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ABSTRACT

Nowadays, the harm caused by the leakage of oil and dangerous organic sol-

vents to the ecological environment and human health cannot be ignored, and

effective treatment measures are urgently needed to alleviate the current situ-

ation. Therefore, the development of low-cost and efficient adsorbents is the key

to solve the problem. In this paper, konjac glucomannan was used as flexible

skeleton. Flexible aerogel based on an interpenetrating network of konjac glu-

comannan and reduced graphene oxide was prepared by two-step hydrother-

mal method. On this basis, the composite aerogel was superhydrophobically

modified to improve its adsorption selectivity. A series of characterization

results showed that the adsorbent had flexible three-dimensional porous

structure, excellent mechanical properties, adsorption selectivity, recyclability

and biodegradability. At the same time, the composite aerogel synthesized by a

simple and environmentally friendly method could realize the continuous

separation of oil and water by vacuum pump. It showed that its application in

the field of high-efficiency oil–water separation had a broad prospect.

Introduction

In recent years, the leakage of oil and dangerous

organic solvents has become more and more fre-

quent, which is harmful to the ecological environ-

ment and human health [1]. Therefore, the use of

adsorption separation technology to remove organic

pollutants in water becomes more and more impor-

tant [2]. Various materials such as corn stalk [3],

cotton [4], activated carbon [5], zeolite [6], nanocel-

lulose [7] and organic polymers [8, 9] have been

designed as adsorbents to deal with these pollutions.

However, these materials cannot be widely used
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because of their poor adsorption selectivity, high

difficulty of recycling and low biocompatibility.

Graphene has been concerned and deeply studied

by scientists in various fields because of its out-

standing structure and properties. However, it is easy

to agglomerate in the process of use due to the strong

interaction between two-dimensional graphene

sheets [10]. The macroscopic assembly of two-di-

mensional graphene into three-dimensional graphene

aerogel can make full use of the adsorption site.

Nevertheless, despite these attractive properties, the

practical application of graphene aerogel is limited by

its inherent brittleness [11]. The construction of

interpenetrating network structure by adding poly-

mer is an vital strategy to improve the brittleness of

graphene aerogel [12]. Among the many polymers

that act as flexible skeletons, natural polysaccharide

biopolymers are especially favored because of their

abundant sources, excellent environmental compati-

bility and biodegradability [13, 14]. Konjac gluco-

mannan is a kind of plant polysaccharides composed

of b-1,4 linked D-mannose and D-glucose. It is an

excellent skeleton material that has active primary

hydroxyl groups in the C-6 position of the skeleton

unit and can carry out many interactions such as

acylation, carboxymethylation and graft polymeriza-

tion [15].

In this paper, konjac glucomannan was used as

flexible skeleton. Flexible aerogel based on an inter-

penetrating network of konjac glucomannan (KGM)

and reduced graphene oxide (RGO) was prepared by

two-step hydrothermal method. On this basis,

octadecyl trichlorosilane (OTS) was used as a super-

hydrophobic modifier to further improve the

adsorption selectivity of the composite aerogel. The

morphological structure and physicochemical prop-

erties of the adsorbent were studied and analyzed by

a series of characterization methods. The results

showed that the adsorbent had three-dimensional

porous structure, excellent mechanical properties,

adsorption selectivity, recyclability and biodegrad-

ability. In summary, its application in the field of

high-efficiency oil–water separation has a broad

prospect.

Experimental

Materials

Graphite powder (99.5%) and Sudan red III were

purchased from Aladdin Reagent Company. Konjac

glucomannan was supplied by Hubei Johnson Konjac

Co., Ltd. Sodium nitrate, concentrated sulfuric acid,

potassium permanganate, hydrogen peroxide, acetic

acid and sodium carbonate were all purchased from

Guangzhou Chemical Reagent Factory. The whole

process of the experiment was carried out with

deionized water. All the common organic solvents

used for adsorption test were purchased from Tianjin

Damao Chemical Reagent Factory. All the reagents

used above were of analytical grade and had no

further purification. Vacuum pump oil (density is

0.8795 g/cm3, viscosity is 82.28 mm2/s), engine oil

(density is 0.7789 g/cm3, viscosity is 56.31 mm2/s),

soybean oil (density is 0.9170 g/cm3, viscosity is

8.36 mm2/s) and diesel (density is 0.8150 g/cm3,

viscosity is 6.58 mm2/s) were supplied by Guangz-

hou Xingsheng Petrochemical Co., Ltd.

