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Abstract
The successful utilization of adsorption methods in the dye wastewater treatment had promoted us to develop inexpensive 
adsorbents from industrial and agricultural wastes. The work appraised the application potentiality of bamboo shoot skin 
(BSS) as an adsorbent. Batch adsorption of methylene blue (MB) was conducted to investigate the influence of the dosage of 
adsorbent, concentration of MB, time of adsorption, temperature, and initial pH value on the adsorption properties of BSS. 
Four frequently used adsorption kinetic models were utilized to fit the experimental results, and the pseudo-second-order 
kinetic model with big correlation coefficient could well describe the adsorption kinetics. The experimental equilibrium 
data were fitted by two frequently used adsorption isotherm models, and the Langmuir isotherm model described well. Its 
maximum adsorption capacity was 29.88 mg/g. The obtained thermodynamic parameters indicated that the adsorption pro-
cess was spontaneous and exothermic in nature. In addition, the adsorption mechanism and comparison of BSS with other 
adsorbents were also discussed.
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Introduction

Water pollution was becoming more and more serious with 
the continuous improvement of the industrialization. Dye 
wastewater pollution, heavy metal wastewater pollution, 
refractory organic wastewater pollution, and other promi-
nent water pollution problems had caused serious impact 
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on human living environment and ecosystem (Gwenzi et al. 
2017). In some developed industrial areas, especially heavy 
industry and chemical industry, industrial wastewater emis-
sions had greatly exceeded the capacity of local water envi-
ronment (Rafatullah et al. 2010). The rapid development 
of dye industry had brought us a colorful world. However, 
the toxicity of synthetic dyes and the ecological and envi-
ronmental problems caused by dye industry and overuse of 
dyes were also shocking. In addition to the dust caused by 
synthetic dyes that did harm to the health of workers, envi-
ronmental pollution caused by synthetic dyes was mainly 
dye wastewater pollution.

Dye wastewater contained not only a large number of 
dye molecules, but also a lot of dye synthesis intermediates, 
dye synthesis additives, etc. So a certain amount of sulfonic 
acid, nitro, amino, chloride ions, and other aromatic deriva-
tives widely existed in the dye wastewater. Meanwhile, it 
also contained a certain amount of mercury ions, chromium 
ions, zinc ions, fluoride ions, and other toxic heavy metal 
ions (Ali 2010). The pH value of the effluent dye wastewater 
varied greatly caused by the different dosage of acid and 
alkali due to different batches of dyes, different types of 
dyes, and different synthesis process of dyes, which brought 
some difficulties to the technology of wastewater treatment. 
In order to solve the problem of dye wastewater on environ-
mental pollution, a large number of wastewater treatment 
methods began to emerge. These treatment methods could 
be roughly summed up as: chemical, biological, and physical 
methods (Khatri et al. 2015; Sivakumar et al. 2014). Chemi-
cal method could be divided into electrochemical method 
and advanced oxidation process. Biological method was the 
way to use the biological metabolism to change the organic 
matter in the wastewater into inorganic or various nutrients 
under the action of microorganisms. But these technologies 
and methods were limited by several obvious disadvantages 
such as operation costs, unsuitability for dispersed dyes, 
generated water products, and longer acclimatization phase. 
Physical treatment of dye wastewater involved the membrane 
separation technology, magnetic separation technology, and 
adsorption method, etc. Membrane separation technology 
was the way to separate the dye molecules using the selec-
tive permeability of the membrane. Magnetic separation 
technology was the way to use the magnetic field gener-
ated by the magnetic separator for separating. Adsorption 
method was the use of the mutual interaction between the 
adsorbents and dyes in the wastewater to achieve the purpose 
of removing pollutants. It was a physical process and would 
not destroy the molecular structure of the dye (Khatri et al. 
2015; Sivakumar et al. 2014; Auta and Hameed 2014).

