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Abstract : The discharge of heavy metals from industries 

effluent to water without treatment causes a serious adverse 

effect on aquatic environment and human health. Several 

conventional methods have been used to remove the heavy 

metal from waste water but they are either ineffective or 

costly. Biosorption is an alternative and cost effective 

technology to sequestering of heavy metal from aqueous 

solution using agriculture waste as biosorbent. The aim of 

this study is to observe the efficiency and capacity of Cassia 

fistula fruit biosorbents for the removal of Cr(VI) from 

aqueous solution. The parameters analysed in this research 

are effect of pH, biosorbents dosages, agitation, Initial 

Cr(VI) ion concentration in batch mode. The observed 

maximum capacity is 18.77 mg/g at pH 2 of solution. The 

pseudo- second order kinetic model better fitted with 

experimental data of biosorption of Cr(VI) from aqueous 

solution. The various technique such as FESEM, EDX, 

were used to understand the involvement of functional 

groups in biosorption of Cr(VI) on biosorbent.  

Keywords :Chromium , Cassia fistula fruit , Isotherm model, 

Biosorption 

1. Introduction  

Water is an essential liquid on earth for life to function 

properly.  As now day’s water is being polluted by 

urbanization and industrialization. Water contaminated with 

heavy metal are non-biodegradable and toxic in nature. 

Chromium exist in hexavalent form are more toxic than 

trivalent oxidation state. Excessive discharge of Chromium in 

waste water causes health problem and environment threat [1]. 

WHO proposed the maximum limit of Chromium in drinking 

water is 0.05mg/L.Wastewater containing chromium are 

discharged from the industry such as electronic device 

manufacturing units,paint, tanneries and metal-plating 

facilities often possess more metal ion concentration than 

permissible limit of drinking water [2]. Therefore removal of 

chromium from waste water is imperative prior discharge to 

environment. Adsorption process is one of the more popular 

method than conventional (ion-exchange,precipitation, and 

membrane processes) method for removal of chromium from 

waste water. Conventional process are restricted due to it’s 

economical and technical constraint [3]. Adsorption process 

has consideration attention of researcher due to easy operation 

and regeneration ability [4].   Several researcher have 

explored agriculture base biosorbents for removal of Cr(VI) 

waste water  due to high price of commercially available of 

activated carbon. Several low cost adsorbents are reported 

such as Sugarcane bagasse, Maize cob [5], coconut 

husk[6],Water caltrop shell [7] etc. In spite of these 

development search for new low cost and effective 

biosorbents are still required. Therefore, the objective of this 

study was investigation of ability Cassia fistula fruit as a 

biosorbents to remove the Cr(VI) from waste water.  

2.  Materials and methods 

2.1 Biosorbent preparation 

Cassia fistula fruit was collected from campus of IIT 

Guwahati Assam India. In order to remove the dust and dirt 

from Cassia fistula fruit It was cleaned and water several 

times washed with tap.  After that It was dried in oven at 80 

°C for 48 hour. Thereafter it was ground using blender and 

prepared sample kept in air tight bottle for further experiment.  

2.2 Preparation of metal ion solution  

All the chemicals used such as caustic soda, Potassium 

dichromate, hydrochloric acid solution were of analytical 

grade. For the experiments, a standard solution of 1000 ppm 

of K2Cr2O7 solution were prepared by dissolving 2.8287 g 

Potassium dichromate in 1000 ml distilled water. Afterwards, 

hydrochloric acid and caustic soda solution were used for 

adjusting the pH of diluted solution.  

2.4 Batch biosorption studies 

Batch mode experiments were carried out in50 ml Cr(VI) 

solution of desired concentration (200-500 mg/L) in conical 

flask with 1 g biosorbents dosage at initial pH 2 of Cr((VI) 

solution. Afterwards the prepared sample were agitated at 120 

rpm in thermostatic orbital shaker at room temperature  and 

sample were filtered out by whatman no. 41 filter paper at 

predetermine time interval.  The Cr(VI) concentration of 

filtrate was estimated by UV visible spectroscopy at 540 nm 

using 1, 5- diphenylcarbazide which make complex with 

Cr(VI).  Amount of Cr(VI) biosorbed on biosorbents were 

calculated by using following equation  (1). 

m

)VC(C
q e
 0    

   (1) 

Where, q is the biosorption capacity (mg/g). Co and Ce are the 

initial and equilibrium concentrations (mg/L) of Cr(VI) in the 

samples respectively. m and V represent weight of Cassia 

fistula fruit (mg) and volume of solution (L) respectively 

3. Results and discussion 

3.1 Characterization of biosorbent 

FESEM analysis was performed for analysing the change in 

the morphology of natural and loaded with Cr(VI) after the 
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biosorption experiment. As it is revealed from Fig. 1 cthat 

themorphology of biosorbent was more rough and porous 

before biosorption and it became more smooth after 

biosorption (refer Fig. 1 d ).  Further EDX analysis was 

carried out as qualitative measurement for biosorption of 

Cr(VI).  It can be observed from Fig. 1(a,b) that occurrence of 

additional peak in spectrum of EDX due to respective metal 

ion after biosorption. Consequentlythis result further 

confirmed that Cr(VI) metal uptake by biosorption onto 

biosorbent surface.  

. 

