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Graphene oxide (GO) and GO-based materials have shown excellent adsorption properties because of bounteous
structure and rich oxygen functional groups. Many studies have shown that GO are utilized as adsorbents to
remove organic dyes from wastewater. GO was prepared by modified Hummers method using graphite powder as
raw material. On this basis, β-cyclodextrin/graphene oxide composite (β-CD/GO) was prepared by modifying
graphene oxide via β-cyclodextrin(β-CD) crosslinking method. GO and β-CD were characterized by Fourier
transform infrared spectroscopy (FT-IR), energy-dispersive X-ray (XRD), scanning electron (SEM) and ther
mogravimetric analysis (TGA). Their adsorbents properties have been studied with methylene blue (MB) as
adsorbate. The factors affecting the study include the temperature, adsorption time, amount of adsorbent and
system pH value. Adsorption isotherm and kinetics of the adsorption process are systematically analyzed. The
results show that β-CD/GO has a different adsorption capacity from GO under the same adsorption factors. Under
the optimized conditions (the reaction temperature is 70 ◦ C, the reaction time is 60 min and the concentration of
adsorbent is 0.04 g/L), the removal efficiency of β-CD/GO is 20% higher than that of GO from 70% to 90%. The
maximum adsorption capacity of β-CD/GO is 76.4 mg/g. β-CD/GO can be effectively regenerated by elution with
absolute alcohol. In these tests, β-CD/GO was suggested to be more efficient than GO in the removal of organic
dyes.

1. Introduction
The printing and dyeing wastewater is one of the main sources of
mixed wastewater. With the continuous improvement of people’s living
standards and requirements, synthetic fuels have gradually replaced
natural dyes and integrated into people’s daily life [1–3]. The organic
pollutants in water resources are an important environmental problem
[4]. Due to high toxicity and low biodegradability of synthetic organic
dyes, the organic dyes of industrial wastewater discharging into the
natural environment, which are posing a serious threat to aquatic or
ganisms and human health [5]. Although there are many techniques for
removing organic dyes from wastewater [6–12], more effective and
applicable methods are needed to be investigated.
There are a large number of techniques for the removal of dyes, such
as ion exchange method [6], photocatalytic degradation method [7],

membrane separation method [8], chemical oxidation method [9],
biological method [10], supercritical water oxidation technology
method, low-temperature plasma chemical method [11] and adsorption
method [12]. In recent years, adsorption has been widely used to
remove organic dyes from wastewater due to advantages of simple
process and wide application [13–17]. A vast variety of materials,
including cellulose, active carbon [18], molecular sieves [19] and gra
phene oxide (GO) [20], are utilized as adsorbents to remove organic
dyes from wastewater. Among those adsorbents, GO and GO-based
materials have shown excellent adsorption properties because of boun
teous structure and rich oxygen functional groups [21,22].
The adsorption capacity of GO on organic dyes is mainly derived
from the electrostatic interaction between oxygen functional groups and
adsorbents, partly from van der Waals force [23], and from the inter
action between aromatic rings and graphene structures of dye molecules
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[24]. Many studies have reported that GO has good adsorption perfor
mance, but the adsorption capacity of pure GO is limited. Therefore, the
modification of GO is great significance for expanding its practical
application. The surface of GO contains a large number of hydroxyl,
carboxyl and epoxide functional groups on its two-dimensional gra
phene skeleton [25]. It has a high degree of interaction with organic
dyes [25–27]. The cyclic structure and abundant hydroxyl groups in
polysaccharides give them the ability to bind and adsorb with other
compounds [28], and many polysaccharides based materials have been
applied to adsorption [29]. Therefore, natural polysaccharides are an
ideal choice for the modification of GO to improve their adsorption
capacity.
Insoluble polymers of β-cyclodextrin can be used as adsorbent ma
terials to remove organic pollutants from water [30], too. β-cyclodextrin
with macrocycle of glucose structure is known to encapsulate pollutants
to form well-defined host–guest complexes.
In this paper, a highly stable cyclic structure polysaccharide
(β-cyclodextrin) was used to synthesize Polysaccharide modified GO
composites (β-CD/GO). In order to avoid the dramatic chemical change
of GO base, the modification of GO with polysaccharide was performed
under a mild and simple method [31]. Combination of GO nanosheets
and cyclic β-cyclodextrin can form a plywood-like structure with
nanocages and thus favorable for the adsorption of organic dye, also the
structure is more disorder than that of GO. The adsorption properties of
β-CD/GO by organic dyes (methylene blue, MB) were studied. The fac
tors include the temperature, adsorption time, amount of adsorbent and
system pH value. Adsorption isotherm and kinetics of the adsorption
process are systematically analyzed. The results show that the poly
saccharide modified GO composite (β-CD/GO) is worthy of attention.
Compared with the GO, the adsorption capacity of β-CD/GO on MB is
improved.

