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ABSTRACT

To understand adsorption property of bagasse carbon-red mud (BCRM), a low-cost
adsorption material prepared from waste solid red mud and bagasse, for disposal of organic
dyes in wastewater, the adsorption of methylene blue (MB) from aqueous solution on BCRM
has been studied, and the adsorption treatment of real textile wastewater was also investi-
gated. Characterization of BCRM was achieved by scanning electron microscope and nitrogen
adsorption–desorption analysis. Effects of adsorption time, BCRM dosage, initial concentra-
tion, temperature, and initial pH on the adsorption of MB were explored. From the character-
ization of adsorbent, it can be seen that the prepared BCRM was a porous material composed
of particles with rough surface and loose structure, and an excellent mesoporous material
with high specific surface area and good mesopore structure. The adsorption results showed
that the data fitted better with pseudo-second-order kinetic model (R2 = 0.9995) than pseudo-
second-order kinetic and intraparticle diffusion models. Langmuir model was better fit iso-
therm for MB adsorption on BCRM than Freundlich and Dubinin–Radushkevich adsorption
isotherms. It can be drawn that MB adsorption on BCRM was a monolayer adsorption and the
adsorption occurred at specific homogeneous sites on the adsorbent. The results of adsorption
thermodynamics indicated MB adsorption on BCRM was a spontaneous, endothermic, and
physical process. The adsorption treatment of real textile wastewater by BCRM implied
BCRM was an effective and regenerable adsorbent for removal of dye from wastewater.

Keywords: Red mud; Bagasse; Adsorption; Kinetic; Isotherm; Thermodynamics; Textile
wastewater

1. Introduction

Dyes normally have complex aromatic structures
in molecules, providing dyes with thermal, physico-
chemical and optical stability, and most of dyes

belong to the refractory organic pollutants. Due to
their color, dyes discharged into natural streams and
rivers could decrease sunlight penetration into water
and reduce the photosynthesis, which results in
problem of water deterioration. Dye wastewater has
brought damages to human beings, other individual
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species, and natural biological communities due to
the fact that dyes have certain toxicity, carcinogenic,
and mutagenic properties [1]. Treatment of dye
wastewater, i.e. disposal of organic dyes in water, is
a significant research field in water treatment [2–4].
Conventional physicochemical and biological pro-
cesses have been developed to remove dyes from
aqueous solution for reducing their environmental
impact on receiving water. The usual processes for
disposal of dyes in wastewater are mainly photodeg-
radation, coagulation and flocculation, chemical
oxidation, membrane separation, reverse osmosis,
and microbial biodegradation. However, there are
still some limitations in the application of the above
processes due to high cost, low removal efficiency,
and secondary pollution. For low cost, high removal
efficiency, and simple process, adsorption has been
an attractive and alternative way for the disposal of
dyes in wastewater [5–7]. In adsorption process of
dye wastewater, a low cost and regenerable adsor-
bent with high adsorption capacity is crucial for the
successful application of adsorption treatment.

Red mud (RM) is a waste residue during the
extraction of alumina from bauxite. For one ton of
alumina manufactured in Bayer process, 1–1.5 tons
(dry weight) of RM residue are normally generated
[8]. RM is strongly alkaline and toxic material because
of high calcium and sodium oxides and hydroxides,
which can cause great harm to environment. Bagasse
is an important by-product of sugarcane milling pro-
cess when producing sucrose-rich juice from sugar-
cane. Normally, two tons of bagasse are produced for
one ton of sucrose. For many years, there has been an
accumulation of bagasse due to the increase in sucrose
production, and a considerable amount of bagasse
was only burnt directly to heat water in boiler. Even
though some heating energy is gained, the direct com-
bustion of bagasse is not a highest-value way for
bagasse reuse. Both aluminum and sucrose are pillar
industries of Guangxi Zhuang Autonomous Region in
China, so eco-economy treatments of RM and bagasse
are very useful for economic development and envi-
ronmental protection in Guangxi Zhuang Autono-
mous Region. Therefore, utilization of RM and
bagasse to prepare adsorbent for adsorption of envi-
ronmental pollutants in wastewater, especially for
refractory organic pollutants, can not only dispose the
waste material but also reduce cost of wastewater
treatment in the process. Bagasse has been used as
adsorbents for removal of various dyes from aqueous
solution. Zhang et al. reported the adsorption of rho-
damine B and basic blue 9 on milled sugarcane
bagasse [9], and Mitter et al. analyzed the removal of
acid alizarin violet N by using sugarcane bagasse as

