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Abstract

In the present study “groundnut shell powder” was used to adsorb methylene 
blue dye from its modeled aqueous solution. The parameters affecting the 
adsorption process like contact time (1-35 minutes), pH (2-10), initial dye 
concentration (20-100 ppm),temperature (303-333K), adsorbent particle size 
(0.75-300μm) and adsorbent dosage (0.02-0.1g) were studied. The obtained 
equilibrium data was mathematically modeled using the Langmuir, Freundlich, 
and Temkin isotherm models. Further, the adsorption kinetics was determined 
using pseudo-first & second order kinetic models. The important thermodynamic 
parameters like free energy change (∆G), change in enthalpy (∆H) and change 
in entropy (∆S) are estimated to predict the nature of the adsorption process. 
Experimental results show that the adsorption is more favored with an increase 
in contact time, pH, temperature, & adsorbent dosage. It was found that a 
contact time of just 8 minutes is enough to attain adsorption equilibrium. The 
Freundlich equation was found to best represent the equilibrium data with a 
high correlation coefficient (R2=0.999) followed by Langmuir (R2=0.993) & 
Temkin (R2=0.979) isotherm models. The kinetics of the adsorption was found 
to be followed by pseudo-second-order model with rate constant KII=1.76 g/
mg.min. The ΔH and ΔS of adsorption were found to be 6.98 kJ/mol & 0.1kJ/
mol. K, respectively. Moreover, the ΔG of the adsorption was found to be 
negative in all the temperatures and confirms the feasibility and spontaneity 
of the adsorption process. Thus, the positive value of ΔH confirms that the 
adsorption is endothermic together with the positive values of ΔS reflect the 
affinity of the groundnut shell powder for methylene blue uptake. Moreover, it 
also shows theincreased randomness at the solid-liquid interface with some 
structural changes on the adsorbent. Therefore, the adsorption was found to be 
spontaneous only at high temperatures subject to the limitation T∆S>∆H. 

Keywords: Adsorption; Groundnut shell powder; Methylene blue, 
Isotherms, Kinetics, Thermodynamics.

the cellulosic fibers, nearly 50% of the dyes are lost in to the effluents 
[2,3]. These effluents containing dyes undergo reductive cleavage 
of N=N linkage and produce toxic amines causing severe health 
effects on living organisms during metabolism [4]. In particular, the 
major effect on humans include carcinogenic effects, cause severe 
mutagenic, and damage to vital organs such as kidneys, brain, central 
nervous system etc [5]. In light of the adverse effect on health, the dye 
removal from wastewater has received enormous attention over the 

Abbreviations 
Co & Ct: Initial Concentration & Concentration of solute in the 

solution at any Time t, mg/l; Ceq: Concentration of Adsorbate in 
Equilibrium, mg/l; qeq: Dye uptake, mg/g (amount of dye adsorbed 
per unit weight of adsorbent at equilibrium); W: Weight of adsorbent; 
V: Volume of solution, ml; dp: Particle size of the adsorbent, μm; R2: 
Correlation coefficient; qmax: Maximum sorption capacity, mg/g (qeq 
for a complete monolayer); b: Langmuir isotherm constant, L/mg; KF: 
Freundlich isotherm coefficient; m: Measure of adsorption intensity; 
AT& BT: Temkin isotherm constants, L/mg; KI: Pseudo-First order 
rate constant, (min-1); KII: Pseudo-Second order rate constant, (g/
mg min); R: Universal gas constant, (8.314 J/mol.K); Ka: Equilibrium 
constant, L/mol; ∆G &∆H: Change in Gibb’s free energy & enthalpy 
of adsorption (J/mol); ∆S: Change in entropy (J/mol K)

Introduction
Among all the dyes, azo dyes represent one of the most versatile 

and largest classes of dyes used in the textile industry and are 
characterized by having an azo group (comprised of Nitrogen double 
bonds (N=N)) and associated chromophores [1]. During dyeing 
process, unfortunately, due to the lower adhesion capacity of dye to 
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Figure 1: Effect of contact time on % Adsorption.
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past few decades. 