2.2. Synthesis of materials
GO was prepared from natural graphite powder by a modified
Hummers method [32]. β-CD/GO was prepared by modifying graphene
oxide via β-cyclodextrin crosslinking method. In the first step, 100 mL
GO was dispersed by ultrasonic for 1 h to obtain 1 mg/mL aqueous so
lution of GO, after 28 g NaOH was dissolved in 1 mg/mL aqueous so
lution of GO. In the second step, 28 g NaOH was dissolved in 100 mL
distilled water (7 mol/L), 1 g β-cyclodextrin was dissolved in alkaline
solution (7 mol/L). In the third step, added the above two solutions
together, 60 ℃ blast drying box reaction 3 h, the reaction is cooled to
room temperature. After the precipitate was filtered and washed in ul
trapure water several times to remove unreacted polysaccharides and
other impurities, then vacuum-dried to yield the β-CD/GO. Illustration
of the synthesis of β-CD/GO is shown in Fig.1.
2.3. Characterization techniques
The morphology of β-CD/GO and GO was characterized by a field
emission scanning electron microscope (SEM, Camscan 2600FE, Britain)
and an energy-dispersive X-ray (XRD, Bruker D8 Advance, Germany)
system. The Fourier transform infrared spectra (FTIR, Shimadzu FTIR8400 s, Japan) of β-CD/GO and GO were obtained by the KBr pellet
method in the range of 4000–400 cm− 1. The thermogravimetric analyses
(TGA, NETZSCH STA7300, Germany) of β-CD/GO and GO were per
formed with a heating rate of 10 ◦ C/min in nitrogen flow.
2.4. Adsorption experiment
Methylene blue powder was dissolved in deionized water, and 8 mg/
L simulated organic dye wastewater was prepared and sealed. The
adsorption experiments were carried out as follows: 50 mL methylene
blue simulated organic dye wastewater was added into 150 mL conical
bottle, then adjusting pH of solution with hydrochloric acid or sodium
hydroxide solution, and then add a certain amount of adsorbent. The
conical bottle was placed in a constant temperature water bath oscillator
to achieve adsorption equilibrium. The concentration of residual
methylene blue in the solution was measured by ultraviolet-visible
spectrophotometer. The adsorption capacity and removal efficiency
were calculated by the following formulas:
(
)
C0 − Ce
qe =
V
(1)
m

2. Materials and methods
2.1. Raw materials and reagents
The graphite raw material used in the experiment is high purity
graphite produced by Baolong New material Co., Ltd. (carbon content
99.9, particle size 50 μm); concentrated sulfuric acid (98%), potassium
permanganate, hydrochloric acid (37%), β-cyclodextrin, sodium hy
droxide, hydrogen peroxide (30%) and anhydrous ethanol are all
analytical purity.

