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Controllable and green synthesis of robust
graphene aerogels with tunable surface
properties for oil and dye adsorption†
Lijuan Qiu,ab Wenchao Wan,b Zhongqiu Tong,b Ruiyang Zhang,b Lina Lic and
Ying Zhou *ab
Recently, graphene aerogels (GAs) with abundant pores, ultra-light density and excellent adsorption
capacity have been regarded as promising high eﬃciency oil/water and dye/water separation materials
and attracted much attention for water remediation. However, the green and controllable synthesis of
GAs with tunable surface properties and high mechanical strength remains a challenge. In this work, we
develop a facile hydrothermal method using vitamin C (VC) as a green reducing agent. It is found that
VC ensures high mechanical strength while the surface hydrophobicity can be easily controlled at
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diﬀerent pH values. The hydrophobic and robust GA obtained at pH 5 demonstrates outstanding

DOI: 10.1039/c7nj03329j

adsorption, whereas the hydrophilic GA obtained at pH 11 shows excellent dye–water separation perfor-

oil–water separation capabilities in both non-turbulent and turbulent oil–water mixtures under continuous
mance. This artificial controllable strategy for the modification of GAs with expected properties paves a

rsc.li/njc

promising route to develop GAs for various applications.

Introduction
With the growth of the population and the development of the
economy, water environments have suﬀered serious damage,
especially due to pollution of water resources. Recently, oil-spill
accidents1–5 and organic dye pollution6–8 have become serious
environmental problems. How to effectively collect and remove
oils and dyes from water has become a worldwide challenge
and aroused extensive concern. To deal with water pollution,
physical adsorption with cellular materials is one of the most
promising methods due to its efficiency and economy, and more
importantly, it proceeds without producing secondary pollution.5–9
Among various adsorption materials, graphene aerogel (GA) have
attracted a lot of attention due to its three-dimensional (3D)
interconnecting framework, ultralow density, high specific surface
area and impressive adsorption capacity.9–15
Typically, graphene aerogels (GAs), which are used to
adsorb oil and organic solvents, can be prepared via a one-step
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hydrothermal reduction method with the use of reducing agents
such as ammonia,16 vitamin C (VC),11,17,18 ethanediamine (EDA),19
HI20 and N2H4.21 GAs obtained by this strategy show mechanical
flexibility. However, only few GAs reduced by this strategy can meet
the requirements of both hydrophobicity and mechanical strength
for the selective adsorption of oil. Alternatively, GAs or graphene
composites employed for the adsorption of dyes in water are
normally prepared using other chemical agents22 with complicated
processes.23,24 Thus, it is still a great challenge to prepare robust
GAs for both oil and organic dye adsorption. The main challenges
include the following: (1) how to prepare GAs via a green method
to regulate the surface properties and (2) how to prepare GAs with
good mechanical strength, which directly determines the separation eﬃciency and recycling performance. Our previous work and
other studies show that GAs obtained with acid reducing agents
such as VC generally possess high mechanical strength and
hydrophobicity.11,17,18,25,26 Interestingly, VC is a pH-sensitive
reducing agent. In addition, Ruoﬀ et al. reported that the
agglomeration of graphene sheets and the ionization degree
of graphene oxide (GO) are strongly related to their pH values.27
Therefore, it is expected that the properties of GAs could be
further modified by tuning the pH value when using VC as the
reducing agent. Unfortunately, very few investigations have
explored the eﬀect of pH on the GA formation process in the
presence of a reducing agent.27–30
Herein, we report a controllable and green synthesis method
to prepare robust GAs with tunable surface properties for oil
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and dye adsorption. VC was selected as a green reducing agent
to achieve high mechanical strength. Furthermore, regulation
of the pH using NaOH solution provides a model system to
explore the synergistic eﬀect of VC and pH on the structure,
morphology, hydrophobicity, adsorption and mechanical
strength of the GA. Our study provides a facile strategy for
the fabrication of GAs with desired properties and gives rise to a
number of adsorption applications.

was picked up by adjusting the height of the stage. Finally, the
WCA was automatically calculated by a circle fitting method.
Fourier transform infrared (FT-IR) spectra were collected on a
Nicolet 6700 spectrometer (Thermofisher, USA). The specific
surface area (SSA) of the GA was measured via the methylene
blue (MB) adsorption method using a UV-2600 spectrophotometer (Shimadzu, Japan).32 The SSA of the GA was calculated
using the following equation:
SSA ¼

