Moisture content (%) 0.48 0.26 0.31 

Volatile content (%) 83.52 34.35 27.36 

 

Scanning Electron Microscopy (SEM) 

Analysis 

The surface morphology of the Egg Shell 

without chemical activation and with 

chemical activation was evaluated with 

the aid of SEM as shown in figures 1 and 

2 below. The figures clearly revealed the 

microscopic surface structure of the 

materials. It was clear that the carbon 

particles are in the form of spheres with 

a wide range of sizes in the unmodified 

egg shell. But after chemical activation 

of the egg shell, it was observed that the 

surface of the carbon has been changed 

into new coarse structure, which 

showed that the acid created higher 

surface area by opening more pores in 

the carbon structure. These results were 

in conformation with the results 

obtained by [15], where it was observed 

that adsorption sites of carbonized 

groundnut shell improved significantly 

when modified with acid. 

 

                                               

      Figure 1: Raw egg shell                 Figure 2: Acid modified egg shell 

Fourier Transformed Infra-Red Spectroscopy (FTIR) Analysis of the Adsorbent. 

 

Table 3: Fourier Transform Infrared Spectrum for Raw Egg Shell (RES). 

PES 

wave number (cm
-1

) 

Bond source 

2109.7    C ≡ C   Terminal alkyne 

               (monosubstituted) 

1796.6 C– H stretch in alkanes 

1640.0 C- C stretch in  alkynes 

1405.2 C-H in plane bend in alkenes 

1080 C – O stretch vibration of esters, ethers, anhydride, 

alcohol,carboxyl amide, C-C stretch. 

903 C-H stretch, N-H rocking 

872.2 PH bend in phosphines 

711.9 N-H rocking, C-H rocking, C-Cl
2

, C-Br. 

 

 

 

 

Table 4: Fourier Transform Infrared Spectrum for acid modified egg shell (AMES). 
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  AMES 

wave number (cm
-1

) 

Bond source 

3805.59 O-H Stretch  in phenols and alcohols 

         

3690.1 O-H Stretch  in phenols and alcohols 

3533.5 O-H Stretch  in phenols and alcohols 

3473.9 Hydroxyl group, H-bondedOH stretch 

3157.1 C=H stretch in alkenes 

                    2922 C-H stretch of alkanes 

                    2322 C=C stretch in alkynes    

2105.9 Transition Metal carbonyl 

1994.1 Aromatic Combination bands 

1640.0 N-H bend in amines 

1543.0 C=C stretch in aromatics 

1200.2 O-H, Primary or secondary, OH in-plane bend 

1118.2 C-O-C, Alkyl-substituted ether, C=O stretch 

864.0 PH bend in phosphines 

 

Fourier transformed infrared (FTIR) 

spectra of the raw and modified 

biomass (egg shell) are presented in 

Table 3 and 4 above. From the Tables 3 

and 4, it was observed that after acid 

modification of the egg shell, the major 

functional groups present were; (C-O-O-, 

O-H, N-H, C=C-C, C-H, C-Cl) which  are 

very useful in structure determination; 

hydroxyl, phenols, carboxyl, anhydrides 

and pyrones groups were also important 

sorption sites. The above changes in the 

spectra may be ascribed to the 

interaction of the H
3

PO
4

 and NH
4

Cl with 

the carboxyl, hydroxyl and amino acids 

present on the surface of the acid 

activated carbon. FTIR spectra of the 

treated raw materials loaded display a 

number of absorption peaks than the 

untreated raw materials. 

Percentage Yield of Activated Carbon 

The activated carbons yield were 

calculated from sample weight after 

carbonization  and activation (w
1

) to its 

initial weight (w
o

). Table 5 and Figure 3 

show the percentage yield of carbons 

prepared at different carbonization 

temperatures and times. It was observed 

that the yield decreased with increase in 

temperature and time. [12] obtained 

35.7% and 28.9% yield in carbonizing 

rice husk at 500 and 600
o

C respectively. 

The low yield at high temperature was 

essentially the devolatization of the 

volatile constituents upon heating [16]. 