adsorbent [10]. Amin prepared different activated car-
bons using bagasse pith as raw material, and then
studied the removal of reactive orange dye from aque-
ous solutions by the activated carbons [11]. However,
as in the above mentioned literatures, the regeneration
and reuse of adsorbents, which were prepared from
bagasse material and used in disposal of organic dyes
in water, was not studied in most reports. In recent
years, removal of various dyes from aqueous solution
using raw or activated RM as adsorbents has also
been reported in many published papers [12,13].
Wang et al. reported the adsorption of MB from aque-
ous solution by raw and activated RM, and both heat
treatment and acid treatment by HNO3 reduced the
adsorption capacity of RM [14]. Çoruh et al. also stud-
ied the adsorption of MB from aqueous solution by
raw and activated RM, and they found that heat treat-
ment had almost no effects on the adsorption capacity
of RM [15]. However, acid treatment of RM by HCl
increased adsorption capacity of RM in Çoruh’s study,
and compared with 5.86 mg/g of raw RM, the capac-
ity of acid-treated RM increased to 6.75 mg/g [14].
Even so, the adsorption capacities of activated RM
were relatively low. Hence, preparation of an effective
and regenerable adsorbent using RM as main materi-
als might be useful for adsorption of dye pollutions
from wastewater.

Bagasse carbon-red mud (BCRM), a low-cost
adsorption material prepared from waste solid RM
and bagasse, has been previously developed in our
laboratory. To explore the applicability of adsorption
treatment of dye wastewater by BCRM, the removal of
dye from water and the treatment of real textile waste-
water were studied in this paper. Methylene blue
(MB), a typical cationic dye, is often founded in dye
wastewater. Owing to its non biodegradation and
stability, MB can exist stably in the dye wastewater.
For the reasons above, MB was usually selected as a
model compound to study the adsorption performance
of dye on prepared adsorbents. Hence, to correctly
understand the adsorption property of BCRM for
removal of dye pollutions from water, MB was also
selected as the model compound in this study.

2. Materials and methods

2.1. Materials and chemical reagents

RM in the study was obtained from an industrial
Bayer’s process in Guangxi Aluminum Corporation, in
Guangxi Zhuang Autonomous Region, China. Prior to
use, the RM was dried at 105˚C and then ground to
less than 0.15 mm. Bagasse was obtained from
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Guangxi East Asia Sugar Group in Guangxi Zhuang
Autonomous Region, China. The air-dried bagasse
was also ground to less than 0.15 mm before using.

All chemicals and reagents used in the study,
including NaOH, HNO3, and MB, were of analytical
reagent grade. The structure and characteristics of MB
are presented in Table 1.

2.2. Preparation of BCRM adsorbent

Three gram of RM was mixed with bagasse under
the mass ratio of 0.2:1, and then 10 mL of 1 mol/L
HNO3 was added with constant stirring. After about
20 min, the mixture was dried at 378 K and then
calcined at 573 K for 1 h. When the calcination was
finished, BCRM was obtained, and ground to less than
0.15 mm. The adsorption capability of prepared BCRM
was evaluated by the removal efficiency of MB, which
was obtained from the adsorption experiment.

2.3. Characterization of adsorbent

Scanning electron microscope (SEM) picture was
obtained with an S-3400 N SEM (Hitachi, Japan). Sur-
face area and pore volume of adsorbent, degassed
under vacuum at 523 K for 18 h, were measured by N2

adsorption–desorption isotherm at 77 K using an auto-
matic adsorption apparatus (JW-BK1212W, JWGB,
China).