Preparation of konjac glucomannan-reduced
graphene oxide (KGM-RGO) aerogel
by two-step hydrothermal method

Graphene oxide was synthesized by improved

Hummer method [16]. KGM powder was dissolved

in GO dispersion (5 mg/ml, 20 ml) according to a

certain proportion and sonicated for 30 min. Then,

the pH of suspension was adjusted to 10 with Na2-
CO3 solution (5 wt%). The fully stirred mixed sus-

pension was loaded into the lining of the

polytetrafluoroethylene reactor, and the reactor was

placed in a constant temperature reaction chamber at

95 �C for 6 h. After the first step of the hydrothermal

reaction, the reactor was reacted at 180 �C for 6 h.

After the second step of hydrothermal reaction, the

sample was taken out and washed three times with

deionized water. Then it was frozen at - 18 �C for

24 h and dried in freeze vacuum at - 55 �C for 24 h

to obtain KGM-RGO aerogel. The aerogels prepared

with different proportions (mKGM: mGO = 1:2, 1:1, 2:1)

were named KR-1, KR-2, KR-3, respectively. KGM

aerogel was prepared by the same method without

adding GO.
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Preparation of octadecyl
trichlorosilane@konjac glucomannan-
reduced graphene oxide (OTS@KGM-RGO)
aerogel by solution immersion

KGM-RGO aerogel was immersed in 20 ml toluene

containing 0.2 g OTS for 30 min and then washed

with anhydrous ethanol for three times to remove

unreacted precursor molecules. Finally, the sample

was dried at 45 �C for 12 h, followed by heating at

120 �C for 1 h to obtain OTS@KGM-rGO aerogel.

Characterizations

In order to explore the chemical structure of the

sample, attenuated total reflection Fourier transform

infrared spectroscopy (ATR-FTIR) was measured

with Bruker Vertex 70 spectrometer, which the

scanning range was 550–4000 cm-1. The X-ray

diffraction spectrum of the sample was measured by

X-ray powder diffractometer (XRD, D/max-12) using

Cu Ka radiation source (k = 1.5405 Å) at the speed of

4�/min. The Raman spectrum of the sample was

measured by Raman spectrometer (Renishaw-2000)

in the wave number range of 800–3000 cm-1. The

wavelength of the exciter was 523 nm. The X-ray

photoelectron spectroscopy (XPS) of the sample was

determined by ESCALAB-250 photoelectron spec-

trometer. The microstructure of the sample was

observed by field emission scanning electron micro-

scope (FESEM, JEOLJEM-7600F) under 15 kV accel-

eration voltage, and the sample was sprayed with a

thin gold film before the test. The microstructure and

element distribution of the samples were character-

ized by transmission electron microscope (TEM,

Philips Tecnai-10) and high-resolution transmission

electron microscope (HRTEM, JEOL 2010). The ther-

mal stability of the sample was tested by thermo-

gravimetric analyzer (TG, STA449F3). The sample

was heated from room temperature to 600 �C at the

rate of 10 �C/min in nitrogen atmosphere. The com-

pression property of the sample was tested by ELF

3220 electronic universal testing machine at the rate

of 2 mm/min. In order to test the water–oil wetta-

bility of the material, the contact angle of the sample

was measured by contact angle tester (CA, SDC-100)

at room temperature, and the final result was the

average value of the five tests. The weight m and

volume V of the sample were measured to calculate

the density of the sample.