Among the diverse dye removal techniques adsorption is the 
preferred method due to its suitability in removing the majority of 
dyes [6]. Activated carbon is the most widely used adsorbent for the 
removal of textile effluents due to their higher adsorption capacity 
& greater effectiveness; however, its use is still limited because of 
its high synthesis cost [7]. Moreover, it is also associated with the 
problems of limited regeneration and difficulty in separation from 
the waste water. On the other hand, non-conventional adsorbents 
come to the rescue of the low-cost wastewater treatment and many 
researchers have focused on finding non-conventional alternative 
adsorbents [6,8]. Non-conventional adsorbents are lower in cost 
due to their origin from industrial & agriculture wastes together 
they offer a non-hazardous route for waste treatment. In particular, 
the use of agricultural waste as an adsorbent and catalyst supports 

have gained huge attention among the research community due 
to their abundance. Unlike activated carbons; they do not require 
complex pretreatment and activation before their application and 
also regeneration may not be necessary after their use [9]. Moreover, 
they offer less maintenance and supervision cost in the adsorption 
process. Nonetheless, use of these low-cost alternative adsorbents 
for wastewater treatment remains limited due to the one or more 
associated disadvantages like no proper field trial, insufficient 
documentation in real wastewater treatment systems and due 
to insufficient data on the necessity of post-usage regeneration 
or disposal [10]. The extensive review of the literature was made 
for these types of adsorbent in removing contaminant [2,4,6-16]. 
Previously many researchers have assessed the potential of various 
low-cost adsorbents like banana pith, hardwood, De-Oiled Soya, 
Indian Rosewood, bagasse pith, neem leaf powder, orange and banana 
peels, waste coir, barley husk, rice husk, cassava peel, and Mahogany 
sawdust, etc. especially for the dye removal [17]. However, there are 
only a few studies using groundnut shell powder as an adsorbent 
for the removal of methylene blue. Adsorbents which can be easily 
available, economical and high potential & higher effectiveness are 
still needed to evaluate their significance in dye adsorption. This led 
to a search for cheaper substitutes like several agro-industrial residue/
wastes which shows adsorption of dyes with varying success [18,19]. 
Therefore this study will investigate the effectiveness of groundnut 
shell powder as the new adsorbent in removing methylene blue via 
adsorption.

In the present work groundnut shell powder” was used to 
adsorb methylene blue dye from its modeled aqueous solution. The 
parameters affecting the adsorption process like contact time, pH, 
initial dye concentration, temperature, adsorbent particle size & 
adsorbent dosage were studied. The equilibrium data were tested 
using various isotherm models such as Freundlich, Langmuir & 
Temkin models. Further, pseudo-first order & pseudo-second-order 
kinetic models were tested for the best fit of experimental data. The 
important thermodynamic parameters like free energy change (∆G), 
enthalpy change (∆H) and entropy change (∆S) were estimated to 
predict the nature of the adsorption process.

Materials and Methods
Materials used in this study like methylene blue dye, sodium 

hydroxide, and hydrochloric acid were purchased from Ranbaxy 
laboratories India limited and used as received without any further 
purification. Groundnut shells used in the present study were collected 
from the local vendor near Andhra University, Visakhapatnam. 

Experimental procedure
The groundnut shells were sun-dried for 10 days and then 

subjected to size reduction in biomass grinder. The obtained powder 
was screened for different particles sizes ranging from 0- 300μm and 
stored in an airtight container for further use as an adsorbent.

 A stock solution of 1000 mg/L was prepared by dissolving 1 
g of dye in 1000 ml of distilled water which is later diluted to the 
required concentration (20-100 mg/l). All the solutions are prepared 
using double distilled water. Solution pH was adjusted by adding 
HCl and NaOH, as required. In each experiment, accurately weighed 
amount of groundnut shell powder is added to 30 ml of dye solution 

Figure 2: Effect of contact time on Dye uptake.

Figure 3: Effect of pH on % Adsorption.

Figure 4: Effect of pH on Dye uptake.
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of desired concentration in a 250 ml conical flask and the mixture is 
agitated at 200 rpm in an orbital shaker with an incubator. Samples 
are withdrawn at regular intervals of time and then subjected to 
centrifugation. After centrifugation, the samples were analyzed for 
the residual concentrations of methylene blue. 

The absorbance values of the solution at the characteristic 
wavelength (λmax =665nm) was used to determine the concentration 
of methylene blue. Digital photo colorimeter [NCM-508] was used 
to analyze the absorbance. Residual concentration of methylene blue 
in the aqueous solution was determined using the calibration curve 
plotted between different dye concentrations and their respective 
absorbance. Equation-1 & 2 are used to calculate the % adsorption 
& dye uptake respectively [20]. The ranges of adsorption variable 
studied are represented in (Table 1).