Q=

(
)
C0 − Ce
× 100%
C0

Fig. 1. Illustration of the synthesis of β-CD/GO.
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where qe (mg/g) are the equilibrium adsorption capacity of the adsor
bent, while Ce and C0 (mg/L) is the equilibrium concentration and the
initial concentration of dye, V(L) is the volume of the solution, m(g) is
the mass of the adsorbent.
3. Results and discussion
3.1. Structure and morphology characterization
The prepared GO and β-CD/GO were characterized by XRD, and the
results were shown in Fig.2. In the XRD diagram of GO, a strong
diffraction peak appeared when the diffraction angle 2θ is 10.8, which
indicated that the graphite was oxidized [33]. The XRD peak of GO is
sharp, indicating that it has short-range order structure and thin thick
ness. By contrast, in the XRD spectra of β-CD/GO, a wide and strong
diffractive peak appeared when the diffraction angle 2θ is 23.9◦ . This is
because the intercalation of cyclodextrin derivatives into the interlayer
of GO and the chemical reaction results in the increase of the interlayer
spacing. Cyclodextrin diffractive molecules can be inserted into GO
interlayer. A β-CD molecule contains seven active hydroxyl groups,
which can react with the epoxy groups on the surface or edge of the GO
molecule at the same time, and eventually the bonding of graphene
oxide nanoparticles formed a complex long-range order structure from
different angles. Therefore, the peaks of β-CD/GO XRD are plenty,
wide-distributed and smooth. The peak of β-CD/GO is different from GO,
which indicates that a new substance has been formed. And thickness of
β-CD/GO have increased, which is consistent with the reaction diagram
of Fig.1.
In order to investigate the changes of functional groups of GO and
β-CD/GO, the FTIR spectra of the samples were characterized. The FTIR
spectra of the samples are showed in Fig.3. Fig.3 (a) shows the infrared
peak of GO near 1055 cm− 1, 1108 cm− 1, 1228 cm− 1, 1401 cm− 1,
1620 cm− 1, 1731 cm− 1 and 3525 cm− 1. Among them, 1055 cm− 1 ap
pears the stretching vibration peak caused by C–O–C in the epoxy
group, peak of 1228 cm− 1 can prove the existence of epoxy group,
around 1401 cm− 1 appears − OH deformation vibration peak, around
1620 cm− 1 appears − OH bending vibration peak, the stretching vibra
tion peak of carboxyl or carbonyl group appeared at 1731 cm− 1, C–O
stretching peak at 1108, and strong and wide peak corresponding to
− OH stretching vibration at 3425 cm− 1 are observed. The appearance of

Fig. 3. FTIR of GO and β-CD/GO, a is β-CD/GO and b is GO.

these peaks shows that a large number of oxygen-containing functional
groups were introduced into the surface and edge of graphite lamellar
during oxidation processes [34]. As shown in Fig. 2(b), two peaks
disappear at 1731 and 1055 cm− 1 that are attributed to participational
response of carboxyl, carbonyl and epoxy. In the spectrum of β-CD/GO, a
strong and wide peak at 3425 cm-1 which is ascribed to the stretching
vibration of − OH. The stretching vibration peak of − CH2− belonging to
β-CDs molecule appears at 2919 cm− 1, bending vibration peak of C–OH
at 1480 cm− 1, C–H stretching vibration peak at 892 cm− 1. These
vibrational bands are specific peaks at 1640 cm-1 of anti-carbohydrate
stretching bands in polymers.
Raman analysis is very powerful technique for the carbon-material’s
characterizations. The Raman analysis of GO and β-CD/GO were shown
in Fig. 4. They have the different D and G values, but the same wave
numbers at 1350 cm− 1 and 1605 cm− 1. The ID/IG value of GO is 0.897,
whereas β-CD/GO is 1.012. It shows that β-CD/GO has more structural
defects than GO.
The prepared GO and β-CD/GO were characterized by SEM, and the
results were shown in Fig.5. SEM images of GO (Fig.5a) exhibit a
characteristic two-dimensional structure with many wrinkles, which is
the typical morphology of GO as reported in many preliminary works
[35]. In the morphology images of β-CD/GO (Fig.5b), the surface is
much more uneven and disordered than GO, which unevenness is caused
by β-CD and several GO nanosheets. The surface morphology images
indicate that β-CD/GO nanosheets are thicker than those of GO, which
increased thickness is caused by the connection of β-CD and GO. The
section morphology images (Fig.5c) indicate that β-CD/GO is better than
GO adsorption capacity is caused by the bedding void.
Thermal gravimetric analysis is used to study the weightlessness of
GO and β-CD/GO. TGA curves for β-CD, GO and β-CD/GO are shown in
Fig.6. Due to the thermal instability of GO, its mass starts to lose

Fig. 2. XRD of (a) GO, (b)β-CD/GO.

Fig. 4. Raman spectra of GO and β-CD/GO.
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Fig. 5. SEM of (a) surface of GO, (b) surface of β-CD/GO, (c) section of β-CD/GO.

