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a b s t r a c t

In this study, jute stick powder (JSP) was used as a potential low-cost adsorbent for the removal 
of organic dye, methylene blue (MB), from aqueous solution by batch adsorption technique. The 
adsorbent was characterized by scanning electron microscopy (SEM) and Fourier transform infrared 
spectroscopy (FTIR). The batch adsorption experiments were carried out at room temperature and 
atmospheric pressure. Various operational parameters such as solution pH, initial dye concentration, 
adsorbent dosages and contact time were optimized. The kinetics data were analyzed using pseu-
do-first order and pseudo-second order models and the second order model fits the kinetic data quite 
better. The adsorption equilibrium was studied using the Langmuir, Freundlich and Sips isotherm 
models. The coefficient of correlation indicating the well acceptance of Langmuir model to predict 
the adsorption equilibrium and the maximum adsorption capacity was obtained as 37.89 mg/g. This 
result indicates that the natural material, JSP can be employed as a low-cost and efficient adsorbent 
for the removal of methylene blue from colored wastewater.
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1. Introduction

At the beginning of the twenty-first century, the earth, 
with its diverse and abundant life forms, including over 
7 billion humans, is facing a serious water crisis, particu-
larly in Asia, Africa and Latin America. The global water 
challenge (in terms of freshwater withdrawal) is projected 
to increase by some 55% in 2050 due to the increasing 
demand in manufacturing (400%), thermal electricity gen-
eration (140%) and domestic use (130%) [1]. Moreover, 
people living in areas that are potentially water-scarce at 
least one month per year, could be increase from 3.6 bil-
lion to some 4.8–5.7 billion by this time [2]. In Bangladesh 

wastewater generation has increased since last decade due 
to the rapid economic and industrial development. How-
ever, the water treatment policy as well as the treatment 
technology has not well established yet. As a result, all the 
internal water sources including river and canals are being 
polluted due to the discharge of untreated textile and tan-
nery effluents.

Dyes are an important class of pollutants which is 
used as coloring agent in many industries including 
textile, leather, cosmetics, paper, printing, plastic, phar-
maceuticals and food. It is estimated that more than 0.1 
million commercially available dyes with over 0.7 million 
tons of dye stuff produced annually and 5–10% of the dye 
stuff is lost in the industrial effluents [3,4]. Basically, the 
exact data on the amount of dyes discharged from various 
processes to the environment are unknown. A consider-
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able amount of these dyes are the major contributors for 
color in wastewater generated from textile and dye man-
ufacturing industries [5]. These dyes are stable, difficult 
to degrade, toxic, rendering the water unfit that reduces 
sunlight penetration as well as resists photochemical and 
biological attacks to aquatic life for its intended use [6]. 
In addition, it may cause allergic dermatitis, skin irrita-
tion and severe damage to human being such as cancer, 
malfunction of kidneys, reproductive system, lever, brain 
and central nervous system [7–10]. Usually, dyes exhibit 
a wide range of chemical structures, primarily based on 
substituted aromatic and heterocyclic groups that hardly 
degrade in conventional wastewater treatment processes, 
high COD and BOD concentration and stability against 
sunlight, oxidizing agent and microorganisms [11,12]. 
They are not easily biodegradable by bacteria in the sed-
iment, may produce toxic amines under anaerobic con-
ditions known as carcinogenic that is harmful to human 
and aquatic system [13].

Methylene blue (MB) is a cationic thiazine dye being 
used in a wide range of different fields, such as biology, 
chemistry, medicine, etc. It is a harmful dyestuff present 
in the wastewater received from various sources [14]. It is 
widely used in textiles and printing industries for dyeing 
of cotton, wool, silk, nylon, leather, etc. MB is also used as a 
paper dye, microscopy stain, chemical intermediate, medic-
inal agent and cosmetic dye in textiles, may result in its 
release to the environment through various waste streams. 
Therefore, removal of MB is an essential issue of wastewa-
ter treatment before discharge [15].