% Adsorption = (Co-Ct)/Co ×100		  (1)

Dye Uptake, qt = (Co-Ct)×V)/W 		  (2)

Results and Discussion
The effect of various process parameters on the adsorption of 

methylene blue was first analyzed graphically and then attempted 
to theoretically justify the observations made from the graphical 
analysis. 

Effect of contact time (t)
The time course profiles for the adsorption of methylene blue from 

its aqueous solution of concentrations ranging from 20 to 100 mg/L is 
shown in (Figure 1, Figure 2). It was observed that the % adsorption 
was increased with increase in contact time. The rate of adsorption 
was fast during the initial contact time of 5 minutes and in between 
5 to 8 minutes the rate of adsorption was slow. After 8 minutes of 
contact time there was no change in % adsorption was observed. This 
was due to the approach of equilibrium in just 8 minutes of contact 
time. It is also noteworthy here that with increase in the contact time 
from 1 to 8 minutes the % Adsorption was increased in case of all the 
initial dye concentrations. For example, the % adsorption increased 
from 91 to 95% and dye uptake was increased from 5.46 to 5.7mg/g 
in case of 20 mg/l initial dye concentration. Therefore, the amount 
of dye removed and the amount of dye uptake for a particular initial 
dye concentrationat the end of the equilibrium time (8 minutes) are 
denoted as equilibrium concentration, Ceq (mg/L) and equilibrium 
dye uptake, qeq (mg/g) respectively. For further studies the contact 
time of 8 minutes was kept constant.

Effect of solution pH
Figure 3,4 shows the effect of initial pH on the % adsorption and 

dye uptake respectively. It was observed that with increase in pH 
from 2 to 8 the % adsorption was increased from 76 to 95 and with 
further increase in pH from 8 to 10, the % adsorption was reduced 
to 91.5 in the case of 20 mg/l initial dye concentration. So, pH of 8 
is considered as optimum. Similarly, with increase in pH from 2 to 
8, dye uptake was increased from 4.56 to 5.70 mg/g and with further 
increase in pH up to 10, dye uptake was reduced to 5.49 mg/g. This 

Figure 5: Effect of dye concentration on %Adsorption & dye uptake.

Figure 6: Effect of dosage on % Adsorption and dye uptake.

Figure 7: Effect of adsorbent particle size on % Adsorption and Dye uptake.

Parameters Units Range

From To

Contact time minutes 1 35

Solution pH - 2 10

Initial dye concentration mg/L 20 100

Particle size of adsorbent µm 75 300

Adsorbent dosage g/L 0.02 0.1

Temperature K 303 333

Table 1: Studied parameters and their ranges.

Ci, mg/L KR

20 0.3144

40 0.1862

60 0.1324

80 0.1027

100 0.083

Table 2: KR Values at 303 K relating to the initial dye concentrations at pH 8.0.
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behavior can be attributed to the fact that at lower pH values both 
the hydrogen ions as well as methylene blue ions compete together 
resulting in less adsorption. As the pH is increased the amount of 
OH- ions will be increased which lead to the electrostatic attraction 
of the positive methylene blue ions towards the negative ions on the 
adsorbent, resulting in an increased % adsorption [21,22]. 

Effect of Initial dye concentration (Ci)
Effect of initial concentration of methylene blue on % adsorption 

and dye uptake at equilibrium contact time was presented in (Figure 
5). It can be observed that with an increase in the initial concentration 
from 20 to 100 mg/L the equilibrium % adsorption was decreased from 
95 to 90.8%. This is due to the fact that at lower initial concentrations, 
as the dye molecules concentration is low, the complete interaction 
between the dye molecules with the binding sites of the adsorbent is 
possible and hence, higher % adsorption is observed [23,24]. As the 
concentration is increased, the availability of the binding sites ofthe 
adsorbent with dye molecules decreases, which in turn, reduces the 
dye removal capacity of the adsorbent. Similarly, with increase in 
the initial concentration from 20 to 100 mg/L, the equilibrium dye 
uptake was increased from 5.7 to 27.24mg/g. similar trends were also 
reported in other literature [25].

Effect of adsorbent dosage (W)
It is known thatincreasing the amount of adsorbent favor 

the removal of dye from its aqueous solution up to a certain limit 
because of increase in the binding sites. After certain threshold limit 
of adsorbent dosage, the removal may be decreased or insignificant 
based on the type of interaction between adsorbate & adsorbent. The 
common goal of any process is to lower/optimize the requirement of 

raw materials. This can have a huge impact not only on the economics 
of the process but also minimizes the wastage. The adsorbent dosage 
was varied from 0.02 to 0.1 g. (highly coveted range) and its effect on 

Figure 8: Effect of temperature on %Adsorption.

