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ABSTRACT 
The present study shows that the adsorbent husk powder derived from Cajanus cajanseed can be used 

as a potential adsorbent for the removal of Cr (VI) ions from aqueous solution. Batch adsorption 

studies were carried out as a function of contact time, adsorbent dosage, concentration of adsorbate, 

pH and temperature. Equilibrium was attained at 35 min. The amount of Cr (VI) ion adsorbed (mg/g) 

was found to be increase with increase in contact time, dosage, pH and concentration of adsorbate. 

The highest adsorption capacity was found to be 79.98 % which was obtained at 5 mg/L Cr (VI) ion 

concentration and 0.5 g/50 mL adsorbent dose. pH 7 was chosen as the optimum pH and better 

adsorption occurred at 306.5 k temperature. Equilibrium data fitted satisfactorily with Langmuir 

isotherm model whereas the adsorption kinetic data were evaluated by pseudo-second order kinetics. 

Based on the calculated thermodynamic parameters like enthalpy (∆𝐻), entropy (∆𝑆) and Gibbs free 

energy (∆𝐺). It is shows that the adsorption of Cr (VI) ion was spontaneous and exothermic process. 

The results demonstrated that Cajanus cajanseed husk (CCSH) have potential to be employed as the 

adsorbent for the adsorption of Cr (VI) metal ions from aqueous solution.  

Keywords: Adsorption, Chromium, isotherms, kinetics, thermodynamic parameters. 

 

INTRODUCTION 

Many industries such as paper and pulp, paint and pigments, plastics, leather tanning and textile 

industries generate huge amount of colored effluent and considerable number of toxic metals. The 

excrete of such effluents causes toxicological and aesthetical problems. This also inhibits the sunlight 

penetration into the inland water surface and therefore, reduces photosynthetic activity of aquatic 

plants [1,2]. Rhodamine B and Cr (VI) are widely used in the above industries. It is harmful when it 

spiflicates by human beings and animals, and causes irritation to the skin, eyes and respiratory tract [3, 

4]. Moreover, its carcinogenicity, reproductive and developmental toxicity, neurotoxicity and chromic 

toxicity towards humans and animals have been experimentally proven [5-7]. Thus, removal and 

remediation of this hexavalent chromium and dye from the industrial effluents is of significant 

environmental and commercial importance. Recently more contemplation was paid on biomass 

adsorbents due to its lower cost and higher adsorption capacity towards metals and dyes. It was 

reported that the adsorption capacity of the bio-adsorbent for metals and dyes could be improved 

greatly through chemical and physical modification [8-10]. However, literatures on the adsorption of 

Cr (VI) biomass-based adsorbents are scarce. In the present study, an investigation has been carried 
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out to check the adsorption capacity of Cajanus cajanseed husk (CCSH) as a novel low-cost adsorbent 

to remove the Cr (VI) ions from waste water. The generation of Cajanus cajanseed husk from 

preparation of pulse process creates the solid waste management problem. This study may help to 

reduce the cost of waste disposal and provide an alternative adsorbent to the existing commercial 

activated carbon to remove the tannery wastewater pollutants such as ions of Cr (VI) metal. The 

influence of principal operational parameters of adsorption such as the effect of pH, adsorbent dosage, 

concentration, pH and temperature, was monitored to optimize the adsorption process for its possible 

use as a low-cost adsorbent in the field of wastewater treatment. 

 

MATERIALS AND METHODS 

Materials: 

A 1000 ppm hexavalent chromium stock solution was prepared by dissolving 5.66 g of 

potassium dichromate (K2Cr2O7) in 1 L if distilled water and various initial concentrations were 

prepared by subsequent dilution of this stock. All the chemicals used were A. R. grade from M/S SD. 

Fine Chemicals Ltd., Mumbai. 

Preparation of Adsorbent: 
Cajanus cajan gram seeds were collected from local market and soaked in distilled water up to 

24 hrs. Separate the husk from its pulses and dried in the absence of sunlight. The dried material was 

ground to fine powder and passed through sieves of different sizes. Powder obtained of 60 𝜇 mesh size 

was kept in an air tied bottle for experimental uses. 

