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ABSTRACT

The adsorption of dye methylene blue by Juncus effusus has been investigated at 15, 25, and
35˚C temperatures. The influences of the uptake conditions were tested including the initial
dye concentration, aqueous pH, and temperature. The adsorption kinetics was described by
the different models, such as pseudo-first-order, the pseudo-second-order, and the Elovich.
The results showed that the kinetic data were well described by the pseudo-second-order
kinetic model. Thermodynamic parameters such as enthalpy change (ΔH), entropy change
(ΔS), and free energy change (ΔG) were evaluated to predict the nature of adsorption. The
calculated values of ΔH, ΔS, and ΔG for uptake of MB were 39.77 kJ/mol, 135.885 J/mol K,
and −2.082 kJ/mol, respectively. This indicated the endothermic and spontaneous nature of
the adsorption process. Linear form of Langmuir isotherm model can well agree with the
experiment data, and the maximum adsorption capacity was found to be 117.93 mg/g at 35˚C.
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1. Introduction

Water contamination due to dyes from the textile
sources is a major environmental concern. During tex-
tile/leather processing, inefficiencies in dyeing result in
a large amount of dyestuff being directly lost in the
wastewater, which ultimately finds way into the envi-
ronment. It is estimated that 10–35% of the dye is lost in
the effluent during the dyeing process. The release of
colored effluent wastewaters into the aquatic ecosystem
represents both environmental and public health risks
because of their negative ecotoxicological effects
and bioaccumulation in wildlife. Such wastewater
streams can be treated using suitable adsorbents, but

creates potential disposal problems. Currently, there is
no effective technology available for the removal of
these toxic dyes from effluents [1–10].

Methylene blue (MB) (structure showed in Fig. 1),
which is the most commonly used substance for dye-
ing cotton, wood, and silk. It can cause eye burns
which may be responsible for permanent injury to the
eyes of human and animals. Furthermore, they may
be mutagenic, teratogenic, and carcinogenic and cause
many health disorders to human beings such as dys-
function of the kidney, reproductive system, liver,
brain, and central nervous system [11].

In recent years, various techniques have been
developed for the removal of MB and its compounds
from water and wastewater. These methods such as
flocculation, reverse osmosis, and adsorption by*Corresponding author.
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different materials have been used in wastewater
treatment. Among them, adsorption has become one
of the most effective methods. It is an effective tech-
nique for the treatment of wastewater containing dyes
in terms of its initial cost, flexibility and simplicity of
design, ease of operation, and insensitivity to toxic
pollutants [12,13].

Juncus effusus (JS) is distributed in all parts of
China, growing on wet lands or marsh edges. It is a
rhizomatous perennial that can form monotonous
standing as a result of both vigorous clonal growth
and high seed production. Natural products soft rush
JS is a porous material, which medulla, roots, and rhi-
zome belong to the Juncaceae plants. It has a slender
cylindrical with the diameter of 2–3 mm and the
length of up to 120 cm. The surface of JS is white or
light yellow with thin vertical lines. The chemical
composition of JS contains a variety of phenanthrene
derivatives, araban, xylan, methylpentosan, luteolin,
and others [14,15].

JS contains abundant floristic fiber and some func-
tional groups, which make the adsorption processes
possible, such as carboxyl and hydroxy. JS is very
light, and the rapid germination may result in very
efficient colonization. In the past years, natural JS has
been only explored as an effective adsorbent for the
removal of various heavy metals [16,17]. But, the
removal of dyes using JS as studied in this paper is
seldom reported.

Therefore, in this work, JS were utilized as low-
cost adsorbent to remove basic dye MB from aqueous
solution by adsorption. The characteristic of adsorbent
was measured. The influences of adsorption parame-
ters such as pH, adsorbent concentration, contact time,
and the initial dye concentration were also investi-
gated. Finally, the applicability of various adsorption
kinetic and isotherm models was tested.

2. Materials and methods

2.1. Chemical materials

The medicinal materials (JS) are mainly produced
in Sichuan, Guizhou, Fujian, Gansu, etc. In this study,
JS was obtained from Gansu, China. They were

washed repeatedly with acetone and ethanol for
several times to remove dirt particles and soluble
impurities. JS were allowed to dry in an air oven at
40˚C for 2 d.