To remove dyes from the industrial wastewater, vari-
ous physical, chemical and biological methods including 
membrane separation [16], adsorption [17], ion–exchange 
[18], flocculation/coagulation [19], chemical and electro-
chemical oxidation [18], ozonation [20], photocatalytic 
degradation [21] and aerobic/anaerobic treatments [22] 
have been developed and each of these methods vary in 
particular effectiveness, cost and environmental impact. 
Among them adsorption is considered as an effective and 
promising technique for the treatment of dye containing 
wastewater due to its ease of operation, low cost and 
high efficiency [23]. Activated carbon is undoubtedly a 
widely used adsorbent in the industry due to its extensive 
surface area, high reactivity, microporous structure and 
higher adsorption capacity. However, the applications of 
activated carbon are restricted due to its high operational 
costs and the difficulty associated with the regeneration 
[23]. As a result, many other low cost adsorbents like peat 
[24], natural clay [25], rice husk [26], coconut husk [27], 
cotton stalk [7], sawdust [28], tea dust [27], fly ash [29], 
date palm fiber [30], sugarcane bagasse [31] were studied 
for the treatment of dye containing wastewater.

Depending upon the geological position, it is always a 
necessary to search for an effective adsorbent material that 
is easily available and inexpensive. In Bangladesh jute is 
known as the golden fiber and its average production is 
1.09 million tons/y [32]. Jute fiber is widely used in the 
preparation of clothes, bags, tobacco sheets and other dec-
orative items. Jute stick is obtained after the separation of 
jute fiber which doesn’t have significant economic value 
but low grade fuel in household cooking. Physico-chemi-
cal properties of the jute stick are reported in Tables 1 and 

2. Ultimate analysis of the stick (Table 1) point out that it 
contains a large portion of carbonaceous compounds (50 
wt%) results in to be an efficient adsorbent material [33]. 
As can be seen from the Table 2 that the stick has favorable 
particle size (<140 μm) and surface area for adsorption 
[34]. To the best of our knowledge, not much was writ-
ten in the literature regarding the application of JSP as an 
adsorbent so far.

In this study, jute stick powder was investigated as a 
potential low-cost adsorbent to remove MB dye from aque-
ous solution. Effective process parameters such as operat-
ing pH, adsorbent dosage, initial dye concentration and 
contact time were investigated for optimum dye removal. 
Adsorption process was modeled using Langmuir, Freun-
dlich and Sips isotherms to describe the dye uptake capacity 
of JSP as a function of equilibrium solution concentration. 
The kinetic data were verified with pseudo-first-order, sec-
ond-order and intra-particle diffusion models.

2. Materials and methods

2.1. Adsorbent preparation

Jute stick, an abundant agricultural byproduct in Ban-
gladesh, was collected from the local agricultural land of 
Jashore city. The stick was cut into small pieces and washed 
with water and acid successively to remove any adhering 
substances. Then the small pieces were dried at 110°C for 6 
h. After that, it was grounded into powder using a blender. 
The blended powder was then sieved using a sieve shaker 
(Model: RETSCH, AS 200 Basic) and the allowable particle 
size for the experiment was in the range of 315–500 μm. The 
resulting adsorbent was stored in an airtight container for 
further use.

Table 2
Physical properties of treated JSP [34]

Properties Value

Particle size (μm) <140
BET surface area (m2/g) 5.886
Average pore diameter (Å) 99.80
Micro pore volume (cc/g) 0.023
Micro pore area (m2/g) 2.17
Bulk density (g/ml) 0.89
pHzpc 4.65

Table 1
Proximate and ultimate analysis of JSP [33]

Proximate analysis (wt%) Ultimate analysis (wt%)

Volatile fraction 76–78 C 49.79
Fixed carbon 21–23 H 6.02
Ash content 0.62 O 41.37

N 0.19
S 0.05
Cl 0.05
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2.2. Adsorbate preparation

Stock solution of MB was prepared by dissolving the 
appropriate amount of solid substance in water. Methylene 
blue dye (MW 319.85 g/mol) was purchased from Merck, 
Germany. To make 100 ppm solution, 50 mg MB was accu-
rately weighed and mixed with 500 ml distilled water in a 
500 mL volumetric flask. Then the mixture was shaken by 
a rotary shaker for 20 min. Similar method was followed to 
prepare various concentrations of solution (25–500 ppm) for 
the experiment.

2.3. Characterization method

Fourier transform infrared (FTIR) analysis was applied 
to determine the surface functional groups, using FTIR 
spectroscope (model: Spectrum 100, Perkin Elmer), where 
the spectra were recorded from 4,000 to 400 cm–1. Surface 
morphology was studied using scanning electron micros-
copy (SEM) (model: Zeiss Evo 50). About 0.2 g of JSP was 
used before and after the adsorption of MB during the 
experiments.

