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ABSTRACT

Natural luffa sponge (LS) was modified by reduced graphene oxide (RGO) by one-step
hydrothermal treatment of LF in GO suspensions with the assistance of ascorbic acid.
The obtained RGO-modified LF sponge (RGL) was studied by X-ray diffraction, Fourier-
transform infrared, and scanning electron microscope (SEM). The results suggested that a
biocomposite with about 500 nm pore diameter, which can effectively enhance the
adsorption capacity properties of LS. The batch adsorption studies demonstrated that the
adsorption of RGL toward cationic dyes highly depended on the initial pH of solution,
RGO content and initial concentration of dyes. The incorporation of RGO can increase the
adsorption capacities of LS significantly. The value of the uptake of cationic dyes at equili-
bration time (qe), for basic magenta (BM), increased from 32.56 to 88.32 mg/g, while for
methylene blue (MB), increased from 31.65 to 63.32 mg/g, when the content of RGO
increased from 0 to 0.4 wt%. It was found that the adsorption kinetics data fitted with
pseudo-second-order model and adsorption isotherm followed the Langmuir model well.
The electrostatic interaction played a major role in the adsorption process.
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1. Introduction

Nowadays, dye wastewater in textile industries
has become a great environmental problem. These
dyes in wastewater are very toxic and can affect
human health seriously when they are discharged into
water [1]. In addition, many dyes are difficult to
biodegrade and cannot be easily removed by conven-
tional wastewater treatment processes due to their
complex aromatic molecular structure and synthetic

origins [2,3]. Therefore, how to remove dyes effec-
tively from aqueous solution is still a serious problem.
In the past years, many methods, such as adsorption,
chemical precipitation, photodegradation, ion
exchange, osmosis, and ultra filtration membrane sep-
aration, etc. have been developed for the removal of
dyes from aqueous solution. Among these technolo-
gies, adsorption has attracted much attention due to
its simplicity of design, economic feasibility, high effi-
ciency, and ease of operation [4–6].

Various adsorbents have been used for the removal
of dyes from aqueous solution. Many natural
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adsorbents, i.e. hazelnut shell, seashell, bottom ash,
eggshell and hen feather and luffa sponge (LS), are
being paid more attention because that they are abun-
dant and low cost [7–17]. LS is a typical natural adsor-
bent which is consisted of cellulose and lignin. This
natural sponge possesses continuous hollow
microchannels that form vascular bundles and yield a
multimodal hierarchical pore system. Recently, LS
have been applied as adsorbents for dyes removal
from aqueous solution. However, the adsorption
capacity of pure natural LS is still limited [18–20].

Graphene is a new carbon material with a two-
dimensional structure and outstanding properties. The
ultra-large specific surface area (theoretically 2,630
m2 g−1) and flat structure make graphene an excellent
adsorbent for wastewater treatment [21–25]. Different
GO and reduced graphene oxide (RGO) modified
composite have been synthesized and applied in
wastewater treatment [26–32]. Herein, we present a
convenient, effective method to modify natural LS
with RGO. A highly porous RGO modified LS (RGL)
was obtained by one-step hydrothermal treatment of
LS in GO suspensions with the assistance of ascorbic
acid. The as-prepared porous RGL showed high
adsorption capacity for the removal of BM and MB
from aqueous solutions. The adsorption behavior and
influencing factors such as the initial pH of solution,
RGO content, and initial concentration of dyes were
investigated in details.

2. Experimental

2.1. Chemicals and materials

The graphite was purchased from Huadong
Graphite Co. China. Ascorbic acid, BM [molecular for-
mula, C20H20ClN3; molecular weight, 337.85] and MB
[molecular formula, C16H18N3SCl; molecular weight,
319.86] were purchased from Tianjin Chemical
Reagent Co. China. LS were obtained from a local
shop, Huangshi, China. It was washed with acetone in
an ultrasonic bath at room temperature for 10 min and
then rinsed with water and dried at 60˚C. After dry-
ing, LS was treated in a sodium hydroxide solution
(NaOH, 0.1 M) at 60˚C for 2 h. This treatment was
repeated 3 times to activate the cellulose fiber of LS.
After the treatment, LS was cut to form a cylinder
with diameter of 3 cm and height of 1 cm and was
stored for use.