MB (C.I.52015), ≥98% dye content, was supplied
by Shanghai Chemicals & Reagent Corp., China. All
reagents were of analytical grade. The MB stock solu-
tion of 1 g/L concentration was prepared by dissolv-
ing an accurately weighed amount of MB in distilled
water. The experimental solutions were obtained by
diluting the dye stock solutions in accurate propor-
tions to obtain different initial concentrations. The pH
value of the test solutions was adjusted using the
reagent grade sodium hydroxide (0.5 N) and the dilute
hydrochloric acid (0.1 N).

2.2. Instruments

The surface functional groups of the natural JS and
the adsorption interactions of dyes onto JS from aque-
ous solutions were investigated using Fourier trans-
form infrared (FTIR) spectroscopy, FTIR were
recorded on a Nicolet EXUS 670 FTIR spectrometer by
dispersing samples in KBr disks. The concentrations
of dye solutions were measured using Lambda 35 UV
spectrometer (Perkin Elmer). The content of JS was
measured by IRIS ER-S WP-1 plasma emission (ICP).
The morphology of JS and JS-MB was observed by
scanning electron microscopy (SEM) using a FEI
Quanta 200 F field-emission electron microscope
operated at 30 kV.

2.3. Experimental methods

A series of adsorption experiments of MB onto JS
were carried out. The aqueous solutions of MB were
prepared by adding the required quantity of JS slowly
to distilled water with continuous stirring (400 rpm)
using a magnetic stirrer at a certain temperature. The
investigated parameters include pH of the adsorption
medium, adsorbent dosage, contact time, the initial
concentration, removal efficiency, and adsorption
capacity. All experiments were carried out at 15˚C,
25˚C, and 35˚C, respectively.

After adsorption, the adsorbent was separated by
filtering and the concentration of dyes in solution was
determined on a UV–vis spectrophotometer at 665 nm.
The obtained data were employed to develop equilib-
rium and kinetic mathematic models. All of the exper-
imental data were the averages of triplicate
determinations. The relative errors of the data were
controlled within 5%.
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Fig. 1. Chemical structure of MB.
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3. Results and discussion

3.1. Characterization of JS and JS-MB

The chemical characteristics of the activated JS
were determined by using standard analytical
procedures [18]. It was found that in the analyzed JS
sample, CaO, MgO, SiO2, Na2O, Fe2O3, MnO2, BaO,
and SrO were present 49.23, 13.65, 13.00, 10.22, 9.31,
3.36, 2.15, and 0.454% by weight, respectively [19].

The FTIR spectra analyses of JS and MB-adsorbed
JS are shown in Fig. 2. FTIR study of JS confirms the
defective sites at the surface of JS and the presence
of –OH (3,432 cm−1), C–H (2,923 cm−1), –C=O
(1,732 cm−1), and C–O (1,634 cm−1) functional groups
at the surface of JS, which leads to the hydrophilic
nature of JS. These functional groups may also act as
anchoring sites for dye molecules [20]. The region
below 1,000 cm−1 was the “fingerprint zone,” and the
absorption could not be clearly assigned to any partic-
ular vibration because they corresponded to complex
interacting vibration systems [21].

After MB loading, there were some changes in
some peaks. The wave number of –OH group blue
shifted from 3,438 to 3,432 cm−1 compared with that of
JS. From the IR spectra of JS-MB, it was shown that
JS-MB led to the decrease in the adsorption band cor-
responding to the stretching vibration of the carboxyl
group (at 1,715 cm−1), which reflects the evidence of
the strong interaction between MB and JS. The peak at
1,634 cm−1 almost did not change, but intensity of the

peak was dramatically weakened. It indicated that MB
might be easily adsorbed by JS through π–π stacking
interactions and electrostatic attractions, as schemati-
cally illustrated in Fig. 2. In the spectrum of JS-MB,
the new absorption peak at 1,603 cm−1 and the sharp
peak at 1,331 cm−1 can be clearly observed, which can
be assigned to the vibration of the aromatic ring and
C–N bond for MB [22].

