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a b s t r a c t
Tobacco rob residues (TRR) were used as an adsorbent for the adsorption of methylene blue (MB) 
from aqueous solutions. The structure and morphology of the TRR were characterized by Fourier-
transform infrared spectroscopy, X-ray diffraction, Zeta potential and N2 adsorption–desorption. The 
effect of contact time, pH, tobacco rob residues dosage, sodium chloride (NaCl) concentration and 
initial concentration of MB were investigated by a series of static adsorption experiment. Meanwhile, 
the adsorption isotherms were determined and fitted by Langmuir and Freundlich adsorption iso-
therm. The results confirmed that the adsorption isotherm data fitted well to Langmuir isotherm with 
monolayer adsorption capacity of 233.3 mg/g. The adsorption processes were studied by pseudo-first 
order, pseudo-second order and intra-particle diffusion kinetic models. And the adsorption kinetics 
was found to follow a pseudo-second order kinetic model. TRR also have the advantages of facile 
recovery and recycle. Thus, TRR is potential to be used as a good natural adsorbent.
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1. Introduction

Dyes are mainly used in textiles, rubber, paper, plastics, 
cosmetics and pharmaceutical industries. Today, the dye 
species used commercially are more than 10,000 [1]. The dis-
charge of waste water containing dyes can not only reduce 
light phenomena, but also increase the toxicity and chemical 
oxygen demand (COD) of the effluent [2], which can result in 
great harm to aquatic organisms [3–5]. Therefore, the treat-
ment of dye wastewater is imminent and has become a very 
important issue. Methylene blue (MB) [6] is an important cat-
ionic dye, which is widely used in coloring paper, temporary 
hair colorant, dyeing cottons, wools and coating for paper 
stock [7]. MB ingested or inhaled may cause many problems 
such as nausea, vomiting, diarrhea, dyspnea, tachycardia, 
cyanosis and methemoglobinemia [8].

The conventional methods for the treatment of MB waste 
water are coagulation and flocculation, oxidation or ozona-
tion, membrane separation, biological treatment and adsorp-
tion [9–12]. Among them, the adsorption is an important 
method to treat the MB wastewater owing to its low cost and 
high removal efficiency. Therefore, an efficient and economi-
cal adsorbent could be important for the treatment of the MB 
waste water.

Activated carbon has been used in the adsorption of MB 
with large adsorption capacity and high adsorption efficiency 
[4,13,14]. However, the high cost and the air pollution (car-
bon monoxide and dust) in the activated carbon production 
restricts the application for adsorption of MB. Various agricul-
tural and forestry wastes, such as seaweed [15], waste tea [16], 
peanut shell [1], rice husk [17], phoenix tree leaf powder [18], 
Platanus orientalis leaves [19], sawdust [20] and wheat straw 
[21] have been used for adsorption of MB from aqueous solu-
tions and some of them have good adsorption property.
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Tobacco plants were cultivated widely in the world as a 
main material to make cigarette. Tobacco rod (TR) accounts 
for 60% of the tobacco weight. TR was burned or thrown as 
waste in the cigarette production and it was not only a waste 
of resources but also a source of pollution in the environment. 
Our previous work indicated that tobacco rob extract could be 
used as an efficient corrosion and scale inhibitor in seawater 
and circulating cooling water [22,23]. The application of 
untreated agricultural or forestry waste as adsorbents can also 
bring several problems such as low adsorption capacity, high 
COD and biological oxygen demand as well as total organic 
carbon due to release of soluble organic compounds contained 
in the plant wastes. In addition, the residue of extraction of TR 
is rich in cellulose and lignin and contains functional groups 
of hydroxyl and carboxyl. Herein, the tobacco rob residues 
(TRR) could be used as an adsorbent for removal of MB. The 
adsorption of MB onto TRR from aqueous solution is studied in 
this paper, which was obtained after extracting TR. The effects 
of the MB solution concentration, contact time, pH, adsorbent 
dosage and NaCl concentration were studied. The adsorption 
was analyzed using different isotherms and kinetic models. 
X-ray diffraction (XRD), scanning electron microscopy (SEM), 
Fourier-transform infrared (FT-IR) absorption spectra, Zeta 
potential and N2 adsorption–desorption were used for the 
characterization of TRR.