2.2. Preparation of GO

GO was prepared according to modified
Hummers, method [33]. The product was dialyzed by

deionized water for one week. Finally, the product
was centrifuged at 10,000 rpm for 2 h and dried at
333 K.

2.3. Preparation of RGL

As shown in Fig. 1, the RGL was prepared by
hydrothermal treatment of LS in GO suspensions with
the assistance of ascorbic acid. Firstly, a stoichiometric
quantity of ascorbic acid was added into GO aqueous
dispersion. LS was placed in above mixture solution
and then sealed in a 100 mL Teflon-lined stainless
steel autoclave and maintained at 90˚C for 8 h. After
that, the RGL was formed. It was dipped into distill
water for 24 h to remove the residual ascorbic acid.
Finally, vacuum freezedrying was used to remove
water and a black porous product can be obtained.
According to the calculation of the dry weight of LS
before and after hydrothermal reaction treatment, the
content of RGO in RGL can be measured.

2.4. Characterization

The morphologies of samples were investigated
using a scanning electron microscope (SEM) (JSM-
5610LV) and a transmission electron microscope
(TEM, JEM-2100) operated at 200 kV. The phase struc-
ture was examined by X-ray diffraction (XRD) using a
Philips PW1140/90 diffractometer with Cu Kα radia-
tion (25 mA and 40 kV) at a scan rate of 2˚ min−1 with
a step size of 0.02˚. Fourier-transform infrared (FTIR)
spectra were recorded on a Perkin Elmer FTIR spec-
trometer by using the KBr wafer technique.

2.5. Batch adsorption studies

Batch adsorption experiments were carried out at
25˚C, in magnetically stirred (160 rpm) cylindrical
glass vessels in batch conditions [34–36]. The stoichio-
metric quantity of RGL was added in 50 mL of 60–
120 mg/L dye solution. The value of the uptake of
cationic dyes at equilibration time (qe) was analyzed
by a using a 1650PC UV–visible spectrophotometer
according to the following equation:

Fig. 1. Schematic illustration of preparation of RGL.
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qe ¼ ðC0 � CeÞV
m

(1)

where V is the solution volume (mL), m is the weight
of dried adsorbent (g), C0 and Ce is the dye concentra-
tion at initial and equilibrium time (mg/L),
respectively. All the experiments were conducted in
triplicate, and the average results are reported in this
paper.

2.6. Desorption and reusability studies

Desorption studies were performed with a mixture
solution of HCl and ethanol. RGL adsorbed with dye
was agitated in the mixture solution for 1 h. The
amount of the dye released into the mixture solution
was determined by spectrophotometer. After the com-
pleted desorption, RGL was dried by vacuum drying
for repeated use.

3. Results and discussion

3.1. Preparation and characterization of RGL

GO were prepared by the oxidation of pristine gra-
phite via a modified Hummer’s method. After the oxi-
dation and ultrasonic treatment of pristine graphite,
the resulting GO can form a stable dispersion in
water. Fig. 2(a) shows the XRD patterns for GO and
pristine graphite. It is clear that a diffraction peak of
GO appeared at 9.80˚, while the diffraction peak of
graphite at 26.60˚ disappeared. This indicated that GO
had been successfully synthesized in our experiment
[37–39].