Adsorption method could selectively adsorb certain sub-
stances, especially for the decoloration of dyes. Among 
these water treatment methods, the adsorption method had 
more advantage than other removal techniques because of 

its simplicity, low cost, convenience, etc. (Bhatnagar and 
Sillanpää 2010). Therefore, adsorption method was a very 
good choice in the industry which was often used in the 
pretreatment or advanced treatment for printing and dyeing 
wastewater. The adsorption capacity depended on the type 
of adsorbent, so the low-cost adsorbent with high adsorp-
tion capacities was important and had gained great attention. 
There were many determinants for choosing different inex-
pensive adsorbents (Tang et al. 2012; Rafatullah et al. 2009). 
In recent years, some waste from the industrial, agricultural, 
and natural materials had received more and more atten-
tion because of its low prices. A large number of harmful 
substances from the wastewater could be absorbed by them. 
Many waste materials, such as longan shell (Wang et al. 
2016), soya bean waste (Kooh et al. 2016), water bamboo 
leaves (Zhu et al. 2016), pulp and paper sludge (Chaukura 
et al. 2017a, b), pomelo peels (Zhu et al. 2017), durian shell 
(Wang et al. 2017), leaf-based cellulose (Zaidi et al. 2018), 
pomelo leaves (Lim et al. 2018), Tremella fuciformis (Zhu 
et al. 2018), and Jackfruit seed (Kooh et al. 2018), were used 
as adsorbent.

As a thiazine cationic dye, methylene blue (MB) was one 
of the most general water-soluble dyes used for industrial 
applications. It was frequently used in dyeing cotton, leather, 
silk, wools, printing, coloring paper, and coating for paper 
stock. It was also used in surgery as a sensitizer, diagnostics, 
and microbiology (Mitrogiannis et al. 2015). Because of its 
wide application, MB was considered as a common pol-
lutant material in wastewater. Although it was not strongly 
toxic to human and animals, it could cause some negative 
effects, such as profuse sweating, an increased heart rate, 
diarrhea, gastritis, nausea and vomiting, mental confusion, 
tissue necrosis, shock (Abdallah and Taha 2012). Therefore, 
MB had been chosen in this study as a model molecule for 
basic dyes.

Bamboo, an ever green herbaceous plant, was widely cul-
tivated in the tropical and subtropical regions, particularly 
in the East Asia (Lin et al. 2015). The young bamboo just 
grew out of the ground. It was called bamboo shoot with a 
height of 20–30 cm. Bamboo shoot had a high nutritional 
value, which was rich in protein, dietary fiber, and other 
nutrients. Bamboo shoot skin, as a by-product, was a prolific 
bioresource with an annual dry weight of 22 million tons in 
China. However, most of bamboo shoot skin was usually 
burned or discarded directly, which led to a large number of 
resource waste and serious environmental pollution every 
year. So the development and utilization of bamboo shoot 
skin could not only save resources, but also had an important 
impact on environmental protection (Li et al. 2015).

In this work, the bamboo shoot skin (BSS), as a low-cost 
and environment-friendly adsorbent, was utilized to remove 
MB from wastewater. This work included the assess of the 
influences of some related factors on the dye adsorption 
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process, such as the amount of adsorbent, the initial con-
centration of MB, the adsorption time and temperature, as 
well as the pH value of the solution. The BSS was also used 
as adsorbent to investigate the adsorption behavior for MB 
involved different kinetic, isotherm models, and thermody-
namic parameters of the adsorption process.

Materials and methods

Materials

Bamboo shoot skin (BSS) was collected from the local 
supermarket in Zhenjiang, Jiangsu Province, China. All 
of the BSS was obtained from the same batch. To remove 
soluble impurities and dust, it was cleaned with distilled 
water and dried in a vacuum oven for 24 h at 60 °C. Then, 
it was shattered by grinder and sieved to obtain powder size 
range of 1–300 μm. After that, the particles were stored in 
the sealed glass container for future use. Prior to adsorption 
experiments, there were no other further physical or chemi-
cal treatments.

As the model adsorbate, methylene blue (MB) (Sinop-
harm Chemical Reagent Co. Ltd. Shanghai, China) was used 
as received without further purification. The chemical for-
mula was C16H18ClN3S·3H2O, and its molecular weight was 
373.9 g/mol. NaOH or HCl was used to adjust the solution 
pH value. The pH meter (PHSJ-4F, Shanghai REX, China) 
was used to measure the pH value.

Characterization

The environmental scanning electron microscope (S-3400N) 
was utilized for studying the surface characteristics of sam-
ples. NEXUS 670 FTIR Spectrometer was utilized for 
obtaining the FTIR spectra of the BSS after and before 

adsorption of MB. The solid addition method (Dahri et al. 
2015) was used to determine the point of zero charge of 
BSS.