2. Experimental setup

2.1. Materials

Tobacco rob was obtained from Lingshou County 
(38.31°N, 114.38°E), Hebei Province, China. All the reagents 
were of analytical purity. MB, sodium hydroxide (NaOH), 
hydrochloric acid (HCl), ethylenediaminetetraacetic acid 
(EDTA) and sodium chloride (NaCl) were purchased from 
Sinopharm Chemical Reagent Co., Ltd., China.

2.2. Preparation of TRR

The dried tobacco rob powder (8.0 g) was soaked in flask 
of three necked with distilled water (100 mL) and refluxed for 
2 h at 100°C. After cooling to room temperature, the mixture 
was filtered and dried the filter residue at 105°C for 12 h. The 
particle size of the TRR powder is in the range of 0.15–0.3 mm 
for the adsorption of MB.

2.3. Components of TRR

The main components of TRR were analyzed by the 
method of Chen et al. [24]. Moisture content, volatile matter, 

ash content and fixed carbon of TRR were determined. The 
crucible with 1.0 g of TRR was dried at 105°C for 1 h in an 
oven. The loss of weight of TRR was reported as percentage 
moisture content. The remaining sample (covered with lid) 
was placed in a muffle furnace at 925°C for 7 min. The loss 
of weight was reported as volatile matter. The TRR residue 
(without lid) was heated at 700°C for 30 min. The loss of 
weight was reported as ash and the remaining sample was 
determined as fixed carbon likely containing a little of other 
ions, such as Ca2+ and Si2+. Bulk density was calculated by 
weighing 100 cm3 of sample. Above analysis was carried out 
thrice and the average values were shown as Table 1.

2.4. Characterization of the adsorbents

FT-IR absorption spectra were obtained on a Bio-Rad FTS 
6000 system using diffuse reflectance sampling accessories. 
Powder XRD patterns were obtained using XRD, D/max-2500 
with Cu Kα radiation, λ = 1.5406 Å). Brunauer–Emmett–Teller 
(BET) surface area analysis was performed using the nitrogen 
adsorption isotherms at 77 K using a Micromeritics Model ASAP 
2020 instrument. All samples were degassed at 423 K under vac-
uum for 6 h. The average pore diameter and pore volume were 
calculated based on the Barrett–Joyner–Halenda method.

2.5. Preparation of MB solution

The 2,000 mg/L methylene blue solution was prepared as 
a stock solution. All experimental solutions were prepared 
by diluting the stock solution with distilled water to the 
required concentration. HCl (0.1 M) and NaOH (0.1 M) were 
used to adjust the acidity of the medium.

2.6. Adsorption experiments

Adsorption experiments were carried out in a series of 
150 mL conical flask containing certain quality TRR and 
50 mL MB solution in different concentrations. The mixture 
solution was stirred in the thermostat water bath. At preset 
time, the flask was taken out from the thermostat water bath. 
Residual dye concentration in the reaction mixture was ana-
lyzed using a UV-visible spectrophotometer at a maximum 
wavelength of 665 nm.

Calculation formulas of removal rate (r) and adsorption 
capacity (qt) are as follows:

r =
−

×
c c
c

t0

0

100%  (1)

Table 1 
Main components and physical properties of TRR

Components analysis Content (wt %) Element analysis Content (%) Physical properties Content

Moisture content 8.14 C 36.0 BET surface area 15.3 m2/g
Volatile matter 81.3 H 5.90 Pore volume 0.00834 cm3/g
Ash 0.250 N 1.32 Pore diameter 4.77 nm
Fixed carbon 10.3 Ca 3.65 Bulk density 228 g/L
Cellulose 31.6 Si 0.581
Lignin 35.5
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where C0 and Ct (mg/L) are the liquid-phase concentration 
of the MB at initial and at any time of t, respectively. V is the 
solution volume (L) and m is the mass of the adsorbent (g).