Figure 9: Effect of temperature on Dye uptake.

Figure 10(a): Langmuir isotherm.

Figure 10(b): Freundlich isotherm.

Figure 10(c): Temkin isotherm.

Figure 10(d): Effect of initial concentration on KR.
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% adsorption and dye uptake (for Ci=40 mg/l) was shown in (Figure 
6). It was observed that, with anincrease in adsorbent dosage from 
0.02 to 0.1 g, the % adsorption was increased from 89 to 93.75%. 
The increase in % adsorption can be attributed due to an increased 
surface area and a large number of available binding sites on the 
adsorbent [25]. Consecutively, dye uptake was decreased from 52.4 to 
11.25 mg/g as the adsorbent dosage was increased from 0.02 to 0.1 g. 
respectively. The decrease in dye uptake was due to the splitting effect 
of flux (concentration gradient) between sorbate and sorbent andalso 
with anincrease in adsorbent concentration results in adecrease 
in theamount of dye binding onto unit weight of the adsorbent 
[26]. Similar trends were also reported in equilibrium studies of 
biosorption of MB using Paspalum notatum [27].

Effect of adsorbent particle size (dp)
Reducing the particle size increases the surface area of the 

adsorbent material and increase in surface area is the indicator of 
good adsorption capacity [26]. To gauge the true potential of the 
current adsorbent the range of the adsorbent particle sizes considered 
were: [0-75], [75-180], [180-212] and [212+] μm. Figure 7 shows 
the effect of adsorbent particle size on % adsorption & dye uptake 
(for Ci=20 mg/L). It was observed that as the adsorbent particle 
size was increased from [0-75] to [212+] μm, the % adsorption was 
decreased from 93.75 to 79.62 respectively. This is due to the decrease 
in the surface area with anincrease in the particle size. A similar 
phenomenon was also observed in case of dye uptake and decreased 
the dye uptake from 11.23 to 9.53 with an increase in adsorbent 
particle size from [0-75] to [212+] μm.

Effect of Temperature (T)
Decrease/increase in temperature of the adsorption process will 

have a huge impact not only on the removal capacity of the adsorbent 
but also on the overall economics of the process [28]. Figures 8,9 
shows the effect of temperature on % adsorption and dye uptake 
respectively. It was observed that with an increase in temperature 
from 303 to 333 K in all the case of initial dye concentrations 
the % adsorption was increased linearly. This indicates that the 
present adsorption is endothermic in nature. Further, at low initial 
concentrations,the % adsorption was improved compared to the 
values at higher concentrations. As the adsorption is endothermic, 
an increase in temperature results in an increase in adsorption 
equilibrium constant b, L/mg. This indicated a shift of the adsorption 
equilibrium to the forward direction. Increase in the temperature is 
followed by an increase in the diffusivity of dye ion and consequently 
increases the adsorption rate if diffusion is the rate controlling step 
[29]. Similarly, the amount of dye uptake was increased from 27.24 to 
27.849 mg/g when Ci=100 mg/L in between 303-333 K. This increase 
in binding could be due to the increase in surface activity (interaction) 
and increased kinetic energy of the dye molecules arising due to the 
increase in temperature [30].

Figure 11(a): Pseudo first order kinetics.

Figure 11(b): Pseudo-second order kinetics.

Figure 12: Estimation of thermodynamic parameters.

Freundlich Langmuir Temkin

1/m = 0.712 qmax = 52.63 bT = 298.8341

Kf = 5.559 b = 0.10915 AT= 2.1872

R2 = 0.999 R2 = 0.993 R2 = 0.979

Table 3: Comparison of constants estimated for different isotherm models.

Ci, mg/L 20 ppm

Parameter Pseudo-first order Pseudo-second order

Rate constant 0.227 1.76

qcalc 0.371 5.780

qexpt 5.70 5.70

R2 0.996 1.000

Table 4: Kinetic parameters.

Sl. No. Temperature, K ΔGº, KJ/mol ΔH º, KJ/mol ΔSº, J/mol K

1 303 -26.311

6.988 109.9
2 313 -27.41

3 323 -28.509

4 333 -29.608

Table 5: Thermodynamic parameters.
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Adsorption isotherms
An adsorption isotherm is characterized by certain constants 

whose values express the surface properties &affinity of the adsorbent 
and can also be used to compare theadsorptive capacity of the 
adsorbent for various types of dyes [31]. Linearizedequations of 
Langmuir, Freundlich, and Temkin isotherm models were used and 
their plots are shown in (Figure 10 a,b,c) respectively along with 
the effect of initial concentration on separation factor (in case of 
dimensionless Langmuir equation) as shown in (Figure 10d).