Performance test methods

The sample was immersed in 200 ml oil or organic

solvent for 5 min and then removed until there were

no oil droplets behind, which weight was recorded as

m1 (the initial weight of the sample was recorded as

m0). The adsorption capacity of the sample is

expressed by the adsorption ratio (AR):

AR ¼ m1 �m0

m0
g=g ð1Þ

The sample immersed in the oil products was

taken out at different time intervals (0, 5, 15, 30, 45,

60, 75, 90, 105, 120, 150 and 180 s), and the recorded

data were used to make the adsorption kinetic curve.

The saturated sample was treated by n-hexane

(200 ml) for 4 h and followed by drying in an oven at

40 �C for 6 h before the next cycle adsorption.

In order to test the oil–water selectivity of the

sample, diesel oil and carbon tetrachloride were

stained with Sudan III and dripped into containers

containing deionized water, respectively. The

dynamic adsorption of the sample to the oil–water

system was observed.

Results and discussion

Preparation of composite aerogel

The schematic diagram of preparation process of

composite aerogel is shown in Fig. 1. After two-step

hydrothermal method, KGM and GO formed a three-

dimensional porous interpenetrating network due to

the deacetylation of KGM and the partial reduction of

GO. The pure KGM aerogel showed a loose structure

compared with the stable KGM-RGO aerogel because

there was no interaction between RGO. The super-

hydrophobic modification of KR-2 aerogel with the

most outstanding properties was carried out. The

contact angle of the modified OTS@KR-2 reached

150.3�, which density was 0.0114 g/cm3.

Chemical composition characterization
of composite aerogel

The chemical composition of GO, KGM, KR-1, KR-2,

KR-3 and OTS@KR-2 was evaluated by FTIR spec-

troscopy (Fig. 2a). For GO, the broad band at

3000–3500 cm-1 was O–H stretching vibration, and
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the peaks at 1719 cm-1, 1623 cm-1, 1398 cm-1 and

1221 cm-1 were corresponded to the C=O vibration

peak of carbonyl group and carboxyl group, the C=C

stretching vibration peak, the bending vibration peak

of O–H group and the respiratory vibration peak of

epoxy group, respectively [17, 18]. The peaks of KGM

at 3290 cm-1, 2886 cm-1, 1716 cm-1,

1635 cm-1,1060 cm-1 were attributed to –OH, C–H,

C=O, C–O, C6–OH group, respectively. In addition,

the absorption band at 807 cm-1 was the character-

istic vibration of the mannose unit in KGM [19, 20].

Compared with KGM, the intensity of absorption

peak of KGM-RGO aerogels at 3290 cm-1 and

1635 cm-1 decreased obviously, indicating that there

was a new hydrogen bond interaction between them

after hydrothermal treatment. After OTS treatment,

the absorption peaks of the composite aerogel at

2920 cm-1 and 2846 cm-1 correspond to the asym-

metric and symmetrical tensile vibrations of CH2 and

CH3 from OTS, respectively [21]. The characteristic

absorption band of Si–O–Si tensile vibration may

overlap with the C–O tensile vibration of polysac-

charide unit, resulting in a strong absorption band at

about 1026 cm-1.

As shown in Fig. 2b, GO had a narrow and strong

diffraction peak at 2h = 10.02�. This peak disap-

peared in KGM-RGO aerogels, indicating that most

of the oxygen-containing functional groups in GO

had been removed after hydrothermal reaction,

resulting in a decrease in the distance between

nanolayers [22]. The XRD pattern of KGM had a wide

characteristic diffraction peak at 2h = 14.73�, which

corresponded to its amorphous structure [23]. Com-

pared with KGM, the diffraction peak of KGM-RGO

composite aerogel broadened and shifted to the left,

which proved that there was a entangled and inter-

penetrating interaction between RGO and KGM. The

XRD pattern of OTS@KR-2 still had a wide peak at

2h = 14.73�. In addition, there was a characteristic

peak of NaCl, which might be because the residual

Na2CO3 in the aerogel reacted with the chloride ion

in OTS to form impurities.