3. Results and discussion

3.1. XRD data

XRD patterns of TRR are shown in Fig. 1. The XRD 
pattern of TRR shows that a strong peak at 21.8° is attributed 
to the (002) plane of the cellulose crystalline plane [25,26]. 
The peak at 15.3° is connected to the (101) plane of cellulose, 
which is in agreement with the previous works [26]. The 
cellulose with the functional groups of hydroxyl and 
carboxyl can be the potential functional groups for the 
adsorption of MB.

3.2. SEM image

Fig. 2 shows the SEM of the TRR before (a) and after (b) 
MB adsorption. It can be seen clearly that the surface of the 
TRR is rough, which is possible for the adsorption of the MB. 
As shown in Fig. 2(b), it is clear that the surface of the TRR is 
covered by the MB.

3.3. Surface area and pore structure

The pore size distribution curve of TRR is shown in Fig. 3. 
The BET surface area of TRR is 15.3 m2/g and the average pore 
size of TRR is 4.77 nm. The pore volume is 0.00834 cm3/g. It 
indicates that the TRR has a mesoporous structure, which 
facilitates the adsorption of MB.

3.4. FT-IR spectra

The FT-IR spectra before and after adsorption of MB are 
shown in Fig. 4. The strong band at 3,425 cm–1 is associated 
to the stretching vibration of –OH, which can be from cel-
lulose and lignin [27]. The characteristic bands at 2,925 and 
2,926 cm–1 are assigned to the aliphatic C–H stretching vibra-
tion [28]. The band at 1,628 cm–1 is due to the C=O stretching 
vibration from carboxylic acid with intermolecular hydro-
gen bond [29]. The band at 1,426 cm–1 is attributed to the 
C–O stretch vibration in the carboxylic acid [30]. The band 
at 1,318 cm–1 is related to –OH in-plane vibration in the sec-
ondary alcohol. The band at 1,060 cm–1 may be –OH bending 
vibration or C–O–C stretching vibration in lignin structure 
[29]. The band at 619 cm–1 is due to C–OH out-plane bending 
vibrations.

After adsorption of MB, the peak of the C=O stretch vibra-
tion of carboxylic acid shifts from 1,628 to 1,605 cm–1 [29]. 
The peak at 1,426 cm–1 of C–O in the carboxylic acid shifts to 

Fig. 1. XRD patterns of TRR.

Fig. 2. SEM images of TRR before (a) and after (b) adsorption of MB.

Fig. 3. Pore size distribution curve of TRR.
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1,420 cm–1. The banding vibration of –OH shifts from 1,060 to 
1,050 cm–1. The results of FT-IR indicate that hydroxyl group 
and carboxyl group could be the main adsorption functional 
groups for the adsorption of MB onto TRR.

3.5. Adsorption test

3.5.1. Effect of the MB solution concentration and contact 
time on the MB adsorption onto TRR

The effects of initial MB concentration (50–250 mg/L) 
on adsorption of MB were investigated (shown in Fig. 5(a)). 
The experiments were conducted at 25°C with pH at 6.5 and 
TRR dosage of 5.0 g/L. The equilibrium adsorption capac-
ity increases from 7.53 to 43.8 mg/g with the increase of ini-
tial MB concentration from 50 to 250 mg/L, which is due to 
that the initial concentration of MB in solution provides the 
necessary driving force to overcome the resistance to mass 
transfer of the MB between the aqueous phase and the solid 
phase [31]. An increase in the initial MB concentration also 
enhances the interaction between MB and TRR. Therefore, an 
increase of initial MB concentration leads to an increase of the 
adsorption capacity of TRR. In addition, the adsorption rate is 
very fast in the first 3 min. The adsorption equilibrium time is 
about 10 min in the investigated adsorption condition, which 
is attributed to that there are abundant adsorption sites on 
the adsorbent at the initial stage of adsorption. Such a fast 
adsorption rate could be referred to the absence of internal 
diffusion resistance [32]. To be sure that full equilibrium was 
attained, the experimental data were measured at 30 min.