β-CD/GO are stronger than that of pure GO, which is revealed by the
higher adsorption capacities of β-CD/GO.
3.3. Study on adsorption of methylene Blue
3.3.1. Adsorption kinetics
In order to further understand the adsorption process, study of ki
netics is indispensable. The effect of adsorption time on the adsorption
capacity is shown in Fig.7, adsorption capacity increases swiftly after
adding β-CD/GO to MB solutions in the first 30 min. After that, the
adsorption of β-CD/GO to MB increased slowly. And at 60 min, the
adsorption capacity achieves its maximum (76.4 mg/g). First, MB cat
ions rapidly bind to the active sites on the adsorbent [40]. Then, with
fewer active sites to receive MB cations, the adsorption rate decreased
[40]. It takes about 60 min for β-CD/GO to be reach adsorption satu
ration, indicating that β-CD/GO is a very effective adsorbent for
removing MB in wastewater.
The adsorption kinetics of β-CD/GO on MB was studied by using
pseudo-first-order model and pseudo-second-order model. The pseudofirst-order model show that a direct relationship exist between the
change rate of the limited adsorption amount with time and the
adsorption capacity at equilibrium [40], which can be described as in
Eq. (3). However, the pseudo-second-order model is usually employ to
describe the adsorption process with a rate-limiting step involving
chemisorption, which can be represented as in Eq. (4) [41].

Fig. 6. TGA carves of GO, β-CD and β-CD/GO.

immediately upon heating mainly caused by the release of adsorbed
water [36]. A major loss of GO occurs at 205 ◦ C with 30% weight loss,
because the pyrolysis of oxygen functional groups releasing water, car
bon monoxide and carbon dioxide [36]. The high residual mass of heat
treated GO (50%) is due to its high carbon content. However, β-CD/GO
showed materially different thermal properties from GO and β-CD. The
thermal instability of β-CD/GO begins to lose immediately after heating,
mainly due to the release of adsorbed water. However, due to the
introduction of β-CD molecules and reduction of GO, β-CD/GO contains
lower amounts of oxygen functional groups because of dehydration,
demonstrating by slower mass loss rate. β-CD/GO retains 58.2% of its
weight at 800 ◦ C, demonstrating much higher thermal stability than
as-prepared GO.

In(qe − qt )In qe − k1 t

(3)

1
t
1
= +
qt qe k2 q2e

(4)

3.2. Adsorption property and principle of methylene Blue
It is widely accepted that the adsorption of organic dyes onto GObased materials is mainly driven by three forces, namely: electrostatic
interaction, p-p stacking interaction and Van der Waals force [37]. The
adsorption process on GO mainly occurs on the two-dimensional sur
face, since adsorption interaction is based on the electrostatic between
the surface oxygen-containing functional groups of GO and adsorbates
[38]. β-CD/GO with plywood-like structure contains GO nanocages,
which could makes differs from on the adsorption process pure GO. The
adsorption of β-CD/GO towards organic dyes performs on the surface of
GO nanosheets and in the nanocages, respectively. The nanocages have
multiple contact points with the adsorbates, within them has a large free
energy change and bring about a stronger interaction between the ad
sorbents and adsorbates than that on a two-dimensional surface [39].
Based on these factors, the adsorption efficiency of organic dyes by

Fig. 7. Time profile of the adsorption of MB on β-CD/GO.
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In both above Eqs. (3)and (4) equations, qe (mg/g) and qt (mg/g) are
the adsorption capacity at equilibrium and at time, t, respectively.
Respectively, k1 (min− 1) and k2 (g mg− 1 min− 1) are the constants of rate
in the pseudo-first-order and pseudo-second-order models.
Fig.8 gives the linear fitting results of pseudo-first-order model and
pseudo-second-order model. At the same time, the parameters calcu
lated by the Eqs. (3), (4). The correlation coefficient quasi second-order
model (0.9999) is higher than the first-order model (0.7819), which
indicates that the adsorption of MB by β -CD/GO is consistent with the
previous model. The adsorption capacity obtained from the pseudosecond-order model is closer to the experimental data than from the
pseudo-first-order model, which also indicates that the adsorption is
closer to the pseudo-second-order model. The kinetic data from
adsorption of MB on β-CD/GO show that chemisorption is the most
important adsorption factor, which result agrees with the proposed
adsorption mechanism.
Adsorption isotherms were investigated by changing the initial
concentrations of MB solutions added to a certain amount of β-CD/GO.
The adsorption isotherm of MB with β-CD/GO is shown in Fig. 8 The
results show that the adsorption capacity of β-CD/GO increase with the
initial concentration of MB. Because higher the initial concentration, the
more MB molecules can help overcome the mass transfer resistance
between dye solution and adsorbent, thus facilitating the adsorption
process and more MB molecules in the solution can be adsorbed [42].
However, when the initial dye concentration increases to a certain
value, in this case 4 mg/L of MB, the active adsorption sites on the
adsorbent will reach saturation [41]. Fig.8 shows that Ce initially in
creases rapidly, but has since remained around 166 mg/g.
Adsorption isotherms can provide in-depth information on the
interaction between adsorbents and adsorbates. Two classical isotherm
models of Langmuir and Freundlich are adopted for fitting. The isotherm
data of adsorption equilibrium of MB in aqueous solution at 303 K
Langmuir isotherm were used to describe the monolayer adsorption
process on homogeneous surface [41]. It can be described as in Eq. (5).
Ce
1
Ce
+
+
qe k2 qm qm