The XRD patterns of GO, LS, and RGL were fur-
ther compared (Fig. 2(b)). As stated earlier, the charac-
teristic diffraction peak of GO appeared at 9.80˚, while
the characteristic diffraction peaks of pure LS were

observed at 15.76˚ and 22.24˚, respectively. However,
for RGL the diffraction peaks of GO at 9.8˚ disap-
peared, and the characteristic diffraction peaks were
found at 15.76˚, 22.24˚, and 26.21˚, respectively. The
new diffraction peak at 26.21˚ was assigned to the
characteristic diffraction peak of RGO [40]. This
inferred that GO had been reduced to RGO and
grafted on the LS. Fig. 3 shows the FTIR spectra of
RGO, LS and RGL, respectively. On the FTIR spec-
trum of RGO, the bands at 1,637 and 1,057 cm−1 are
attributed to the stretches of aromatic C=C bond and
C−O stretch vibrations. Furthermore, compared with
pure LS [41,42], an additional peak at 1,731 cm−1 cor-
responding to C=O stretching vibration in RGL was
observed. This indicated the reaction between –COOH
of RGO and –OH of LS had occurred. In addition, for
the FTIR spectra of RGO, LS and RGL, the peaks at
3,423 cm−1 are assigned to –OH in carboxyl groups,
which will play an important role in the adsorption of
cationic dyes [43].

Fig. 4 shows the digital camera and SEM images of
RGL. Obviously, RGL is a black porous composite.
From the SEM photograph of the RGL, many pores
with diameter of about 500 nm can be observed on the
wall of sponge. The thin nanosheets of RGO were
inserted between the walls of sponge. This unique
structure can effectively enhance the adsorption capac-
ity properties of RGL.

3.2. Effect of initial pH of solution on adsorption

Fig. 5 shows the qe of RGL, with 0.4 wt% GO, for
BM and MB in aqueous solutions with different pH
values. It can be clearly seen that, for BM and MB, the
adsorption ability of RGL was greatly influenced by
the solution. The value of qe for BM and MB was dra-
matically increased from 33.0 to 75.1 mg/g for BM
and 19.2 to 56.3 mg/g for MB, as the pH value of

Fig. 2. XRD patterns of GO and graphite (a); GO, LS, and RGL (b).
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solution changed from 2.2 to 4.0. At low pH, the car-
boxyl groups of the LS became protonated, and elec-
trostatic repulsions between the cationic dyes (BM and
MB) and the H3O

+ ions may prevent the adsorption of
the cationic dyes (BM and MB) onto RGL, resulting in
a low adsorption capacity of RGL toward BM and
MB. As the pH value of solution increased, when
pH > 4.0, more carboxyl groups became deprotonated
and the electrostatic force of attraction between RGL
and cationic dyes molecules increased the uptakes of
BM and MB [43]. Since RGL show a high adsorption
capability for cationic dyes when pH > 4.0. So,
pH > 4.0 was chosen for subsequent adsorption
experiments.

3.3. Effect of content of RGO on adsorption

Fig. 6 shows the adsorption capacities of RGL
toward BM and MB with different RGO contents. For
both BM and MB, the values of qe were markedly

Fig. 3. FTIR spectra of RGO (a), LS (b), and RGL (c).

Fig. 4. Digital camera and SEM images of RGL.

Fig. 5. The effect of initial pH of solution on adsorption
(0.4 wt% RGO; initial concentration of BM and MB:
100 mg/L).

Fig. 6. The effect of content of RGO on adsorption (pH
value of the solution: 7.0; initial concentration of BM and
MB: 120 mg/L).
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increased when the content of RGO increased from
0.0 to 0.4 wt% (for BM, increased from 32.56 to
88.32 mg/g, while for MB, increased from 31.65 to
63.32 mg/g). When the content of RGO > 0.4 wt%, the
values of qe of RGL did not increased and almost kept
a constant. This indicated that the incorporation of
RGO can indeed increase the adsorption capacities of
RGL toward cationic dyes. This is mainly attributed to
the adsorption of RGO in the RGL through strong п-п
stacking and anion–cation interactions, as well as the
large specific surface area and mesoporous structure
of the materials [44–46].

3.4. Effect of initial concentration of dyes on adsorption

The effect of dye initial concentration on adsorp-
tion of BM and MB onto RGL was investigated
(Fig. 7). When the dye concentration was increased
from 60 to 120 mg/L, the values of qe gradually
increased and reached a maximum (for BM:
86.98 mg/g; for MB: 63.31 mg/g), which was the satu-
rated adsorption amount. It can be explained that a
higher concentration of cationic dyes, more cationic
dyes molecules interacted with RGL, leading to an
increase in adsorption of RGL.