2.4. Adsorption study

The experiments were carried out in batch technique. 
At first, the stock solution of 100 ppm was prepared by 
dissolving 50 mg dye in 500 ml distilled water and then 
shaken by the rotary flask shaker for 20 min. For pH study, 
several batches of 50 ml stock solution were adjusted to 
a specific pH (pH 1 to 12) by controlled droplet of 0.1 M 
HCl or 0.1 M NaOH to optimize hydrogen and hydroxyl 
ion concentrations, respectively. After that, 0.5 g JSP 
was added in the solution and shaken for 12 h to assess 
the effect of initial pH. Similarly, the adsorbent dosages 
0.25–2.5 g and dye concentrations (25–300 ppm) were opti-
mized by taking 100 ml each solution at pH 7 and the batch 
experiments were contacted for 12 h. The effect of contact 
time was also investigated by treating 1 g of the JSP with 
100 ml of 100 ppm MB solution at pH 7. The mixture was 
agitated with mechanical shaker for different periods of 
contact time (10–200 min).

After any batch or continuous experiments, the sample 
were collected and centrifuged at 400 rpm to separate the 
pure dye solution with reduced dye contact. Then the absor-
bance of these samples was measured by using UV-Visible 
spectrophotometer at 663 nm wavelength. From the values 
of initial and final concentrations, the dye removal effi-
ciency of JSP was determined.

The amount of dye adsorbed onto the JSP, qe (mg/g), 
was calculated according to Eq. (1).

q
C C V

We
o e=

−( )  (1)

where Co and Ce are the initial and equilibrium liquid-phase 
concentrations of dye (mg/L), respectively, V is the volume 
of the solution (L) and W is the weight of the adsorbent (g).

The percent removal of MB was calculated as follows:

%   Removal of MB
C C

C
o f

o

=
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× 100  (2)

where Co and Cf are the initial and final concentrations, 
respectively.

2.5. Adsorption isotherm studies

2.5.1. Langmuir adsorption isotherm 

Langmuir model of adsorption describes quantitatively 
the formation of a monolayer adsorbate on the outer surface 
of the adsorbent containing a finite number of identical sites 
and after that it is assumed that no further adsorption takes 
place. Therefore, it represents the equilibrium distribution 
of metal/dye ions between the solid and liquid phases. This 
model also assumes uniform energies of adsorption onto 
the surface and no trans-migration of adsorbate in the plane 
of the surface [35,36].

Based upon these assumptions, Langmuir represented 
the following equation:

q
Q K C

K Ce
o L e

L e

=
+1

 (3)

where Ce is the equilibrium concentration of adsorbate 
(mg/L), qe is the amount of dye adsorbed per gram of 
the adsorbent at equilibrium (mg/g), Qo is the maximum 
monolayer coverage capacity (mg/g) and KL is the Lang-
muir isotherm constant (L/mg).

2.5.2. Freundlich adsorption isotherm

The Freundlich isotherm is applicable to both monolayer 
(chemisorption) and multilayer adsorption (physisorption) 
and assumes that the adsorbate adsorbs onto the heteroge-
neous surface of an adsorbent [36]. These data often fit the 
empirical equation proposed by Freundlich:

q K Ce f e
n= 1   (4)

where Kf is the Freundlich isotherm constant (mg/g) and n 
is the adsorption intensity.

2.5.3. Sips isotherm

The Sips isotherm is a model of three parameters that 
combine the Langmuir and Freundlich isotherms. At low 
adsorbate concentrations, it reduces to Freundlich iso-
therm; while at high concentrations, it predicts a monolayer 
adsorption capacity characteristic of the Langmuir isotherm 
[36,37].
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where Qs, Ks and ns is the Sips maximum adsorption capacity 
(mg/g), Sips constant and heterogeneity factor, respectively.

2.6. Kinetics studies

2.6.1. Pseudo-first-order model

Lagergren pseudo-first-order model has been applied 
to determine the specific rate constant for adsorption. The 
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Lagergren pseudo-first-order equation generally repre-
sented as in Eq. (6) [9,38].

q q et e
k t= − −( )1 1  (6)

where qe and qt is the amount adsorbed (mg/g) at equilib-
rium and at any time t, k1 is the rate constant (min–1).