3.5.2. Effect of the initial pH on adsorption of TRR

The initial pH is an important factor which affects the 
adsorption of MB onto TRR. The effect of pH on the removal 
of MB has been investigated at pH of 2.0–11.0 (shown in 
Fig. 5(b)). The experiments were conducted at 25°C with 
initial concentration of 50 mg/L and TRR dosage of 5 g/L. 
The removal efficiency of MB onto TRR increased from 40.2% 
to 78.6% after the pH increased from 2 to 11. The removal 
efficiency increased rapidly from 40.2% to 72.3% with the 
pH increased from 2 to 5.5. The removal efficiency increased 
slowly from 72.3% to 78.6% with the further increase of pH 
from 5.5 to 11.0. Moreover, the results of Zeta potential show 
that the TRR surface charge was zero at pH of 2.0. And the 

surface charge of TRR is negative when the pH greater than 
2.0, which indicates that the high pH is benefit for the adsorp-
tion of MB (cationic dye). In addition, the concentrations of 
H+ are high under low pH and abundant H+ and the MB cat-
ion might compete for the adsorption sites (Eqs. (3) and (4)). 
Therefore, high pH is in favor of the MB on TRR through 
electrostatic forces of attraction [16]. The following studies 
were conducted at a fixed pH of 7.0.

TRR MB TRR MBpH− + =+  → −7  (3)

TRR MB H TRR MB TRR HpH− + + =+ +  → − + −2  (4)

3.5.3. Effect of the adsorbent dosage on the adsorption of TRR

Effect of the TRR dosage was investigated at 25°C, initial 
MB concentration of 50 mg/L and at pH 7 (shown in Fig. 5(c)). 
The result shows that MB removal efficiency increased slowly 
from 61.0% to 75.9% with the TRR dosage increase from 1.0 
to 5.0 g/L. This can be attributed to that the adsorbent sur-
face area and adsorption sites increased resulting from the 
increase of adsorbent dosage (1.0–5.0 g/L). However, the 
removal decreased to 73.3% with the TRR dosage increase to 
6.0 g/L, which is due to the reduction of adsorption sites for 
the agglomeration of the TRR. It can be seen from Fig. 5(c) 
that the adsorption capacity decreases with the increase of 
adsorbent dosage. It is due to the competition between adsor-
bent and the split in the concentration gradient [29,33] and 
the decrease of MB molecular on unit adsorption sites.

3.5.4. Effect of NaCl concentrations on the adsorption of TRR

The effect of the NaCl concentrations on the adsorption 
of MB onto TRR was studied at the concentrations of NaCl 
(1.0, 2.0, 3.0, 4.0 and 5.0 g/L) contained in the 500 mg/L MB 
solution (shown in Fig. 5(d)). As seen in Fig. 5(d), with the 
concentration of NaCl increases from 0 to 5.0 g/L, the adsorp-
tion capacities were decreased from 90.5 to 67.3 mg/g, which 
can be due to the competitive effect for the adsorption sites 

Fig. 4. FT-IR spectra of tobacco rob residues before (a) and after 
(b) MB adsorption.

Fig. 5. Effects of contact time and initial concentration (a), pH 
(b), TRR dosage (c) and ionic strength (d) on the adsorption of 
MB onto TRR.
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between MB ions and Na+ [27] on the one hand, and on the 
other hand, the electrostatic interaction of adsorbent surface 
active sites and MB may be screened by the Na+ released 
from NaCl [29]. The pH decreased from 6.58 to 6.05 with the 
increase of NaCl concentration, which may due to the H+ and 
lower hydrolyze constants cation (such as Ca2+) released from 
the surface of adsorbent to aqueous solution [24].

3.5.5. Adsorption kinetics

The kinetic parameters are helpful for predicting the 
adsorption mechanism and the adsorption rate of the adsor-
bent. To investigate the adsorption kinetics of MB on TRR, 
the adsorption kinetics data of MB adsorption onto TRR were 
used for the fitting of the pseudo-first order and pseudo- 
second order equation which are expressed as follows:

Pseudo-first order model:

ln(qe − qt) = lnqe − k1t (5)

where qe and qt are the amounts of MB adsorbed at equilib-
rium and at any time of t (mg/g) and k1 is the equilibrium rate 
constant of pseudo-first order equation (min–1).