3.5. Adsorption kinetics

Fig. 8 shows the kinetics of adsorption of BM and
MB onto RGL in different initial dye solutions. For
both dyes, the adsorption increased with the contact
time. In order to have an insight into the mechanism
of adsorption process, kinetics models including the
pseudo-first-order and pseudo-second-order models

were used to analyze the experiment data [47,48].
They are given as Eqs. (2) and (3), respectively:

lnðqe � qtÞ ¼ ln qe � k1t (2)

t

qt
¼ 1

k2q
2
e

þ t

qe
(3)

where qe is equilibrium adsorption amount (mg/g),
and k1 is the pseudo-first-order rate constant (min). qt
is the amount of adsorption dye (mg/g) at time (min)
and k2 is the pseudo-second-order rate constant
(g/mg/min). The constants were determined experi-
mentally by plotting ln(qe − qt) vs. time and t/qt vs.
time. The results are listed in Table 2.

As can be seen in Fig. 8, during the first 20 min, all
samples exhibited fast adsorption rate and reached
equilibrium within 150 min. From Table 1, it can be
found that, for BM and MB, the correlation coefficients
(R2) of Pseudo-second-order kinetics (0.956, 0.976,
0.990, 0.960, 0.988, 0.981, 0.951, and 0.913, respectively)
were higher than that of Pseudo-first-order kinetics
(0.996, 0.997, 0.998, 0.999, 0.993, 0.999, 0.995, and 0.994,
respectively). These confirmed that the adsorption of
cationic dyes on RGL followed pseudo-second-order
kinetic model well [49].

3.6. Adsorption isotherms

Langmuir and Freundlich equations were
employed to study the adsorption isotherms of BM
and MB, respectively. The Langmuir isotherm consid-
ers the adsorbent surface as homogeneous with identi-
cal sites in terms of energy. Langmuir isotherm model
[50,51] is given by the following equation:

Ce

qe
¼ 1

Q0b
þ Ce

Q0
(4)

where qe is equilibrium adsorption amount and Ce

(mg/L) is the equilibrium concentration of dyes, and b
is a constant of adsorption equilibrium (L/mg), and
Q0 is the saturated monolayer adsorption capacity
(mg/g). RL = 1/(1 + bC0), the value of RL indicates the
type of the isotherm to be either unfavorable (RL > 1),
linear (RL = 1), favorable (0 < RL < 1), or irreversible
(RL = 0).

The Freundlich model [52] based on adsorption on
a heterogeneous surface is given by the following
equation:

Fig. 7. The effect of initial concentration of BM and MB on
adsorption (0.4 wt% RGO; pH value of the solution: 7.0).
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ln qe ¼ ln KF þ 1

n
ln Ce (5)

where KF and n are Freundlich constants, which repre-
sent adsorption capacity and adsorption intensity,
respectively.

The Langmuir and Freundlich isotherms obtained
from the equilibrium adsorption data in our experi-
ment are shown graphically in Fig. 9 and the isotherm
parameters are listed in Table 2. As shown in Fig. 9,
all the plots showed a straight line, indicating the
adsorption of BM and MB on RGL followed the two
isotherms. Comparing the coefficient (R2) for three iso-
therms, it was found that the Langmuir isotherm fitted
more precisely (R2 = 0.997 and 0.987, respectively.)
than Freundlich isotherm (R2 = 0.915 and 0.935,
respectively.) Langmuir-type adsorption isotherm was
suitable for equilibrium studies indicating the forma-
tion of monolayer coverage of BM and MB on the sur-
face of RGL. Moreover, the values of RL were in the
range between 0 and 1 (0.70 and 0.25) and n > 1 (4.10
and 5.56), suggesting favorable adsorption of BM and
MB onto RGL.