The fact that GO was involved in cross-linking and

partial reduction could be further proved by Raman

spectra. In the Raman spectrum, the D peak is a

disordered vibration peak, which represents the dis-

order between the layers of graphite materials, while

the G peak is mainly caused by the in-plane vibration

of sp2 carbon atoms. The intensity ratio of D peak to

G peak (ID/IG) usually reflects the structural disor-

der and defect degree of the material [24, 25]. As

shown in Fig. 2c, each material had two characteristic

peaks at 1351 cm-1 and 1581 cm-1, which corre-

sponded to D peak and G peak, respectively. It can be

observed that the ID/IG of GO was 0.872, while the

ID/IG of KG-1 increased to 1.072, which was because

part of the oxygen-containing groups of GO fallen off

or participated in the cross-linking process. And with

Figure 1 Schematic diagram of preparation process of composite aerogel.
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the decrease of the content of GO in KGM-RGO

aerogel, the value of ID/IG decreased. This showed

that the order of the composite aerogel was improved

and the defects were reduced due to the interpene-

tration between KGM and RGO [26]. Due to the

existence of OTS, the bimodal intensity of OTS@KR-2

decreased. Its ID/IG increased to 1.129, which might

be due to the modification of OTS that increased the

number of defects in the sample.

The atomic composition and chemical structure of

the composite aerogel were further analyzed by XPS.

As shown in Fig. 2d, the wide scan XPS spectra of

GO, KGM, KR-1, KR-2, KR-3 and OTS@KR-2 showed

their C 1 s and O 1 s peaks at 285.21 and 532.76 eV,

respectively. In addition, different proportions of

KGM-RGO aerogels had Na KL1 peaks at 497.8 eV.

This might because there was a residue of Na2CO3 in

the aerogel. After superhydrophobic surface treat-

ment, due to the interaction between OTS and

hydroxyl groups on the surface of KR-2, the O/C

atomic ratio decreased from 0.57 to 0.13.

As shown in Fig. 3, the C 1 s spectra of GO, KGM,

KR-1, KR-2 and KR-3 could be decomposed into three

main peaks, which corresponded to the C=O, C–C,

C–O bond, respectively. Among them, C=O came

from carbonyl group and carboxyl group, and C-O

came from epoxy group and hydroxyl group [27, 28].

Under the condition that the contents of C=O and C–

O in KR-1 and KR-2 were about the same, the content

of C–C in KR-2 was 4.65% higher than that in KR-1.

This showed that there were some strong interactions

between RGO and KGM after the reaction. With the

increase of KGM content, the relative content of C–O

in KR-3 increased. As a result, the dense structure

formed by KR-3 would collapse to a certain extent

due to hydrogen bonding in the presence of water,

which was not conducive to the application of oil–

water adsorption separation. Because the

Figure 2 a FTIR spectra, b XRD patterns, c Raman spectra and d XPS spectra of GO, KGM, KR-1, KR-2, KR-3 and OTS@KR-2.
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superhydrophobic treatment consumed a large

amount of hydroxyl groups on the surface of KR-2,

the relative content of C–C in OTS@KR-2 increased

by 49.49% and the relative content of C=O decreased

by 12.45%.

Microstructure characterization
of composite aerogel

The microstructure of the samples was studied by

SEM. Figure 4a shows the internal structure of RGO

aerogel, in which could clearly see the formation of

layered porous folds. Figure 4b-c shows SEM images

of KGM powder and KGM aerogel, respectively. The

pure KGM aerogel showed a smooth three-dimen-

sional porous structure with ribbon entanglement.

The KR-1 aerogel shown in Fig. 4d formed a denser

three-dimensional porous network structure due to

the interpenetration of RGO and KGM. More layers

and pores appeared on the surface of KR-2 aerogel

(Fig. 4e), and the tangled filaments were formed due

to the introduction of KGM, yielding a lot of chan-

nels. These structures might provide more channels

for the transfer of organic matter in the sample dur-

ing the process of adsorption and separation, thus

increasing the adsorption rate. With the increase of

KGM content, the structure of KR-3 was tighter, the

surface was rougher, and the pore diameter was

smaller (Fig. 4f).