Pseudo-second order model:

t/qt = 1/(k2qe
2) + t/qe (6)

where k2 is the rate constant of adsorption (g/(mg·min)) of 
pseudo-second order adsorption process.

The best-fit model was selected by the Chi-square (χ2) test 
which is expressed as following:

χ2
2

=
−∑( ),exp ,

,

q q
q

e e

e

cal

cal

 (7)

where qe,exp (mg/g) and qe,cal (mg/g) are the amount of dye 
adsorbed at equilibrium from experiment and mathematical 
model, respectively.

The fitting plots for the adsorption of MB onto TRR are 
shown in Fig. 6 and Table 2. The correlation coefficients for 
the second-order kinetics model (R2 = 0.9999) are higher and 
the χ2 (6.5 × 10–6 – 1.9 × 10–4) are smaller than the pseudo-
first order model (R2 = 0.3840–0.8679, χ2 = 146.9–1,261.1), 
which indicates better model predictability with less 
error for pseudo-second order kinetic model. In addition, 
the calculated equilibrium adsorption capacity is in well 
agreement with experimental data. This suggests that the 
rate-determining step of the adsorption mechanism is 
attributed to chemical sorption, and that mass transfer in the 
solution is not involved. The values of the rate constant, k2, 
decrease with the increase of initial MB concentration. The 
reason for this behavior is that there is less competition for 
sorption sites at lower concentrations.

Fig. 6. Applicability of pseudo-first order (a) and pseudo-second order (b) kinetic models in the MB adsorption onto TRR.

Table 2
Parameters of the pseudo-first order and pseudo-second order kinetic models

Kinetic models Model parameters Initial concentration C0 (mg/L)
50 100 175 250

Pseudo-first order k1 (min–1) 0.0346 0.0297 0.0447 0.0628
qe,cal (mg/g) 0.3556 0.4909 1.2694 1.4289
qe,exp (mg/g) 7.584 17.497 29.361 43.878
R2 0.6665 0.3840 0.4779 0.8679
χ2 146.9 589.1 621.7 1,261.1

Pseudo-second order k2 (g/(g min)) 0.9417 0.5929 0.3164 0.2331
qe,cal (mg/g) 7.577 17.44 29.29 43.90
qe,exp (mg/g) 7.584 17.497 29.361 43.878
R2 0.9999 0.9999 0.9999 0.9999
χ2 6.5 × 10–6 1.9 × 10–4 1.7 × 10–4 1.1 × 10–5
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The adsorbate species could be conveyed from the solu-
tion into the adsorbent through an intra-particle diffusion 
process. In some adsorption processes, the intra-particle dif-
fusion process is the rate-determining step. The intra-particle 
diffusion process was studied by intra-particle diffusion 
model which is expressed as following:

q kt Ct = +1 2/  (8)

where the k is the intra-particle diffusion rate constant (mol/
(g·min1/2)), C is the intercept.

The linear plots of qt vs. t1/2 are shown in Fig. 7. The values 
of k, C and the correlation coefficients (R2) are summarized 
in Table 3.

If the correlation coefficient is high and the line passes 
through the origin, it can be said that the intra-particle dif-
fusion is the sole rate-determining step [5]. However, the 
correlation coefficients in different concentrations are all 
less than 0.827, the intercepts C are not zero but large values 
(6.93–42.0 mg/g), which increases with the increase of initial 
MB concentrations. The results indicate that the boundary 
layer diffusion may be the rate-determining step in the MB 
adsorption process for TRR and it is more dominant when 
initial MB concentration is high [34].

3.5.6. Adsorption model of MB

The adsorption isotherms play an important role in the 
adsorption systems [35]. The Langmuir adsorption isotherm 

and Freundlich isotherm are wide applied in describing how 
adsorbates interact with adsorbents.