Batch adsorption experiments: 
Batch adsorption studies were carried out under different conditions of contact time, adsorbent 

dosage, initial concentration of adsorbate and pH of solution. Batch adsorption experiments were 

performed by appropriate amount of CCSH adsorbent in 50 mL aqueous hexavalent chromium 

solution with various initial concentration at different pH using glass stoppardconical flask. The initial 

pH of the solution was adjusted by using 0.1 N HCl and 0.1 N NaOH solutions. The conical flask 

containing aqueous hexavalent chromium solution and CCSH adsorbent was stirred continuously to 

make provision for preferable mass transfer with high interfacial surface area. The experiments were 

carried out at temperature 301.5 k. After the accurate time the contents of the flask were filtered and 

amount of chromium metal ion was determined using diphenyl carbazide by spectrophotometrically. 

The effect of Cr (VI) concentration was then carried out using 5, 10, 15, and 20 ppm of Cr 

(VI) solution on equal amount of adsorbent. The effect of the adsorbent dosage on the equilibrium 

adsorption of Cr (VI) on CCSH were studied at different adsorbent dosage between 0.25 to 1.00 g. The 

adsorption kinetics was studied by adsorption of Cr (VI) ions from aqueous solutions at different time 

intervals. The effect of pH was studied at pH between 1 to 11 by addition of appropriate amount of 

adsorbent. The batch experiments were also carried out at different temperatures between 306.5 – 

326.5 k. After adsorption, the adsorbent and the supernatants liquid were analysed for residual Cr (VI) 

ion concentration. The optical density was analysed using a UV – Visible single beam 

Spectrophotometer at λ max = 540 nm. 

The amount of Cr (VI) metal ions adsorbed per unite weight of CCSH adsorbent at time, t,  𝑞𝑡 

(mg/L) and percentage Cr (VI) ion adsorption capacity was calculated as 

𝑞𝑡 =
𝑉(𝐶𝑜−𝐶𝑡)

𝑀
         (1) 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
(𝐶𝑜−𝐶𝑡)

𝐶𝑜
× 100   (2) 

Were, 𝐶𝑜 is the initial concentration of Cr (VI) ions (mg/L), 𝐶𝑡 is the concentration of Cr (VI) ions at 

any time 𝑡, 𝑉 is the volume of solution (mL) and M is the mass ofCCSH (g). 

 

RESULT AND DISCUSSION 

Effect of contact time and initial concentration: 
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 The adsorption of the Cr (VI) ions by CCSH was studied at various time intervals (0 to 35 

min.). Various concentrations of 50 mL Cr (VI) ion solutions were taken at different conical flasks and 

each flask adds 0.5 g. of adsorbent, and then filtered after 5, 10, 15, 20, 25, 30, 35 min. time intervals 

respectively. The filtrates were then analysed using spectrophotometer. The amount of Cr (VI)ions 

adsorbed was calculated for each sample, and graph is plotted percentage adsorption capacity against 

time. It is shown in fig.1: 

 
 

From the graph, it is indicating that the percentage amount of Cr (VI) ion adsorption increased 

with increase in contact time for the adsorbent as well as increase in initial metal ion concentration. 

This increase could be due to the availability of the uncovered surface areas of the adsorbents since the 

adsorption kinetics depends on the surface area of the adsorbent [11]. This could also be explained in 

terms of the progressive increase in the electrostatic interaction between the metal ion and the 

adsorbent active site; moreover, more adsorption sites were being covered as the metal ions 

concentration increased [12]. Besides, higher initial concentration led to an increase in the affinity of 

the metal ion towards the active sites [13]. As the result of the above observations, it is concluded that 

the adsorption process of Cr (VI)ion on CCSH adsorbent to be dependent on initial concentration of 

chromium metal ion solution up to same extent. 

 

Effect of adsorbent dosage: 
The effect of CCSH dosage on removal of Cr (VI) is shown in fig. 2. To study the effect of 

adsorbent dose on Cr (VI) ion adsorption, different amounts of adsorbents varying from 0.25 to 1.0 g 

were respectively added to initial concentration 5 mg/L Cr (VI) metal ion solution. The mixture was 

shaken into 250 mL stoppered flasks at 28.5 ºC until equilibrium time was reached. 
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Fig.1: Effect of contact time at different initial concentration of Cr (VI) ion on CCSH adsorbent.
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From fig. 2. the percentage adsorption increased with increase in the amount of CCSH from 

0.25 to 1.0 g. The percentage adsorption of Cr (VI) ion increased from 30.97 to 82.20 %. This increase 

was due to the availability of more surface-active sites and porosity resulting from the increased the 

adsorbent dosage of the CCSH adsorbent [14-15]. 

