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ABSTRACT 
Textile industry is one of the fast growing industries and is consuming and polluting large volumes of water. Four 
isotherms i.e. Langmuir, Freundlich, Tempkin and Dubinin–Radushkevich were studied to evaluate the adsorbent 
efficiency of Vigna Trilobata pod in removal of dye from aqueous solution. Methylene blue was taken as the model 
pollutant in this study.  Among all the above mentioned isotherms Freundlich adsorption isotherm model was found 
to be fitted well with the experimental data with high regression coefficient, R2≥99. Isotherm studies proved that 
Vigna Trilobata pod is very efficient for the removal of Methylene blue.  
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INTRODUCTION 
Dyes are extensively used in textile, paint, printing, leather and tanning industries.  The textile industrial 
sector is considered to be one of the fast-growing industrial sectors.  This growth may have a grave 
impact on the environment1 since it consumes considerably high purity water and generates equally large 
volumes of highly colored polluted water. Every year large amounts, 5000 tons, of dyes are reaching the 
water sources.2 Industries are required to control their discharge by using some measures for 
environmental protection.3,4 

Generally, the effluents from textile industries contain various chemicals, primarily dyes, employed for 
treatments such as scouring, dyeing and finishing of textiles.  Lubricants used in waving equipment, 
spinning equipment and knitting and other equipment also reach these effluents along with additive 
chemicals. Textile industry effluents also contain non-fibrous contaminants removed during initial stages 
of the textile manufacturing process, antistatic agents received through synthetic fibers.5 Toxic dyes that 
reach into the water bodies through textile industries, not only polluting water but also the whole eco-
system and making us prone to chemical exposure and its related health hazards. 
Methods such as Ion exchange, Membrane separation processes, Sedimentation, Precipitation, Flotation, 
Adsorption and oxidation and Biodegradation are generally used for the treatment of aqueous solutions.6 
Among them, adsorption is the widely used treatment method for textile effluents. In spite of the frequent 
utilization of activated carbon as an adsorbent in wastewater treatment frame works, commercially 
available activated carbon remains a costly material. The safe, cheap and comfortable strategies are 
required for the treatment of dye house effluents which stimulated researchers to focus on the preparation 
of biosorbents from easily available and least expensive sources.7 Therefore, a non-conventional method 
such as biosorption seems to be a good method in the future; thus utilization of natural biodegradable bio 
sorbents with minimal effort is the new choice for the environmentalists.23 These biosorbents are eco-
friendly; commercially inexpensive, easily available furthermore ensure complete safety.7 
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EXPERIMENTAL 
Raw Materials 
Chemicals used in this experiment are procured from coastal enterprises, Visakhapatnam, India. 
Glassware and biosorbent were washed under running tap water followed by deionised water.  
 
Preparation of Biosorbent 
Vigna Trilobata pod collected from natural sources was washed thoroughly under the running tap water, 
followed by deionised water. This procedure was continued until the adsorbent did not contain any 
particles or no color appeared in the wash water. Then adsorbent material was dried at sun light for 48 
hours, grounded and subjected to sieving to collect different sized particles.  
 
Preparation of Dye Solutions  
Methylene blue is a synthetic dye generally utilized in cotton and wool industries. Chemically it is 
heterocyclic aromatic tetra methyl thionine chloride which is cationic in nature. 1.0 g of Methylene blue 
was added to 1 L of distilled water to prepare the stock solution of Methylene blue and it was diluted to 
prepare the test solutions of various required concentrations (25 ppm – 150 ppm). 
 
Experimental Procedure for Equilibrium Studies  
Various concentrations of 50 ml dye solutions were placed in 250 ml conical flasks, pH was adjusted by 
using 0.1N NaOH or 0.1N HCl, then 0.1 g of Vigna Trilobata pod was added to all the Erlenmeyer flasks. 
All the flasks were placed at 303 K temperature and at a speed of 150 rpm in an orbital shaker for 90 
minutes, after completion of 90 minutes all the flasks were removed from the orbital shaker. Samples 
were centrifuged for 15 minutes at 3000 rpm and supernatant dye solutions were separated. All the 
supernatant dye solutions concentrations were determined using UV Spectrophotometer. This procedure 
was repeated at different temperatures from 303 K, to 323 K at an interval of 10 K.  
 