2.4. Adsorption studies

Adsorption experiments were carried out in
batch technique. MB solution with desired initial

concentration was obtained by dilution of MB stock
solution (1,000 mg/L). Fifty milliliter of the MB solu-
tion was placed in 250mL stoppered conical flask, and
then adsorbent was added. The 250mL stoppered con-
ical flask was fixed in a thermostatic water bath oscil-
lator and stirred at speed of 150 rpm. The pH of the
solution was adjusted to desired value by addition of
1 mol/L HNO3 or 1 mol/L NaOH solution. At the
end of the adsorption, the adsorbent was separated
from the solution by centrifugation at 3,500 rpm for
10min. The concentration of MB in supernatant was
determined at maximum absorbance wavelength of
665 nm using a visible spectrophotometer (VIS-722,
SHYK, China), and then the removal percentage of
MB (ŋ) and the amount of MB adsorbed on adsorbent
(qt) were calculated, respectively.

Adsorption treatment of textile wastewater was
investigated with a real wastewater. The UV254 of
wastewater, which reflects the amount of humic type
of macromolecular organic matter and aromatic
compounds in water, was analyzed at absorbance
wavelength of 254 nm using a UV–Visible spectropho-
tometer (UV–Vis-752 N, SHYK, China), and the
removal percentage of UV254 (ŋUV254) was calculated.
The color degree of wastewater before or after
adsorption treatment was determined by dilution
multiple method.

3. Results and discussion

3.1. Characterization of adsorbent

The SEM picture of BCRM is presented in
Fig. 1(A). As showed in Fig. 1(A), BCRM was a por-
ous material composed of particles with rough sur-
face and loose structure, and the particle size of
BCRM was in the range of 0.5–4 μm. The surface
morphology of BCRM indicated that BCRM might be
a good adsorbent for wastewater treatment. The N2

adsorption–desorption isotherms and pore size distri-
butions BCRM is presented in Fig. 1(B). The
isotherms of BCRM exhibited type IV shape, corre-
sponding to mesoporous adsorption [16]. Moreover,
as seen from the BJH pore size distributions of
BCRM (inset figures in Fig. 1(B)), the mesopore vol-
ume of BCRM occupied a considerable proportion in
the sum volume of BCRM. The type IV isotherm and
BJH pore size distribution of BCRM revealed that the
prepared BCRM was one kind of mesoporous materi-
als. Data of surface area and pore structure of RM
and BCRM are presented in Table 2. Compared with
11.537 m2/g of RM, the multi point BET surface area
of BCRM increased to 16.603 m2/g. And the
mesopore volume percentage of BCRM reached

Table 1
Properties of MB

Index Methylene blue

Molecular
structure

Molecular
formula

C16H18ClN3S

Molecular
weight

319.86

Hazard class 22-36/37/38-11
Hazard codes Xn

Safety
statements

26-36-24/25-16-7
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71.47%. From the characterization of adsorbent, it
was concluded that the prepared BCRM was an
excellent mesoporous material with high specific
surface area and good mesopore structure.

3.2. Adsorption performance

3.2.1. Effect of adsorption time

The adsorption of MB onto BCRM was investi-
gated by varying adsorption time from 5 to 240 min to
conclude the adequate adsorption equilibrium time.
As showed in Fig. 2, the removal of MB reached
adsorption equilibrium at time of 120 min, and the
removal efficiency of MB was 86.76%. It was found
that the adsorption rate of MB rapidly increased in the
first 5min, and then changed slowly until the removal
efficiency of MB reached a constant value. High con-
centration gradient of MB, available surface area, and
vacant site of BCRM could be responsible for the
rapid adsorption at the adsorption beginning. After
the stage of rapid adsorption, MB concentration and
available vacant site of BCRM decreased, which led to
a sharp decrease of adsorption rate.
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Fig. 1. (A) SEM picture of BCRM. (B) Adsorption–desorp-
tion isotherm and BJH pore size distribution of BCRM.