Adsorption experiments

All adsorption experiments were conducted in conical flasks 
with capacity of 100 mL filled with 50 mL MB solution 
at constant magnetic stirring. The influence of adsorbent 
dosage (1–6 g/L), initial dye concentration (20–200 mg/L), 
adsorption time (5–240 min), temperature (20–70 °C), and 
initial pH value (3–12), were evaluated to study the adsorp-
tion efficiency of BSS. To separate the adsorbents from 
the liquid phase after finishing each adsorption procedure, 
the samples were centrifuged at 3000 rpm for 15 min. The 
MB concentration per adsorption experiment was tested by 
measuring the absorbance values with the spectrophotom-
eter (Shimadzu UV-2550) at 666 nm. The amount of MB 
adsorbed at time t and percentage of MB removal could be 
obtained by the following equations, respectively:

where C0 (mg L−1) and Ct (mg L−1) represent the dye con-
centration initially and at time t, respectively. V (L) was the 
solution volume, and m (g) was the adsorbent weight.

Results and discussion

Scanning electron microscope observation

The surface morphology of bamboo shoot skin was inves-
tigated by SEM, and the SEM photographs are shown in 
Fig. 1. It was seen that a large amount of irregular flaky 

(1)Qt = (C0 − Ct) × V∕m

(2)R(%) = (C0 − Ct)∕C0 × 100

Fig. 1   SEM photographs of bamboo shoot skin at different magnifications
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plant tissue stacked and curled up together, and there were 
also a large number of non-uniform pores existed in these 
layered structures, which presented large specific surface 
area. This structure provided a large amount of surface areas 
for contacting and adsorbing more dye molecules in the MB 
adsorption process (Lim et al. 2017).

Influence of adsorbent dosage

The dosage of adsorbent was a key technical parameter that 
greatly affected the removal of MB from wastewater because 
it determined the ability of the adsorbent which related to 
the number of adsorption sites (Doğan et al. 2007; Lim et al. 
2015). At initial MB concentration 100 mg/L and adsorption 
time 60 min under ambient condition, the influence of vari-
ation of BSS dosage on the removal of MB is displayed in 
Fig. 2. As could be observed that the adsorption capacity of 
the BSS decreased and the dye removal rate increased when 
the BSS dosage enhanced.

When the dosage of adsorbent enhanced from 1 to 
2 g/L, the adsorption capacity rapidly reduced from 32.64 
to 21.27 mg/g, which reduced by 34.8%. The latter part of 
the reduction gradually stabilized, and the final adsorption 
capacity maintained at 12.4% mg/g. The results could be 
attributed to the fact that the mass of the BSS increased, 
while the adsorption capacity of the BSS was constant, and 
meanwhile the concentration of the dye was not changed, 
so the adsorption capacity of every unit was unsatisfied 
when the adsorbent dosage increased. In addition, on the 
one hand, the rapid decline from 1 to 2 g/L was also attrib-
uted to a marked raise in the amount of adsorbent. Then, the 
amount of adsorption reached equilibrium, and the decline 
tended to be flat. On the other hand, when the amount of 
adsorbent heightened from 1 to 3 g/L, the removal rate of 
MB enhanced from 32.64 to 56.85%, and the latter growth 
began to slow, reaching a maximum of 74.19%. The results 
could be attributed to the reason that the increase in the 
dose of BSS led to larger adsorption areas and more adsorp-
tion sites in the solution. The initial increase was due to the 

relatively large increase in dose. When the adsorption did 
not reach saturation, the effect of subsequent additions on 
the removal efficiency reduced and the adsorption basically 
reached equilibrium.

Influence of the initial concentrations

A large number of experimental results indicated that opti-
mization of the initial concentration was important for 
adsorption studies of dye (Asfaram et al. 2014). Dye adsorp-
tion experiments with initial dye concentrations rose from 
20 to 200 mg/L and were carried out at adsorbent dose of 
2 g/L for 12 h under ambient condition.

