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ABSTRACT: Wild Tamarind (Lysiloma latisiliquum) Seed powder was used as adsorbent for removal of Eosin 

Yellow from aqueous solution. Experiments were carried out under various conditions like contact time, initial dye 

concentration, pH, dosage, temperature to evaluate the capability of the adsorbent for dye removal. The percentage of 

dye removal decreased with increase in initial dye concentration and increased with increase in biosorbent dosage. 

Kinetic studies were done using pseudo first order and second pseudo order models. The experimental data was well 

fitted for pseudo second order model. Langmuir, Freundlich and Tempkin models were used for analysing the 

equilibrium data. Maximum monolayer adsorption was observed to be 14.925 mg/g using Langmuir isotherm model.      
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I. INTRODUCTION 

 

Textile industries consume massive volumes of water and chemicals for the wet process of textiles. The 

presence of very low concentrations of dyes in effluent discharged from these industries is highly visible and 

undesirable [1]. Dyes are widely used in industries including textile, printing, plastic, pharmaceutical, leather, paper 

and a food processing[2,3].Most of the dyes are stable to light and oxidizing agents and non-biodegradable in 

nature[4].Generally dyes are classified into three types (a) anionic: acid and reactive dyes (b) cationic: all basic dyes 

and (c) non-ionic: dispersed dyes. Eosin Yellow (EY) belongs to anionic dye that is used in wool and silk to give red 

color with a yellow fluorescence [5].Eosin Yellow is a pink water soluble acid dye (anionic dye) which also displays 

yellow-green fluorescence and with wavelength of maximum absorbance of 517nm [6,7].Even small amount of dye 

will harm not only marine but also human life. The majority of these dyes are of synthetic origin and toxic in nature 

with suspected carcinogenic and genotoxic effects [8-10]. Textile industries form the share of industries with the 

greatest problems associated with effluents due to their complex composition and elevated coloration [11]. Therefore, 

the dye content must be removed from the effluent water which is released from textile, paint industries. There are 

many conventional methods for removing dye content from industrial wastewater, for example adsorption, nano 

filtration, ozonation, and electro flotation [12-14]. Among these methods, adsorption has been found to be the best 

technique for waste water purification [15-17] because of its ease of operation, non-sensitivity to toxic substances and 

cost efficient. Carbon is used as adsorbent but the cost of the process increases due to the cost involved in the 

regeneration therefore the natural adsorbents are used in the process.  The natural adsorbents main sourced from 

agricultural waste such as rice husk [18-24], Mango seeds [23], peanut husk [22], Moringaoliefera seeds[25], Coffee 

grounds [26].Consequently, various types of biosorbent, which are able to bind dye molecules and be easily 

regenerated, have been extensively searched and tested [27,28] . 
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II. MATERIALS AND METHODS 

 

1. Chemicals:  

Eosin Yellow is an anionic dye and is used in the present study. The dye is purchased from a local vendor. 

Stock solutions were prepared by dissolving 1.0g of EY in 1L of distilled water to form a 1g/L dye solution. Further, 

this solution is diluted in a serial manner to obtain required concentrations for the experiment. The pH of the solutions 

were adjusted using 0.1N NaOH and 0.1N HNO3.  

 

2. Preparation of Biosorbent:  

The seeds of Lysiloma latisiliquum are collected near Kolkata in West Bengal. The plant was rinsed with tap 

water to remove sand and fine dust particles. Later, it is washed several times with distilled water and dried in an oven 

drier at 650C for about 72h. The dried seeds are then ground with a grinder and the powder obtain is stored in an air 

tight glass container and used for experimental purpose without any further pre-treatment.  

 

3. Biosorption Studies:  

Biosorption studies were performed in batch mode and were carried out in a 250mL conical flasks with 

100mL of dye solution. The flasks were agitated using an orbital shaker for 2h for different time intervals at 

temperature of 300C. The effect of contact time (1,3,5,10,15,20,25,30,40,50,60,,90,120,150, 180 mins), initial dye 

concentration (20, 50, 100, 150 mg/L), pH (2, 3, 4, 5, 6, 7, 8, 9), biosorbent dosage (0.5, 1.5, 2.0, 2.5 g) and 

temperature (25,30, 35, 40, 45 0C) was examined in the present study. Samples were taken at pre-determined intervals 

for measuring the final dye concentration in the solution. These samples were centrifuged to separate solid and liquid 

phases. The residual dye concentration was measured using a UV Spectrometer at an absorbance of 516.5nm. The 

amount of dye adsorbed onto the biosorbent was estimated using the following equations:  

𝑞 =
𝐶𝑖 − 𝐶𝑒

𝑚
𝑉 

% 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 =
𝐶𝑖 − 𝐶𝑒

𝐶𝑖

× 100 

where Ci is the initial dye concentration, Ce is the equilibrium dye concentration in solution (mg/L), V is the volume of 

solution (L) and m is mass of adsorbent (g). 