Adsorption Isotherm Studies 
In the process of adsorption, adsorbate gets adsorbed on to the adsorbent surface. During the adsorption 
process adsorbate binds to be solid surface as a film.  Type of Adsorption process is usually studied 
through adsorption isotherm models18.  Studying adsorption isotherms is very important for the 
optimization of process conditions during the adsorption process.  Correlation between equilibrium solute 
concentration and adsorption capacity of the adsorbent is expressed in the form of graphical 
representation. In the present study widely used adsorption models such as Langmuir adsorption isotherm, 
Freundlich adsorption isotherm, Tempkin adsorption isotherm and Dubinin-Radushkevich adsorption 
isotherm were studied8, 22. 
 
Langmuir Isotherm: 
In 1916, Irving Langmuir proposed an adsorption model that explains the variation of adsorption capacity 
with pressure. This model is proposed by considering the uniform adsorptive surface of the adsorbent 
and adsorption with equal energies26. Langmuir isotherm describes the active surface area with a number 
of adsorption sites9. Non-linear form of Langmuir isotherm model is defined non-linearly as: 

𝑞 =  
𝑞 𝐾 𝐶

1 + 𝐾 𝐶
 

Where, 
Ce is the equilibrium concentration of the dye solution 
qe is the equilibrium adsorption capacity10, 11 
qm is the maximum equilibrium adsorption capacity  
KL is the energy of adsorption 
The linear form of Langmuir isotherm equation is:24 
 

𝐶

𝑞
=

1

𝑞 𝐾
+  

𝐶

𝑞
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Freundlich Isotherm 
German scientist Freundlich provided an empirical relationship in the year 1909, representing the 
variation of adsorption capacity of adsorbent with equilibrium concentration in solution which is 
accurately described much adsorption data12. It is the most important multisite adsorption isotherm for 
rough surfaces13, 27. Freundlich isotherm model is defined non-linearly as: 
qe = KfCe

1/n 

 
Freundlich model is linearly given as: 

ln 𝑞 = ln 𝐾  +
1

𝑛
ln 𝐶  

Where  
Kf is Freundlich constant related to sorption capacity 
1/n is the Freundlich constant related to the intensity of adsorption 
Ce is the dye concentration at equilibrium state13. 
 
Tempkin Isotherm: 
Tempkin isotherm describes the interaction between Vigna Trilobata Pod and dye pollutants. Tempkin 
considered that the heat of adsorption during the adsorption process decreases linearly11, 14, 15. Tempkin 
isotherm model can be expressed by the following equation. 
 

𝑞 =
𝑅𝑇

𝑏
ln(𝐴 𝐶 ) 

 

𝑞 =
𝑅𝑇

𝑏
ln 𝐴 +

𝑅𝑇

𝑏
ln 𝐶  

𝐵 =
𝑅𝑇

𝑏
 

𝑞 = 𝐵 ln 𝐴 + 𝐵 ln 𝐶  

Where  
Aτ=Tempkin constant (L/g) 
bτ = Tempkin constant which is related to heat of sorption (J/mol)  
Ce= Sorbate equilibrium concentration (mg/L) 
qe= Adsorption capacity in equilibrium (mg/g) 
R= Universal gas constant (8.314 J/mol/K)  
B = Constant related to the heat of sorption (J/mol) 

T= Temperature (K)12, 16.  
 
Dubinin–Radushkevich (DR) Isotherm 
Dubinin–Radushkevich (DR) adsorption isotherm was also used to describe the adsorption on both 
homogeneous and heterogeneous surfaces and to distinguish the adsorption of Methylene blue whether it 
is taking place by physical or chemical adsorption.18,19  
The linear form of the Dubinin–Radushkevich isotherm model is usually applied by the following 
equation: 

lnqe = lnqm- βε2 

 
Ɛ is Polanyi potential can be expressed by the below equation:25 

Ɛ =  RT ln (1 +
1

𝐶
) 

Where qe is the amount of Methylene blue in the Vigna Trilobata Pod (mg/g) at equilibrium state, qm is 
the maximum adsorption capacity, β is the Dubinin–Radushkevich constant, E is mean free energy 
(kJ/mol), T is absolute temperature, R is universal gas constant (8.314 J/mol K) and the intercept of the 
plot lnqe vs Ɛ2gives maximum adsorption capacity qm and slope gives β (mol2/kJ2)20. 
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To determine the nature of adsorption for Methylene blue with its mean free energy E per molecule of dye 
can be computed by the following equation: 
 

𝐸 =
1

√2𝛽
 

Where β is the isotherm constant and E is mean adsorption energy15 

 
If the value of E is less than 8 kJ/mol, it confirms that the adsorption process of dye was controlled by 
physical sorption and if it is between 8-16 kJ/mol it confirms the chemical adsorption21. 
 