Maximum yield of 41.42% was recorded 

for Acid modified egg shell (AMES) at 

activation temperature of 500
o

C and 

activation time of 1hour. 
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Table 5:  Result on the Percentage Yield of Activated Carbon 

 

 

 

 

 

 

Fig. 3: Percentage yield of AMES after carbonization 

 

 

 

 

w1 x 100 = % yield of activated carbon  

wo      1 

The effect of dosage on percentage 

adsorbed was presented in Figure 4 

below. The percentage adsorbed 

increased with the dosage to a 

maximum adsorption observed at a 

dosage of 40mg/100ml. After which the 

percentage adsorption remained 

constant. It could be inferred that once 

the surface pores of the adsorbents are 

saturated with the adsorbate, the 

percentage adsorption can no longer 

increase, instead it may remain constant 

or possibly decline. This might be 

because of the excess lapping of the 

active sites at increased concentration 

of the adsorbents, thus decreasing the 

available surface area [20]. However the 

percentage adsorbed by acid modified 

egg shell at 40mg/100ml dosage was 

90.60%, which may be attributed to 

higher surface area and percentage fixed 

carbon of modified egg shell as shown 

in Table 3 of  the Characterization of the 

egg shell (ES).  

The above result is in accordance with 

the results observed from the 

adsorption of Pb
2+

 ion unto groundnut 

shell by [5], where adsorbent dose range 

from 0.5g to 1.75g. The uptake of Pb
2+

 

ion increased rapidly from 0.5gm to 

1.5gm (per 50 ml of the solution) and 

marginally thereafter. [21] observed 

sharp increase of Pb
2+

 ion adsorption 

with rise in the adsorbent dosage from 

74.1% to 974.1%, then the effectiveness 

gradually increased to 91.55% with treat 

0

10

20

30

40

50

500 600 700

%
 Y

ie
ld

Temperature (oC)

60min

90min

120min

@ 500
o

C 

 

 

Time(min) 

EGG SHELL 

Initial weight (g) Final weight (g) % Yield 

60 200 82.84 41.42 

90 200 75.68 37.84 

120 200 68.64 34.32 

@600
o

C  

60 200 55.00 27.50 

90 200 50.44 25.22 

120 200 44.10 22.05 

@700
o

C  

60 200 40.50 20.25 

90 200 36.90 18.45 

120 200 33.96 16.98 
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to 3.0g and utmost removal competence 

of 96.6% was obtained with 5.0g of 

dosage. 

 

 

 

 

Figure 4: Effect of adsorbent dosage on adsorption of Pb
2+

 on AMES 

Effect of pH 

The hydrogen potential (pH) of the lead 

(II) solution to be adsorbed (adsorbate) 

was a significant factor in the 

adsorption processes. pH of the 

aqueous solution affects the breaking 

up of cation substituted groups on the 

adsorbent, constancy of metal 

complexes and formation of new species 

of metals during reaction [14]. The 

adsorption capability of adsorbent 

increases with the pH with maximum 

percentage adsorption observed pH of 5. 

This region is a mild acidic region, and 

thus the highest adsorption capacity 

and percentage adsorbed were recorded. 

The percentage adsorbed dropped 

towards the neutral region and 

increased towards the mild alkaline 

region. Comparable results were 

obtained by [9], for the removal of 

arsenic by heat treated rice husk where 

percentage removal was maximum at pH 

6 (mild acidic region). Also [8] observed 

the same behaviour using untreated rice 

husk and groundnut shell in Lead 

removal at different pH and noted that 

at pH 6, 1.0g of rice husk (RH) was 

capable of removing 93.78% lead, while 

pH at 5, 1.0g of groundnut shell was 

efficiency in removal of 97.48% lead.   

At low pH, increase high concentrations 

of H
+

 ions are available in solution to 

contend for the vacant adsorption sites 

of adsorbents. This is shown by the 

sharp increase in the percentage 

removal at low pH values (pH 3 and 4). 

The higher adsorption effectiveness at 

near neutral (mild acidic region) can be 

attributed to lack of electrostatic 

repulsion between the surface of 

adsorbents and Pb
2+

 species. Reduced 

trend in uptake was noted above pH of 5 

maybe owing to formation of soluble 

hydroxyl complexes [21]. But this is 

contrary to the results obtained by [4] 

[5] where the maximum removal 

efficiency was 57% at pH of 8. This 

could be as a result of lack of adsorbent. 
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Figure 5: Effect of pH on adsorption of Pb
2+

 on AMES  

Effect of Time 

The adsorption capacity increased with 

contact time and remained constant 

thereafter. Subsequent to 45minutes of 

contact, it was discovered that the 

percentage adsorption remained 

constant. This time effect has to do with 

the equilibrium of the adsorption 

process. Once equilibrium is attained, 

there will be no further increase in 

either adsorption capacity or percentage 

removal. The reduced adsorption rate 

was owed to the reduction in adsorption 

sites on the surface of the adsorbents 

[8]; [9]. The equilibrium adsorption 

capacity observed with the modified egg 

shell was 60.45mg/g, which was the 

maximum adsorption capacity achieved 

in 45 minutes of contact. The essence 

was that the adsorption process would 

not be carried on till infinity since the 

maximum percentage adsorption was 

achieved in 45 minutes, as presented in 

Figure 6.   