The morphological characteristics of OTS@KR-2

aerogel were evaluated according to SEM, TEM and

element distribution map. As shown in Fig. 5a–b that

the particle size of OTS particles uniformly dis-

tributed on OTS@KR-2 aerogel was 0.5–2 lm after

superhydrophobic surface modification. They were

attached to the aerogel surface, which could further

increase the roughness of the sample. The TEM

micrograph of OTS@KR-2 showed that there were

black spots on the composite film of RGO and KGM

(Fig. 5c). The distribution spectra of carbon (C) atom,

oxygen (O) atom, silicon (Si) atom and chlorine (Cl)

atom in OTS@KR-2 were confirmed through the

energy-dispersive spectrometry (EDS) as shown in

Fig. 5d–g. It is known that the main elements on

OTS@KGM-RGO were C, O, Si and Cl. The main

constituent elements of the black spots were Si and O,

which confirmed that OTS had been successfully

modified and uniformly distributed on the composite

aerogel. This conclusion was consistent with the

conclusion obtained by SEM.

Figure 3 High-resolution C 1 s core-level XPS spectra of a GO, b KGM, c KR-1, d KR-2, e KR-3 and f OTS@KR-2.
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Physical and chemical properties
of composite aerogel

Compression test was carried out to evaluate the

mechanical properties of the samples. Figure 6a

shows that when the maximum strain was 40%, the

bearable stress of KR-3 was the highest. Meanwhile,

with the decrease of KGM content, the bearable stress

of KGM-RGO decreased gradually. This indirectly

proved that there was a strong force between KGM

and RGO, which made them form a close interpene-

trating network, and the change of KGM content also

affected the strength of this force. In addition, it was

found that KR-2 had a certain degree of compress-

ibility. Figure 6b shows the compressive stress–strain

curve of KR-2 for multicyclic compression at 40%

strain for 10 cycles. After 10 cycles, the stress of the

sample decreased, but the structure was not dam-

aged (Fig. 6d). This showed that KR-2 had a good

advantage in the recycling of oil–water adsorption

separation. In addition, the stress–strain curve of

OTS@KR-2 under multicyclic compression at 40%

strain was tested (Fig. 6c). It was found that the

performance of the sample was not significantly dif-

ferent from that of KR-2 after 10 times of cyclic

compression. This showed that the compressibility of

the sample was not affected after OTS treatment.

Thermogravimetric analysis of GO, RGO, KGM,

KR-1, KR-2, KR-3 and OTS@KR-2 was carried out in

nitrogen atmosphere (Fig. 7). For GO, the loss before

100 �C was mainly due to the evaporation of adsor-

bed water. The weight loss of 30 wt% occurred at

150–300 �C, which was mainly attributed to the

decomposition of oxygen-containing groups [29]. The

loss of RGO in the whole heating process (30 wt%)

was significantly lower than that of GO, because most

of the oxygen-containing groups had been removed

in the hydrothermal process. KGM experienced three

stages of weight loss. The loss below 100 �C was due

to the loss of crystalline water. There was an obvious

mass loss (70 wt%) at 150–320 �C, which was caused

by the thermal decomposition of oxygen-containing

groups in biomass. After 320 �C, the mass loss of the

sample was 10 wt% due to the continuous destruc-

tion of the structure of KGM molecules [30]. Due to

the strong force between KGM and RGO in KR-1 and

KR-2, the weight loss in the whole heating process

was significantly lower than that of pure KGM, and

the thermal stability was significantly improved.