2.6.2. Pseudo-second-order model

Pseudo-second-order model, which assumes chemical 
surface reaction is the rate determining step, has also been 
studied to analyze the kinetic data. To determine the pseu-
do-second order kinetic rate constant, Eq. (7) is used [38,39].

q
k q t

k q tt
e

e

=
+

2
2

21
  (7)

where k2 (g mg–1min–1) is the pseudo-second-order rate 
constant.

2.6.3. Intra–particle diffusion study

Diffusion coefficient (Kid) for the intra-particle transport 
of MB has been calculated at optimal initial dye concentra-
tions and pH by employing the rate equation expressed by 
Weber and Morris [39]. The model is expressed by Eq. (8).

K
q
tid

t= 1 2   (8)

where Kid is the intraparticle diffusion rate constant, (mg/g 
min1/2), which can be evaluated from the slope of the linear 
plot of qt vs. t1/2.

3. Results and discussion

3.1. Adsorbent characterizations

3.1.1. FTIR study of the adsorbent

The surface chemistry of the JSP adsorbent and its effect 
on the adsorption process is, in general, investigated by 
FTIR spectrometric method. The FTIR spectra of JSP before 
and after the adsorption of MB dye are shown in Fig. 1.

The infrared spectrum exhibits a peak at 3456.44 cm–1 
related to the O–H stretching vibrations of cellulose, pec-
tin, hemicellulose and lignin components. The bonded 
OH bands of carboxyl groups (C=O) and free OH groups 
were observed as the OH stretching vibrations occurred at 
1029.99 cm–1frequency [40]. Peaks at 1593.20 and 1465.90 
cm–1 might be due to asymmetric and symmetric stretch-
ing vibrations of the presence of the amide group (N–H). 
Similarly, peaks at 1029.99 and 837.11 cm–1 correspond to 
stretching vibration of C–OH of alcohols and carboxylic 
acids (COOH) [41]. Due to the presence of such functional 
groups, JSP shows slight acidic nature. At lower pH, the 
functionality of these groups are not changed but at higher 
pH, these groups begin to neutralize changing their activity 
and binding properties [42].

Comparing the spectra before and after adsorption of 
MB, differences in the style patterns of the absorbance peaks 
and their positions are clearly appeared; pointing out the 

adsorptive uptake of dye on the surface of the JSP. The asym-
metrical stretching vibration centered at 3387.00 cm–1 after 
the adsorption of MB was significantly visualized suggest-
ing that chemical interactions occurred between the MB and 
the hydroxyl groups on the adsorbent surface. Slight shift-
ing was observed on C–O band (1029.99–1031.92 cm–1) and 
on the amine (N–H) band (3768.91–3772.76 cm–1). Peak at 
1593.20 cm–1 shifted to 1737.86 cm–1 as the OH was involved 
in binding with MB [43]. A greater number of OH groups of 
the glucose unit of the cellulose polymers broaden the peak. 
Organic dyes have the possibility to form complexes with 
surface functional groups of the JSP such as cellulosic–OH 
and lignin–OH through ion exchange reactions.

3.1.2. SEM analysis

Scanning electron microscope (SEM) is a primary tool 
for visualizing the surface morphology and fundamental 
physical properties of the adsorbent. SEM images of adsor-
bent material, were taken before and after dye adsorption 
on JSP, are presented in Figs. 2a and 2b.

From Fig.2a, it is clear that the surface morphology of 
pristine JSP became rough which results in better possibil-
ity for dyes to be trapped and adsorbed onto the surface. 
The SEM micrograph of adsorbed samples (Fig. 2b) showed 
smoother and distinguished dark surface which could be 
taken as a sign for effective adsorption of dye molecules in 
the cavities and pores of the powder adsorbent.

3.2. Effect of solution pH

Solution pH is one of the most important factor that affects 
the sorption capacity of adsorbent as it significantly alters the 
surface properties of the adsorbent and influences the ioniza-
tion or dissociation of the adsorptive molecules [44].