 

4. Biosorption equilibrium & Kinetics:  

The equilibrium and kinetic experiments were performed by adding 1.0g of biosorbent to 100mL of the 

Eosin Y dye solution with different initial concentration of 25mg/L, 50mg/L, 100mg/L, 150 mg/L at room 

temperature (300C). The solutions were agitated at 180rpm using an orbital shaker for 120 mins which is sufficient to 

reach the equilibrium time. The samples were then subjected to centrifugation and were analyzed. 

 

 

III. RESULTS AND DISCUSSIONS 

1. Effect of Contact Time:  

The effect of contact time has been studied at temperature 303K, pH 5.5 and dye concentration of 50 mg/L. 

The results are represented in Fig 1 and it revealed that the adsorption rate was high initially till 30mins and reached 

constant rate at 60mins. Hence, the equilibrium time was taken as 60mins. This could be due to availability of active 

sites initially on the surface of biosorbent. Further experiments were carried out based on this equilibrium time. 
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Figure 1. Effect of contact time on the adsorption of Eosin Yellow onto LL seed powder. 

 

2. Effect of initial dye concentration and pH: 

The dye uptake is mainly based on the initial dye concentration. The effects of initial dye concentration on 

removal of MG were shown in Fig 2. It was observed that biosorption capacity decreased from 79.71% to 61.33% as 

the initial concentration of MG increased from 20mg/L to 150mg/L.  

The pH of the solution affects the binding sites present on the surface of the adsorbent. It also affects the 

adsorption process through dissociation of functional groups onto surface of the adsorbent. The effect of pH was 

studied with the initial concentration, contact time, amount of adsorbent and temperature were fixed at 20mg/L, 60mins, 

1.0g and 303K respectively. The effects were illustrated in Fig 3. The pH were studies in the range of 2-9. The 

adsorption capacity increased from 71.58% to 83.98% in the pH range of 2-6 and decreased from 83.98% to 61.58% 

within the of 6-9. 

 
Figure 2. Effect of initial concentration on the adsorption of Eosin Yellow onto LL seed powder. (Experimental Data: 

Adsorbent Dosage = 1g/100mL, Contact time = 60 mins, Temperature = 303K). 
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Figure 3. Effect of pH on the adsorption of Eosin Yellow onto LL seed powder. 

 

3. Effect of adsorbent dosage: 

Adsorbent dose is a vital parameter controlling adsorption process as it determines the adsorption capacity of 

an adsorbent. The effect of TO was studied in the range of 0.5g-2.5g. Fig 4 shows that the adsorption capacity 

increased 68% to 83% with increase in dose of adsorbent from 0.5g to 1.5g. This increase can be attributed to an 

increase in availability of sites available for adsorption. Further increase showed no significant rise in % biosorption. 

So, for further experiments, adsorbent dose was chosen as 1.5g. 

 

 
Figure 4. Effect of Adsorbent Dosage on the adsorption of Eosin Yellow onto WTS. (Experimental Data: Initial 

concentration = 20mg/L, Contact time = 60 mins, pH =6). 
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4. Effect of Temperature: 

Temperature is one of the vital factors which affects the adsorption process. For a specific adsorbent dosage, 

increasing the temperature alters the equilibrium adsorption capacity. The investigations were illustrated in the Fig 5. It 

shows that with increase in temperature from 293K to 318K, biosorption capacity also increases from 75.25% to 86.6%. 
 

 
Figure 5. Effect of Temperature on the adsorption of Eosin Yellow onto WTS. 

(Experimental Data: Adsorbent Dosage = 1.5g/100mL, initial concentration = 20mg/L, Contact time = 60mins, pH =6). 

 

 

5. Biosorption Kinetic Studies: 

The kinetic studies provide vital information about the adsorption process mechanism. The two commonly 

used models are Lagergren’s pseudo-first-order, Ho’s pseudo-second-order models. The kinetics are thus investigated 

with the help of these two models and experimental data was analysed. 

   

5.1 Pseudo-first-order kinetic model: 

The underlying assumption in the Pseudo-first-order kinetic model is that the rate of adsorption is directly 

proportional to the number of active sites available. The linear form of pseudo-first-order model is represented in the 

form: 

log(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔𝑞𝑒 − 𝐾1𝑡 2.303⁄  

where qe, qt are the amounts of dye adsorbed at equilibrium and time t (mg/g) and 𝐾1 (min-1) is the adsorption rate 

constant. From Fig 6.1, the correlation coefficient is low and thus suggest that the adsorption kinetics did not follow 

first-order kinetics. 
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Fig 6.1. First Order plots for the adsorption of EY onto LL seed powder 

 

5.2 Pseudo-second-order kinetic model: 

This model is based on the assumption that the adsorption process follows chemisorption of second-order. The 

linear form of Pseudo-second-order model is of the form: 

𝑡 𝑞𝑡 = 1 𝐾2𝑞𝑒
2⁄⁄ + 𝑡 𝑞𝑒⁄  

where, 𝐾2 is the adsorption rate constant (g/ mg min),  𝑞𝑒 , 𝑞𝑡 are the amounts of dye adsorbed (mg/g) at equilibrium and 

time t (min), respectively. From Fig 6.2, the correlation coefficient has a higher value compared to first order and hence 

suggests that Pseudo-second-order kinetics is applicable for adsorption of MG onto LL seed powder. The parameters of 

the two kinetic models are represented in Table 1. 