Experimental section
Preparation of GO
GO was prepared according to our previous work.31 5 g natural
graphite flakes were added slowly into a 200 mL mixture of
H2SO4 and HNO3 with a volume ratio of 3 : 1 under magnetic
stirring. After 24 h, 1 L ultrapure (UP) water was added into the
mixture. Then the solids were collected after filtration, washed
and dried. The dried product was put into a muﬄe furnace at
1000 1C for 10 s. Then the powders, 300 mL H2SO4 (98 wt%),
4.2 g K2S2O8 and 6.2 g P2O5 were successively added into a flask
and magnetically stirred at 80 1C for 5 h. After cooling to room
temperature, 2 L of UP water was gradually added into the
mixture. After that, the solid products were added into 200 mL
H2SO4 at 0 1C, and 15 g KMnO4 was gradually added under
magnetic stirring. After the temperature was maintained at
35 1C for 2 h, the mixture was diluted with 1.5 L of water, then
10 mL H2O2 (30 wt%) was added into the solution. After 48 h, the
upper clear liquid of the mixture was removed. The precipitates
were sequentially washed with 1 M HCl and water. Finally, the
concentration of GO was calibrated to 2.0 mg mL1 for further
experiments.

NA AMB ðC0  Ce ÞV
MMB ms

where NA represents Avogadro’s constant (6.02  1023 mol1),
AMB represents the area covered per MB molecule (typically
AMB = 1.35 nm2), C0 and Ce are the initial and equilibrium
concentrations of MB, V is the volume of MB solution, MMB is the
relative molecular mass of MB, and ms is the mass of the sample.
Adsorption of oils and organic solvents
Firstly, the weight of the GAs was recorded. Then, the GAs were
immersed in oils or organic solvents (toluene, n-hexane, phenixin
and pump oil). After 15 min, the saturated adsorbents were
weighed immediately.32a The adsorption capacity (Qwt) of the
GAs was calculated using the following equation:
Qwt ¼

m1  m0
m0

Firstly, the pH of the GO was adjusted to the desired value with
1 mol L1 NaOH. Then, 200 mL VC solution (25 wt%) was added
into 50 mL GO solution under magnetic stirring. After 30 min,
the mixture solution was transferred into a Teflon-lined stainless
steel autoclave at 120 1C for 6 h. Finally, the prepared graphene
hydrogel was washed with water constantly and freeze-dried
(75 1C, pre-cooling) to prepare the GA. GA-3, GA-5, GA-7,
GA-9 and GA-11 indicate the GAs prepared at pH values of
3, 5, 7, 9 and 11, respectively.

where m1 is the final weight after full adsorption and m0 is the
initial weight of the GA.
For the adsorption–squeezing investigation, phenixin was
dropped on the weighed GAs until they reached adsorption
saturation. After that, the GAs were squeezed to half of their
height and weighed again. This process was repeated many
times until the GAs were destroyed.31 For continuous adsorption,
a home-made continuous vacuum system was used to remove oil
dyed with Sudan red from water (Fig. S1, ESI†). There were two
sets of experiments: a non-turbulent water–oil model solution
where 50 mL of n-hexane is on top of 150 mL water and turbulent
water–oil model mixtures where 50 mL n-hexane is mixed with
200 mL water under stirring, which is closer to real environmental conditions.32a,33 The GAs were placed into a porous
plastic centrifuge tube which was punctuated with some small
holes. The tube was covered with gauze to prevent the leaching
of the adsorbent when the vacuum degree was too high.

