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ABSTRACT 
In this study a commercial charcoal derived walnut shell was used for the adsorption of ions by U.V-Visible absorption 

spectroscopy technique. Various operating parameters studied were adsorbent dosage, pH, contact time and temperature The 

effect of contact time was investigated and found that the adsorption process of  Fe+3, Cr+3 ions on charcoal derived from walnut 

shell surface was reached at completed equilibrium within 60 min while the adsorption of Cd+2 was reached equilibrium within 

30 min .The effect of  the weight of the charcoal derived on the adsorption process was studied a group weight in the range (0.05-

0.2 g).The extent of the adsorption found to decreased the temperature increased i.e, exothermic adsorption .The thermodynamic 

parameters ΔG, ΔH, ΔS were calculated and explained in the mean of the chemical structure of the adsorbate which the values of  

removal percentage% and Distribution ratio (Kd).The Freundlich and Langmuir isotherm equations were applied to the data and 

values of parameter of these isotherms equations were evaluated the adsorption.  
 

Keywords: Fe+3, Cr+3, Cd+2 ions, Adsorption, Walnut shell, isotherms. Freundlich, Langmuir  

 
1. INTRODUCATION  
The fact that using organic compounds and heavy metal in different industry branches becomes more and popular 

nowadays causes the increase in the pollution of water .These impurities often occur in many waters simultaneously. 

At the same time, the maximum values of their permissible concentrations have become decreased in drinking waters1. 

The pollution caused by heavy metal was determental effect on the environment all over the world .For 

example ,a variety of toxic effects on aquatic organisms can be produced by endangering ecosystems; human health 

can be directly or indirectly influenced by multiple channels such as touching with skin, drinking water, and food 

chain2. Adsorption on low cost-adsorbent for removal of toxic metals from wastewater was investigated extensively3. 

Chromium and its compounds are toxic metals introduced into natural water from a variety of industrial wastes. The 

major sources are from leather tanning, textile dyeing, electroplating and metal finishing industries which cause severe 

environment and public health problems4. Cadmium is one of the most toxic metals affecting environment. It is 

extensively used by many industries such as electroplating, painting and battery manufacture. Effluents discharged 

from these industries contain undesired amount of cadmium5. The harmful effects of Cd+2 can be included as the 

following: a number of acute and chronic disorders, such as itai-itai disease, renal damage, emphysema, hypertension 

and testicular atrophy6. The present of iron in ground and industrial water becomes toxic at high level and then may 

cause environmental and human health problems7,8. Several methods were proposed for the removal of mental ions as 

ions exchange9, filtration10, coagulation11, electrochemical deposition12, and adsorption13. Some of the adsorption 

processes developed for removal of metal ions using biosorbents include tea waste14,15, food waste16, sugarcane 

bagasse17 ,degreased coffee seeds18, saw dust19-21, eucalyptus bark22, mango peel waste23, rice husk24, leaf powders25-28, 

tobacco dust29, coconut shell30. 

The aim of this study was to investigate the effect on removal of ions adsorbed on charcoal derived from 

walnut shell. The influence of experimental parameters such as pH, contact time, adsorbent dose, temperature. The 

adsorption process is studied from isotherm standpoint. 
 

2. EXPERIMENTAL   
 

2.1 Materials  
(CrCl3.6H2O, CdCl3.H2O) were purchased from B.D.H. (97% Purity), and (Fe2(SO4)3) were purchased from fluka 

(98% purity). 

 

2.2 Instruments 
The following instruments were used through out the work 

1. Spectrophotometer T604, pg, Instruments, LTD  

2. sensitive Balance  –W-Germany  

3. pH-meter HANNA,Portugal  

4. Oven memmert, Edelstahi,Germany  

5. Shaker Bath, Indicator GCA, Chicago  

6. Centrifugal, Herouse, septch 
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2.3 Preparation of charcoal derived  
The charcoal derived used in this study was prepared by pulverizing the walnut shell into powder by laboratory 

pulverize, washed and dried in oven. It was then kept in furnace up to 600C° for two hours31. 
 

2.4 Preparation of ions solutions  
Standard  stock solutions of 500 ppm of  Fe+3,Cr+3,Cd+2 ions were prepared by dissolving 0.1g of ions compounds in a 

minimum amount of distilled water in a 200ml volumetric flask and volume was made up to the mark with distilled 

water. Solutions of different 5-50ppm concentrations were prepared by serial dilutions from the stock solution. 

Absorbance values of these solutions were measured at the selected λmax value for each ion and plotted against the 

concentration values. The Calibration curves in the concentrations range that fall in the region of applicability of Beer-

Lambert's law were employed. 
 