3.7. Thermodynamics studies

The thermodynamic parameters for the adsorption
included Gibbs energy (ΔG), enthalpy (ΔH), and
entropy (ΔS). These thermodynamic parameters can be
calculated according to the following equations:

DG ¼ �RT ln Kd (6)

Kd ¼ qe=Ce (7)

DG ¼ DH � TDS (8)

where T is the absolute temperature (K). R is gas con-
stant (J/mol/K), Kd (L/g) is the equilibrium constant.
Ce is the dye concentration at equilibrium time. qe is
the equilibrated amount of cationic dyes adsorbed on
RGL. According above equations, the following
equation can be obtained:

ln Kd ¼ DS
R

� DH
RT

(9)

Fig. 8. Kinetics of adsorption of BM and MB onto RGL in different initial dye solutions (0.4 wt% RGO; pH value of the
solution: 7.0; 60, 80, 100, and 120 mg/L).

Table 1
Kinetic parameters for adsorption of BM and MB onto RGL

Dye C0 (mg/L)

Pseudo-first-order kinetics Pseudo-second-order kinetics

qe (mg/g) k1 (min) R2 qe (mg/g) k2 (g/mg/min) R2

BM 60 52.48 0.0387 0.956 55.25 0.00007 0.996
80 68.65 0.0269 0.976 74.63 0.00009 0.997
100 75.41 0.0212 0.990 83.33 0.00010 0.998
120 88.30 0.0242 0.960 95.24 0.00004 0.999

MB 60 30.76 0.0157 0.988 11.10 0.00170 0.993
80 51.61 0.0145 0.981 55.87 0.00017 0.999
100 57.85 0.0175 0.951 64.52 0.00016 0.995
120 64.31 0.0325 0.913 66.25 0.00014 0.994
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The values of ΔH and ΔS can be calculated from the
slope and the intercept of the plot of ln Kd vs. 1/T.
The calculated thermodynamic parameters for the
adsorption of BM and MB on RGL are given in
Table 3. The negative value of ΔG indicated the
adsorption reaction was spontaneous.

3.8. Desorption studies

Desorption studies are helpful to explore the possi-
bility of recycling of RGL. Desorption studies were
carried out using a mixture of HCl solution (pH 1)
and ethanol. Consecutive adsorption–desorption cycles
were repeated three times by using the same sorbents.
It was found that RGL could be recycled efficiently
using the mixture of HCl solution (pH 1) and ethanol.

The efficiency of cationic dyes removal was 86% for
BM and 89% for MB after three cycles; this showed
that RGL could be reusable.

3.9. Adsorption mechanism

In order to understand the adsorption mechanism
of RGL for cationic dyes, the FTIR spectra of RGL

Fig. 9. Langmuir and Freundlich isotherms for the adsorption of BM and MB onto RGL.

Table 2
Langmuir and Freundlich isotherm parameters for the
adsorption of BM and MB onto RGL

Dye

Langmuir Freundlich

Q0 (mg/g) RL (L/mg) R2 KF n R2

BM 90.91 0.70 0.997 46.43 4.10 0.915
MB 47.39 0.25 0.987 39.12 5.56 0.935

Table 3
Thermodynamic parameters for the adsorption of BM and MB onto RGL at different temperature

Dye T (K) ΔG (kJ/mol) ΔS (J/mol/K) ΔH (kJ/mol) R2

BM 298 −12.31 13.2 12.8 0.997
303 −12.45
308 −12.56
312 −12.68

MB 298 −2.94 8.2 6.6 0.996
303 −3.12
308 −3.86
312 −3.54

Fig. 10. FTIR spectra of RGL before and after adsorption of
BM and MB, respectively.
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before and after adsorption of BM and MB are
invested in details. As seen in Fig. 10, the peaks of the
stretch vibration of hydroxyl groups and that of C=O
stretch vibration of carboxylic groups were shifted
from 3,423 and 1,731 cm−1 to 3,417 (or 3,419) cm−1 and
1,721 (or 1,722) cm−1, respectively. This was attributed
to the electrostatic interaction between the carbonyl
and hydroxyl groups on the RGL and the cationic
dyes molecules. All the shift of absorption bands can
illustrate that electrostatic interaction played a major
role in the adsorption process.