Characterization

Adsorption of dyes

X-ray diﬀraction (XRD) measurements were performed on
a DX-2700B X’pert diﬀractometer (Dandong, China). Thermogravimetric analysis (TGA) was performed on a SDTA851e
Thermogravimetric Analyzer (MTD, Switzerland). The electrical
resistivity was tested using a KDY-4 four probe square resistance
tester (Kunde, China). Scanning electron microscopy (SEM)
images were obtained using a Hitachi S-4800 scanning electron
microscope (Hitachi, Japan). The water contact angle (WCA) was
recorded using a JY-82C video contact angle tester (China).
Firstly, the focal length and the brightness of the light were
adjusted. Then, a drop of water was injected and the water drop

10 mg GA was added into 100 mL MB solution (20 mg L1). The
resulting solution was extracted by centrifugation and the concentration was determined using a UV-2600 spectrophotometer. The
amount of dye adsorbed per unit mass of the adsorbent was
evaluated using the equation:

Preparation of the GA

1004 | New J. Chem., 2018, 42, 1003--1009

Qwt ¼

ðC0  Ce ÞV
m

where C0 and Ce are the initial and equilibrium concentrations
of the dyes, respectively. V is the initial volume of the dyes and
m is the mass of the GAs.23
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For adsorption–desorption experiments using dyes, 10 mg GA
was added into different dyes including methyl blue (300 mL),
methyl orange (MO, 150 mL) and rhodamine B (RhB, 150 mL)
under stirring. The initial concentrations of all dyes were
20 mg L1. After 24 h, the concentration of the dye solution
was tested using the above method. For the desorption
measurement, the GAs were separated from the solution via
filtration and the dyes adsorbed on GAs were removed using
ethanol. Then, the GAs were reused for adsorption.

Results and discussion
Structure and surface properties of the GAs
The photographs and SEM images of the obtained samples are
shown in Fig. 1. The photographs (Fig. 1a) exhibit many circular
pits on the surface of the GAs, which indicates that some gas
was generated during the hydrothermal process. GA-11 shows
the roughest surface in comparison with the other samples.
Interestingly, GA-11 also exhibits the smallest size of graphene
sheets, abundant pores and a complex inner surface according
to the SEM image (Fig. 1f), which have a great contribution to
its large SSA and enhance the adsorption sites. GA-3, GA-5, GA-7
and GA-9 exhibit relatively smooth macroscopic surfaces and
the corresponding SEM images (Fig. 1b–e) show the medium
sheet sizes for GA-3, GA-5 and GA-7 and the largest size for
GA-9. Compared with other GAs, the largest sheet size gives
GA-9 a relatively small number of pores resulting in a smaller
SSA, which is due to the strong repulsion effect21,27,29 and fine
reduction ability of the VC at pH = 9 (Table 1). In addition,
the pore distribution of GA-5 is relatively uniform without the
agglomeration of the graphene sheets, which could make the
entire volume force even to increase the strength. These results
clearly demonstrate that the pH has a remarkable influence on
the size of the graphene sheets which is in accordance with
previous work.27 Moreover, the densities (r) of GA-3, GA-5, GA-7,
GA-9, GA-11 and GA-12 are 9.1, 9.1, 9.3, 8.7, 9.7 and 10.1 mg cm3,

Fig. 1 (a) Photographs of GAs obtained at various pHs. (b–f) SEM images
of GA-3, GA-5, GA-7, GA-9 and GA-11.

Paper
Table 1

The properties of the obtained GAs at diﬀerent pH

Sample SSA (m2 g1) r (mg cm3) d (Å) Lw2 (%) Rr (O cm) WCA (1)
GA-3
GA-5
GA-7
GA-9
GA-11
GA-12