The results of [6] [7] showed that most 

of Pb
+2

 adsorptions had slower 

equilibrium time (2 to 3 hours) but in 

this study the rate of this phenomenon 

was faster and is comparable with the 

observation of [12], where equilibrium 

time was recorded as 1hour. These 

variations in optimum contact time 

maybe associated with surface 

characteristics of the adsorbents. 

 

Figure 6: Effect of Time on adsorption of Pb
2+

 on AMES 
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Effect of Temperature 

The temperature of the adsorption 

process was another factor that affected 

the adsorption capacity of the adsorbent 

and percentage removal of the Pb
2+

 ion 

however, the effect was the same on 

adsorption capacity and percentage 

removal because the process was 

carried out at the same dosage and 

concentration. Figure 7 below shows the 

effect of temperature on percentage 

adsorbed, where it can be seen that the 

percentage adsorbed increased with 

temperature to 45
o

C and remained 

constant afterward. At lower 

temperature the percentage adsorbed 

was low because the low kinetic energy 

of the molecules, while the kinetic 

energy of the molecules increased as the 

temperature increased, with optimum 

temperature observed at 45
o

C where low 

and at high temperature, the kinetic 

increased. At a very high temperature 

above 70°C the surface of the adsorbent 

and the active sites would be negatively 

affected by the temperature and the 

adsorption process would be slowed, 

resulting to low percentage adsorption. 

 

 

            Figure 7: The effect of temperature on percentage adsorbed 

Kinetics 

Table 6: The Kinetics parameter 

 Acid Modified Egg Shell (AMES) adsorbent  

1
st

 Order qe (Obs) 

(mg/g) 

qe(cal) (mg/g) K (min
-1

) R
2

 

 3.78 1.92 0.044 0.9101 

     

2
nd

 Order qe (Obs) 

(mg/g) 

qe(cal)(mg/g) K (g/mg min) R
2 

 3.50 4.27 0.029 0.983 

     

Elovich α 

(mg/gmin) 

β (g/mg)  R
2 

 3.57 1.55  0.861 

     

Weber Morris Kd 

(mg/gmin
1/2

) 

L 

(mg/g) 

 R
2 

 0.278 1.741  0.928 
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First-Order Kinetics or (Pseudo-First-

Order) 

The logarithm of the differences 

between the equilibrium adsorption 

capacity and instantaneous adsorption 

capacity was plotted against time 

according to Equation 1. The first-order 

kinetics constant was obtained from the 

slope of the plot while the calculated 

adsorption capacity was obtained by 

taking the antilogarithm of the 

intercept. The values of the first-order 

parameters were shown in Table 6. The 

value of the coefficient of determination 

(R
2

) for the acid modified egg shell 

(AMES) first-order adsorption kinetic 

was 0.9101. This value was close 

enough to 1, therefore the experimental 

data fitted into the pseudo-first-order 

kinetics model. The observed 

equilibrium adsorption capacity of egg 

shell adsorbent was much higher than 

the calculated value. The difference was 

1.86Mg/g.  

 

 

  

            Fig. 8: First-Order kinetics for adsorption of Pb
2+

 on AMES 

 

Second-Order Kinetics (Pseudo-Second-

Order) 

The experimental data was modeled into 

the pseudo-second-order kinetics by 

plotting the ratio of time to 

instantaneous adsorption capacity 

against time according to Equation 2. 