Table 2
Data of surface area and pore structure of RM and BCRM

Adsorbent

Surface area (m2/g)
Pore volume
(cm3/g) Pore diameter (nm)

MVP (%)Smp SBJHa SBJHd vBJHa vBJHd raverage rBJHa rBJHd

RM 11.537 10.105 11.099 0.031 0.032 10.945 12.283 11.359 53.68
BCRM 16.603 15.559 20.223 0.039 0.041 9.360 9.963 8.095 71.47

Note: Mp—multi point; BJHa—BJH adsorption; BJHd—BJH desorption; MVP (%)—mesopore volume percentage.
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Fig. 2. Effect of adsorption time on MB adsorption
(dosage = 6 g/L, C0 = 30 mg/L, and initial pH of solution
and room temperature).
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3.2.2 Effect of BCRM dosage

The effect of BCRM dosage on adsorption of MB
was investigated. As shown in Fig. 3, the removal effi-
ciency of MB increased from 54.67 to 96.35% with the
dosage increase from 2 to 14 g/L, and the removal
efficiency of MB revealed a fast increase until the dos-
age reached 6 g/L, which was ascribed to the increase
of available adsorption site and surface area of BCRM
adsorbent. As the dosage continued to increase from 6
to 14 g/L, the increase of removal efficiency changed
slowly. For example, the removal efficiency of MB
only reached 96.35% at dosage of 14 g/L, compared
with 86.75% at dosage of 6 g/L.

3.2.3 Effects of initial MB concentration and
temperature

The effect of initial MB concentration on adsorption
of MB was investigated under different temperature.
As shown in Fig. 4, the removal efficiency of MB
decreased with the increase of initial concentration in
the range of 10–100 mg/L. However, equilibrium
adsorption capacity of BCRM (qe) increased with
increasing initial concentration. The increase of qe was
ascribed to the change of concentration gradient. The
concentration gradient at higher initial concentration
enhanced the probability of collision between MB
molecules and BCRM. With the temperature increase
from 298 to 323 K, the qe increased from 9.64 to
10.60 mg/g, indicating that the adsorption of MB on
the BCRM was endothermic in nature. The increase of

qe with the temperature increase might be attributed to
the increased mobility of MB in water and the high
availability of active surface sites on BCRM at high
temperature [17].

3.2.4 Effect of initial pH

The effect of initial pH of solution on adsorption of
MB was investigated. As shown in Fig. 5, the removal
efficiency of MB showed only a slight increase with the
increase of pH from 2 to 12, indicating that the initial
pH of solution only had a little effect on the MB
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Fig. 3. Effect of BCRM dosage on MB adsorption (t = 120
min, C0 = 30 mg/L, and initial pH of solution and room
temperature).
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of solution).
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C0= 30 mg/L, dosage = 6 g/L, and room temperature).
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adsorption by BCRM adsorbent. The amount of
negatively charged BCRM surface would increase with
the increasing pH, so more electrostatic interactions
between positive charge of MB and negatively charged
BCRM surface could be the reason for the slight
increase of removal efficiency with pH increasing.
However, all the removal efficiencies in the pH 2–12
region reached a relatively high value, and the smallest
removal efficiency appeared at pH 2 even reached
82.26%. Hence, the BCRM used as adsorbent in
adsorption process had a wide applicable range of pH.

3.2.5. Maximum adsorption capacities of different
adsorbents for MB

According to the reported references, preparation
of modified RM adsorbent from RM waste is mainly
via the method of acid activation or heat activation.
The maximum adsorption capacities of raw RM and
modified RM for MB were provided in some litera-
tures. The maximum adsorption capacities of raw RM
and HNO3-activated RM reported by Wang were 2.49
and1.02 mg/g, respectively [14]. The maximum
adsorption capacities of raw RM, HCl-activated RM
and heat-activated RM reported by Çoruh were 5.86,
6.75, and 3.28 mg/g, respectively [15]. However，the
maximum adsorption capacity of raw RM and BCRM
for MB in our present work reached 0.51 and
10.05 mg/g, respectively. Compared with that of other
modified RM adsorbents above, the maximum adsorp-
tion capacity of BCRM was the highest. A conclusion
could be safely drawn that BCRM adsorbent had a
high adsorption capacity for adsorption of organic
pollution from wastewater.

3.3. Adsorption kinetics

For interpreting the controlling theory of MB
adsorption process on BCRM, kinetic experimental
data were analyzed and modeled by using three
kinetic equations, i.e. pseudo-first-order kinetic equa-
tion, pseudo-second-order kinetic equation, and
intraparticle diffusion kinetic equation.