Hydroxyl and carboxyl groups may function as
proton donors, and as a consequence, when deproto-
nated these groups may be involved in coordination
with positive dye ions. Dissolved MB ions are posi-
tively charged and will undergo attraction on
approaching the anionic JS structure by electrostatic
forces. On this basis, it is expected that JS will show a
strong sorption affinity toward MB ion. MB is also an
ideally planar molecule and therefore can be easily
adsorbed by JS through π–π stacking interactions
between the aromatic backbone of the dye and phen-
anthrene derivatives of JS, which may lead to the
weakening of the intensity of υ=CH for the JS-MB. The
electrostatic attraction and π–π stacking interactions
[23,24] between JS and MB could be responsible for
the adsorption ability of the JS-MB.

3.2. SEM of JS, JS-MB, and JS-PANI

Fig. 3(a)–(c) shows SEM images of pure JS with dif-
ferent magnification and JS-PANI (JS-polyaniline,

Fig. 2. Fourier transform infrared spectra of (a) JS and (b) JS-MB.
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Fig. 3(d)) prepared by in situ polymerization [25,26]. JS
contains some carboxylic groups which would serve as
reactive and anchoring sites for the interaction of poly-
aniline. Because of this mesopores structure, JS can pro-
vide active adsorption sites for the efficient removal of
dye pollutes in water. These SEM images give some
important information concerning the formation of
tubes and pores. The representative JS in Fig. 3(c)
shows that JS has some tubular structures and smooth
surface. These tubes were mainly closed. In Fig. 3(d),
the tubes of JS-PANI are mainly open and the sizes of
holes are about 70–80 µm. The exposed surface can
serve as an advanced adsorbent platform to remove the
environmentally pollutant organic dyes. Fig. 4(a) shows
the general view of JS-MB. After adsorption, the JS
experienced an obvious structural change, many trian-
gles and big apertures are generated on the cross sec-
tion (Fig. 4(b)). The porous aerenchyma tissue [27]
replicated in the JS-MB product is characterized by
star-shaped cells with a strut thickness of 2–5 µm and a
length of 300–600 µm (Fig. 4(c)). Based upon this
hypothesis, we investigated the adsorption efficiency
and mechanism of MB dye onto JS.

3.3. Kinetics and equilibrium of adsorption

3.3.1. Effect of initial pH

Initial pH value is one of the key variables in the
adsorption process, where it could either increase or
depress the adsorption equilibrium [28]. The pH of
the dye solution affects not only the surface charge of
the adsorbent, the degree of ionization of the materi-
als, and the dissociation of functional groups on the
active sites of the adsorbent, but also the structure of
the dye molecule. Hence, five different pH values
were used to determine their effects on the adsorption
equilibrium in this study. Fig. 5(a) shows the effect of
initial pH on the removal percentage of MB in the pH
range of 7.75–12 at 15˚C with 42.93 mg/L of dye solu-
tion and 0.05 g/L of adsorbent. The maximum adsorp-
tion capacity, approximately 64.18 mg/g for MB, was
achieved around pH 11. As a result, the initial pH
value was optimized as 11 for dye removal [29].

As the pH of dye solution becomes higher, the
association of dye cations with negatively charged
functional groups in the adsorbent surface could more
easily take place as follows [30,31]:

Fig. 3. SEM images of pure JS with lowmagnification (a and b), high magnification (c), and JS-PANI with high magnification (d).
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JS–OHþOH� ! JS–O� þH2O
JS–COOHþOH� ! JS–COO� þH2O

JS–O� þDyeþ ! JS�O–Dye
JS–COO� þDyeþ ! JS–COO–Dye

For JS, its main functional groups are the hydroxyl
group and the carboxyl group. Along with an increase
in the pH value, the concentration of H+ ions that com-
pete with the dye cations for sorption sites decreased.
The increase in the solution pH was helpful for the
adsorption of MB onto adsorbent. When the pH was
low, the presence of excess H+ ions could restrain the
ionization of the carboxyl group. Therefore, the non-
ionic form of the carboxyl group –COOH and the
hydroxyl group –OH was present. The adsorption
capacity of the dyes was low because of the absence of
electrostatic interaction. When the pH was high, the
carboxyl group and the hydroxyl group are turned
into negatively charged such as –COO−and –O−,

which may result in the increase in adsorption of
cationic dye molecules due to the electrostatic
attraction [32].

