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Abstract 
 

Activated carbon derived from Cassia fistula Fruit shell has been used for the 
adsorption of Cd(II) from aqueous solution. Cadmium is toxic to living systems 
and therefore it is essential toremoveit from wastewater. Activated carbon was 
characterized using techniques like FTIR and SEM.  Adsorption capacity of 
Cassia fistula fruit shell activated carbon (CFFSAC) for Cd(II) abetment was 
investigated employing batch equilibration  method. The effects of various 
parameters like contact time, initial adsorbate concentration, pH and CFFSAC 
doses have also been studied and reported. The adsorption data were found to fit 
well with the Langmuir model.The percent removal of Cd (II) was found to be 
increase with adsorbent doses from 1 to 7 gm.andmaximum efficacy was found at 
7gm. whenpH was 6.0. Atoptimum condition nearly 90% abatement of Cd(II) has 
been noted using CFFSAC. Thus the self-prepared activatedcarbon under 
investigation has been proved to be an excellent economical adsorbent material 
for Cd(II) removal from contaminated water/wastewater.  
 
Keywords: Cassia fistula, activated carbon, cadmium toxicity, wastewater 
treatment, Langmuir isotherm. 

 
Introduction 

The problem of water pollution arises due to the disposal of heavy metals from industries from 

the last few decades. It is well known that cadmium has harmful effects on many lifeforms. This 

problem has received considerable attention in recent years. Therefore,itbecomes necessary to 

remove cadmium from wastewater by using appropriate treatment before releasing it into the 

environment. The acute over exposure to cadmium fumes can causes pulmonary diseases and 

chronic exposure can causes renal tube damage and prostate cancer[1].Cadmium and their salts 

are used in electroplating, paint pigments, plastics, silver cadmium batteries [2], smelting, 

cadmium nickel batteries, stabilizer, phosphate fertilizer, mining and alloy industries [3-5].The 

commonly used methods for removing metal ions from waste water includeprecipitation, lime-

coagulation, reduction, electrolytic removal, ion-exchange, reverse osmosis,membrane filtration, 
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and solvent extraction[6-12].Bio-sorption a technically feasible and economical process, has 

gained increased creditability during recent years [13]. A number of biosorbent have been used 

such as tree barks, saw dusts, activated rice husk, coconut shell, almond shell etc. for the 

adsorption of heavy metals.Use of surface modified/chitosan coated bio-sorbent as low cost 

material for abatement of Cr(VI) has been reported in the literature[14-15]. The low cost 

activated carbon derived from Tamarindusindica bark has also been reported as an excellent 

adsorbent for removal ofCr(VI)[16]. The objective of the present study is to investigate the 

possible use ofactivated carbon derived from Cassia fistulaFruitShell(CFFSAC) as an alternative 

adsorbent material for removal of Cd(II)employing batch experiments. 

Materials and Methods 

All the chemicals used were of analytical or chemically pure grade. Distilled water was used 

throughout the investigation. 

Preparation of Activated Carbon from theCassiafistula.      

Cassia fistula fruit shell was collected from local area and cut into small pieces and washed 

several times with tap water followed by distilled water. The clean biomass so obtained was sun 

dried for 6 days. The biomass was subjected to pyrolysis process using Muffle Furness. During 

slow carbonization of raw material in absence of air at temperature range 600-7000C, volatile 

products were removed and residue was converted into char. The char was then subjected to 

chemical activation process using 25% zinc chloride solution. This activated carbon was then 

washed with distilled water and dried at 1050C for 2hrs.and stored in air tight bottle. The material 

has been characterized by FTIR and SEM studies.  

Preparation of stock solution 

Synthetic stock solution of Cd(II) was prepared by dissolving required quantity of cadmium 

sulphatesalt in the distilled water. This solution was diluted to proper proportions to obtain 

various standard solutions ranging their concentrations 10-100mgl-1. pH adjustment was done 

using 0.5N HCl and 0.5N NaOH solution. 

Batch Experiment 

Batch equilibrium studies were conducted with different parameters such as pH, agitation time, 

initial concentration of Cd(II) solution and effect of adsorbent doses. The systems were agitated 

on rotary shaker at 200 rpm, filtered through Whatmman no.42 filter paper and filtrate was 

analyzed for Cd(II) concentration using Atomic Absorption Spectrophotometer(AAS). From 
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Experimental data, the applicability of Langmuir model was judged. Linear regression 

coefficient (R2) and isotherm constant values were determined from the model. 