629.3
799.0
713.6
598.1
959.6
859.3

9.1
9.1
9.3
8.7
9.7
10.1

3.61
3.66
3.57
3.64
3.72
3.71

13.8
18.3
15.1
13.2
20.0
45.6

0.07
0.12
0.05
0.06
0.21
0.23

112.5
123.2
119.4
122.0
79.1
50.3

respectively (Table 1). The slight differences in the densities could
be attributed to the different layer areas and numbers of pores.
The SSAs of GA-3, GA-5, GA-7, GA-9, GA-11 and GA-12 measured by
the MB adsorption method are 629.3, 799.0, 713.6, 598.1, 959.6
and 859.3 m2 g1, respectively.
The XRD patterns of the GAs prepared at diﬀerent pH values
are shown in Fig. 2a and Fig. S2a (ESI†). All the GAs exhibit the
(002) diﬀraction peak of graphene, indicating a recovery of the
graphitic structure with sp2 bonds from the GO to the GA.34,35
Nevertheless, some slight distinctions of the GAs were observed.
The diﬀraction peaks at around 2y = 241 have slightly shifted for
the GAs prepared at diﬀerent pH values, listed in Table 1. These
results confirm that the pH can modify the interlayer spacing
of the GAs, revealing the diﬀerences in the residual oxygencontaining groups in the GAs or new functional groups produced
during the reduction process.36
The TGA of these samples is shown in Fig. 2b and Fig. S2b
(ESI†). For the first stage, the weight loss mainly stems from the
evaporation of the interstitial water,29,37 while the second stage
involves the decomposition of the labile oxygen-containing
functional groups such as carboxylic, epoxy and hydroxyl
groups.29 Table 1 shows the weight loss (Lw2) of the second
stage. As expected, GA-11 and GA-12 exhibit the largest Lw2
(20.0% and 45.6%), indicating that those samples have relatively
more residual functional groups left on the graphene sheets,
resulting in a larger d-spacing (Table 1). Fig. S3 (ESI†) shows the
electrical resistivity (Rr) of the samples obtained through multipoint data testing.17 The results show that the Rr of GA-3, GA-5,
GA-7, GA-9, GA-11 and GA-12 are 0.07, 0.12, 0.05, 0.06, 0.21 and
0.23 O cm, respectively. The good conductivity of GA-7 and GA-9
could be ascribed to the smaller interlayer spacing and fewer
functional groups, while the poor electrical conductivity of GA-5,
GA-11 and GA-12 is a consequence of broader interlayer spacing and
more residual functional groups. These results reveal that an alkaline environment is unfavorable for forming graphitic structures and
acidic conditions are more conducive to the reduction of GO.

Fig. 2

(a) XRD patterns and (b) TGA of GAs obtained at diﬀerent pH.
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The water contact angles of GAs prepared at diﬀerent pH.

Surface hydrophobicity is one of the critical and fundamental
properties to consider for adsorption applications. Fig. 3 shows
the WCA of the obtained samples. Among them, GA-3, GA-5, GA-7
and GA-9 are hydrophobic, whereas GA-11 and GA-12 are hydrophilic. Generally, the hydrophobicity of GAs is a function of the
dual scale roughness,38 which is related to the microscale roughness from the micro-pores and the nanoscale roughness.39 The
poor hydrophobicity of GA-11 and GA-12 is due to the more
hydrophilic functional groups and the rough surface morphology,
which promote the wetting of water (Fig. 1a and Fig. S4, ESI†). It is
worth mentioning that the hydrogel of GA-5 without VC was not
well formed during the hydrothermal process, indicating that the
reducing agent is favourable to decrease the energy of forming
the interactions between the graphene sheets (Fig. S5, ESI†).
Additionally, the evaluation of the mechanical strength is
assessed using balance weights (Fig. 4). It is observed that the
GA obtained in the absence of VC, with a large and loose
graphene layer on the surface, is compressed immediately, but
the GAs with VC (GA-5 and GA-11) show almost no deformation,
indicating that VC plays a very important role in the mechanical
strength, no matter if the GA is hydrophilic or hydrophobic. In
Fig. S6 (ESI†), GA-5 (0.024 g, 9 mg cm3, 1.5 cm in diameter and
1.5 cm in height) is free-standing and can support a pile of coins
which is 6500 times its own weight.40a The compressive strength
of GA-5 (calculated by the equation: F = mg/S) is 8.66 kPa, which
is better than that of the GA (2.1 kPa) reported in previous
work.40b The main reason is that VC, as a strong reducing agent,
has a positive eﬀect and works to recover the p–p stacking of the

Fig. 4 Photographs of (a) GA-5 prepared in the absence of VC (1 cm in
diameter and 1.9 cm in height); (b) GA-5 (1.1 cm in diameter and 1.7 cm in
height); (c) GA-11 (1.2 cm in diameter and 2.0 cm in height).