The calculated adsorption capacity was 

obtained as the inverse of the slope 

while the second order kinetics constant 

was obtained from the intercept. The 

coefficients of determination value for 

the egg shell was 0.983. Hence, the 

experimental data fitted into the pseudo 

second order kinetic model better than 

1
st

 order. The parameters were however 

provided in Table 6.    
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Fig 9: The second order kinetics for adsorption of Pb
2+

 on AMES 

 

Elovich Kinetics Model 

The instantaneous adsorption capacity 

was plotted against the logarithm of 

time to study the extent of the fitness of 

the experimental data into Elovich 

model according to Equation 3. The 

constant β which is an indication of the 

extent of surface coverage was obtained 

as the inverse of the slope while the 

constant α which is the initial rate 

constant was obtained from the 

intercept. The coefficient of 

determination (R
2

)
 

was 0.861 for the egg 

shell adsorbent and can be accepted to a 

good extent. The Elovich Equation 

parameters were also given in Table 6.   

 

     

Fig. 10: Elovich Kinetics for adsorption of Pb
2+

 on AMES 

Weber Morris Kinetics 

The instantaneous adsorption capacity 

was plotted against the square root of 

time according to Equation 4. The 

coefficients of determination (R
2

) value 

was 0.928. The intraparticle diffusion 

rate constant K
d

 was obtained as the 

slope while the boundary layer effect (L) 

was obtained as the intercept. The K
d

 

value for egg shell adsorbent was high 

which implies that the adsorption 

beyond surface was higher in egg shell. 

The parameters were also provided in 

Table 6.   

 

       

Fig. 11: Weber-Morris kinetics for adsorption of Pb
2+

 on AMES 
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Adsorption Isotherms 

Table 7: The Adsorption Isotherm Parameters for adsorption of Pb
2+

 on AMES  

 Egg shell 

Langmuir ql(mg/g) kl(L/mg) R
2 

 16.95 -0.109 0.995 

    

Fruendlich Kf(mg/g) 

(mg/L)
1/n 

N R
2 

 1.18 2.18 0.932 

    

Temkin b
T

(J.g/L.mol) A(mg/L) R
2 

 -51.99 0.029 0.998 

    

R-D qm(mg/g) β(mol
2

/J
2

) R
2

 

 4.81 7E-07 0.888 

 

Langmuir Isotherm 

The fitness of the experimental data 

into the Langmuir adsorption isotherm 

was investigated by plotting the ratios 

of the equilibrium concentration to the 

adsorption capacity against the 

equilibrium concentration according to 

Equation 5. The monolayer adsorption 

capacity was obtained as the inverse of 

the slope while the adsorption constant 

was obtained from the intercept. The 

coefficient of determination (R
2

) was 

above 0.9955 which suggested a good fit 

of the experimental data into the 

Langmuir adsorption isotherm. The 

monolayer adsorption capacity was 

16.95mg/g which correlates with the 

results obtained under the kinetic 

studies where it was discovered that the 

rate of adsorption with egg shell was 

high. The separation factor according to 

Equation 6 was observed to lie between 

0 and 1 for the adsorption process. This 

confirms that the adsorption was 

favorable. The Langmuir parameters are 

presented in Table 7.   

 

 

Fig 12:  Langmuir Isotherm for adsorption of Pb
2+

 on AMES 
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concentration of Pb
2+

 was plotted against 

the logarithm of concentration 

according to Equation 8. The coefficient 

of determination (R
2

) value was 0.9327. 

The index n, which determines whether 

the adsorption was favorable or not was 

determined from the inverse of the 

slope. The value of n for the adsorption 

isotherm was between 1 and 10 showing 

favorable adsorption.  The value of “n” 

was 2.18, this value lies between 1 and 

10, denoting a favourable adsorption 

[2]. The parameter for Freundlich 

isotherm are also presented in Table 7. 

 

     

Fig 13: Freundlich Isotherm for adsorption of Pb
2+

 on AMES     

Temkin Isotherm 

The adsorption capacities at different 

initial metal concentrations were plotted 

against the logarithm of the equilibrium 

concentration according to Equation 8. 

The experimental data provided a good 

fit with the Temkin isotherm as the 

coefficient of determination (R
2

) values 

were close to 1. The Temkin Isotherm 

parameter is also presented in Table 7. 

The adsorption constant b
T

 was obtained 

from the slope and the temperature of 

the system according to Equation 9 

while the equilibrium binding constant 

A was obtained from the intercept. The 

binding constant for egg shell was -

52.16(Jg/l). It can be seen from Table 7 

above that Temkin model gives best fit 

with R
2

 of 0.997 for the egg shell.  

