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ABSTRACT 
An activated carbon was prepared from Cassia fistula (L) Epicarps using phosphoric acid as an activating agent and 
designated as Cassia fistula Phosphoric acid Activated Carbon (CFPAC). Adsorption kinetics of copper (II) ion from 
aqueous solution onto the adsorbent CFPAC was investigated by taking different initial concentrations 10,20,30 and 40 
mg/L at the temperature 303K.Kinetic data were fitted with Lagergren, Ho and Webber-Morris equations for pseudo 
first order and pseudo second order and intra particle diffusion models respectively. According to Mean of Sum of 
Squired Error (MSSE) tool, the adsorption followed pseudo second order kinetic equation. Intra particle diffusion was 
the rate determining step as per Webber Morris plot constant values.  
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1. INTRODUCTION  
The presence of toxic heavy metals in environment 
through industrial waste disposal is currently an 
important environmental concern. The abatement of 
heavy metal ions from water is an essential process 
because they are not able undergo biodegradation and 
cause harmful effects to ecosystem by the accumulating in 
the tissues of living organisms causing various diseases. 
Copper ion is toxic heavy metal ion when it exceeds the 
threshold limit to living organisms and it is one of the 
most widespread heavy metal in the environment [1-2]. 
Copper is a very common substance that widely used in 
many industries. Sources of copper ion in effluents are 
due to plating bath metal cleaning, paper board, anti-
fouling for paint and pigment, mining, fertilizer, etc. [3]. 
Excessive intake of copper ions by human leads to renal, 
liver, capillary and brain damage, several mucosal and 
gastrointestinal irritation, central nervous problems, 
depression and possible necrotic changes in the kidney 
and liver [4-6]. Among the ionic species of copper, Cu 
(II) ions in the aqueous solution can attach easily to 
organic and inorganic matter depending on solution pH 
[7]. Treatment technologies available for the abatement 
of heavy metal ions from aqueous solutions are 
precipitation, ion exchange, bioremediation and 
adsorption. Adsorption is preferred because of it is high 

efficient, easy to handle and cost effective [8-12].The 
present study is undertaken to evaluate the efficiency of a 
carbon adsorbent prepared from a Cassia fistulas (L) 
Epicarps through phosphoric acid activation for the 
removal of copper (II) ion from aqueous solution. 
 

2. MATERIAL AND METHODS 
2.1.  Preparation of Adsorbent 
Phosphoric acid activation method was selected as this 
method produce activated carbon with more porosity 
from plant biomass which was used by many researchers 
[13-15]. The Cassia fistulas (L) Epicarps were washed with 
distilled water, dried in sun light for 5 days, chopped to 
get small pieces of few mm size (~1to2 mm) and 
powdered. 40 g of the powder was immersed in a 
solution of 40% of H3PO4 for 2 hours with constant 
stirring to get impregnation ratio of 1:1 (w/w) and kept 
aside for 24 hours. At the end of 12 hours, the 
supernatant solution was decanted off and then oven 
dried for 24 hours. Then the material was carbonized in 
muffle furnace at 673K temperature for 30 minutes. The 
carbon material was powdered and further activated in a 
muffle furnace at 673K temperature for a period of one 
hour. Then the material was cooled, washed with plenty 
of water to remove residual acid, dried at 383K 
temperature, powdered and the particle sizes between 73 
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μm and 150 μm were selected by sieving through proper 
sieves. Thus obtained carbon material was designated as 
Cassia fistula Phosphoric acid Activated Carbon (CFPAC). 
 

2.2.  Preparation of Stock Solution 
Cu(II) ion solution of 1000 mg/L concentration was 
prepared by dissolving 3.9266 g of (CuSO4.5H2O) in 
1000 mL of de-ionised water. Required initial 
concentrations of the solution say 10, 20, 30 and 40 
mg/L were prepared from the stock solution. Deionised 
water was used for all further experiments. 
 

2.3. Data Processing Tools 
2.3.1. Kinetics Studies 
2.3.1.1. Pseudo first order kinetics 
Pseudo first order rate expression given by Lagergren 
[16]. 

 
Where, qe and qt are the amounts of metal ions adsorbed 
(mg/g) at equilibrium and at time t (min) respectively, k1 
is the rate constant of adsorption (1/min). A plot of log 
(qe - qt) against t at various concentrations were drawn 
k1and qeare calculated from the slopes and intercepts 
respectively. 
 

2.3.1.2.  Pseudo second order kinetics 
The second-order kinetic model [17] given by „Ho‟ is 
expressed as 

 
Where, k2 is the second order rate constant. 
The initial adsorption rate, h (mg/g min), as t/0 can be 
defined as 

 
Equilibrium adsorption capacity (qe) can be determined 
from the slope and the second-order constants k2 (g/mg 
min) can be determined from the intercept of plot t/qt 
versus t. 
  

2.3.1.3.  Intra-particle diffusion study  
In the rate of intraparticle diffusion is given by the 
following Webber –Morris equation [18] 

 + C 

kid is the intra particle diffusion rate constant (mg/g 
min1/2), and C is the thickness of boundary layer. The 
plot of qt versus t1/2 obtained from kid and C were 
calculated from the slope and intercept of the linear 
portion of plot suggest intra particle diffusion process. 
 
 
 
 

2.3.1.4.  Statistical tool for kinetics models  
Best fitting kinetic model was determined by using the 
statistical tool Mean of Sum of Squared Error (MSSE) 
[19] is as follows; 

 
Where N is that the number data, (qe) exp is the 
experimental qe and (qe) cal is the calculated qe. 
 