Here KF (L/mg) and n are Freundlich constants, respectively related
to adsorption capacity and intensity of the adsorbent.
Fig.9 shows the Langmuir and Freundlich isotherm model simulation
results for MB on β-CD/GO. The results show that the Langmuir model
simulation fits nicely (R2 = 0.9554) with the experimental isotherm
data, but the Freundlich model not fits from obtain data (R2 = 0.9154).
At the same time, the adsorption capacity obtained from the Langmuir
model is closer to the experimental data than that from the Freundlich
model. The adsorption on β-CD/GO is a monolayer process [43]. The
adsorption isotherm data of MB on GO reported in previous work also
fits very well with the Langmuir model [42], which result reveals that
the β-CD molecules linked on GO barely change its basic structure
relative to adsorption characteristics.
3.3.2. Effect of dosage on adsorption performance
In order to investigate the influencing factors of GO and β-CD/GO
addition on MB removal efficiency, the following experiments were
carried out: the MB solution with 50 mL concentration of 1.6 mg/L was
taken in 14 parts and divided into two groups. 0.0010, 0.0020, 0.0030,
0.0040, 0.0050, 0.0080 and 0.0100 g of GO and β-CD/GO were added to
the aforementioned MB solution for 1 h at room temperature (30 ◦ C),
respectively.
Taking account into the economic benefit, the mass of adsorbent is
necessary to study for selecting the optimized amount of adsorbent for
industrial applications. The adsorption performance curve of β-CD/GO
is highly similar to that of GO, and the removal efficiency of MB
increased with the increase of GO and β-CD/GO adsorbent dosage. It can
be attributed to the increase of adsorbent, and much more active sites on
the adsorbent were available for adsorption. When the dosage of two
adsorbents was above 0.0020 g, the removal efficiency of MB increased
slowly, and reached a stable level. Under the condition of equal dosage,
the removal efficiency of MB by GO is far lower than that of β-CD/GO.
When the initial concentration of MB was 1.6 mg/L, the removal effi
ciency of MB reached equilibrium when the dosage of β-CD/GO adsor
bent was 0.0020 g, about 90%. The optimum concentration of adsorbent
is 0.04 g/L.

(5)

3.3.3. Effect of pH on adsorption performance
In order to investigate the effect of pH on the adsorption properties of
GO and β-CD/GO on MB, the following experiments were carried out: 12
samples of 50 mL MB solution with concentration of 1.6 mg/L were
divided into two groups. The pH of the solution was adjusted to 1, 3, 5, 7,
11 and 13, respectively, 0.0020 g GO and β-CD/GO were added to the
solution for 1 h at room temperature.
The solution pH value has significant effect on adsorption [44], due
to its strong influence on ionization states of both adsorbents and
organic dyes. Fig.11 shown GO has a great influence on the adsorption

Where qe and qm (mg/g) are the equilibrium and maximum adsorption
capacity of the adsorbent. Ce (mg/L) is the equilibrium concentration of
dye and kL (L/mg) is the Langmuir equilibrium adsorption constant
related to the affinity of binding sites. The following the Freundlich Eq.
(6) was used to describe the equilibrium data at low and medium con
centrations on heterogenous surfaces.
In qe = In kF +

InCe
n

(6)

Fig. 8. (a) Pseudo-first-order kinetics model and (b) pseudo-second-order kinetics model for adsorption of MB on β-CD/GO.
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Fig. 9. (a) The adsorption isotherms of MB on β-CD/GO, (b) Langmuir-model, (c) Freundlich model.

ability of MB. The removal efficiency reached its maximum of 73% when
the pH value is 7. Within the pH value of 1~7, with increasing pH value,
the adsorption capacity of GO exhibits an obvious upward trend. Within
the pH value of 7–11, with increasing pH value, the adsorption capacity
of GO exhibits an obvious downward trend. Therefore, at lower or upper
pH value, adsorption capacity decreases under reduced electrostatic
attraction between adsorbent and adsorbate, while a large amount of
inorganic ions in the buffer solution also obstruct adsorption [45]. The
hydrolysis reaction of GO under acidic and alkaline conditions di
minishes surface oxygen functional groups [46]. However, the solution
pH value has no significant effect on adsorption by β-CD/GO, due to its
strong influence on adsorption capacity through bedding void structure.
The removal efficiency of MB by β-CD/GO has been kept at 90%.