 

Effect of pH:  
 The solution pH is an important monitoring parameter governing an adsorption process. It not 

only influences the degree of ionization of the adsorbate but also the surface charge of the adsorbent 

species presents in the solution. Effect of pH on adsorption was studied using 5 mg/L Cr (VI) 

concentration. pH 2.0 to 11.0 at 28.5˚C, results are given in fig.3. 

 
The graph indicates that the adsorption capacity of Cr (VI) ion onCCSH adsorbent was 

depends on pH of solution. It can also be observed that the adsorption of Cr (VI) ion increased with 

increasing pH to reach a maximum value at pH range 7.0. No significant increase in adsorption was 

observed beyond 7.0. Lower adsorption of Cr (VI) metal ion at acidic pH is probably due to the 

presence of excess H+ ions competing with the cation group on the Cr (VI) metal ion for adsorption 

sites. At higher pH, the surface of CCSH adsorbent may get negatively charged, which enhance the 
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Fig.2:Effect of adsorbent dosage of CCSH on adsorption on Cr (VI) ions.
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Fig.3:Effect of pH on adsorption of Cr (VI) ions on CCSH adsorbent.

            (Initial conc = 5 ppm, Adsorbent dosage = 0.5 g, Temp = 301.5 k & Volume = 25 mL)
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positively charged Cr (VI) ions through electrostatic forces of attraction [16]. The results allowed us to 

know more favourable values of pH to obtain a higher degree of water purification. In this way, 

greater adsorption was observed with CCSH at pH 7.0 (84.28 %) and after 24 hrs. at pH 7.0 (92.91 %). 

 

Effect of temperature: 

 Temperature has a pronounced effect on the adsorption capacity of CCSH adsorbents. The 

temperature effect was investigated for temperatures ranging from 306.5 to 326.5 k.  

 
Fig.:4 shows that the percentage of adsorption of Cr (VI) ion decreases with increase in 

temperature. Since adsorption is an exothermic process. Thus, the adsorption of Cr (VI) metal ion is 

leading to a decrease in the residual forces on surfaceof CCSH adsorbent and hence causing a decrease 

in the surface energy of the adsorbent [17]. 

 Thermodynamic study was performed to find the nature of adsorption process. 

Thermodynamic parameters such as Gibbs free energy change (∆𝐺0), enthalpy change (∆𝐻0) 

and entropy change (∆S0) were calculated by using Van’t Hoff’s equation. 

𝐾𝑐 =  
𝐶𝑎𝑑

𝐶𝑒
     (3) 

∆𝐺0 = − 𝑅𝑇 ln 𝐾𝑐    (4) 

Where ∆𝐺0 = ∆𝐻0 − 𝑇∆𝑆0         (5) 

log 𝐾𝑐 =  
∆𝑆0

2.303𝑅
− 

∆𝐻0

2.303𝑅𝑇
   (6) 

Where,𝐾𝑐 is the equilibrium constant,𝐶𝑎𝑑 is the amount of Cr (VI) ion adsorbed per litre of the solution 

at the equilibrium, 𝐶𝑒 is the equilibrium concentration (mg/L) of the Cr (VI) in the solution, T is the 

temperature in kelvin and R is the gas constant (8.314 J/mole). The values of ∆𝐻0 and ∆𝑆0 were 

determined from the slopes and intercepts of the plot of log 𝐾𝑐  against  
1

𝑇
  respectively. 

Table: 1. Thermodynamic parameter values of CCSH adsorbent with Cr (VI) ion solution at  

different temperatures. 

Temperature (K) (∆G°) KJ/mole (∆H°)  KJ/mole (∆S°)   J/mole 
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Fig.4:Effect of temperature on adsorption of Cr (VI) ion on CCSH adsorbent.

           (Initial conc.= 5 ppm, Adsorbent dosage = 5 g & pH = 4.9)
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306.5 -8.682 

-2.205 -5.704 

311.5 -8.145 

316.5 -7.608 

321.5 -7.071 

326.5 -6.534 

 

The ∆𝐺0 values obtained in this study for the Cr (VI) ion are less than -10 KJ /mole, it 

indicates that physical adsorption was the predominant mechanism in the adsorption. The Gibb’s free 

energy indicates the degree of spontaneity of the adsorption process, where more negative value 

reflects a more energetically favourable adsorption process. The negative value of ∆𝐺0 indicates that 

the adsorption the adsorption is favourable and spontaneous [18, 19]. Negative values of ∆𝑆0 and 

 ∆𝐻0 suggests that the decrease disorder and randomness at the solid solution interface with 

exothermic adsorption. 