 

 
Fig 6.2. Pseudo Second Order plots for the adsorption of EY onto LL seed powder. 
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Table 1.    

Kinetic Parameters for adsorption of EY onto Lysiloma latisiliquum seed powder. 

 

Conc MG 

(mg/L) 

𝑞𝑒
𝑒𝑥𝑝 

(mg/g) 

Pseudo-first-order Pseudo-second-order 

𝑞𝑒
𝑐𝑎𝑙(mg/g) 𝐾1(min-1) R2 𝑞𝑒

𝑐𝑎𝑙(mg/g) 𝐾2(min-1) R2 

50 3.735 3.3044 0.051587 0.9869 5.279 0.0093 0.9993 

 

 

6. Analysis of Isotherms: 

Equilibrium isotherm equations are helpful in evaluating experimental data. The parameters obtained from 

these isotherm models gives us essential details about mechanism of adsorption process and surface characteristics of 

the adsorbent. 

              In this study, Langmuir, Freundlich, Temkin isotherm models were used for fitting the experimental data of 

adsorption of MG onto TO. Biosorption isotherm studies were performed by contacting 1.0g of Wild Tamarind Seeds 

powder with 100mL MG solutions of 20 mg/L concentration at pH 5.5 and temperature of 303K. The solution is 

agitated using orbital shaker at constant rpm of 180 for equilibrium time. Entire procedure is repeated for temperatures 

in the range of 298K to 318K. 

 

6.1 Langmuir Isotherm: 

The underlying assumption in this model is that the adsorption process is homogenous and valid for adsorption 

of a solute from a liquid solution as monolayer adsorption on a surface containing a finite number of identical sites. The 

Langmuir isotherm is represented by the following equation: 

𝐶𝑒 𝑞𝑒 = 1 𝑞0𝑏 + 𝐶𝑒 𝑞0⁄⁄⁄  

where, 𝐶𝑒 (mg/L) is the equilibrium concentration of MG, 𝑞𝑒 (mg/g) is the amount of MG adsorbed at equilibrium time, 

and 𝑄0 and 𝑏 are Langmuir constants related to adsorption capacity and energy of adsorption, respectively. Results are 

presented in Fig 7.1 

 

 
             Fig 7.1 Langmuir adsorption isotherm for adsorption of EY onto LL seed powder. 
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6.2 Freundlich Isotherm: 

This is an exponential equation suggested for adsorption onto heterogeneous surfaces. It’s expressed in the 

linear form as:  

ln 𝑞 = ln 𝐾 +
1

𝑛
𝑙𝑛 𝐶𝑒𝑞  

where ‘q’ is the equilibrium biosorption capacity (mg/g), Ceq is the equilibrium concentration of the adsorbate in the 

solution. ‘K’ and ‘n’ are constants related to biosorption process such as biosorption capacity and intensity capacity. Fig 

7.2 illustrates the experimental results.   

 
Fig 7.2 Freundlich adsorption isotherm for adsorption of EY onto WTS. 

 

6.3 Tempkin Isotherm: 

It is based on the assumption that the heat of adsorption of all molecules in the layer decreases linearly due to 

indirect interactions between adsorbate and biosorbent. This model is expressed as: 

𝑞 =
𝑅𝑇

𝑏
ln (𝐴𝑇𝐶𝑒𝑞) 

where AT (L/mg) and b are Temkin isotherm constants. ‘T’ is the absolute temperature in Kelvin and ‘R’ is the universal 

gas constant (J/mol.K). Ceq is the equilibrium concentration of the adsorbate. Fig 7.3 depicts Tempkin isotherm plot. 

Various parameters obtained for different isotherm models were listed in Table 2.  

 

Table 2. 

Isotherm Parameters 
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Isotherm Parameter Values 

Langmuir 

𝑞0(mg/g) 14.925 

b 0.028 

R2 0.9953 

Freundlich 

K 7.0145 

n 1.308 

R2 0.998 

Tempkin 

AT (L/g) 1.176 

B (KJ/mg) 14.906 

R2 0.9759 
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Fig 7.3 Tempkin adsorption isotherm for adsorption of EY onto WTS 

 

IV. CONCLUSIONS 

Lysiloma latisiliquum seed powder was effective for adsorption of Eosin Yellow under suitable conditions and 

thus serves as a useful adsorbent. The Lysiloma latisiliquum seeds are available conveniently in the open environment 

and are of negligible costs. The adsorption capacity was found to be optimum at pH 6 and the process followed Pseudo 

Second Order Kinetics. The experimental data were analysed using Langmuir, Freundlich and Tempkin isotherms. The 

Freundlich model fitted the best among the three and maximum adsorption capacity was found to be 14.925 mg/g.      
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