Pseudo-first-order kinetic equation can be
expressed as Eq. (1) [18]:

lnðqe � qtÞ ¼ ln qe � k1t (1)

where qt is the amount of MB adsorbed (mg/g) at
time t, qe is the amount of MB adsorbed (mg/g) at
equilibrium, and k1 is the rate constant of pseudo-
first-order adsorption (L/min). The plot of ln(qe− qt)
vs. t is shown in Fig. 6(A). The value of calculated qe
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Fig. 6. (A) Plot of pseudo-first-order kinetic equation
kinetic equation for MB adsorption on BCRM. (B) Plot of
pseudo-second-order kinetic equation for MB adsorption
on BCRM. (C) Plot of intraparticle diffusion equation for
MB adsorption on BCRM.
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and the square of correlation coefficient (R2) are pre-
sented in Table 3. Because R2 was 0.8753 and the cal-
culational qe was obviously less than the experimental
qe, pseudo-first-order equation was not adequate for
depicting the adsorption behavior of MB on BCRM for
the entire adsorption period.

Pseudo-second-order equation can be expressed as
Eq. (2) [19]:

t

qt
¼ 1

k2q2e
þ t

qe
(2)

where k2 is the rate constant of pseudo-second-order
adsorption (g/(mgmin)). The plot of t/qt vs. t was
straight line as shown in Fig. 6(B). The value of k2, qe,
and R2 are given in Table 3. The R2 of pseudo-second-
order equation was 0.9995, indicating the good
applicability of pseudo-second-order equation used
for fitting MB adsorption by BCRM. Pseudo-second-
order model, containing all the rate controlling process
of adsorption such as external film diffusion, surface
adsorption, intraparticle diffusion, and so on [20],
could truly reflect the mechanism of the MB adsorp-
tion process on BCRM.

Intraparticle diffusion equation can be expressed
as Eq. (3) [21]:

qt ¼ kdt
1=2 þ C (3)

where kd and C are the intraparticle diffusion rate con-
stant (mg/(gmin1/2)) and the constant correlation
with the thickness of boundary layer, respectively.
The plot of qt vs. t

1/2 is shown in Fig. 6(C). The plot of
intraparticle diffusion kinetics, which was drawn

using experimental data in the present study, did not
pass through the origin, demonstrating that intraparti-
cle diffusion was not the only rate controlling process
for MB adsorption on BCRM [22]. The deviation of the
plot from the origin was ascribed to the difference in
the rate of mass transfer in the initial and final stages
of the adsorption [23]. Furthermore, base on calcula-
tion from slope and intercept of the plot, the value of
kd, C, and R2 are listed in Table 3. In short, the adsorp-
tion of MB on BCRM was rather complex and
involved more than one diffusive resistance.

3.4. Adsorption isotherm

In order to explore relationship between the
amount of adsorbed MB and the concentration of MB
under different temperature, Langmuir, Freundlich,
and Dubinin–Radushkevich adsorption isotherms
were selected to analyze the adsorption isotherm.

Langmuir adsorption isotherm is the model
applied to describe monolayer adsorption and adsorp-
tion usually occurs at specific homogeneous sites on
the adsorbent [24]. The Langmuir equation is shown
as Eq. (4):

qe ¼ qmbCe

1þ bCe
(4)

where qm is the greatest equilibrium adsorption capac-
ity (mg/g) and b is the adsorption equilibrium con-
stant (L/mg). The linearized form of Langmuir
equation is given by Eq. (5) and the values of qm and b
can be calculated from the plot of Ce/qe against Ce.

Ce

qe
¼ 1

qmb
þ Ce

qm
(5)

A dimensionless constant separation factor indicat-
ing the essence of Langmuir model is given by Eq. (6):

RL ¼ 1

1þ bC0
(6)

Favorable adsorption occurs, when the RL ranges
from 0 to 1. If RL= 0 adsorption is irreversible; if RL= 1
adsorption is linear. Unfavorable adsorption is estab-
lished, when the value of RL is greater than 1.