 

Adsorption isotherm: 

It is very important for the description of how molecules of adsorbate interact with surface of 

adsorbent. Hence Langmuir and Freundlich adsorption isotherms were selected in the present study. 

 Langmuir adsorption isotherm describes quantitatively the formation of a monolayer adsorbate 

on the outer surface of the adsorbent and after that further adsorption does not takes place. Langmuir 

adsorption is valid for monolayer adsorption onto the surface containing a finite number of identical 

sites. The linear Langmuir isotherm equation is given by, 
𝐶𝑒

𝑞𝑒
 = (

1

𝑄0
) 𝐶𝑒 + 

1

𝑏𝑄0
        (7) 

Where, 𝐶𝑒 (mg/L) is the equilibrium concentration of the adsorbate, 𝑞𝑒 (mg/g) is the amount of 

adsorbate adsorbed per unit mass of adsorbent at equilibrium, 𝑄0 (mg/g) and b (L/mg) are Langmuir 

constants related to maximum monolayer adsorption capacity and energy of adsorption respectively. 

Values of 𝑄0 and b are calculated from the slope and intercept of plot 
𝐶𝑒

𝑞𝑒
 and 𝐶𝑒 respectively. The basic 

features of the Langmuir isotherm may be expressed in terms of equilibrium parameter𝑅𝐿. Which is 

dimensionless constant referred to as separation factor or equilibrium parameter [20].  

𝑅𝐿 = 
1

1+𝑏𝐶0
         (8) 

Where, 𝐶0 is initial concentration of Cr (VI) in ppm and b is Langmuir constant related to the energy 

of adsorption. 𝑅𝐿 value indicates the adsorption nature to be either unfavourable if 𝑅𝐿> 1, linear if 𝑅𝐿= 

1, favourable if 0 <𝑅𝐿< 1 and irreversible if, 𝑅𝐿= 0 [21]. 

 Freundlich adsorption isotherm for non-ideal adsorption on heterogeneous surfaces as well as 

multilayer adsorption and is also expressed as,  
𝑥

𝑚 
 = 𝐾𝑓𝐶𝑒

1/𝑛         (9) 

Where, 𝑥 is the quantity adsorbed, 𝑚 is the mass of CCSH adsorbent, 𝐶𝑒 is the equilibrium 

concentration of Cr (VI) ion (mg/L), The constants 𝐾𝑓 and 𝑛 can be obtained by taking log on both 

sides of equation (9) as follows, 

log
𝑥

𝑚
 = 

1

𝑛
log 𝐶𝑒 + log 𝐾𝑓       (10) 

The constant 𝐾𝑓 is an approximate indicator of adsorption capacity, while 
1

𝑛
 is a function of the 

strength of adsorption in the adsorption techniques [22]. If 𝑛 = 1 then the partition between the two 

phases does not dependentson concentration. If value of 
1

𝑛
 is below one, it indicates a normal 

adsorption, on the other hand 
1

𝑛
 being above one indicates co-operative adsorption [23]. A plot of log

𝑥

𝑚
  

against log 𝐶𝑒 gives a straight line with an intercept on the ordinate axis. The value of n and 𝐾𝑓 can be 

obtained from the slope and the intercept of the linear plot. 
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Table: 2. Isotherm parameters for the adsorption of Cr (VI) ions on CCSH adsorbent. 

Conc. of Cr 

(VI) metal ion 

(mg/L) 

Langmuir constants Freundlich constants 

Q0 (mg/g) b 

(L/g) 
𝑅𝐿 𝑅2 n 𝐾𝑓 

 (mg/g(L/g))1/n 

𝑅2 

5 357.14 2.80 0.067 0.994 5.74 0.717 0.962 

 

The 𝑅𝐿 value was found to be between 0 to 1 for Cr (VI) ion studies, it is confirmed that the on-going 

adsorption of Cr (VI) ion is favourable. The data reveal that the Langmuir model yields better fit than 

Freundlich model. The value of n suggests that deviation from linearity, if n = 1the adsorption is 

homogenous and there is no interaction between adsorbed species. The value of n is greater than unity, 

(1< n <10), that means favourable adsorption [24]. If value of 
1

𝑛
> 1 indicates the adsorption is 

favoured and new adsorption sites are generated [25-28]. The value of n was found to be greater than 

1(1< n <10), this indicates favourable adsorption. 