Fig. 1. FESEM (c, d) and EDX (a, b) of Cassia fistula fruit 

both before and after biosorption of Chromium 

3.2 Effect of initial metal concentration  

The effect of initial Cr(VI) ion concentration from 200 to 500 

mg/L and contact time (from 10 to 70 minute ) experiments 

were performed by keeping other parameters constant such as 

pH 2, biosorbent dosage 1 g/L , room temperature and at 100 

rpm agitation speed of orbital shaker. It can be reveal From 

the Fig. 2, that extent of Cr(VI) uptake increases at initial 

contact time (from 10 to 50 minute) and further increase in 

contact time was not significant removal of Cr(VI) from 

solution. This phenomenon can be attribute to the rapidly 

biosorption of Cr(VI) on easily available vacant site of 

biosorbent surface and thereafter surface covered with thin 

layer of Cr(VI) ion. 

  In addition, biosorption capacity was increases at higher 

initial Cr(VI) concentration (referFig. 2). This phenomenon 

can be attributed to increased concentration gradient at higher 

initial Cr(VI) concentration and more probability of collision 

between biosorbents and Cr(VI) ion[8]. The result obtained 

due to effect of initial Cr(VI) ion concentration and contact 

time are used to calculate the biosorption capacity of Cr(VI) 

on biosorbents. 

 

Fig. 2.Effect ofdifferent initial Cr(VI) concentration and 

contact time  

3.3Biosorption isotherm 

Adsorption isotherm represent the relationship between the 

equilibrium amount of adaorbate adsorbed onto the surface of 

adsorbent and amount of adsobate present in solution at a 

given temperature. Langmuir and Freundlich models are the 

most extensively recognized model to observe the interaction 

between adsorbent and solute.  The equilibrium data obtained 

after biosorption of Cr(VI) was analysed with these model . 

Linear regression coefficient and the parameters of the 

isotherms model was used to test better fitted with equilibrium 

data.   

 

3.3.1 Langmuir model 

The Langmuir model assumes that there is no interaction 

between adsorbed molecules and uptake is occur on a 

homogenous surface through monolayer adsorption process 

[9]. 

The Langmuir model is given by following equation  

 
  

  
  

 

   
 

  

  
    

   (2)

 Where Q0 represents biosorption capacity (mg/g) on unit mass 

of adsorbents and b is the adsorption equilibrium constant 

(L/mg).And qe indicates the equilibrium biosorption capacity 

(mg g
-1

) when Ce is the equilibrium metal ion concentration 

(mg/L ) in solution. The Langmuir parameters constant ( Q0 

and b) are observed by the slope and intercept of Ce/qe νs Ce  

(figure not given. 13) and values are presented in Table 1. 

Moreover, the correlation coefficients obtained are shown in 

Table 1 and it was used as the fitting criteria with 

experimental data. From Table 1 it can be revealed that the 

Correlation coefficient (R
2
 = 0.964) value for Lamgmuir 

isotherm model was low than Freundlich (R
2
 = 0.99),which 

suggested that the isotherm parameters was least fitted with 

experimentaldata. The dimensionless separation factor 

parameter, RL was observed by following equation 

                          

         
⁄                                                                                           
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Where b is the Langmuir constant and Ci is the initial Cr(VI) 

concentration (mg/L), Where RLvalues indicates the affinity 

between the adsorbate and adsorbent. The observed values of 

RLwere0.004, 0.003, 0.003, 0.002, 0.002 for each initial 

Cr(VI) (From 200 to 500 mg/L) in Biosorption of Cr(VI) from 

aqueous solution. It was found between 0 and 1, which 

suggested the favourable biosorption of Cr(VI) on Cassia 

fistula fruit.  

3.3.2 Freundlich model 

The Freundlich isotherm is an empirical equation and it 

assume that adsorption occur on heterogeneous surface by 

multilayer [10]. It’s linear form of equation as shown here:  

      

       

     
⁄                                                                                                    

Where Kf  and1/nf  are constant that are considered to be  

biosorption capacity biosorption intensity respectively.  The 

empirical constants values of  Kf and nf  were determined from 

the slope and intercept of log qe νs. log Ce  and result are 

shown in Table 1. It is revealed from Table 1 that Values of n 

are larger than 1, which indicted the favourable nature of 

biosorption on Cassia fistula fruit [11]. Moreover, the 

correlation coefficient (R
2
) value for Freundlich isotherm was 

more than Langmuir isotherm model. It suggested that 

experimental data of biosorption of Cr(VI) better fitted with 

Freundlich isotherm model and similar result reported by 

other researcher also [12].  

Table 1.  Biosorption isotherm constants of various models 

obtained through linear regression analysis for Cr(VI) uptake 

by Cassia fistula fruit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

This work shows that Cassia fistula fruit is abundantly 

available and cheapbiosorbent for the removal of Cr(VI) from 

waste water.  The biosorption of Cr(VI) equilibrium data have 

been tested using Langmuir, Freundlich isotherm model.  It 

was found that Freundlich model (R
2
 = 0.99) was better fitted 

with experimental data than Langmuir model (R
2
 = 0.964). 

The maximum value of biosorption capacity was 

observed18.77 mg/g at pH 2 of Cr(VI) solution. EDX and 

FESM analysis was supported the Cr(VI) uptake on Cassia 

fistula fruit. It can be used as an alternative biosorbent 

material for removal of Cr(VI) from waste water.   
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