Figure 3 displays the influence of initial concentrations of 
MB on the MB removal on BSS. The results displayed that 
the capacity of adsorption rose rapidly to 26.64 mg/g when 
the initial MB concentration enhanced from 20 to 100 mg/L. 
The latter part of the increase gradually stabilized which the 
adsorption capacity maintained at about 26.97 mg/g. These 
results indicated that the whole adsorption was basically bal-
anced. On the other hand, when the initial MB concentration 
enhanced from 20 to 200 mg/L, the removal rate of MB 
reduced rapidly from 71.10 to 26.97% and the amplitude of 
the decrease gradually increased. Because the total amount 
of BSS in the solution remained constant, the contact of the 
MB with the BSS surface enhanced when the MB initial 
concentration increased. So the adsorption site on the sur-
face of the BSS could be fully utilized, which was beneficial 
to the effect of the BSS on the MB adsorption. When the 
concentration of the solution increased to a certain extent, 
the adsorption of MB would not increase and maintained 
balance because the active site of the adsorbent in the system 
reached saturation (Lim et al. 2016). 

Influence of adsorption time

Adsorption time was also an important parameter which 
could significantly describe adsorbent characteristics of 
the adsorption process (Mehmood et al. 2015). Therefore, 

Fig. 2   The influence of adsorbent dosage on the removal of MB on 
BSS

Fig. 3   The effect of initial MB concentrations on the removal of MB 
on BSS
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the change of adsorption property with the adsorption time 
at three different MB concentrations (50 mg/L, 75 mg/L, 
100 mg/L) was investigated at adsorbent dose of 2 g/L 
under ambient condition. Figure 4 displays the influence of 
adsorption time on the removal of MB on BSS. It could be 
observed that the capacity of adsorption and removal rate 
of MB both increased when the adsorption time increased 
under different dye concentrations. They raised greatly in 
the first 10 min. After that it increased slowly. Because the 
dye was mainly adsorbed on the outer surface of BSS at 
the initial stage of adsorption, the amount of adsorption 
first increased rapidly and then the speed of late adsorption 
gradually tended to be gentle. The initial rapid adsorption 
was due to the fact that the adsorption-driving force was the 
largest in the initial stage of adsorption because of the larger 
initial dye concentration and the more surface active sites. 
Then, the adsorbate gradually diffused within the micropores 
of the adsorbent, which resulted in the gradual increase in 
diffusion resistance. Meanwhile, the dye concentration grad-
ually decreased. So the removal rate and adsorption capacity 
of MB increased slowly. The adsorption rate was mainly 
determined by diffusion resistance, which led to the slow 
adsorption rate. Moreover, the late adsorption was mainly 
adsorbed on the internal surface of the BSS, and the late low 
dye concentration and few surface active sites resulted in low 
adsorption-driving force, so the adsorption gradually slowed 
down and finally reached equilibrium.

Influence of temperature

To explore the influence of temperatures on the adsorp-
tion behavior of BSS, the effects of different temperatures 
(20–70 °C) on adsorption experiments were investigated 
at initial MB concentration of 75 mg/L, adsorbent dose of 
2 g/L, and adsorption time 60 min. Figure 5 shows the influ-
ence of temperature on the removal of MB on BSS. As dis-
played in Fig. 5, the adsorption capacity and removal rate of 
MB both reduced as the temperature enhanced from 20 to 
70 °C. On the one hand, the adsorption of MB by the BSS 
was chemical adsorption. Because this type of adsorption 
was an exothermic process, it was harmful to the adsorption 
process by improving the adsorption temperature. On the 
other hand, the increase in the adsorption temperature made 
the thermal motion of the molecule become more intense, 
so it was less susceptible to the adsorption between MB and 
BSS. The results indicated that the adsorption experiments 
should be carried out at lower temperature (Han et al. 2008).

Influence of pH values of solution

The initial pH value of the sewage solution was also a key 
parameter during the adsorption process. It not only greatly 
influenced the ionization degree of the MB molecules and the 
surface charge of the adsorbent material, but also influenced 
the adsorption capacity of hydrogen ion and other ions (Kavi-
tha and Namasivayam 2007). The influence of initial pH value 
ranged from 3 to 11.5 on the adsorption capacity was investi-
gated at adsorbent dosage of 2 g/L, initial MB concentration 
of 75 mg/L, and the adsorption time of 12 h under ambient 
condition. As displayed in Fig. 6, the pH value had a signifi-
cant influence on the adsorption capacity and removal rate of 
the cationic dye. The adsorption capacity and removal rate 
enhanced obviously with the increase in the pH value. This 
result was due to the effect of competition between hydro-
gen ions and cationic dyes. In the adsorption process, a large 
amount of hydrogen ions and cationic dye MB competed 
for limited active adsorption sites in the strong acid aqueous 