3.3.2. Effect of adsorbent dosage

The size and amount of adsorbent significantly
influence the amount of MB adsorption. The surface
area and adsorption capacity of each adsorbent
significantly increased with increasing the amount of
adsorbent [33].

The values of Qe and the removal efficiency of dye
(R%) at different dosage of JS were presented in
Fig. 5(b). As the JS powder concentration increased
from 0.5 to 3.5 g/L, the efficiency of adsorbed MB
were increased from 36.04 to 97.78%. However, the
adsorption capacity (Qe) presented the opposite trend.
The increase in the removal rate of dye was due to the
increased adsorbent surface area and the availability
of more adsorption sites. The decrease of Qe from 68.6
to 26.59 mg/g with increasing adsorbent concentration

Fig. 4. SEM images of the MB-adsorbed JS with (a) low magnification and (b and c) high magnification.

Fig. 5. Effect of initial pH (panel a) (initial conc. MB = 42.93 mg/L, JS conc. = 0.5 g/L) and of the adsorbent dose (panel b)
(initial MB conc. = 100 mg/L, JS conc. = 1 g/L, pH 11) on the adsorption of MB by JS (T = 288 K, contact time: 24 h).

X. Liu et al. / Desalination and Water Treatment 57 (2016) 1671–1683 1675



from 0.5 to 3.5 g/L was attributed to the adsorption
competition among adsorbent and the split in the con-
centration gradient [32]. When the concentration of JS
powder was 1.5 g/L, the Qe and R% were 53.5 mg/g
and 84.31%, respectively. Above 1.5 g/L of adsorbent
dosage, there was no significant increase in the
removal rate of dye, but the Qe decreased rapidly.
Considering Qe and R%, adsorbent dosage of 1.5 g/L
was found to be the optimum concentration for all
other batch experiments.

3.3.3. Effect of contact time and of the initial
concentration on the uptake of MB

The initial concentration of the dye is an important
driving force to overcome the mass transfer resistance
of the dye from the aqueous and the solid phase. The
effect of contact time on the adsorption of MB onto JS
is shown in Fig. 6 for a fixed initial dye concentration
42.93, 65.44, 82.68, and 95.98 mg/L for MB and pH 11
at 15˚C.

As can be seen in Fig. 6, the overall trend was an
increase in the adsorption capacity on increasing the dye
concentration. It was observed that dye uptake was
rapid from the beginning of the experiment and thereaf-
ter, it proceeded at a slower rate and finally reached sat-
uration. With the increase in concentration, the trend
becomes more obvious. This highlights the strong chemi-
cal interaction between the dye molecules and JS [34].

3.3.4. Adsorption kinetics

Adsorption is a physicochemical process that
involves mass transfer of a solute from liquid phase to

the adsorbent surface. In order to investigate the
mechanism of dye adsorption onto JS, three kinetic
models were studied: pseudo-first-order, pseudo-sec-
ond-order, and Elovich. These models are the most
used to describe dye and other pollutants adsorption
such as dyes onto solid adsorbents [35].

3.3.4.1. Pseudo-first-order and pseudo-second-order mod-
els. The linear form of pseudo-first-order rate equation
is [36]:

log ðQe �QtÞ ¼ logQe � kadt

2:303
(1)

where Qe and Qt are the amounts of MB adsorbed
(mg/g) at equilibrium and time t (min), respectively;
kad is the rate constant of the pseudo-first-order kinetic
model (min−1).

A linear form of pseudo-second-order kinetic
model is expressed by the following equation:

t

Qt
¼ t

Qe
þ 1

h
(2)

The initial adsorption rate h (mg/g min) at t = 0 is
defined as follows:

h ¼ k2Q
2
e (3)

where k2 is the rate constant (g/mg min) of pseudo-
second-order kinetic model for adsorption [37]. The
intercept of the plots of t/Qt vs. t was used to
calculate the rate constant k2 and the initial adsorption
rate h.

3.3.4.2. The Elovich model. The Elovich model is useful
for energetically heterogeneous solid surfaces and is
given in the following equation [38]:

Qt ¼ 1

b
lnðabÞ þ 1

b
ln t (4)

where α (mg/g min) is the initial sorption rate and β
(g/mg) is related to the extent of surface coverage and
the activation energy for chemisorption. If MB adsorp-
tion onto JS fits the Elovich model, plots of Qt vs. ln
(t) should give a linear relationship with a slope of
(1/β) and an intercept of (1/β) ln (α β).