1006 | New J. Chem., 2018, 42, 1003--1009

graphene sheets to maintain the rigidity of the GA. Furthermore,
the functional groups of the VC have a positive effect on the
structure through the formation of bubbles to modify the GA to
have abundant pores. Therefore, VC can be used to form GAs
with high mechanical strength and changing the pH can tune
their surface hydrophobicity.
In order to further verify the role of VC and pH, FT-IR spectra
were collected and are shown in Fig. 5a. These GAs generally
contain several functional group peaks including C–O–C at
1200 cm1, –OH at 1396 cm1, CQC at 1570–1637 cm1 and
–OH/H2O at 3420 cm1. The peak intensities of GA-7 and GA-9
are relatively weak, confirming that more oxygen-containing
functional groups (–OH and C–O–C) were removed after the
hydrothermal reduction reaction. In order to determine the role
of the functional groups of VC, the spectra of a VC solution at
pH 7 (VC-pH = 7), GA-7 obtained in the absence of VC, and GA-7
prepared with VC are compared in Fig. 5b. In comparison with
the spectrum of GA-7 prepared without VC, when VC was added
the C–OH (at 1060 cm1) and CQO (at 1701 cm1) peaks
completely disappear and some oxygen-containing groups such
as C–OH (at 1060 cm1), C–O–C (at 1200 cm1) and –OH
(at 1396 cm1) decrease, revealing that VC has a strong
reducing ability and can remove oxygen-containing groups.
VC molecules can release two protons and two electrons to
form dehydroascorbic acid, and protons can easily attach to the
oxygen-containing groups (such as –OH and C–O–C) to generate
water molecules due to the presence of electrons.17,41 The FT-IR
spectra of VC solutions at different pH values are shown in
Fig. S7 (ESI†). It is observed that the VC solution at pH 3 has a
higher quantity of hydroxyl groups (1396 cm1) than the VC
solution at pH 7 and pH 11. Under acidic conditions, an excess
of hydrogen ions inhibits the dissociation of protons, resulting
in increasing the number of hydroxyl groups and decreasing
the number of protons. Therefore, VC can be predominantly
found in the molecules that form in solutions at pH 3–5
(Fig. S8, ESI†). However, under alkaline conditions, with the
hydrolysis of the ester bond in VC to produce chain molecules
(Fig. S8b, ESI†), VC molecules cannot release protons, leading
to a weak reducing ability. Since the chemical reaction pathway
is carried out in the positive direction when the pH is around
7–9 (Fig. S8a, ESI†), the amount of protons and dehydroascorbic
acid is increased. Thus, VC molecules can achieve a relatively
high reduction ability with a pH around 7–9. On the other hand,

Fig. 5 (a) FT-IR spectra of the GAs obtained at diﬀerent pH and VC
solution; (b) FT-IR spectra of GA-7 with VC, GA-7 without VC and VC
solution at pH 7.
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the increased negative charge on the graphene sheets generated
by the pH increasing produces a repulsion effect between the
layers, and when the pH approaches 10, the maximum degree
of the repulsion effect will be achieved. The higher degree of
ionization prevents the agglomeration of the sheets to produce
smaller sheets under alkaline conditions,21,27,29 which enables
GA-9 to have a large sheet size and fewer pores resulting in a
smaller SSA (Table 1).
Adsorption capacity for oil and organic solvents
To evaluate the adsorption performance of the prepared GAs,
firstly the adsorption capacity for various oils and organic
solvents was measured (Fig. 6). Among them, GA-11 exhibits
the highest adsorption capacities for phenixin (129 g g1),
n-hexane (58 g g1), pump oil (124 g g1) and toluene (75 g g1).
However, as well as the adsorption capacity, the cyclic utilization of
the adsorption materials is also highly important for practical
applications. Three mainstream methods including burning,
evaporation and squeezing have been proposed to evaluate the
recovery performance. However, only mechanical extrusion can
re-collect the oil for further utilization.31 Therefore, the adsorption–squeezing method has been carried out to evaluate the
recovery performance and the detailed process is shown in
Fig. 7a–c and Movie 1 (ESI†).31 Both GA-5 and GA-11 exhibited
fast recovery to their original height when the phenixin was
re-dropped onto the GAs (Fig. 7d and e). Impressively, even after
ten cycles, the adsorption capacity of GA-5 was still maintained
at a high level, demonstrating its high mechanical strength and
stability. Comparatively, the adsorption capacity of GA-11 decreased
obviously by 19% after five cycles of squeezing, even though it
possesses the best initial adsorption capacity. The above results
show that GA-5 shows comprehensive performance toward
practical oil adsorption.
In addition, a continuous vacuum system was adopted to
investigate the potential application in large-scale and timesaving oil remediation.32a,33 As presented in Fig. S1 (ESI†), the
GA was connected to a vacuum system and the oil was directly
extracted from water by the vacuum force. GA-5 was selected as
an example due to its stable cycling performance and hydrophobicity. The sequential photographs in Fig. 8a show the

Fig. 6 The adsorption capacity for oil and organic solvents of GAs
obtained at diﬀerent pH.