Freundlich adsorption isotherm is empirical model
based on heterogeneous surface and is expressed as
Eq. (7) [25]:

qe ¼ KFC
1=n
e (7)

Table 3
Kinetic constants for adsorption of MB on BCRMa

Kinetic constant BCRM

Pseudo-first-order equation
qe (mg/g) 0.59
K1 0.5266
R2 0.8753
Pseudo-second-order equation
K2 0.1137
qe (mg/g) 4.14
R2 0.9995
Intraparticle diffusion equation
kd 0.054
C 3.4273
R2 0.7844

aExperimental qe is 4.20 mg/g.
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where KF and n are Freundlich adsorption isotherm
constants. The linearized form of Freundlich equation
is given by Eq. (8) and the values of KF and n can be
calculated from the plot of ln qe against ln Ce.

ln qe ¼ lnKF þ 1

n
lnCe (8)

Dubinin–Radushkevich adsorption isotherm is usu-
ally employed to estimate the porosity apparent free
energy and the characteristic of adsorption [26,27],
due to its assumption of heterogeneous surface or
unconstant sorption potential. The equation and the
linearized form of Dubinin–Radushkevich adsorption
isotherm are given as follows:

qe ¼ qm expð�KDRe
2Þ (9)

ln qe ¼ ln qm � KDRe
2 (10)

where KDR is the activity coefficient related to adsorp-
tion energy, ε is the Polanyi potential, and ε can be
calculated from Eq. (12):

e ¼ RT lnð1þ 1=CeÞ (11)

where R is the gas constant (kJ/(mol K)), T is the tem-
perature (K). The values of KDR and qm can be calcu-
lated from the plot of ln qe against ε2. The mean free
energy (E) is free energy change when adsorbates
transfer from the solution to solid surface, and E can
be calculated from Eq. (13):

E ¼ 1
ffiffiffiffiffiffiffiffiffiffiffi

2KDR
p (12)

The plots of Langmuir, Freundlich, and Dubinin–
Radushkevich adsorption isotherms for the MB
adsorption on BCRM at different temperature are
shown in Fig. 7. The isotherm parameters from all the
models and the correlation coefficients calculated from
all linear regression (as shown in Fig. 7) are listed in
Table 4. According to the correlation coefficient values
of isotherm, it was observed that, compared with
Freundlich adsorption equation and Dubinin–
Radushkevich adsorption equation, Langmuir adsorp-
tion equation had a perfect fit for the equilibrium data
under different temperature. It was concluded that the
behavior of MB adsorption process on BCRM was
monolayer adsorption and adsorption occurred at spe-
cific homogeneous sites on the adsorbent. The calcu-
lated values of RL for Langmuir model were in the
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Fig. 7. (A) Plots of Langmuir isotherm model for MB
adsorption on BCRM. (B) Plots of Freundlich isotherm
model for MB adsorption on BCRM. (C) Plots of Dubinin–
Radushkevich isotherm model for MB adsorption on BCRM.
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range of 0.04–0.31 at 298 K, 0.04–0.27 at 313 K and
0.01–0.13 at 323 K, respectively, indicating the adsorp-
tion of MB on BCRM was a favorable process.

3.5. Adsorption thermodynamics

Adsorption thermodynamic parameters including
free energy change ΔG, entropy change ΔS, and
enthalpy change ΔH were obtained from the following
equations:

Ka ¼ qe
Ce

(13)

DG ¼ �RT lnKa (14)

lnKa ¼ DS
R

� DH
RT

(15)

where Ka is the equilibrium constant. The thermody-
namic parameters of MB adsorption onto BCRM are
presented in Table 5. The negative values of ΔG sug-
gested the feasibility and spontaneous nature of MB

adsorption on BCRM. The positive value of ΔH
indicated the endothermic nature of MB adsorption
process. The value of ΔS revealed the increased ran-
domness in system when the adsorption process by
BCRM was finished [17].

Low activation energies (5–40 kJ/mol) are charac-
teristic of physical adsorption, while higher ones
(40–800 kJ/mol) suggest chemisorption [28]. The acti-
vation energy (Ea) can be calculated from experimental
data using a modified Arrhenius type equation related
to surface coverage as follows:

S� ¼ ð1� hÞe�Ea=RT (16)

h ¼ 1� Ce

C0
(17)

where S* is the sticking probability, θ is the surface
coverage. The calculated Ea is also presented in
Table 5. The Ea of MB adsorption on BCRM was
13.21 kJ/mol, which confirmed that the MB adsorption
by BCRM was a physical adsorption.