3.3.5. Effect of reaction temperature on adsorption performance
In order to investigate the effect of reaction temperature on the
adsorption properties of GO and β-CD/GO, the following experiments
were carried out: 10 parts of MB solution with 50 mL initial concen
tration of 1.60 mg/L were divided into two groups. By adding 0.0020 g
GO and β-CD/GO, respectively, the reaction 1 h at the temperature of
10, 20, 30, 50, 70 and 80 ◦ C.
Temperature is main parameter for the adsorption of MB. The
removal efficiency of MB is different between GO and β-CD/GO at
different temperatures, and the removal efficiency of MB increases with
the increase of adsorption temperature. While at the same temperature,
the adsorption ability of β-CD/GO to MB is greater than that of GO.
However, with increasing temperature, the adsorption capacity of β-CD/
GO exhibits an obvious upward trend, due to its strong influence on
adsorption capacity through bedding void structure.
Thus, there are two stages (diffusion and adsorption) during whole
adsorption process:

3.3.4. Influence of reaction time on adsorption performance
In order to investigate the effect of reaction time on the adsorption
properties of GO and β-CD/GO, 22 parts of MB solution with 50 mL
concentration of 1.6 mg/L were selected and divided into two groups.
By adding 0.0020 g GO and β-CD/GO respectively.
The adsorption capacity of the adsorbent for methylene blue varies at
different times. The effect of reaction time on the adsorption of MB by
GO and β-CD/GO is highly similar. Adsorption capacity increases swiftly
after adding GO and β-CD/GO to MB solutions in the first 30 min. After
30 min, the adsorption capacity of GO and β-CD/GO to MB increased
slowly. When the reaction time was up to 60 min, the removal efficiency
of MB was stable, and the removal efficiency of MB did not obviously
increase while prolonging the reaction time. It can be seen from the
graph that when other conditions are not changed, the best reaction of
β-CD/GO to MB adsorption is obtained.

3.3.6. Recyclability of the β-CD/GO
The spent β-CD/GO was regenerated by shaking them in alcohol at
room temperature. Approximately 100% of adsorbed MB was desorbed
by absolute alcohol in 12 h. The synthesized β-CD/GO was assessed for
deterioration by subjecting to repeated adsorption and desorption with
alcohol. The removal efficiency from MB solutions in each cycle was
shown in Table 1. There was no apparent reduction of MB removal ef
ficiency after 9 cycles of adsorption and desorption. Apparently, the
performance of the adsorbent was not appreciably deteriorated after
repeated use and regeneration for nine cycles indicating that the syn
thesized β-CD/GO was mechanically and chemically robust.
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Table 1
MB removal in each cycle of repeated adsorption and desorption (1.60 mg/L MB, 0.0020 g/50mLβ-CD/GO, pH 6.5).
Cycle
MB Removal (%)

1

2

3

4

5

6

7

8

9

90.5

90.1

90.2

90.2

90.1

90.0

90.2

90.1

90.1

4. Conclusions
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β-cyclodextrin modified GO was used to prepare β-cyclodextrin
modified GO (β-CD/GO) composites by simple process. A plywood
structure with large porosity ratio was prepared by using β-cyclodextrin
ring structure and GO nanoplate. The resulting special structure gives
β-CD/GO a certain advantages. The adsorption properties of β-CD/GO
composite to organic dyes were studied. The results showed that the
modified GO has higher adsorption performance than the prepared GO.
The removal efficiency of β-cyclodextrin/graphene oxide composite is
20% higher than that of graphene oxide from 70% to 90%. The
adsorption process of MB on β-CD/GO is systematically illustrated
through investigations of isotherms and kinetics. In this case, the ex
periments and corresponding calculations show that the adsorption of
MB by β-CD/GO is spontaneous and follows the Langmuir adsorption
isotherm, the quasi-first-order kinetic model and the quasi-second-order
kinetic model. β-CD/GO has obvious advantage on organic dyes and has
great practical potential in removing pollutants in water.
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