Fig. 7 (a–c) Photographs of the adsorption–squeezing process. The
recyclability of GA-5 (d) and GA-11 (e) for the adsorption of phenixin under
adsorption–squeezing cycles.

non-turbulent continuous adsorption process, in which 50 mL
n-hexane was adsorbed completely in 40 s, and the adsorption
rate had no decrease even after 10 cycles (Movie 2, ESI†). Impressively, there was no water loss after all the oil was removed, indicating
the good hydrophobicity of GA-5.
Although good separation performance has been achieved
in the static vacuum system, in real environmental conditions
(such as a lake, river and the sea) the water is not stationary.
Hence, we added magnetic stirring to the continuous adsorption
process to simulate an oil–water mixture under real conditions.
As expected, 50 mL n-hexane was quickly removed from water in
40 s under turbulent conditions (Fig. 8b and Movie 3, ESI†) and
impressively, the GA can still maintain its complete 3D architecture even after 10 cycles (Fig. S9, ESI†). The above oil adsorption
under both the non-turbulent and turbulent conditions clearly
demonstrates that the GA reduced with VC has high mechanical
strength, which could meet the demands for oil–water separation
in practical oil remediation.
Adsorption of dyes
Dye adsorption is more challenging compared to oil remediation
owing to the high solubility of dyes in water and the demand for
hydrophilic surface properties. As the surface property of GAs

Fig. 8 Photographs showing the process of continuous adsorption from
(a) non-turbulent water–oil mixture; (b) turbulent water–oil mixture.
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Fig. 9 (a) The adsorption capacity for MB of the obtained GAs; (b) the
adsorption cycles for dyes with GA-11.

can be tuned from hydrophobicity to hydrophilicity by adjusting
the pH value, the obtained GAs could be good adsorbents for
both oils and dyes. The results in Fig. 9a show a dramatic
diﬀerence in the adsorption capacity towards MB, revealing that
GA-11 has the best adsorption capacity of 233 mg g1 in 3 hours.
Compared with GA-11, the adsorption capacity of other GAs (including GA-3, GA-5, GA-7 and GA-9) is inconspicuous, which can be
ascribed to their lower SSA as well as the inadequate contact with
water caused by their good hydrophobicity. The subsequent cycle
measurements in Fig. 9b reveal that GA-11 has a high adsorption
capacity towards various dyes, including methyl blue (430 mg g1),
MO (47 mg g1) and RhB (12 mg g1), which is significantly higher
than that of previously reported materials (Table 2). The adsorption
of dyes requires a complicated combination of anion–cation interactions, p–p interactions and electrostatic attraction between the
dyes and adsorbents.22,23 Generally, negatively charged GAs42 are
supposed to exhibit high adsorption capacities for cationic dyes
such as RhB and MB while having weak affinities to anionic dyes
such as MO due to electrostatic repulsion.43 However, the adsorption of RhB is negligible, which may be ascribed to the complex
aromatic structure and steric hindrance of RhB that significantly
impede the entry of RhB molecules into the 3D architecture of the
GAs. From Fig. S10 (ESI†), we can see that the molecular structure of
RhB is more complicated than that of MB and MO, which indicates
that RhB has greater steric hindrance than MO and MB. Even
though MO has an electrostatic repulsion with the GA, it is the
simplest molecule with weak steric hindrance, which makes the
adsorption capacity for MO better than that for RhB. All in all, dye
adsorption is a complicated process, and all the factors including
the electrostatic attraction of the molecules and the properties of the
target dyes should thoroughly be considered. In addition, the strong
p–p attraction of the conjugate structure enables GA-11 to have a
better adsorption capacity for methyl blue and MB.22 It is particularly worth mentioning that the decrease of the adsorption capacity
of GA-11 in the cycles is mainly due to the wastage of GA-11 during
the adsorption–desorption process.