Pseudo-first-order, pseudo-second-order, and
Elovich models have been used to fit experimental
data obtained from batch MB removal experiments.
To explore the adsorption kinetics of MB on JS, Fig. 7
presents the fitting of the experimental data to kinetic

Fig. 6. Effect of contact time on the adsorption of MB onto
JS at different dye concentrations (JS conc. = 1 g/L, pH 11,
T = 298 K).
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models (lines). The linearized plots are shown in
Fig. 7 as the inset, and the fitting results are listed in
Table 1. Judging from R2 values, we can see that the
pseudo-second-order model gives the better fitting
result in all cases. Because the pseudo-second-order
model is based on the assumption that chemical sorp-
tion is the rate-determining step, the above results fur-
ther support the proposed chemisorption mechanism
for the systems. This suggests that the present adsorp-
tion process should be a chemisorption process involv-
ing exchange or sharing of electrons between the dye
cations and functional groups of JS.

3.4. Adsorption isotherms

Adsorption isotherm models provide the useful
data for understanding the mechanisms of the
adsorption process and describe how an adsorbate
interacts with an adsorbate and to evaluate the

applicability of the process. The parameters and
correlation coefficients obtained from the plots of
Langmuir, Freundlich, Tempkin, and D–R (shown in
Fig. 8) are listed in Table 2. They are different in the
basic assumptions, shape of the isotherm, and nature
of the adsorbent surface. They were helpful to deter-
mine the maximum adsorption capacity of adsorbate
for the given adsorbent.

3.4.1. Langmuir model

The linearized form of the Langmuir adsorption
isotherm equation (Eq. (5)) is [39]:

Ce

Qe
¼ 1

bQm
þ Ce

Qm
(5)

where Ce is the equilibrium concentration of the dye
in the solution (mg/L), Qe is the amount of the dye

Fig. 7. Kinetic models for adsorption of MB onto JS: (a) pseudo-first-order, (b) pseudo-second-order, and (c) Elovich plot
(JS conc. = 1 g/L, pH 11, T = 298 K, contact time: 24 h).

Table 1
Kinetic parameters for adsorption of MB onto JS

C0 ppm
Qe

Pseudo-first-order Pseudo-second-order Elovich

Exp. kad × 103 Qe R2 k2 × 103 Qe R2 α β R2

42.93 36.14 5.735 19.708 0.9611 25.5 35.45 0.99978 384.40 0.2410 0.9856
65.44 54.08 2.819 26.594 0.9543 1.75 55.96 0.99985 214.542 0.1536 0.9763
82.68 60.84 1.51 45.532 0.9790 1.12 61.996 0.99912 8.6372 0.0808 0.9978
95.98 81.06 0.631 47.373 0.9557 0.061 82.78 0.99946 17.4385 0.0835 0.9917
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adsorbed per unit mass of adsorbent (mg/g), Qm

[Qm = KL/b] signifies the maximum adsorption
capacity (mg/g), which depends on the number of
adsorption sites, and b (L/mg) and KL (L/g) are the
Langmuir constants with b being related to the
adsorption energy. The values of b and KL were
calculated from the slope and intercept of the plot of
Ce/Qe vs. Ce.

Furthermore, the effect of the isotherm shape was
studied to understand whether an adsorption system
is favorable or not. Another important parameter, RL,
[40] called the separation factor or equilibrium param-
eter, which can be used to determine the feasibility of
adsorption in a given concentration range over adsor-
bent, was also evaluated from the relation.

RL ¼ 1

1þ bC0
(6)

where b is the Langmuir adsorption constant (L/mg)
and C0 is the initial dye concentration (36.5–187 mg/
L). Ho and McKay [41] established that (1) 0 < RL< 1
for favorable adsorption; (2) RL > 1 for unfavorable
adsorption; (3) RL = 1 for linear adsorption; and (4)
RL = 0 for irreversible adsorption. The value of RL for

MB adsorption onto JS ranges between 0.0278 and
0.1279 (Table 2), confirming the favorable uptake of
the dye. Namely, Langmuir model could simulate the
adsorption equilibrium data of the dye in the
concentration range studied (35–115 mg/g).