2.5 Methods 
Removal of ions from aqueous solution on charcoal derived was performed by batch method by shaking 0.1g of 

charcoal derived with 35ml of Cd+2, Cr+3 ions solutions and 0.15g of charcoal derived with 20 ml of Fe+3 ion solution 

with initial metal ion concentration of 50ppm. 

The suspensions were examined, each at different temperature of 292, 302, 312, 322, 332 K . At each 

temperature, shaking of suspensions was interrupted at different contact time 30, 60, 90, 120, 150, 180, 210 min and 

the suspensions were filtered The concentration of ions remained in the adsorption were determined using U.V-Visible 

spectrophotometer .The particle size of charcoal derived used of 600µm .The effect of pH on adsorption of ions onto 

charcoal derived was investigated by varying the solution pH from 2 to 14. 
 

2.6 Calculating the quantity adsorbed 
The quantities of ions adsorbed were calculated according to the following equation (32) 

 

Qe    = 
Vsol (Co-Ce) 

m 

Qe = the amount of adsorption (mg/g) 

Co = initial concentration (mg/L) 

Ce = equilibrium concentration (mg/L) 

V = volume of solution (L) 

M = weight of charcoal derived (g) 
 

3. RESULTS AND DISCUSSION 
 

3.1 Influence of contact time 
The nature of the adsorption of ions on charcoal derived as a function of time at a fixed initial concentration 50ppm 

was studied, for each ion at different times between 30, 60, 90, 120, 150, 180, 210 min .From the experimental data, it 

was observed that the amount of adsorption increasing, with optimum contact time up to 30 min of Cd+2, and 60 min 

for Fe+3, Cr+3. The amount of adsorption was ranged between 9.473-13.895 mg/g of ions, because of charcoal derived 

contain atoms which bonded with ions33, Figure-1. 

 

 
Fig-1: Effect of contact time for ions on charcoal derived 

 
3.2 Effect of weight of charcoal derived 
The effect of the weight of the charcoal derived on the adsorption process was studied using several weights ranged 

between 0.05-0.2g at optimum pH at room temperature. It was found that the amount of adsorption increasing of 

Figure(1):Effect of contact time for ions on  charcoal derived
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optimum weight from charcoal derived in the Cr+3, Cd+2 0.1g  and the adsorption capacity 13.895mg/g, 12.810mg/g, 

while 0.15g of  Fe+3 and the adsorption capacity 9.473mg/g. This means any increase in the weight of adsorbent had 

no effect because of the perfect saturation of centers of adsorbent by ions compounds Figure-2. 

 

 
Fig-2: Effect of weight adsorbent for ions on charcoal derived 

3.3 Effect of pH Solution 
Adsorption experiments were performed over a range of pH 2-14 for the best initial ions concentration 50ppm and 

optimum contact time 30, 60 min. 

The maximum amount of adsorption by ions Cd+2 , Cr+3 and Fe+3  were 12.180mg/g , 13.895mg/g and 

9.473mg/g respectively, at pH =7, the negative chare of charcoal, become contend between H+ ion and ions which 

bonded with oxygen atoms, the decrease amount of adsorption above and low pH=7. The results may be considered in 

general as a consequence of the competition between solvent – surface, solvent – solute and solute – surface 

interaction as the pH varied34 Figure-3. 

 
Fig-3: Effect of pH solution for ions on charcoal derived 

 

3.4 Adsorption of metals on charcoal derived 
The adsorption of  Fe+3, Cd+2 and Cr+3 on charcoal derived as a function of their concentration were studied at 292⁰k 

by varying the metal concentration from 5-50 ppm, while keeping all other parameters constant. The results are shown 

in Figure-4. 

 
Fig-4: Isotherms adsorption for ions on charcoal derived 
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Figure(3):Effect of PH solution for ions on charcoal derived
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The amount of adsorption for ions increasing with increasing equilibrium concentration in aqueous solutions. The 

results indicate that energetically lost favorable sites become in evolved with increasing equilibrium concentration in 

the aqueous solution. 
 

3.5 Effect of temperature 
The temperature dependence of ions on charcoal derived was studied at different temperature 292, 302, 312, 322, 332 

K. The considerable decrease in the amounts of ions adsorbed with temperature confirms the exothermic nature of the 

process. The enhancement of adsorption capacity of charcoal derived, with decreasing temperature is attributed to the 

possible decrease in the number of active sites available for adsorption on the surface35 Figure-5. 