Fig. 4   The influence of adsorption time on the removal of MB on 
BSS at three different concentrations of MB solution Fig. 5   The influence of temperature on the removal of MB on BSS
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solution, so it would hinder the adsorption of cationic dye and 
reduce the adsorption capacity and removal rate. The influ-
ence of hydrogen ion concentration decreased when the pH 
value gradually increased. The effect gradually reduced until 
the positively charged cationic dye was adsorbed on the free 
binding site in the alkaline environment. So the adsorption 
capacity and removal rate obviously improved.

In addition, the point of zero charge of BSS was measured 
to be 7.3. This indicated that BSS obtained positive charge 
because of protonation of functional groups when the pH 
was lower than this value, resulting in electrostatic repulsion 
between dye cations and BSS. The negative charge existed on 
the surface of BSS when the pH was higher than this value, 
which resulted in electrostatic attraction. So the adsorption of 
cationic dye was favorable (Lim et al. 2017; Sadaf and Bhatti 
2014).

Adsorption kinetics study

Adsorption was a well-known method of water purification, so 
it was necessary to obtain the equilibrium curve to demonstrate 
the adsorption kinetics of MB. Many adsorption kinetic mod-
els were utilized to study the adsorption mechanism. In this 
work, four kinetic models (pseudo-first-order model, pseudo-
second-order model, intraparticle diffusion model, and Elovich 
kinetic model) were utilized to analyze the adsorption kinetics 
of MB molecules onto BSS.

These various models could be expressed as follows (Doğan 
et al. 2007; Asfaram et al. 2014; Ho and McKay 1999):

(3)
Pseudo-first order model: log

(

qe− qt
)

= log qe−
(

k1∕2.303
)

t

(4)
Pseudo-second order model: t

/

qt = 1
/(

k2q
2
e

)

+ t∕qe

(5)Intraparticle diffusion model: qt = kdt
1∕2 + C

(6)Elovich kinetic model: qt = 1∕� ln (��) + 1∕� ln t

The linear plots of log(qe − qt) versus t, t/qt versus t, qt 
versus t1/2, and qt versus lnt for three concentrations are dis-
played in Fig. 7a–d, and correlation coefficients obtained 
from the slope and intercept of the plots are listed in Table 1. 
It could be observed that as the concentration enhanced from 
50 to 100 mg/L, the correlation coefficients (R2) for pseudo-
first-order kinetic model were 0.9171, 0.8948, and 0.9247, 
respectively, the R2 for pseudo-second-order kinetic model 
were 0.9996, 0.9992, and 0.9941, respectively, the R2 for 
intraparticle diffusion kinetic model were 0.9218, 0.9129, 
and 0.9228, respectively, and the R2 for Elovich kinetic 
model were 0.9959, 0.9846, and 0.9508, respectively. It 
could be obtained that the kinetic data showed the best fit to 
the pseudo-second-order model with higher R2 which were 
higher than 0.99 at the three different concentrations. The 
qe values obtained by the model were very approximative to 
the qe values obtained from the experiment, which demon-
strated the applicability of the pseudo-second-order kinetic 
model to follow the adsorption process of the MB onto the 
BSS. On the contrary, the other three models were not very 
applicable. For example, the obtained qe values obtained 
from the linear plots in pseudo-first-order model did not cor-
respond with the experimental qe values. The values of C 
were much larger than zero in intraparticle diffusion model, 
indicating that the increase in the concentration of dye pro-
moted the boundary layer diffusion effect. The constants α 
and β decreased in the Elovich kinetic model indicated that 
the chemical adsorption rate and the available adsorption 
surface would be reduced (Mehmood et al. 2015).

Adsorption isotherms

The equilibrium adsorption isotherm was significant in 
investigating the interactive behavior between adsorbate and 
adsorbent, and it also had an important part in optimizing 
the use of adsorbents. The main parameters calculated from 
the different adsorption isotherms gave essential informa-
tion about the adsorbent and the adsorbate. Langmuir and 
Freundlich isotherm models were the most frequently used 
adsorption isotherms in the study of the adsorption process 
(Kumar and Sivanesan 2006).