3.4.2. Freundlich model

The Freundlich model is another model which has
the following form [42]:

logQe ¼ logKf þ 1

n
logCe (7)

where Qe is the amount of dye adsorbed per gram of
adsorbent (mg/g); Ce is the equilibrium dye concentra-
tion in solution (mg/L); Kf and n are the Freundlich
constants, which represent the adsorption capacity
and the adsorption strength, respectively. The magni-
tude of 1/n quantifies the favorability of adsorption
and the degree of the adsorbent surface heterogeneity.

The Freundlich constant (1/n) is related to the
sorption intensity of the sorbent. When 0.1 < 1/n ≤ 0.5,
it is easy to adsorb; if 0.5 < 1/n ≤ 1, there are some
difficulties with the absorption; if 1/n > 1, it is quite

Fig. 8. Various adsorption isotherms for the adsorption of MB dye onto JS (JS conc. = 1 g/L, pH 11, T = 308 K, contact
time: 24 h).
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difficult to adsorb [19]. The results are listed in Table 2.
The 1/n and Kf values of MB on JS were 0.30616 and
31.90 L/mg, respectively, indicating that the dye could
be easily adsorbed on the JS and the JS exhibited a
high adsorption capacity for the target organic dye
[43,44]. The Freundlich expression is an empirical
equation based on adsorption at a heterogeneous sur-
face. The results indicated that the linear correlation
coefficients for Langmuir and Freundlich models were
0.9928 and 0.9528, respectively, which indicated that
the experimental data well correlated with the two
equations. Furthermore, Langmuir isotherm model
showed a better fit with adsorption data than Freund-
lich isotherm model. The high correlation coefficient
(R2 > 0.99) shows that Langmuir isotherms are appli-
cable for the interpretation of MB adsorption onto JS
over the whole concentration range studies and maxi-
mum adsorption capacity of 117.93 mg/g for JS. The
Langmuir isotherm model assumes that (i) a mono-
layer adsorption should exist on the adsorbent surface
with a finite number of identical sites; (ii) all sites are
energetically equivalent; and (iii) there is no interac-
tion between the adsorbed molecules. Whereas in the
Langmuir theory, the basic assumption is that the
sorption takes place at specific homogeneous sites
within the adsorbent.

3.4.3. Tempkin model

Tempkin isotherm contains a factor that explicitly
takes into the account of adsorbing species–adsorbent
interactions. It assumes that (i) the adsorption is char-
acterized by a uniform distribution of binding energies
and (ii) the heat of adsorption of all the molecules in
the layer decreases linearly with coverage due to
adsorbent–adsorbate interactions. Tempkin isotherm

has generally been used in the linearized and rear-
ranged form as shown by the following equation [45]:

Qe ¼ BT lnAT þ BT lnCe (8)

where BT = RT/BT and AT are the equilibrium binding
constants corresponding to the maximum binding
energy (L/g), BT is the Tempkin constant related to
the heat of adsorption, T is the absolute temperature
in Kelvin, and R is the universal gas constant. The
Tempkin constants AT and BT can be determined from
the slope and intercept of Qe vs. ln Ce (Table 2).

3.4.4. Dubinin–Radushkevich (D–R) Model

The D–R isotherm model has the following form:

lnQe ¼ lnQm � Ke2 (9)

where Qe is the amount of dye adsorbed per unit mass
of adsorbent (mg/g), Qm is the theoretical saturation
capacity (mg/g), K is a constant related to the mean
free energy of adsorption (mol2/kJ2), and ε is the
Polanyi potential which is equal to

e ¼ RT ln 1þ 1

Ce

� �
(10)

The mean free energy of adsorption (E), defined as the
free energy change when one mole of ion is trans-
ferred from infinity in solution to the surface of the
solid, was calculated from the K value using the
following relation [46]:

E ¼ 1ffiffiffiffiffiffiffiffiffiffi�2K
p (11)

Table 2
Isotherm parameters for the adsorption of MB onto JS

Isotherm models Parameters Value R2

Langmuir Qm 117.93 mg/g 0.9928
b 0.187 L/mg
KL 22.053
RL 0.0278–0.1279

Freundlich Kf 31.90 L/mg 0.9528
1/n 0.30616

Tempkin AT 1.0492 L/g 0.9745
BT 15.545
bT 122.872 J/mol

Dubinin–Radushkevich Qm 94.13 mg/g 0.9371
K × 10−6 1.05
E 0.689 kJ/mol
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On the basis of Eqs. (9)–(11), the isotherm constants,
E, and the determination coefficients were calculated.