With the increase of KGM content, the thermal

decomposition curve of KR-3 was similar to that of

KGM, but its weight loss was obviously smaller than

that of KGM due to the existence of RGO. After

superhydrophobic modification, the thermal stability

of OTS@KR-2 was obviously higher than that of KR-2

before 400 �C the isolation effect of OTS layer. After

400 �C, the OTS layer was decomposed and

Figure 4 SEM images of a RGO aerogel, b KGM powder, c KGM aerogel, d KR-1, e KR-2 and f KR-3.
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destroyed due to the increase of temperature, and the

mass loss was about 25 wt %.

Adsorption properties of composite aerogel

The adsorption capacities of different proportions of

KGM-RGO aerogels were studied as shown in

Fig. 8a. Obviously, it could be seen from the result

that KR-2 had the highest adsorption capacity for

four kinds of organic compounds. This might be due

to the low content of flexible skeleton in KR-1; the

pore structure formed was not mature enough com-

pared with KR-2, which is easy to collapse. With the

increase of KGM content, KR-3 had a dense pore

structure. However, the adsorption site of the com-

posite aerogel became less and the density increased

due to the low content of RGO, which led to the low

adsorption capacity. This was consistent with the

conclusion of SEM. In addition, there was no signif-

icant difference in the adsorption capacity of the

three samples for the pump oil with high viscosity.

The following adsorption properties were tested by

KR-2 and OTS@KR-2, because of good mechanical

properties and excellent adsorption properties of KR-

2. As shown in Fig. 8b, OTS@KR-2 (50.66–90.93 g/g)

seemed to perform better than KR-2 (46.42–85.43 g/

g) in terms of adsorption capacity for various com-

mon oils and organic solvents. This was because after

the superhydrophobic surface modification of OTS,

the surface of the sample became rougher and the

surface energy was lower. This was more beneficial

to oil absorption and retention, which led to the

increase of adsorption capacity. For some adsorbents

(superhydrophobic kapok fiber, CNT/GO sponge,

N-doped graphene framework) that did not have

compressibility (Table 1), the recovery of oil and the

Figure 5 a–b SEM images and c TEM image of OTS@KR-2; d–g elemental distribution mapping of OTS@KR-2, C, O, N and S.
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reuse of adsorbents required distillation, combustion,

vacuum and other methods. Compared with the

simple extrusion method, these methods had high

energy output and low efficiency. In addition, some

common adsorbents (corn stalk, cotton, reduced

graphene oxide foams, PDMS sponge, carbon aero-

gel) could be recycled by simple methods such as

extrusion, but their adsorption capacity was rela-

tively low.

The cycle availability of OTS@KR-2 was tested by

10 cycle adsorption experiments with four model

organic compounds. Figure 8c shows that the sample

still maintained a high adsorption capacity after 10

adsorption cycles, and the cycle utilization rate

reached 99%. Therefore, the OTS@KR-2 in our work

was better than some new adsorbents from the

comprehensive consideration of adsorption perfor-

mance and oil recovery and recycling.

In order to further understand the adsorption

performance of the sample, the adsorption kinetics

curves of OTS@KR-2 for water and several different

organic compounds were drawn by intermittent

adsorption experiments (Fig. 8d). The adsorption of

pump oil, soybean oil, diesel and petroleum ether by

OTS@KR-2 reached equilibrium at 90 s, 75 s, 30 s and

15 s, respectively. It could be seen that for the organic

compounds with higher viscosity, the adsorption rate

of the sample was slower and the adsorption capacity

was higher. This might be due to the three-dimen-

sional interpenetrating network structure formed by

the composite aerogel, so that the low viscosity model

organic matter could be rapidly extended to the

whole aerogel along the network structure. At the

same time, the sample had high adsorption capacity

because the oil with high viscosity could be better

attached to the rough surface without reverse

Figure 6 a Compressive stress–strain curves of RGO, KR-1, KR-

2, KR-3 and OTS@KR-2 at set strain of 40%; compressive stress–

strain curve of b KR-2; and c OTS@KR-2 for multicyclic

compression at 40% strain for 10 cycles, respectively; d the digital

images of the cyclic compression process of KR-2 using electronic

universal testing machine.