The Langmuir isotherm model was based on the adsorp-
tion of monomolecular layers. The Langmuir model assumed 
that the adsorbent surface was homogeneous and adsorbent 
surface had the same adsorption capacity. When the adsorb-
ate reached the saturated state on the adsorbent surface, the 
adsorption capacity reached the maximum value. There 
was no transfer movement on the adsorbent surface when 
the saturated state reached. In the dynamic equilibrium, the 
adsorption rate and desorption rate of the adsorbate on the 
adsorbent were the same. The relationship between the equi-
librium adsorption capacity qm and the solution equilibrium 
concentration Ce in the Langmuir equation was as follows:

Fig. 6   The influence of pH values on the removal of MB on BSS
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The separation factor RL could be obtained from the 
following equation using the parameter KL in the Lang-
muir model:

If RL value was equal to zero, it indicated the type of 
adsorption was irreversible. If RL value was between 0 and 
1, it indicated the type of adsorption was favorable. If RL 
value was equal to 1, it indicated the type of adsorption 
was linear. If RL value was greater than 1, it indicated the 
type of adsorption was unfavorable (RL > 1). In this study, 
the RL value was between 0.058 and 0.38, implying that 
the adsorption process was favorable.

The Freundlich isotherm model was an empirical 
formula for the nonlinear model. Compared with the 
Langmuir equation, it was suitable for the condition of 

(7)Ce∕qe = Ce∕qm + 1∕KLqm

(8)RL = (1 + KLC0)
−1

Fig. 7   a Pseudo-first-order kinetic model plot, b pseudo-second-order kinetic model plot, c intraparticle diffusion model plot, and d Elovich 
kinetic model plot for the adsorption of MB by BSS

Table 1   Kinetic parameters for adsorption of MB onto BSS

Kinetic model Parameters Dye concentration (mg/L)

50 75 100

Experiment value qe,exp (mg/g) 17.72 24.74 27.39
Pseudo-first-order qe,cal (mg/g) 5.05 9.81 14.84

k1 (min−1) 0.0154 0.0144 0.0358
R2 0.9171 0.8948 0.9247

Pseudo-second-
order

qe,cal (mg/g) 16.72 22.61 28.25
k2 (g mg−1 min−1) 0.0125 0.00597 0.00278
h (mg g−1 min−1) 3.49 3.05 2.22
R2 0.9996 0.9992 0.9941

Intraparticle dif-
fusion

Intercept C 11.46 12.54 12.46
kd (mg g−1 min−0.5) 0.3635 0.6939 1.0248
R2 0.9218 0.9129 0.9228

Elovich α (mg g−1 min−1) 1812.6 82.9 26.2
β (g/mg) 0.7635 0.4004 0.2766
R2 0.9959 0.9846 0.9508
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inhomogeneous surface, which had advantages in describ-
ing the adsorption of high concentration adsorbate, and it 
was generally not well used for low concentration adsorb-
ate. The linear form of Freundlich equation was expressed 
as follows:

In the above equation, KF was the Freundlich adsorption 
coefficient and n was the Freundlich constant. It was gener-
ally believed that adsorbate tended to be adsorbed easily on 
the adsorbent surface when the 1/n value was less than 1.0. 
But when the 1/n value was more than 1.0, it was difficult to 
absorb and illustrated the adsorption process was chemical 
biosorption mechanism. KF and n could be obtained from 
the linear plot of lnqe versus lnCe. In this study, the n value 
was 2.54, which indicated that the adsorption was favorable. 
This result was identical with the results obtained from the 
Langmuir model.

The plots of the two isotherms are shown in Fig. 8a, b, 
and Table 2 lists the correlation coefficients. It could be con-
cluded that the equilibrium data were fitted well by Lang-
muir isotherm model because of higher correlation coef-
ficients and the plot of Ce/qe versus Ce also showed straight 
line. However, the experimental data did not show good fit 
to the Freundlich isotherm model because of its low R2 value 
and it also showed bad linearity between lnCe and lnqe.