Langmuir isotherm: The Langmuirisotherm is the most widely 
used isotherm & adopted where the solute in liquid solutions binding 
to solid surfaces. A basic assumption of the Langmuir theory is that 
adsorption takes place at specific homogeneous sites within the 
adsorbent [32]. Moreover, it is also based on the monolayer adsorption 
phenomenon and defines that the rate of adsorption is directly 
proportional to the concentration (driving force). The convenient & 
linearized form of Langmuir isotherm equation on taking account 
for equality in adsorption & desorption at equilibrium along with the 
fact that the amount of solute ion adsorbed is directly proportional to 
thefraction of the surface covered (qeq∝ f)is given in (Equation 3). The 
obtained equilibrium data were fitted to the equation 3 and the plot 
of [Ceq/qeq] versus [Ceq] is shown in (Figure 10a). The slope 1/qmax= 
0.019 and an intercept of 1/b×qmax=0.125 obtained from this plot with 
R2=0.993 was used to calculate qmax = 1/0.019 = 52.63 mg/g& b = (1/ 
52.63×0.125) = 0.152 L/mg.

The essential features of the Langmuir isotherm isthat it can be 
expressed in terms of a dimensionless constant called a separation 
factor or equilibrium parameter KRas given in equation 4 [33]. The 
equilibrium parameter is used to predict the shape of the isotherm 
accordingly: Unfavorable when KR > 1; Linear when KR=1; Favorable 
when it is in the range 0 < KR < 1; Irreversible when KR = 0. Values 
of KR obtained in the present study are given in (Table 2). From 
(Figure 10d), it can be observed that the adsorption is favorable at 
low concentrations than at the higher concentration of the solutions.

Ceq/qeq =1/(b×qmax )+1/qmax ×Ceq		  (3)

KR=1/(1+bCi )				    (4)

Freundlich isotherm: It is defined that the ratio of Ceq /qeq is a 
constant at any given temperature. This empirical isotherm can be 
used for non-ideal adsorption and is expressed as given in equation 
5 [34]:

log (qeq) = (1/m)× log (Ceq) + log (Kf)	 (5)

Freundlich isotherm is derived assuming heterogeneity of the 
surface. Kf and m are indicators of adsorption capacity and adsorption 
intensity. The value of ‘m’ should lie in between 1-10 for favorable 
adsorption. The obtained equilibrium data were fitted to the equation 
5 and the plot between log[qeq] & log[Ceq]is shown in (Figure 10b). 
The slope (1/m =0.712) & the intercept (log Kf=0.7449) obtained from 
this plot was used to obtain the values of adsorption intensity (m=1.4) 
& adsorption coefficient (Kf=7.559). From the value of adsorption 
intensity (1.4), it can be concluded that the adsorption is favorable 
and the Freundlich isotherm was observed to best represent the 
equilibrium data with a correlation coefficient of R2=0.99.

Temkin isotherm: Temkin isotherm assumes that the fall in the 

heat of sorption is linear unlike Freundlich equation [35]. The Temkin 
isotherm has generally been applied in the following form [36]:

qeq=RT/BT ln[Ceq ]+RT/BTln[AT]		  (6)

The obtained equilibrium data werefitted to the Equation-6 
and the linear plot with R2=0.979 betweenqeq&ln [Ceq] is shown in 
Figure-10 (c). The slope (RT/BT=9.6722) & the intercept (RT/BT ln 
[AT]=3.5524)obtained from this plot was used to estimate the values 
of Temkin isotherm constants AT=1.44 and BT=260.45.

Therefore the regression values and the correlation coefficients 
obtained from the Langmuir, Freundlich, and Temkin models are 
shown in (Table 3). Among the studied isotherm models Freundlich 
equation was observed to be more suitable followed by Langmuir and 
Temkin equations.

Adsorption kinetics
The prediction of adsorption rate offers the important information 

for designing batch adsorption systems and scaling a process to 
continuous units. Moreover, information on the kinetics of dye 
uptake is required for selecting the operating conditions for full-scale 
batch process [37]. The kinetics of the adsorption data was analyzed 
using two kinetic models, pseudo-first order, and pseudo-second-
order. These modelscomparethe dye uptake values obtained through 
model & experiment for predicting the fit of experimental data [38]. 
The rate constants and the correlation coefficients obtained using 
for both pseudo-first and pseudo-second models are summarized in 
(Table 4).