Figure 7 Thermal decomposition curves of GO, RGO, KGM,

KR-1, KR-2, KR-3 and OTS@KR-2.
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Figure 8 a Adsorption capacity of KR-1, KR-2 and KR-3 for

pump oil, soybean oil, tetrachloromethane and petroleum ether;

b adsorption capacity of KR-2 and OTS@KR-2 for various oil

products and organic solvents, c ten adsorption cycles for pump

oil, soybean oil, diesel and petroleum ether by OTS@KR-2;

d adsorption kinetics curve of four kinds of water and oil products

(pump oil, soybean oil, diesel and petroleum ether) by OTS@KR-

2.

Table 1 Comparison of adsorption properties of various absorbents

Adsorbents Adsorbate Adsorption capacity (g/g) Oil recovery and reuse method References

Corn stalk Gas oil 8 – [3]

Cotton Oils, organic solvents 20–50 Vacuum filtration [4]

Reduced graphene oxide foams Oils 5–40 Squeezing [31]

PDMS sponge Oils, organic solvents 4–11 Squeezing [8]

Superhydrophobic Kapok fiber Oils 48–62 Centrifugal separation [32]

Cellulose/TiO2 aerogel Paraffin oil 28 Solvent extraction [33]

Carbon aerogel Oils, organic solvents 16–50 Distillation [34]

CNT/GO sponge Oils, organic solvents 215–743 Heating [35]

N-doped graphene framework Organic solvents 200–600 Burning [36]

OTS@KR-2 Oils, organic solvents 50–90 Squeezing/solvent extraction This work
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osmosis. The adsorption capacity of the sample to

water had been zero in the corresponding time,

which was consistent with the conclusion of super-

hydrophobicity of the sample.

As shown in Fig. 9a–d, the oil–water separation

ability of OTS@KR-2 was tested in a dynamic system

by using carbon tetrachloride and diesel (both

stained with Sudan red III) as model organic com-

pounds. The phosphorescence on the superhy-

drophobic surface of the sample was observed in the

process of passing through the water layer, and

almost all tetrachloromethane at the bottom of the

water was adsorbed and removed within 2 s. The

diesel floating on the water surface was also absorbed

by the sample in a short time, and the water level did

not change after the adsorption was completed. The

continuous oil–water separation test of the sample

was carried out with the help of circulating water

vacuum pump. The sample was connected with the

vacuum pump tube, which diesel floating on the

water surface and tetrachloromethane sunk at the

bottom of the water were collected continuously

through the vacuum pump. After the separation

process, the water in the beaker had no change, and

there was almost no water in the filter bottle except

the adsorbed model organic matter, which indicated

the excellent oil–water separation ability of the sam-

ple. The detailed process can be seen in supplemen-

tary video 1, 2.

Conclusions

In this paper, flexible interpenetrating network

aerogel based on konjac glucomannan and reduced

graphene oxide was prepared by two-step

hydrothermal method. The prepared KGM-RGO

aerogel had excellent mechanical properties and

reusability. The composite aerogels with different

proportions showed different toughness, in which

Figure 9 Adsorption and separation process of a diesel and

b tetrachloromethane (both stained with Sudan red III) by

OTS@KR-2 in water, respectively; continuous adsorption

separation of c diesel and d tetrachloromethane (both stained

with Sudan red III) by OTS@KR-2 with the aid of pump,

respectively.
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KR-2 showed compressibility due to the appropriate

proportion of reticular structure. This was of great

significance for the reuse of composite aerogel in

adsorption. The superhydrophobically modified

composite aerogel (OTS@KR-2) showed better

adsorption capacity (50.66–90.93 g/g) and adsorption

selectivity (CA = 145.3�) while maintaining the orig-

inal flexible three-dimensional porous structure. In

addition, the composite aerogel could realize the

continuous separation of oil and water through the

vacuum pump. In conclusion, it had a broad prospect

in the field of high-efficiency oil–water separation.
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