 

 

Fig 14: Temkin Isotherm for adsorption of Pb
2+

 on AMES    

  

Dubinin-Radushkevich (R-D) Isotherm 

The experimental data was modeled into 

R-D isotherm by plotting the logarithm 

of the adsorption capacity at different 

initial metal concentrations against the 

square of the Polanyi potential 

according to Equation 10. The 

coefficient of determination value was 

0.8882. The coefficient related to the 

mean free energy of the adsorption per 
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mol of the metal ion was obtained from 

the slope of the plot while the 

theoretical saturation capacity was 

obtained from the intercept of the plot. 

The saturation capacity of the 

adsorption was high. The saturation 

capacity according to R-D model was 

close to the monolayer adsorption 

capacity according to the Langmuir 

isotherm. 

 

  

   

Figure 15:Dubinin-Radushkevich(R-D) Isotherm for adsorption of Pb
2+

 on AMES 

 

Thermodynamic Studies 

Table 8: Thermodynamic parameters for the adsorption of Pb
2+

 on AMES 

 Egg shell 

Temp 

(K) 

ΔG° 

(KJ/mol) 

ΔH° 

(KJ/mol) 

ΔS° 

(KJ/mol.K) 

R
2 

303 -1146.4 15.96 0.025            0.79 

308 -953.30    

313 -220.30    

318 -284.44    

323 -300.90    

 

The thermodynamics studies were 

carried out using Equations 12 - 14. The 

standard Gibb's free energy change (ΔG°) 

for the adsorption processes was 

obtained from Equation 12. The value of 

the standard Gibb's free energy change 

for the adsorption was negative showing 

that the adsorption processes was 

spontaneous. The absolute value of the 

standard free energy change for the 

adsorption Pb
2+ 

ion
 

were negative at the 

corresponding temperatures. This is 

another indication that the adsorption 

of Pb
2+

 with egg shell activated carbon 

was spontaneous. The standard 

enthalpy change (ΔH°) was obtained 

from the slope of the plot of the 

logarithm of the equilibrium constants 

against the inverse of absolute 

temperature according to Equation 14. 

The value of the standard enthalpy 

change for the egg shell was positive 
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meaning that the adsorption processes 

was endothermic. The standard 

enthalpy change for egg shell was high, 

however the value was less than 80 

kJ/mol showing that the adsorption was 

more of physical than chemical process. 

In other words, the adsorption can be 

reversed. The standard entropy change 

(ΔS°) was obtained from the intercept of 

the plot. The standard entropy change 

for the egg shell was positive meaning 

that the process was real and possible.  

Figure 17 shows the plot of free energy 

versus temperature for the Pb
2+ 

adsorption with the egg shell. It was 

observed from Fig 18 that the egg shell 

has the highest standard Gibb's free 

energy change (ΔG°) values of -

220.30KJ/mol and the adsorption 

processes occurred at an optimized 

temperature of 313k . The values of the 

standard Gibb's free energy change for 

the Pb
2+ 

adsorption with egg shell were 

negative showing that the adsorption 

processes were spontaneous. 

 

 

 

Fig 16: The thermodynamics plot for the adsorption of Pb
2+

 on AMES 

                       

 

Figure 17 Free Energy versus Temperature plots for the adsorption of Pb
2+

 on AMES 

CONCLUSION 

Egg shell an agricultural common waste 

material narrated from households, 

bakeries hatcheries and fast-food 

eateries etc, was converted by 
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carbonization and acid activation to a 

functional and efficient adsorbent 

material for the removal of pb
2+

 from 

fertilizer waste water. The egg shell was 

carbonized at 500
o

C, 600
o

C and 700
o

C 

for 60minutes, 90minutes and 

120minutes respectively. After which 

the carbonized egg shell was acid 

modified to enhance its adsorption 

capacity. The raw, carbonized and acid 

modified egg shell sample were 

characterized for fixed carbon, ash 

content, surface area, bulk density, 

iodine number, moisture content and 

volatile content. The effects of process 

parameters (temperature, contact time, 

pH and adsorbent dosage) on the 

adsorption of Lead (II) ions from 

fertilizer industrial waste water were 

investigated and found significant. The 

adsorption rate parameters showed that 

the adsorption of Pb
2+

 ions using acid 

modified egg shell (AMES) as adsorbent 

was a second order reaction. The 

adsorption isotherm suggested a good 

fit of the experimental data into the 

Langmuir and Temkin models.  
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