The Langmuir isotherm and Freundlich isotherm are 
expressed as follows, respectively.

q
q bC
bCe

m e

e

=
+1  (9)

q K Ce F e
n= 1/  (10)

where the qm is the maximum monolayer adsorption capac-
ity and b is the constant of the Langmuir isotherm, which 
is related to the free energy of adsorption. The KF and n 
are Freundlich adsorption isotherm constants. The KF can 
roughly indicate the extent of the adsorption, and n is a con-
stant which can indicate the degree of nonlinearity between 
solution concentration and adsorption.

The fitting of the isotherms were shown in Fig. 8. The 
parameters are presented in Table 4.

The results suggest that the Langmuir isotherm has lower 
χ2 (0.918) and higher R2 (0.959) than Freundlich isotherm  
(χ2 = 9.812, R2 = 0.902). It indicates that the Langmuir isotherm 
is a better fit model to describe adsorption equilibrium, and 
the adsorption of MB onto TRR is monolayer adsorption 
and the surface of TRR is homogenous [2]. The maximum 
adsorption capacity for methylene blue onto TRR is 
233.3 mg/g. The n values of Freundlich isotherm show the 
favorability of sorption. That the values of the n can indicate 
the adsorption is good (2 < n < 10), moderately difficult  
(1 < n < 2), and poor sorption (n < 1), respectively. The value 
of the n in the adsorption of MB onto TRR is 2.60, which 
indicates that the adsorption of MB onto TRR is favorable.

In order to further express whether the adsorption sys-
tem is favorable or unfavorable by Langmuir isotherm. The 

Fig. 7. Intra-particle diffusion model in the MB adsorption onto 
TRR at different MB concentrations: (a) 50, (b) 100, (c) 175 and 
(d) 250 mg/L.

Table 3
Parameters of intra-particle diffusion model

C0 (mg/L) k (mol/(g·min1/2)) C (mg/g) R2

50 0.114 6.93 0.722
100 0.164 16.5 0.798
175 0.351 27.2 0.732
250 0.324 42.0 0.827

Fig. 8. Adsorption isotherms in the MB adsorption onto TRR.

Table 4
Parameters of Langmuir and Freundlich equations for the 
adsorption of MB

Langmuir isotherm model Freundlich isotherm model
χ2 R2 qm (mg/g) b χ2 R2 KF n

0.918 0.959 233.3 0.0129 9.812 0.902 19.8 2.60
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RL, a constant relies on Langmuir isotherm, is defined by the 
following relationship:

RL = 1/(1 + bC0)  (11)

where the C0 is the initial concentration. The value of RL indi-
cates the type of the isotherm is irreversible (RL = 0), favorable 
(0 < RL < 1), linear (RL = 1) or unfavorable (RL > 1).

The values of RL are from 0.049 to 0.608, which indicates 
the adsorption of MB onto TRR is favorable. The result 
is in agreement with the one obtained from Freundlich 
isotherm.

3.5.7. Adsorption thermodynamics

To evaluate the effect of temperature on adsorption pro-
cess of MB onto TRR, the thermodynamic parameters such 
as Gibbs free energy (ΔG), enthalpy (ΔH) and entropy (ΔS) 
were calculated using the following two equations (Eqs. (12) 
and (13)).

The values of enthalpy (ΔH) and entropy (ΔS) were 
obtained according to Van’t Hoff equation (Eq. (11)).

ln(qe/Ce) = –ΔH/RT + ΔS/R (12)

The ΔG is given by the following equation (Eq. (13)):

ΔG = ΔH – TΔS (13)

where the R and T are universal gas constant (8.314 J/(mol K)) 
and absolute temperature, respectively. ΔS and ΔH are 
calculated from the intercept and slope of the plot of 
ln(qe/Ce) vs. 1/T (Fig. 9).

The thermodynamics values are given in Table 5. The 
negative values of ΔG for adsorption of MB onto TRR indi-
cate the spontaneity of the adsorption process of the MB onto 
TRR. The ΔH is found to be negative, which indicates that 
the adsorption of MB onto TRR is exothermic. The data show 
that |TΔS| < |ΔH| at 298, 308 and 318 K, it indicates that 
the adsorption of MB onto TRR was an enthalpy-controlled 
process [36,37].