Pseudo-first order model: The linearized form of pseudo-first 
order kinetics for thepossible fitting of adsorption data is given by:

log[qeq-q]=[-KI/2.303]×t+log[qeq]	 (7)

In order to obtain the rate constant, log[qeq-q] versus t was plotted 
and shown in (Figure 11a). Theqeqvalue obtained from the intercept 
of this plot was 0.371 mg/g which is not equal to the experimentally 
observed value of qeq=5.70 mg/g suggesting the insufficiency of 
Pseudo-first-order model to fit the kinetic data, even though this plot 
has ahigh correlation coefficient (R2=0.996).

Pseudo-second order model: After unsuccessful fit with pseudo-
first order kinetics, the data was tested with a pseudo-second-order 
model [39]. This model is based on the assumption that the adsorption 
follows second order chemisorptions [40]. The pseudo-second-order 
model equation can be expressed as

[t/q]=1/qeq ×[t]+1/(KII qeq
2 )	 (8)

The experimental data were fitted in the Equation-8 and the linear 
plot of [t/q] versus [t] was obtained as shown in (Figure 11b). The 
slope and intercept of this plot were used to obtain qeq and KII. It was 
observed that the calculated equilibrium dye uptake is nearly equal 
to the experimental qeq, suggesting the suitability of pseudo-second-
order model for the present case [41]. 

Thermodynamic studies
Thermodynamic parameters such as Enthalpy change (ΔHº), 

Free energy change (ΔGº) and Entropy change (ΔSº) can be estimated 
using the change in equilibrium constants at various temperatures. 
To estimate these parameters the van’t Hoff equation as given in 
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Equation-9 was used:

ΔGº= -RT ln Ka			  (9)

The free energy change indicates the degree of thespontaneity of 
the adsorption process and the negative value of it reflects the more 
energetically favorable adsorption [42]. The equilibrium constant 
may be expressed in terms of enthalpy change of adsorption as a 
function of temperature as follows [43]:

lnKa=-(ΔHº)/RT+(ΔSº)/R		  (10)

Equation-10 shows clearly that the adsorption process is 
composed of two contributions, enthalpy change,and entropic 
change. To estimate the thermodynamic parameters a straight line 
plot between 1/T &ln [Ka] as shown in (Figure 12) was drawn and 
the slopes & intercept of the plot was used to calculate the change 
in enthalpy and entropy of the system. The enthalpy changes (ΔHº) 
and entropy change (ΔSº) of adsorption were found to be 6.9887 KJ/
mol and 109.91 J/mol.K, respectively. The positive value for ΔHº 
confirms that the adsorption of methylene blue onto the groundnut 
shell powder was endothermic in nature. The positive values of 
entropy change reflect the affinity of the groundnut shell powder 
for methylene blue and increased randomness at the solid-liquid 
interface with some structural changes in the adsorbent. Further, the 
values of ΔGº obtained from equation 9 were found to be negative as 
shown in (Table 5). Negative values of ΔGº show the feasibility and 
spontaneity of the adsorption process. 

Conclusions
The present work helped in identifying a new source of 

theadsorbent for dyeremoval. The percentage adsorption of 
methylene blue was found to increase with contact time and observed 
a maximum removal of dye (~94%) within 8 minutes of contact time. 
At an optimum pH value of 8, the % adsorption was found to reach a 
plateau. The adsorption of methylene blue was found to increase with 
anincrease in adsorbent dosage and consecutively the dye uptake was 
observed to decrease substantially. With theincrease in the particle 
size of the adsorbent, the decrease in % adsorption was observed. 
The % adsorption was increasedwith increase in the temperature 
indicating the endothermic nature of the adsorption process. A better 
adjustment of the equilibrium data is observed with the Freundlich 
model followed by Langmuir and then Temkin. The kinetics of 
the adsorption was found to best fit with the pseudo-second-order 
kinetics. The values of free energy, enthalpy,and entropy changes 
indicate the adsorption was endothermic in nature and fond to be 
spontaneous at high temperatures. The results obtained in this 
study open the new perspective with relation to the utilization of 
groundnut shell powder and proposes an avenue to further explore 
the applicabilityof groundnut shell powder in the treatment of textile 
industry effluents.
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