Table 2

Comparison of adsorption capacities for MB

Adsorbent

Adsorption capacity (mg g1)

Ref.

GO
RGO–Fe3O4
rGO
GO–Fe3O4/SiO2
GO–PVA
GA-11

250
35
300
222.2
178.5
441

8
23
43
44
45
This work
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In summary, robust GAs with tunable surface properties have
been successfully prepared via a green and controllable method
taking advantage of the synergistic eﬀect of VC and the pH
value. The pH plays a critical role in both the degree of disorder
of the GO sheets and the stability of VC. Based on the regulatory
mechanism of pH, highly hydrophobic (yWCA = 123.21) GA-5,
which showed good mechanical strength, was prepared to
remediate oil pollution. It showed excellent performance under
both non-turbulent and turbulent conditions for adsorption as
well as in cycling tests. Moreover, hydrophilic GA-11 with a high
specific surface area (959.6 m2 g1) favors the adsorption of
dyes. Our current research has provided a facile approach to
obtain robust GAs with controllable surface properties for various
water purification applications.
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Sánchez-Royo and M. G. Gómez, Nanoscale, 2012, 4, 3977.
30 Y. C. Bai, R. B. Rakhi, W. Chen and H. N. Alshareef, J. Power
Sources, 2013, 233, 313.
31 W. C. Wan, R. Y. Zhang, W. Li, H. Liu, Y. H. Lin, L. N. Li and
Y. Zhou, Environ. Sci.: Nano, 2016, 3, 107.

Paper

32 (a) S. Kabiri, D. N. H. Tran, T. Altalhi and D. Losic, Carbon,
2014, 80, 523; (b) Y. Yukselen and A. Kaya, Eng. Geol., 2008,
102, 38–45.
33 D. N. H. Tran, S. Kabiri, T. R. Sim and D. Losic, Environ. Sci.:
Water Res. Technol., 2015, 1, 298.
34 Z. Fan, D. Z. Y. Tng, C. X. T. Lim, P. Liu, S. T. Nguyen,
P. F. Xiao, A. Marconnet, C. Y. H. Lim and H. M. Duong,
Colloids Surf., A, 2014, 445, 48.
35 Z. Xu, H. Y. Sun, X. L. Zhao and C. Gao, Adv. Mater., 2013,
25, 188.
36 A. V. Murugan, T. Muraliganth and A. Manthiram, Chem.
Mater., 2009, 21, 5004.
37 J. I. Peredes, S. Villar-Rodil, A. Martı́nez-Alonso and
J. M. D. Tascón, Langmuir, 2008, 24, 10560.
38 Y. R. Lin, G. J. Ehlert, C. Bukowsky and H. A. Sodano,
ACS Appl. Mater. Interfaces, 2011, 3, 2200.
39 Y. Li, X. J. Huang, S. H. Heo, C. C. Li, Y. K. Choi, W. P. Cai
and S. O. Cho, Langmuir, 2007, 23, 2169.
40 (a) Y. Shen, A. Du, X. L. Wu, X. G. Li, J. Shen and B. Zhou,
J. Sol-Gel Sci. Technol., 2016, 79, 76; (b) Z. Han, Z. H. Tang,
S. L. Shen, B. Zhao, G. P. Zheng and J. H. Yang, Sci. Rep.,
2014, 4, 5025.
41 I. F. Hu and T. Kuwana, Anal. Chem., 1986, 58, 3235.
42 F. Liu, S. Chung, G. Oh and T. S. Seo, ACS Appl. Mater.
Interfaces, 2012, 4, 922.
43 H. Kim, S. O. Kang, S. Park and H. S. Park, J. Ind. Eng. Chem.,
2015, 21, 1191.
44 Y. J. Yao, S. D. Miao, S. M. Yu, L. P. Ma, H. Q. Sun and
S. B. Wang, J. Colloid Interface Sci., 2012, 379, 20.
45 J. Dai, T. Huang, S. Q. Tian, Y. J. Xiao, J. H. Yang,
N. Zhang, Y. Wang and Z. W. Zhou, Mater. Des., 2016,
107, 187.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018

New J. Chem., 2018, 42, 1003--1009 | 1009