Thermodynamic parameters

It was essential to investigate the thermodynamic behav-
ior of an adsorption behavior, because the corresponding 
parameters of thermodynamic could determine whether the 
process was spontaneous or not. In this work, thermody-
namic study of adsorption of MB on BSS was investigated 

(9)ln qe = lnKF + 1∕n lnCe

between 20 and 70 °C at original MB concentration of 
75 mg/L and adsorbent amount of 2 g/L. Thermodynamic 
parameters, including the Gibbs free energy change (∆G°), 
enthalpy (∆H°), and entropy (∆S°), were important for 
specific application of an adsorbent. The thermodynamic 
parameters could be obtained using the rate equation and the 
van’t Hoff equation which could be expressed as:

where Kd represents the standard thermodynamic equilib-
rium constant, qe represents the amount of dye adsorbed on 
the adsorbent at equilibrium, Ce represents the equilibrium 
concentration of dye in the solution, R was the gas constant, 
and T was the absolute temperature. The values of ∆H° and 
∆S° could be estimated from the slopes and intercepts which 
determined by plotting lnKd versus 1/T. The plot is shown 
in Fig. 9. Table 3 lists the relevant values of ∆G°, ∆H°, and 
∆S°. It showed that the values of all ∆G° were negative, 
implying the feasibility of the adsorption process and the 
spontaneous nature. Furthermore, the increase in ∆G° with 
the increase in temperature indicated the adsorption was 

(10)Kd = qe∕Ce

(11)ΔG◦ = −RT lnKd

(12)ΔG◦ = ΔH◦− TΔS◦

(13)lnKd = (ΔS◦∕R) − (ΔH◦∕RT)

Fig. 8   a Langmuir isotherm models plot and b Freundlich isotherm models plot for the adsorption of MB by BSS

Table 2   Isotherm parameters and correlation coefficients calculated 
for the adsorption of MB onto BSS

Langmuir Freundlich

qm (mg/g) KL (L/mg) R2 KF (mg/g) (L/mg)1/n n R2

29.88 0.0812 0.9933 4.84 2.54 0.8137
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exothermic and more favorable at low temperatures. Nega-
tive ∆H° and ∆S° values indicated exothermic reaction and 
the decreased randomness at the interface of BSS and MB 
solution, respectively (Fathi et al. 2015).

Adsorption mechanism

The elucidation of the adsorption mechanism was relatively 
difficult in adsorption studies. First, the structure and prop-
erties of two substances involved in the adsorption process 
should be clearly explicit. For adsorbate, methylene blue was 
a cationic dye with two amino groups, which dissociated into 
MB+ and Cl− ions in aqueous solution. For the adsorbent, 
BSS had a porous surface which could be observed from SEM 
images as shown in Fig. 1. Then, the surface functional groups 
and chemical bonds of the BSS which was the key effects on 
its adsorption properties should be studied. Therefore, FTIR 
technique was used to illuminate these groups and bonds, and 
the FTIR spectrum of GFP is illustrated in Fig. 10. The strong 
and broadband stretch located at 3418 cm−1 indicated the 
appearance of O–H groups of cellulose, hemicellulose, lignin, 
and pectin in BSS. The narrow band located at 1385 cm−1 and 
the weak band located at 2929 cm−1, which were well-defined 
peaks, were assigned to the bending vibration and stretching 
vibration of asymmetric or symmetric C–H of aliphatic acids, 
respectively. The band located at 1635 cm−1 was assigned 
to stretching vibrations of carbonyl groups on aldehydes 

and ketones, while the small band located at 1247 cm−1 was 
assigned to the stretching formation of –OH and deformation 
vibration of C=O of carboxylic acids and phenols. The other 
strong band located at 1069 cm−1 was assigned to C–O–C 
functional group stretching of the cellulose and lignin struc-
tures in BSS (Sadaf and Bhatti 2014).