The values of the Tempkin parameters were found
to be AT (1.049 L/g) and BT (15.545). The Tempkin
constant BT (122.87 J/mol) that is related to heat of
sorption indicates physiochemical nature of the sorp-
tion process. The adsorption parameter K of Dubinin–
Radushkevich (D–R) isotherm gives the mean free
energy (E) of sorption per molecule of the adsorbate
when it is transferred to the surface of the solid from
infinity in the solution. The apparent energy of
adsorption E can judge adsorption process as physical
or chemical. A sorption process is generally consid-
ered as physical if E ≤ 8 kJ/mol, and as chemical
when E value lies between 8 and 16 kJ/mol [47]. The
apparent energy of adsorption, E (0.689 kJ/mol), indi-
cated a physisorption process. The value of correlation
coefficient (0.975) indicated that the Tempkin isotherm
gave a good fit to the sorption process.

The experimental data of these isotherms summa-
rized in Table 2 show that the Langmuir model and
the Tempkin model yielded the better fit with the
higher R2 values as compared to the other models.
And it showed that the Langmuir isotherm gave the
best fits than the other isotherms. So it illustrated that
the adsorption on the surface of JS was a monolayer
adsorption. According to the Langmuir equation, the
maximum uptake capacity (Qm) for MB was
117.93 mg/g. Therefore, the adsorption of MB by JS
was regarded as physical adsorption combined with
the effect of chemical adsorption.

Previously, some researchers investigated several
adsorbents for the removal of MB from aqueous solu-
tions. Table 3 makes such a comparison with other
biomass based on the adsorbents and shows that JS is
advantageous over many adsorbents reported in the
literature [21,22,48–55].

3.5. Effect of temperature and thermodynamic analysis

The adsorption experiments were carried out at 15,
25, and 35˚C in order to investigate the effects of tem-
perature on the adsorption of MB onto JS. The
removal of MB by adsorption onto JS increases from
66.18 to 117.93 mg/g when the temperature was
increased from 15 to 35˚C. Fig. 9 indicated that the
adsorption process of dye cations was endothermic in
nature. It is well known that the diffusion rate of the
adsorbate molecules across the external boundary
layer and in the internal pores of adsorbent particles
increases and viscosity of the aqueous solution
decreases by increasing the temperature of the adsorp-
tion medium [53].

The data obtained from the temperature study
were used for thermodynamic analysis. Thermody-
namics analysis was focused on the Gibbs free energy,
which is presented in Eq. (12). The Gibbs free energy
can also be expressed using enthalpy and entropy at a
constant temperature (Eq. (13)). The linearized form of
Eqs. (12) and (13) results in Eq. (14), which is the van’t
Hoff equation [33]:

DG ¼ �RT lnKd (12)

DG ¼ DH � DS (13)

lnKd ¼ DS
R

� DH
RT

(14)

In MB adsorption, ΔS (J/mol K) is the entropy change
of MB adsorption, R is the universal gas constant
(8.314 J/mol K), T is the absolute temperature (K), and
Kd is the Langmuir constant. ΔH and ΔS were calcu-
lated from the slope and intercept of the van’t Hoff
plot of ln Kd vs. 1/T, respectively.

Table 3
Reported maximum adsorption capacities (Qm) in the literature for MB dye obtained on various biomass-based
adsorbents

Adsorbent Adsorption capacity (mg/g) Reference

Peanut husk 72.13 ± 3.03 [21]
Activated carbon of rice husk 9.73 [48]
Modified Ficus carica 75.87 [49]
Pine cone biomass 109.89 [50]
Cashew nut shell 5.184 [51]
Oxalic acid modified rice husk 19.77–53.21 [52]
Almond shell (Prunus dulcis) 51.02 [53]
Wheat straw 60.66 [54]
Spent rice biomass 8.30 [55]
Silkworm exuviae 26.6 [22]
Juncus effusus 117.93 ± 2.14 This work
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As can be seen in Table 4, ΔH was positive value,
implying endothermic reaction. The positive value of
ΔS suggested that the increased randomness occurs at
the solid and solution interface during the adsorption
of MB onto JS. The negative ΔG value indicated that
the process be feasible and possess the spontaneous
nature of adsorption. Furthermore, the decrease in the
values of ΔG with the increasing temperature revealed
the adsorption was more spontaneous at higher tem-
peratures [56].