 
Fig-5: Effect of Temperature of ions on charcoal derived 

 

3.6 Thermodynamic parameters 
The thermodynamic parameters for the adsorption of ions on charcoal derived such as ΔH, ΔG and ΔS were studied. 

The heat of adsorption (ΔH) may be obtained from the equation36 Figure-6. 

 

 
Fig-6: Relation betweem log Xm and 1/T on charcoal derived 

 

The change in free energy (ΔG) could be determined from the equation31.      

                  

ΔG = -RT ln  Kads 

Kads = qe / Ce 

 

Table-2: Thermodynamic values and surface coverage for ions using charcoal derived at 292K 

Ions ΔH(KJ.mol
-1

 )- ΔG(KJ.mol
-1

.k
-1

 ) -ΔS(J.mol
-1

.k
-1

 ) θ 

Cr+3 6.384 5.55 40.86 0.79 

Fe+3 5.177 1.42 22.59 0.72 

Cd+2 6.189 2.45 29.58 0.73 

 

The change in entropies (ΔS) and surface coverage was calculated from Gibbs equation37 Table-2 shows that  ΔH, ΔG, 

ΔS value of ions  adsorption. 

ΔG= ΔH – TΔS 

θ = 1- Ce/Co 

Where θ is the surface coverage Co,Ce are initial and equilibrium dye concentrations respectively . 

Figure(5): Effect of temperature of ions on charcoal derived
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3.7 Adsorption isotherm 
The experimental dates are analyzed according to the linear form of the Freundlich and Langmuir isotherm. The 

Freundlich isotherm is represented by the following equation38. 
 

LogQe    =     logKf     +      
1 

log Ce 
n 

Where:  

Qe is the amount of ions adsorption (mg/g)  

Ce is the equilibrium concentration of ion (mg/L) 

k,f are the  constants equation. 
           

In corporating all factors affecting the adsorption capacity and intensity of adsorption, respectively. Linear plot of log 

Qe versus log Ce as shown in Figure-7 shows that the adsorption of ions follows also the freundlich isotherm.  

The numerical value of 1/n >1 indicates that adsorption capacity is only slightly suppressed at lower 

equilibrium concentration. That isotherm does not predict any saturation of the sorbent by the sorbate: thus infinite 

surface coverage is predicted mathematically, indicating multilayer adsorption on the surface39. 

 

 
Fig-7: Freundlich adsorption isotherms ions on charcoal derived 

 

The Langmiur equation is also applied to study the behavior of the adsorption of ions on charcoal derived. The 

Langmiur isotherm is represented as40 

Ce
 

= 
1 

+ a 
. Ce 

Qe
 Kl

 Kl
 

Where  

Ce is the equilibrium concentration of ions in solution 

Qe is the amount of ions adsorption  

kl,a are Langmiur constants related to sorption capacity and intensity of adsorption respectively. A linear plot is 

obtained when Ce/Qe is plotted against Ce over the entire concentration rang of ions investigated Figure-8. The values 

of Freundlich and Langmiur constants and R2 are given Table-1. 

 

 
Fig-8: Langmuir adsorption isotherms ions on charcoal derived 
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Table-1: Freundlich and Langmuir isotherms for ions using charcoal derived at 292K 

Ions Kf n R
2
 a k R

2
 

Cr+3  1.620     

Fe+3 2.217 1.842 0.9215 0.142 1.846 0.8629 

Cd+2       

3.8 Determined distribution Coefficient and removal percentage values 
The distribution Coefficient and removal percentage values were calculated from equation (41)

. 
 

Removal %      = 

(Co-Ce) 

x 100 Co 

 

Kd              =                  
(Co-Ce) 

x VIM 
Co 

The removal and Kd values of Cr+3 ion on charcoal derived from walnut shell decrease from 97.4 to 60.6 % and Kd 

values from 340.9 to 212.1 when the temperature increased 292k to 332 k, Cr+2ion decrease from 73.2 to 55.2% and 

Kd values from 256.2 to 193.2 and Fe+3 ion increase from 72.4 to 55.2 % and Kd values from 253.4 to 193.2 are shown 

in Table-3. 
 

Table-3: Removal %  and Kd values of ions  on charcoal derived   at different temperature 

Temp. 
Cr

+3
 Cd

+2
 Fe

+3
 

Kd Removal % Kd Removal % Kd Removal % 

 340.9 97.4 256.2 73.2 253.4 72.4 

 270.2 77.2 253.4 72.4 243.6 69.6 

 246.4 70.4 236.6 67.6 225.4 64.4 

 325.9 67.4 212.1 60.6 214.9 61.4 

 212.1 60.6 193.2 55.2 193.2 55.2 
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