4. Conclusions

In summary, we have developed a simple
hydrothermal treatment method to prepared porous
RGL as a biocomposite adsorbent for the effective
removal of BM and MB from aqueous solution. The
structure of RGL can be adjusted by changing the
content of GO. When 0.4 wt% RGO was incorporated
into LS, the value of the uptake of cationic dyes at
equilibration time (qe), for BM, increased from 32.56 to
88.32 mg/g, while for MB, increased from 31.65 to
63.32 mg/g. It could be presumed electrostatic interac-
tion involved in the adsorption mechanism. The
adsorption kinetics of BM and MB onto RGL followed
the pseudo-second-order model and adsorption iso-
therm fitted Langmuir model well. Desorption experi-
ments showed that RGL could be easily regenerated
using a mixture of HCl solution and ethanol. RGL
exhibited high adsorption capacities and efficiency for
cationic dyes, giving rise to a new generation of green
biocomposite adsorbents.
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[43] A. Altınışık, E. Gür, Y. Seki, A natural sorbent, Luffa
cylindrica for the removal of a model basic dye, J.
Hazard. Mater. 179 (2010) 658–664.

[44] J.N. Tiwari, K. Mahesh, N.H. Le, K.C. Kemp, R. Timilsina,
R.N. Tiwari, K.S. Kim, Reduced graphene oxide-based
hydrogels for the efficient capture of dye pollutants from
aqueous solutions, Carbon 56 (2013) 173–182.

[45] L. Sun, H. Yu, B. Fugetsu, Graphene oxide adsorption
enhanced by in situ reduction with sodium hydrosul-
fite to remove acridine orange from aqueous solution,
J. Hazard. Mater. 203–204 (2012) 101–110.

[46] F. Liu, S. Chung, G. Oh, T.S. Seo, Three-dimensional
graphene oxide nanostructure for fast and efficient
water-soluble dye removal, ACS Appl. Mater.
Interfaces 4 (2012) 922–927.

[47] S. Chowdhury, P. Saha, Sea shell powder as a new
adsorbent to remove Basic Green 4 (Malachite Green)
from aqueous solutions: Equilibrium, kinetic and ther-
modynamic studies, Chem. Eng. J. 164 (2010) 168–177.

[48] S. Lagergren, About the theory of so-called adsorption
of soluble substances, K. Sven. Vetenskapsakad.
Handl. 24(4) (1898) 1–39.

[49] Y.S. Ho, G. McKay, Sorption of dye from aqueous
solution by peat, Chem. Eng. J. 70 (1978) 115–124.

[50] I. Langmuir, The adsorption of gases on plane
surfaces of glass, mica and platinum, J. Am. Chem.
Soc. 40 (1918) 1361–1403.

[51] K.G. Bhattacharyya, A. Sarma, Adsorption characteris-
tics of the dye, Brilliant Green, on Neem leaf powder,
Dyes Pigm. 57 (2003) 211–222.

[52] H.M.F. Freundlich, Over the adsorption in solution, J.
Phys. Chem. 57 (1906) 385–470.

S. Li et al. / Desalination and Water Treatment 57 (2016) 20049–20057 20057


	Abstract
	1. Introduction
	2. Experimental
	2.1. Chemicals and materials
	2.2. Preparation of GO
	2.3. Preparation of RGL
	2.4. Characterization
	2.5. Batch adsorption studies
	2.6. Desorption and reusability studies

	3. Results and discussion
	3.1. Preparation and characterization of RGL
	3.2. Effect of initial pH of solution on adsorption
	3.3. Effect of content of RGO on adsorption
	3.4. Effect of initial concentration of dyes on adsorption
	3.5. Adsorption kinetics
	3.6. Adsorption isotherms
	3.7. Thermodynamics studies
	3.8. Desorption studies
	3.9. Adsorption mechanism

	4. Conclusions
	Acknowledgements
	References