3.6. Desorption of dye

Adsorbent of 0.05 g was treated with 20 mg/L MB
solution at 303 K for 24 h at pH 11. The mixture was
filtered, and the filtrate was analyzed for amount of
dye adsorbed using UV–visible spectrophotometer.

The MB loaded adsorbent was washed with 0.5%
EDTA or 0.15 M HCl or ethanol to remove unab-
sorbed dye. The results of desorption study was
shown in Fig. 10. It clearly exhibits that MB has an
extremely good desorption toward JS in the acidic
medium, while in ethanol desorption is feeble. It has
been observed that percentage adsorption of MB onto
adsorbent is 93.72% at optimized conditions and per-
centage recovery for first cycle was 81.6% in 0.15 M
HCl. The high desorption in acidic medium showed
that the adsorption of MB onto adsorbent was mainly
controlled by electrostatic attractions, which was in
agreement with the results obtained previously.

Desorption studies help decide the mechanism of
the adsorption process and recovery of adsorbent for
reuse. If the dye adsorbed onto the adsorbent can be
recovered by distilled water, it indicates that dye is
attached to adsorbent by weak bonds. If the strong
basic or acidic medium is used to recover the dye then
adsorption occurs through ion exchange. As the regen-
erated adsorbent illustrated satisfactory adsorption
capability toward MB dye, it can be used as a
potential adsorbent for wastewater treatment [33].

3.7. Adsorption mechanism

The adsorption mechanism for dye removal by
adsorption using an adsorbent material can be attrib-
uted to the multiple adsorption interaction mecha-
nisms. The FTIR spectrum of the adsorbent indicates
that carboxyl and hydroxyl groups are present in abun-
dance. The sorption of MB on the adsorbent may be
due to the electrostatic attraction between these groups
and the cationic dye molecules. In addition, the FTIR
spectra analysis indicated that MB might be easily
adsorbed through JS by π–π stacking interactions. Those
SEM images give important information concerning the
formation of tubes and pores in JS and JS-MB, which
can be explained as that mesopores may be favor to the
adsorbate–adsorbate interaction via mesopore-filling
mechanism. Dye transfer from the exterior surface of

Fig. 9. Effect of temperature on the uptake of MB by JS
(initial pH 11, JS conc. = 1 g/L, contact time: 24 h).

Table 4
Thermodynamic parameters for the adsorption of MB onto JS

Temperature (K) Kd (L/mol) R2 ΔH (kJ/mol) ΔS (J/mol K) ΔG (kJ/mol)

288 0.682 0.9320 39.77 135.885 0.636
298 1.706 −0.723
308 1.989 −2.082

Fig. 10. MB adsorption–desorption cycles with 0.5% EDTA
or 0.15 M HCl or ethanol as desorbing agent.
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the adsorbent to the interior pores of the particle
through a pore diffusion or intra-particle diffusion
mechanism [23,35].

4. Conclusions

Results presented in this paper showed that the
adsorption capacity increased with the increase in the
initial MB concentration, aqueous pH, and tempera-
ture. Thermodynamic analysis proved that MB
adsorption onto JS is an endothermic process and is
spontaneous in nature. The kinetics of MB adsorption
onto adsorbent follows the pseudo-second-order
model. The equilibrium data for JS was fitted well by
the Langmuir isotherm model of adsorption, showing
monolayer coverage of MB molecules at the surface of
tubes and pores. The maximum sorption capacities of
MB for JS were 66.18, 106.38, and 117.93 mg/g, respec-
tively at 15, 25, and 35˚C and pH 11. The electrostatic
attraction and π–π stacking interactions between JS
and MB account for the high adsorptive performance
of the JS. Our adsorption results suggested that the JS
could be employed as efficient and suitable adsorbent
for the removal of MB dye from wastewater.
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