3.5.8. Comparison of various adsorbents

The maximum monolayer adsorption capacity of MB 
onto TRR was compared with other adsorbents previously 
reported. As shown in Table 6, compared with the reported 
adsorbents, TRR shows fast adsorption and high maximum 
monolayer adsorption capacity. Though the maximum 
monolayer adsorption capacity is slightly smaller than lotus 
leaf, the adsorption rate is much faster than lotus leaf. It 
makes TRR promising for the practical applications as an 
effective adsorbent for removing MB.

3.6. Regeneration studies

The recycle and regeneration ability is important for the 
application of adsorbents. Thus, the recycle use of the adsor-
bents was studied. The TRR after adsorption of MB were 
desorbed by different eluants, such as 0.01 M HCl, 0.01 M 
NaOH and 0.01 M EDTA solutions. The results show that 
the percentage of desorption for TRR with 0.01 M HCl solu-
tion is the highest (83.7%). The high desorption efficiency 
at acidic condition may be that the H+ ions compete for the 
adsorption sites with the cationic MB molecules [43]. Thus, 
the adsorption/desorption cycles for TRR were investigated 
by using 0.01 M HCl solution as eluant. The results of the 
adsorption–desorption cycles are shown in Fig. 10. It can 
be seen that the adsorption capacity decreased from 90.5 to 
74.1 mg/g after four cycles. The adsorption capacity is still 
high. The results show a good prospect in the adsorption of 
MB on TRR in practical application.

3.7. Adsorption mechanism

Adsorption mechanism is very important to understand 
the adsorption process. The adsorption of MB on TRR is a 
complicated process as seen in Fig. 11.

According to the results of FT-IR, the hydrogen bonding 
interaction was formed between the nitrogen from MB and 
hydrogen from TRR. In most adsorption process, hydrogen 
bonds are present as non-electrostatic [44].

From the results of the effect of pH, the adsorption 
mechanism of the adsorption of MB onto TRR is inferred to 
electrostatic interaction.

Ion-exchange process was an important mechanism in 
MB adsorption on TRR, which can be supported by three 
results as follows:

(1) Low adsorption capacity in low pH.
(2) The adsorption capacity decrease with the increase of 

NaCl concentration, and the pH decrease in the same time.
(3) High desorption efficiency in acid situation.

Fig. 9. Van’t Hoff plots for MB adsorption on TRR.

Table 5
Thermodynamic parameters for MB adsorption on TRR

Temperature 
(K)

ΔH 
(kJ/mol)

ΔS 
(J/(mol·K))

ΔG 
(J/mol)

TΔS 
(kJ/mol)

298 –26.0 –81.5 –1,650 –24.35
308 –833 –25.17

318 –18.2 –25.98
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Thus, the mechanism of MB adsorption onto TRR 
includes electrostatic interaction, ion exchange and hydrogen 
bond interaction.

4. Conclusions

The TRR was prepared by the extraction of tobacco rob 
using distilled water. Under the condition of the initial MB 
concentration of 250 mg/L, the adsorbent dosage of 5.0 g/L, 

the pH of 6.5 and the adsorption time of 10 min, the adsorp-
tion capacity of MB onto TRR can achieve 43.8 mg/g. The 
adsorption isotherms were found to be well represented by 
the Langmuir isotherm model. The maximum adsorption 
capacity for methylene blue onto TRR is 233.3 mg/g. The 
kinetics of MB adsorption onto TRR was best described by 
pseudo-second order model, which indicated that the MB 
adsorption process is a chemical process. FT-IR results sug-
gest that the hydroxyl and carboxyl groups on TRR may facil-
itate MB adsorption. The mechanism of adsorption process of 
MB onto TRR includes electrostatic interaction, ion exchange 
and hydrogen bond interaction. Moreover, TRR shows fac-
ile recovery and recycling properties and has potential to be 
used as a good natural adsorbent for removal of MB.
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