RESULTS AND DISCUSSION 

A linear plot obtained when the graph was plotted between Ce and Ce/qe (Fig.-1). It was observed from the 
values in Table-1, regression coefficient R2 value is 0.99 attained for the Methylene blue dye removal on 
Vigna Trilobata Pod. 
 

Table-1: Langmuir Isotherm Parameters for the Biosorption of Methylene Blue Dye 
  

  
 
 
 
 

 

 
Fig.-1: Langmuir Isotherm for Biosorption of Methylene Blue Dye onto Vigna Trilobata pod 

 

Freundlich parameters (𝐾f and n) calculated from the intercept and slope of the linear plot lnqe vs lnCe 
(Fig.-2) were 5.4695 (mg/g) and 1.398 respectively. The application of the linear form of the Freundlich 
model to Methylene blue was proved by the high regression coefficient R2=0.992. The regression 
coefficient values are higher than Langmuir’s isotherm model. Results showed that removal of Methylene 
blue on to Vigna Trilobata pod fits well with Freundlich models than the Langmuir’s isotherm model 
which indicates the heterogeneous adsorption (Fig.-2). 
The Tempkin isotherm parameters AƮ and bƮ were calculated for Methylene blue adsorption onto the 
Vigna Trilobata pod from the graph between lnCe and qe. Due to the low values of adsorption capacity AƮ 
and the regression coefficient in compare with other isotherms the data of equilibrium isotherms of 
Methylene blue adsorption on to Vigna Trilobata pod material is not recommended to describe by the 
Tempkin model (Fig.-3). 

Temperature (K) KL  

(L/mg) 
qm 

(mg/g) 
R2 

293 14.4999 71.42 0.991 
303 16.3983 66.66 0.979 
313 21.5311 66.66 0.983 
323 22.1250 62.50 0.990 
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Table-2: Freundlich Adsorption Isotherm Parameters for the Biosorption of Methylene Blue Dye on to Vigna 
Trilobata Pod 

 
 
 
  
 
 

 
Fig.-2: Freundlich Isotherm for Biosorption of Methylene Blue Dye onto Vigna Trilobata pod 

 
Table-3: Tempkin Isotherm Parameters for The Biosorption Of Methylene Blue Dye Onto 

Vigna Trilobata Pod 
 
 
 
 
 

 
  

 
Fig.-3: Tempkin Isotherm for Biosorption of Methylene Blue Dye onto Vigna Trilobata pod 

 

Data was further applied to the Dubinin–Radushkevich isotherm model to describe the adsorption on both 
homogeneous and heterogeneous surfaces and to know whether the adsorption taking place by 
physiosorption or chemisorption processes. The graph was plotted between ε2 and lnqe and DR isotherm 
parameters were calculated.  
The obtained mean free energy of adsorption (E) was 1.4204 KJ/mol, which is less than 8 KJ/mol 
indicates the physiosorption process (Table-4). 

Temperature (K) 1/n n Kf 

(mg/g) 
R2 

293 0.715 1.398 5.4695 0.992 
303 0.725 1.379 4.637 0.986 
313 0.721 1.386 3.812 0.989 
323 0.707 1.414 3.595 0.990 

Temperature 
(K) 

AƮ (L/mg) bƮ B 
(J/mol) 

R2 

293 0.8599 183.158 13.30 0.983 
303 0.7351 196.34 12.83 0.986 
313 0.5769 209.018 12.45 0.983 
323 0.5532 226.6 11.85 0.982 
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Table-4: DR Isotherm Parameters for Biosorption of Methylene Blue Dye on to  Vigna Trilobata Pod 
  
 
 
 
 
 
 

 
Fig.-4: DR Isotherm for Biosorption of Methylene Blue Dye onto Vigna Trilobata pod 

 
CONCLUSION 

The adsorption of Methylene blue on Vigna Trilobata pod was studied by using four different types of 
adsorption isotherms like Langmuir isotherm, Freundlich isotherm, Tempkin isotherm and Dubinin–
Radushkevich (DR) isotherms. Among them Freundlich adsorption isotherm is having the highest 
regression coefficient value and showed a better fit to the adsorption data than Langmuir, Tempkin and 
Dubinin–Radushkevich (DR) isotherm models in the investigation of the adsorptive removal of 
Methylene blue dye from wastewater using Vigna Trilobata pod. The results revealed that due to multisite 
adsorption, removal of Methylene blue dye occurred. Based on the high adsorption capacity values it was 
concluded that Vigna Trilobata pod can be used as a naturally available low-cost adsorbent for the 
removal of Methylene blue dye from textile industry waste water treatment.  
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