 

 

Adsorption kinetics: 

The kinetics of adsorption was carried out to calculate the adsorption rate constants. Various 

kinetic models can be suggested for an adsorption including the Lagergren pseudo-first order kinetics 

and pseudo-second order kinetics. 

 Pseudo-first order kinetics is present to describe the rate of adsorption process in liquid-solid 

phase. The Lagergren pseudo-first order rate equation is given as,  
𝑑𝑞

𝑑𝑡
=  𝐾1(𝑞𝑒 − 𝑞𝑡)      (11) 

After definite integration by applications of the conditions 𝑡 = 0  to 𝑡 = 𝑡  and  𝑞 = 0 to 𝑞 = 𝑞𝑒  

Equation (11) becomes, 

log(𝑞𝑒 − 𝑞𝑡) =  log 𝑞𝑒 −  
𝐾1

2.303 
𝑡                (12) 

Where, 𝑞𝑒 (mg/g) is the amount of adsorption at equilibrium, 𝑞𝑡 (mg/g) is the amount of adsorption at 

time t (min.) and  𝐾1 (min-1) is the rate constant of the pseudo-first order model. Based on experimental 

results, linear graphs were plotted between log(𝑞𝑒 − 𝑞𝑡) versus t, to calculate  𝐾1, 𝑞𝑒  and𝑅2. 

 The pseudo-second order equation is developed by Ho can be written as,  
𝑑𝑞

𝑑𝑡
=  𝐾2(𝑞𝑒 − 𝑞𝑡)2                  (13) 

Where,  𝐾2 (g.mg-1min-1) is the rate constant of the pseudo-second order. Integrating equation (13) for 

the boundary conditions𝑡 = 0 to 𝑡 = 𝑡 and  𝑞 = 0 to  𝑞 = 𝑞𝑒 givesthe linear form of equation is 
𝑡

𝑞𝑡
=

1

𝐾2 𝑞𝑒
2 +  

1

𝑞𝑒
t           (14) 

𝐾2  and  𝑞𝑒 can be obtained from the intercept and slope of plotting 𝑡 𝑞𝑡⁄  against 𝑡. 

 

Table: 3. Kinetic parameter values of adsorption of Cr (VI) ions on CCSH adsorbent. 

Concentration of 

Cr (VI) ion (mg/L) 

 

Pseudo-first order Pseudo-second order 

𝐾1 

(𝑚𝑖𝑛)−1
 

𝑞𝑒 (mg/g) 𝑅2 K2 

(g/mg.min) 
𝑞𝑒 (mg/g) 𝑅2 

5 4.284*10-2 97.34 0.984 1.350*10-3 222.22 0.997 

 

The value of 𝑅2 with first order kinetics was 0.984, while for second order is 0.997 for CCSH 

adsorbent. It is clear that the adsorption of Cr (VI) ion on CCSH adsorbent was better represented by 

pseudo-second order kinetics. Data indicates that the adsorption system belongs to the pseudo-second 

order kinetic model. 
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CONCLUSION: 

The percentage adsorption capacity of Cr (VI) ion on CCSH adsorbent increases with increase 

in adsorption dosage, initial metal ion concentration. At low temperature percentage adsorption 

capacity of Cr (VI) ion was high. Negative value of ∆G0 conforms that the feasibility of the reaction 

and spontaneous nature of adsorption. The negative values of ∆𝑆0 and  ∆𝐻0 indicates that the 

decreased disorder and randomness at the solid solution interface with exothermic reaction. The 

experimental data for the adsorption of Cr (VI) ion on CCSH fits well for the Langmuir adsorption 

isotherm model as well as pseudo-second order kinetics. The investigation conforms that CCSH 

adsorbent was agricultural waste, abundant, cheap, easily available and eco-friendly effective 

adsorbent, which could be used as potential adsorbent for removal of Cr (VI) metal ions from aqueous 

solution and polluted waste water. 
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