3.6. Application and regeneration of BCRM for treatment
of real textile wastewater

To verify the potential application and regenera-
tion of BCRM in industry, adsorption treatment of a
real textile wastewater was carried out under the
adsorption condition of BCRM dosage 10 g/L, room
temperature, adsorption time 120min, and initial pH
of wastewater (around 9). UV254 of the raw wastewa-
ter was 3.50, and color degree was about 2000. The
adsorption and regeneration for BCRM was recycled 4
times. When adsorption was finished in each recycle,
the BCRM was separated by certification, and then
was dried at 378 K. The dried BCRM was calcined in
air at 573 K for 1 h and reused in adsorption experi-
ment. The changes of removal percentage of UV254

and color degree of wastewater with the recycle times
of regenerated BCRM are shown in Fig. 8. As shown
in Fig. 8, the removal percentage of UV254 by fresh
BCRM adsorbent reached 43.01%, and the color degree

Table 4
Isotherm parameters for MB adsorption on BCRM

Isotherm parameters

Temperature

298 K 313 K 323 K

Langmuir isotherm
b (L/mg) 0.22 0.27 0.70
qm (mg/g) 10.05 10.73 11.27
RL 0.04–0.31 0.04–0.27 0.01–0.13
R2 0.9651 0.9803 0.9902
Freundlich isotherm
KF 2.37 2.53 2.76
n 2.60 2.41 2.44
R2 0.9009 0.8302 0.8671
Dubinin–Radushkevich

isotherm
KDR× 10−9 2.83 3.08 2.99
qm× 10−4 (mol/g) 1.21 1.63 1.67
E (kJ/mol) 1.33 1.27 1.29
R2 0.9242 0.8651 0.8970

Table 5
Thermodynamic parameters for MB adsorption process on BCRM

ΔG (kJ/mol)

ΔH (kJ/mol) ΔS (J/mol k) Ea (kJ/mol)298 K 313 K 323 K

−1.88 −2.60 −3.23 14.03 53.30 13.21
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of treated wastewater decreased to 400. However, as
seen from Fig. 8, the removal efficiency of UV254 and
color degree of wastewater by the generated BCRM all
reached almost the same values as those by the fresh
BCRM. The used BCRM could be easily regenerated,
and the adsorption capability of used BCRM was suc-
cessfully recovered to the level of fresh BCRM via sim-
ple calcination in air at 573 K for 1 h. The results
indicated that BCRM was an effective and regenerable
adsorption material, and could be applicable for
adsorption treatment of dye wastewater.

4. Conclusions

Low-cost BCRM adsorbent was an excellent meso-
porous material with high specific surface area and
good mesopore structure, and had a high adsorption
capacity for adsorption of organic pollution from
wastewater. The adsorption of MB cationic dye on
BCRM was mainly affected by adsorption time, BCRM
dosage, and initial MB concentration. It was found
that, compared with traditional activated RM adsor-
bent, BCRM had a higher maximum adsorption capac-
ity. Kinetic data of MB adsorption on BCRM fitted
well with pseudo-second-order kinetic model. Adsorp-
tion data obeyed Langmuir adsorption isotherm very
well, indicating that the behavior of MB adsorption
process on BCRM was monolayer adsorption and
adsorption occurred at specific homogeneous sites on
the adsorbent. The positive value of ΔH indicated the
endothermic nature of adsorption, and the negative
value of ΔG showed the feasibility, and spontaneity of
MB adsorption on BCRM. The value of Ea indicated
MB adsorption on BCRM was a physical adsorption.
Moreover, the results of adsorption treatment of a real
textile wastewater showed that BCRM was effective in
reducing the U254 and color degree of wastewater, and
the used BCRM could be regenerated via simple calci-
nation at 573 K in air. Hence, BCRM has good poten-
tial for use as an adsorbent to treat dye wastewater.
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