Fig. 3 demonstrates the effect of solution pH on the 
adsorption of MB on JSP; pointing out that the adsorption 
characteristics of the JSP adsorbent is highly pH depen-
dent. An increase in initial pH increased the amount of 
dye adsorbed on the solid surface. The optimum pH 
range for removal of MB was observed between 7 and 12 
where it doesn’t vary significantly. The maximum adsorp-
tion (78.69%) for JSP took place at pH 12 whereas the dye 
removal efficiency of 75.03% was observed at pH 7. The 

Fig. 1. FTIR analyses of jute stick powder before and after ad-
sorption.
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favorable adsorption at this basic pH could be attributed 
to the cationic nature of the dye. At lower pH, the pres-
ence of excess H+ ions decrease the number of negatively 
charged adsorbent sites and the increase in the number of 
positively charged surface sites which probably does not 

favor the adsorption of MB. An increase in pH increases the 
number of negatively charged surface sites on the adsor-
bent, which enhances the adsorption of positively charged 
dye ions. These results agree with other literatures reported 
elsewhere [45,46]. This adsorption capacity of JSP was com-
pared to various adsorbents under the same experimental 
conditions listed in Table 3. To measure the surface charge 
of the adsorbent by pH at the point of zero charge (pHPZC) 
is an additional parameter to uptake adsorbate materials 
from the aqueous phase. Uddin et al. [47] studied the sur-
face charge of Jackfruit leaf adsorbent as a function of pH 
and reported that the surface charge of the adsorbent was 
zero at pH 3.9. This experiment was not carried out by the 
current research group; however, the concept is relevant to 
the study. 

3.3. Effect of adsorbent dosage

Fig. 4 shows the effect of adsorbent dosage on per-
centage removal of MB by natural JSP. From figure it is 
noted that the decolorization efficiency increases with the 
increased amount of adsorbent dosages. The increased 
decolorization efficiency at high adsorbent dosages may 
be due to increased surface area and subsequently avail-
able adsorptive sites for an efficient adsorption [40,48]. 
Optimum adsorbent dose was considered as 20 g/L since 
further increases in adsorbent dosages doesn’t improve the 
decolorization efficiency. At optimum adsorbent dose the 
dye removal efficiency was 81.72%. This adsorption capac-

Fig. 3. Effect of initial solution pH on the adsorption of MB on 
JSP (Initial conc.: 100 ppm, adsorbent dose: 10 g/L, contact time: 
12 h).

Fig. 2. SEM images of jute stick powder (a) before adsorption 
and (b) after adsorption. 

Table 3
Comparison of MB removal by different adsorbents in different 
pH ranges

Adsorbent pH 
range

% Removal 
range

Reference

Jute stick
Fly ash
Tobacco stem ash
Peat
Breadnut peel
Spent coffee grounds

1–12
2–8
2.08–7.93
2–10
2–10
3–11

20–80
36–45
60–81
75–95
40–90
81–95

Present work
[55]
[44]
[56]
[46]
[45]

Fig. 4. Effect of adsorbent dosage on percentage removal of MB 
on JSP (pH: 7, Initial conc: 100 ppm, solution volume: 100 ml, 
contact time: 12 h).
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ity of JSP was compared to some other adsorbents under the 
same experimental conditions are listed in Table 4.

3.4. Effect of initial dye concentration

The influence of initial dye concentration depends on 
the immediate relation between the concentration of the dye 
and the available sites on the solid surface. The effect of ini-
tial dye concentration on the adsorption of MB dye by the 
JSP is shown in Fig. 5. It is evident from the figure that, the 
removal efficiency of MB was decreased from 70 to 53% with 
increased initial concentration 25–300 ppm. In general, the 
percentage of dye removal was decreased with an increase in 
the dye concentration, which might be due to the saturation 
of adsorption sites on the adsorbent surface [48,49]. Similar 
results were also reported in some other literatures. For the 
removal of methyl orange by chitosan/alumina interface; 
with the increase in dye concentration from 20 to 400 ppm, 
the percentage of dye removal decreased from 99.53 to 83.55% 
[50]. MB dye was removed by the interaction of pine leaves 
and the uptake decreased from 96.50 to 40.90% on increasing 
the initial dye concentration from 10 to 90 ppm [49].

3.5. Effect of contact time

The effect of contact time on the removal of MB by the 
treated JSP is presented in Fig. 6. It was observed that the 
removal efficiency of MB dye increased with contact time 
to a certain extent. Further increase in contact time did not 
alter the uptake capacity of the JSP adsorbent remarkably 
due to deposition of dyes on the available adsorption sites 
of the adsorbent material. The adsorption process was rapid 
for the first 100 min and then the adsorption rate decreased 
gradually indicating the adsorption reached in equilibrium. 
The nature of adsorbent and its available adsorption sites 
affect the time needed to reach the equilibrium.