2.3.1.5.  Batch adsorption experiment 

Batch adsorption experiments for the adsorption onto 
CFPAC were conducted by varying the operational 
parameters such as contact time and initial metal ion 
concentrations. Forty (40) mg of CFPAC was added to 
50 mL of the Cu(II) ion solutions of known initial 
concentration. The solution pH was brought to 5 by 
adding Conc. HCl. The contents were shaken thoroughly 
using an orbital mechanical shaker with a speed of 150 
rpm for pre-determined time. The solution was then 
centrifuged and the concentration of the centrifugate was 
determined spectrophotometrically using Systronics 2202 
make UV-Visible spectrophotometer.  
Percentage of removal and also the amount of adsorbate 
adsorbed were calculated by the following equations. 

 

 
Where; Ci and Ct are the concentration of adsorbate 
(mg/L) at initial stage and at time„t‟ respectively  
V is the volume of solution (L) 
W is the mass of adsorbent (g).  
Experimental result obtained from the effect of initial 
concentration and contact times were employed in 
testing the applicability of kinetic models. 
 

3. RESULT AND DISCUSSION 
3.1. Effect of contact time and initial 

concentration 
Cu (II) ions solution of concentrations of ranging from 10 
mg/L to 40 mg/L was used in this experiment. The 
percentage removal of Cu (II) ions increased with the 
increase of time and remains constant after attaining 
equilibrium at 160 minutes. Fig.1 shows that percentage 
of removal was rapid at initial stages (within 50 minutes) 
and it becomes slow in later stages. At initial stages, the 
available adsorptive sites are plenty which make the 
adsorbed molecules to rush up towards the adsorptive 
sites. At later stages, most of those sites are exhausted 
and therefore the rate of adsorption was slow. 
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Fig.1: Effect of contact time 
[pH :5; Dose :40 mg/ 50 mL; Agitation time : 200 min; 
Temp:303K] 

 

Further the figure shows that, at low concentration 
range, the percentage adsorption is high because the ratio 
of available reactive sites to the number of Cu(II) ions in 
the solution is high. At higher initial concentration of Cu 
(II) ion,that ratio is small. This leads to a fall in the 
percentage of Cu (II) ion adsorbed. 
 

3.2.  Kinetic models 
The results obtained from effect of contact time 
experiments are fitted into pseudo first order and second 
order kinetic models and the values of the kinetic 
parameters evaluated are presented in Table 1 and 2. 
Concerned graphs are shown in fig. 2 and 3. 

 

Table 1: Intra particle diffusion and Pseudo first order kinetic parameters 
  

Ci (mg/L) kid (mg/g.min) k1× 10-2 (min-1) qe(cal) (mg/g) qe(exp) (mg/g) |∆qe| MSSE 

10 0.05 3.80 4.7 11.9 7.2 

5.48 
20 0.08 4.21 11.7 22.4 10.7 

30 0.15 3.73 17.5 31.8 14.2 

40 0.44 3.50 29.5 40.0 10.6 

 
Table 2: Pseudo second order kinetic parameters 

 
 

Ci (mg/L) 
 

k2×10-2 (g/mg.min) qe(cal) (mg/g) h qe(exp) (mg/g) |∆qe| MSSE 

10 2.77 12.1 4.073 11.9 -0.2 

0.63 
20 0.89 23.0 4.751 22.4 -0.7 

30 0.45 33.1 4.895 31.8 -1.4 

40 0.28 42.0 4.861 40.0 -2.0 

 

 
 

Fig. 2: Lagergren plots for pseudo first order 
kinetics 

 

 
 
Fig. 3: Ho plots for pseudo second order kinetics 
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The pseudo first order rate constant k1 (min-1) and 
pseudo second order rate constant k2 (g/mg.min) are 
found to increase with the increase of initial 
concentrations of Copper (II) ion solutions. The initial 
sorption rate „h‟ increased directly with an increase of 
initial Copper (II) ion concentration. Further 
experimentally determined qe(exp) is found close to the qe 
(cal) calculated from second order kinetics. The deviation 
parameter MSSE value is 5.48 for pseudo first order and 
it is 0.63 for the pseudo second order kinetic model. This 
confirms the applicability of the pseudo second order 
kinetic model. The determination coefficient (R2) for 
pseudo first order model ranged between 0.94 and 0.98 
where as these values for the second order model were 
0.99. It indicates that the experimental data best fitted 
into pseudo second order. The results obtained from 
intra particle diffusion model are presented in Table 1 
and concerned plots are shown in fig. 4. Intra particle 
diffusion rate constant Kid values were increased with an 
increase of Copper (II) ion concentration that reveals the 
rate of adsorption is governed by the diffusion of Copper 
(II) ions within the pores of the adsorbent.  

 
 

Fig. 4: Weber - Morris plots for intra particle 
diffusion 
 

4. CONCLUSION 
Cassia fistula Phosphoric acid Activated Carbon (CFPAC) 
found to have good absorption capacity for Cu(II) ion at 
pH 5. Equilibrium of adsorption attained at 160 minutes 
for the dosage of 40 mg per 50 mL for the studied initial 
concentrations 10,20,30,40 mg/L. The regression 
coefficient values showed that kinetic data best fitted to 
pseudo second order plots. Experimentally determined 
(qe(exp)) values were close to the theoretically calculated 
(qe(cal)) from second order kinetics. Therefore kinetic of 
the studied adsorption process was pseudo second order. 

Intra particle diffusion rate constant values suggested the 
pore diffusion as the rate limiting step.  
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