The above FTIR spectrum analysis showed that the BSS 
contained many hydroxyl and carboxyl groups. Based on the 
above experimental results and the structure and properties 
of adsorbate and adsorbent, the process of adsorption of MB 
by BSS included the following steps. First, the molecules of 
MB migrated from the aqueous solution to the BSS surface. 
Second, the MB molecules passed through the boundary 
layer between the aqueous solution and the BSS and reached 
the BSS surface. Third, the functional groups of BSS inter-
acted with the MB molecules, so that the MB molecules were 
adsorbed onto the BSS. The interaction included hydrogen 
bonds formed by hydroxyl groups on the surface of BSS 
and nitrogen atoms of MB molecules, which are exhibited 
in Fig. 11. The interaction might also include ion exchange 
process between hydrogen ions and dyes, which was demon-
strated as:

In addition, the carboxylic groups on the surface of BSS 
formed negatively charged carboxylate ligands after the car-
boxylic groups were deprotonated at pH above 4 (Aguayo-Vil-
larreal et al. 2013). The carboxylate ligands interacted with the 
positively charged MB molecules, which were demonstrated 
as:

BSS−OH ⇌ BSS−O− + H+

BSS−O− + MB+
⇌ BSS−O−MB + H+

BSS−COOH ⇌ BSS−COO− + H+

BSS−COO− + MB+
⇌ BSS−COO−MB + H+

Fig. 9   Plot of lnKd versus 1/T for the adsorption of MB on BSS

Table 3   Thermodynamic parameters for the adsorption of MB onto 
BSS

Temperature (K) ΔG° (KJ/mol) ΔH° (KJ/mol) ΔS° (J/mol/K)

293.15 − 1.33 − 8.47 − 24.33
303.15 − 1.09
313.15 − 0.85
323.15 − 0.61
333.15 − 0.36
343.15 − 0.12

Fig. 10   FTIR spectra of BSS (a) before and (b) after the adsorption 
of MB
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At last, MB molecules diffused in the inner pore of the 
BSS.

Comparison of BSS with other adsorbents

The absorption ability of BSS had been compared with 
other adsorbents previously utilized for adsorption of MB. 
Table 4 compares the adsorption capacities (the maximum 
monolayer adsorption) of the BSS with other adsorbents. It 
displayed that the adsorption amount of MB on BSS was 
comparable with some previously reported adsorbents, but 
lower than some adsorbents. However, bamboo shoot skin 

was cheap, easy to obtain, sustainable, and friendly to envi-
ronment as an agricultural waste. As an adsorbent, it could 
make the waste into valuable resources without secondary 
pollution and realized the comprehensive utilization of 
resources, which would benefit economy, environment, and 
society.

Conclusions

In conclusion, bamboo shoot skin could be utilized as an 
adsorbent to adsorb MB from sewage. The bamboo shoot 
skin displayed high efficiency to adsorb MB from sew-
age. The adsorption efficiency of BSS was displayed to be 
affected by many operational parameters. The maximum 
adsorption capacity was 29.88 mg/g. Four kinetic models 
were utilized to investigate the kinetic study of MB onto 
BSS, and the results indicated that the pseudo-second-order 
kinetic model could well describe the adsorption kinetics. 
In addition, two isotherm models were applied to study the 
adsorption behavior of MB onto BSS, and the equilibrium 
process was better followed by the Langmuir isotherm model 
than Freundlich isotherm model. The calculated thermody-
namic parameters indicated the spontaneous nature and the 
feasibility of the adsorption process. The maximum MB 
adsorption capacity of BSS was comparable with some 
previously reported adsorbents, but lower than some adsor-
bents. These results indicated that the BSS could be very 
promising adsorbent.

Fig. 11   Adsorption mechanism of MB onto BSS

Table 4   Comparison of MB 
adsorption capacity of BSS with 
other adsorbents

Adsorbent Amount adsorbed (mg/g) References

Banana peel 18.65 (Amela et al. 2012)
Jute processing waste 22.47 (Banerjee and Dastidar 2005)
Raw ball clay 34.65 (Auta and Hameed 2012)
Clay 58.20 (Gürses et al. 2006)
Glass fibers 2.24 (Chakrabarti and Dutta 2005)
Coal fly ash 16.60 (Wang et al. 2008)
Coconut coir 15.59 (Sharma and Upadhyay 2009)
Peat of Brunei Darussalam IV 143.96 (0.45 mmol g−1) (Chieng et al. 2014)
Artocarpus odoratissimus skin 184.60 (0.58 mmol g−1) (Lim et al. 2015)
Casuarina equisetifolia needle 110.80 (Dahri et al. 2015)
Dragon fruit skin 640 (Priyantha et al. 2015)
Breadnut core 369 (Lim et al. 2016)
Breadnut peel 409 (Lim et al. 2017)
Bamboo shoot skin 29.88 This work
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