3.6. Study of adsorption isotherms

Analysis of the adsorption data for modeling the 
adsorption equilibrium is very important since it provides 
the adsorption capacity of the adsorbents; predicts the 
nature of adsorption process and allows an estimate of the 
economic viability of the adsorbent for commercial appli-
cations. The experimental data were fitted to Langmuir, 
Freundlich and Sips isotherms by non-linear method. The 
coefficient of correlation was considered to select the best 
theoretical isotherm model.

From the analysis of adsorption data, the monolayer 
capacity (Q0 = 37.89 mg/g) was calculated from the Lang-
muir model at 313 K. The essential features of the Lang-
muir isotherm might be expressed in terms of equilibrium 
parameter RL, which is a dimensionless constant referred to 
as separation factor or equilibrium parameter [51].

R
K CL

L o

=
+

1
1

 (10)

RL value indicates the adsorption nature to be either 
unfavorable for RL > 1, linear for RL = 1, favorable for 0 < RL 
< 1 or irreversible for RL = 0.

Fig. 5. Effect of initial dye concentration on percentage removal 
of MB on JSP (pH: 7, adsorbent dosage: 10 g/L, solution volume: 
100 ml, contact time: 12 h).

Fig. 6. Effect of contact time on percentage removal of MB on JSP 
(pH: 7, adsorbent dosage: 10 g/L, Initial conc: 100 ppm, solution 
volume: 100 ml).

Table 4
Comparison of MB adsorption by different low-cost adsorbents

Adsorbent Maximum adsorption 
capacity (mg/g)

Optimum adsorbent 
dosage (g/L)

% Removal Reference

Jute stick 37.89 20.0 81.7 Present work
Spent coffee 18.73 10.0 99 [45]
Citrus limetta peel 227.3 2.0 97.1 [51]
Potato leaves 52.6 2.0 40–86 [43]
Cotton stack 147.06 10.0 93.7 [48]
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Fig. 7 and Table 5 show the fitting parameters for the 
measured isotherm data for MB adsorption onto jute stick 
on the nonlinear forms of Langmuir, Freundlich and Sips 
models. The experimental data were fitted to the model 
equation using the MATLAB simulation tool. The values of 
nonlinear correlation coefficients (R2) for the isotherm mod-
els indicated good fittings.

From the analysis of modeling parameters, Sips max-
imum adsorption capacity was found to be 37.86 mg/g 
which is almost similar to the Langmuir maximum adsorp-
tion capacity (37.89 mg/g). Moreover, the value of 1/ns 
(=1.0) confirms that, the uptake occurs on relatively homo-
geneous binding sites [52].

3.7. Adsorption kinetics studies

Study of adsorption kinetics provides essential informa-
tion related to adsorption mechanism such as mass trans-
fer at the solid–liquid interface as well as a better choice 
of material to be used as an adsorbent. Kinetics data were 
evaluated by using pseudo-first-order,pseudo-second-or-
der and intra-particle diffusion models.

For the Lagergren pseudo-first-order model, the adsorp-
tion rate was expected to be proportional to the first power 
of concentration, where the adsorption was characterized 
by diffusion through the boundary. On the other hand, the 
pseudo-second-order equation was employed based on 
the sorption capacity of the solid phase, where it assumes 
that chemisorption may be the rate-controlling step in the 
adsorption process.

Kinetics data are plotted in Fig. 8 and the values of the 
first-order rate constant (k1) and second-order rate constant 
(k2) are obtained from plot of qt vs. t and listed in Table 6. 
The correlation coefficient for the pseudo-first-order kinetic 

model is lower than the second order kinetic model indicat-
ing a poor pseudo-first-order fit to the experimental data. 
Moreover, a smaller difference of equilibrium adsorption 
capacity (qe) between the experimental and calculated val-
ues was observed for the second order kinetic model. Simi-
lar phenomena were also reported elsewhere [38,49].