Characterization of CFFSAC 

Scanning Electron Microscopy (SEM) Analysis: 

The surface morphology of activated carbon under investigation was examined using scanning 

electron microscopy (SEM: Fig.1). At x3500 magnification, SEM micrograph clearly revealed 

wide varieties of holes and caves type openings on the surface of the adsorbent which would 

have created more surface area available for adsorption. 

.FTIR analysis 

FTIR of CFFSAC is presented in Fig.2. The band at 3639cm-1indicates the presence of 

dissociated or associated –OH on the adsorbent surface. The band at 2342cm-1shows more 

strongly hydrogen bonded –OH group.The band at 1507 cm-1is indicative of carbon carbon 

double bond stretching.The low band at 573 cm-1which indicate the C-I stretching. 

 
Fig.1 SEM of CFFSACFig.2  FTIR  of CFFSAC 

Results and Discussion  

Effect of pH on adsorption          

Effect of pH on Cd(II) adsorption using CFFSAC as an adsorbent has been studied in the  pH 

range 1to10 and  presented in Fig.3. It is seen that solution pH plays a very important role in the 

adsorption of Cd(II). The percentage removalincreases steadily from 44 to 80% when pH is 

increased from 1to 6 in Cd(II) adsorption and slowly decreases on further increases in pH. 
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Fig. 3- Effect of pH onCd(II) adsorption Fig. 4- Effect of  contact time on Cd(II) 

adsorption 
Effect of contact time on adsorption 

Adsorption experiments were conducted as a function of contact time and results have shown in fig.4. The 

rate of Cd(II) binding with adsorbent was greater in the initial stages then gradually increases  and 

remains almost constant, after optimum period of 110 min. 

Effect of adsorbent doses  

The effect of adsorbent (CFFSAC) doses on percent removal of Cd(II)  in the range 1 to 10gm is 

represented in fig.5. The initial Cd(II) concentration was taken to be 30ppm.  However after certain 

adsorbent dose it becomes constant and it is treated as an optimum adsorbent dose, which is found to be 

7gm/lit. for the CFFSACadsorbent. 

  
Fig.5- Effect of adsorbent doses on Cd(II) 

adsorption 
Fig 6-Effect of initial concentration on Cd(II) 

adsorption 
 

             

Effect of the Initial concentration of Cd(II) solution.       

The Experimental studies were carried with varying initial concentration of Cd(II) ranging from 

10 to 100 ppm using 7gm/lit.of adsorbent dose.The results have shown in fig. 6. The results 

demonstrate that at a fixed adsorbent dose the percentage of Cd(II) removal decreases with 

increasing concentration of adsorbate. 
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Adsorption Isotherm 

The isotherm data have been linearized using Langmuir equation and is plotted between Ce/qe 

versus Ce. The Langmuir constant qm, which is measure of the monolayer adsorption capacity of 

CFFSAC is obtained as 2.0129. The Langmuir constant b which denotes adsorption energy is 

found to be 0.4478. The high value (0.9693) of regression correlation coefficient (R2) indicates 

good agreement between the Experimental values and isotherm parameters and also confirms the 

monolayer adsorption of Cd(II) onto CFFSAC. The dimensional parameter, RL, which is a 

measure of adsorption favorability is found to be 0.0693   (0< RL< 1) which confirms the 

favorable adsorption process for Cd(II) on CFFSAC adsorbent.  

Conclusion 

i). Activated carbon (CFFSAC) has been obtained and activate successfully. 

ii). The activated carbon derived from the Fruit Shell ofCassia fistula has been characterized by FTIR and 

SEM studies. 

iii). CFFSAC was most effective forCd(II) removal. At pH 6, 80% of Cd(II) was removed from aqueous 

solution and adsorption was found to be pH dependent.  

iv). The increase in percent removal capacity wasobserved with increased adsorbent doses and 

contacttime. Maximum Cd (II)removal is 90% for 7.0 gm/lit.dose and 77% at 110min. of contact time 

respectively. 

v). The newly obtained activated carbonunder present investigation can be successfully 

employedforCd(II)abatement from contaminated water and thuscan be used for water/ wastewater 

treatment and pollution control. 
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