To increase understanding about the mechanisms and 
rate controlling steps affecting the kinetics of adsorption, 
the kinetic results were analyzed by the intra-particle model. 
Intra-particle diffusion coefficient, Kid = 0.48, was obtained 
from the slope of the plot qt against t1/2 (Fig. 9). The plot of qt vs. 
t1/2 displayed a linear relationship after certain time, but it did 
not pass through the origin, might be due to boundary layer 
effect. This indicates that mechanism of MB adsorption is 
complex and both the surface adsorption as well as intra-par-
ticle diffusion contributes to the rate determining step.

3.8. Mechanism of adsorption

The adsorption mechanism involves various kinds of 
oppositely charged ionic interactions, e.g. dipole–dipole, 
dipole–induced–dipole and induced dipole–induced dipole, 
hydrogen bonding, chemical bonding and ion exchange [53]. 
The surface chemistry of the adsorbent and its effect on the 
adsorption process is generally examined for describing the 

Fig. 7. Presentation of various adsorption isotherms for the ad-
sorption of MB on JSP.

Fig. 8. Lagergren pseudo–first–order kinetics plot for the ad-
sorption of MB on JSP.

Table 5
Langmuir, Freundlich and Sips parameters for MB adsorption on JSP

Langmuir isotherm Freundlich iostherm Sips isotherm

Qm (mg/g) KL (L/mg) RL nf Kf (mg/g) Qs (mg/g) Ks (mg/L)–1/ns ns

37.89 0.006 0.99–0.51 1.393 0.53 37.86 0.006 1.0

Table 6
Kinetic parameters for MB adsorption on JSP

Kinetics model qe,exp 

(mg/g)
qe,cal  

(mg/g)
Rate constant  
(k1, k2)

R2

Pseudo first order 6.41 6.05 0.253 0.987
Pseudo second order 6.41 6.28 0.105 0.995
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adsorption process of the system. FTIR is a useful character-
ization technique for studying the interaction between an 
adsorbate and the active sites on the surface of the adsor-
bent (Fig. 1). The JSP mainly consists of cellulose (40–50%), 
hemicelluloses (20–35%) and lignin 15–35%, also excepting 
some other minor constituents of protein, oil, etc. [53]. Both 
cellulose and hemicelluloses have average elemental compo-
sitions of 44.4 wt.% C, 49.4 wt.% O and 6.2 wt.% H which are 
present in the cellulosic materials as hydroxyl, ether and car-
bonyl, whereas, lignin is a complex, systematically polymer-
ized, highly aromatic substance (C-62 wt.% and O-32 wt.%) 
and acts as a cementing matrix that holds between and within 
cellulose and hemicellulose units [54]. Some other parame-
ters such as pH, functional groups of adsorbents, pore size 
and structure play very important roles in interpreting the 
adsorption mechanisms. Moreover, JSP is slightly acidic in 
nature (pH 4.65) due to the presence of various functional 
groups that include carboxylic, phenolic,amino groups, etc.

Adsorption of MB on JSP may be possible either by 
one of the amino groups involving in the bonding to the 
surface that results in the localization of the charge or by 
aromatic rings of the dye orienting perpendicular/hori-
zontal to the surface. The possibilities of dye orientation in 
the horizontal plane are preferable and obtained by forma-
tion of hydrogen bond or electrostatic interaction induced 
by the resonance structure of MB dye [30,53,54]. However, 
the electrostatic attraction between the charged surface and 
opposite charged dye molecules may be regarded as the 
main adsorption mechanism. Moreover, the pore size of JSP 
is higher than the molecular size of MB and that facilitates 
higher adsorption capacity.

4. Conclusion

Jute stick was demonstrated in the present work as an 
efficient adsorbent for the removal of MB dye from aqueous 
solution. The effect of initial pH, dye concentration and adsor-
bent dosages were optimized for the maximum dye removal. 
Kinetic study of the adsorption process was carried out and 
fitted well with pseudo-second-order kinetics. Intra-par-
ticle diffusion study reveals that both surface sorption and 
intra-particle diffusion contributes in the rate of adsorption. 

The effect of equilibrium concentration on MB removal was 
studied by Langmuir, Freundlich and Sips adsorption iso-
therms. Sips isotherm represents better agreement with the 
experimental data and indicates dye uptake occurs on rela-
tively homogeneous binding sites. Therefore, jute stick pow-
der can be proposed as a potential low-cost adsorbent for the 
removal of organic dyes from colored wastewater.
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