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Abstract Polyimide (PI) aerogels have great poten-

tial in oil/water separation field, but the extreme

volume shrinkage during the fabrication still remains

challenging. Herein, a simple yet efficient strategy of

incorporating methylcellulose (MC) in PI aerogels is

proposed. The MC/PI composite aerogels were fabri-

cated by freeze-drying plus thermal imidization with

subsequent trimethylchlorosilane (TMCS) functional-

ization. The results revealed that MC entered the

skeleton of aerogels and strengthened it effectively by

promoting the formation of robust and complete 3D

porous structure, and the defects of as-prepared

aerogels were eliminated when the proportion of MC

was beyond 10 wt%. After modification with TMCS,

the water contact angle of aerogels increased signif-

icantly by 30�–40�, and the functionalized aerogels

showed excellent oil absorption capacity up to 28.44

g/g. The outstanding oil absorbency and simple

process for separating oil and water with MC/PI

composite aerogels are promising candidates in the

field of oil/water separation.

Keywords Polyimide � Methylcellulose � Aerogel �
Oil/water separation
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Introduction

With the rapid development of technology and indus-

try, human beings are confronted with severe envi-

ronmental pollution (Najafian et al. 2018, 2019; Orooji

et al. 2020a, b; Ranjeh et al. 2019, 2020). Particularly,

the oil pollution problems caused by petroleum spills

and leaks, have attracted the extensive attention of

researchers (Gupta et al. 2017; Mehdizadeh et al.

2020; Shahed et al. 2020; Wang et al. 2020a, b). To

reduce the environmental and ecological influences,

several techniques have been widely used to deal with

the oil pollution, such as oil fencing (Hu et al. 2018;

Kim et al. 2009), chemical dispersion (Wang et al.

2013; Yan et al. 2019a), superwettable membrane

separation (Chu et al. 2015; Lin and Hong 2019; Yan

et al. 2019b), bioremediation (Dashti et al. 2019; Ji

et al. 2019; Machado et al. 2019), in-situ combustion

(Yuan et al. 2019a, b), oil adsorption (Krasian et al.

2019; Parmar et al. 2019; Songsaeng et al. 2019).

Among these, the oil adsorption, collected oil spills

mainly by physical adsorption, is one of the most ideal

and economical ways. To date, extensive research

work on oil absorbents has been carried out, and a

variety of absorbent materials have been developed,

such as activated carbon (Marrakchi et al. 2017), high

oil absorbing resin (Sun et al. 2014), bentonites,

aerogel materials (Chhajed et al. 2019; El-Shahidy

et al. 2019).

Aerogels, a novel class of light porous materials,

possess excellent adsorption properties due to the

large porosity, whichmake them promising candidates

for oil adsorption (Yang et al. 2019). Beshkar et al.

(2020) fabricated a superhydrophobic cotton fabric

based on the modified cellulose fibers, which could

separate the oily solvent from water with a high

separation efficiency beyond 94%. In addition to

cellulose (Beshkar et al. 2020; Xu et al. 2019),

materials such as graphene (Zhao et al. 2019),

methylsilsesquioxane (Guo et al. 2018), polyimide

(PI) (Ning et al. 2017), have been successfully applied

to the fabrication of oil adsorption aerogels. In recent

years, PI has become one of the most attractive organic

candidates for aerogels due to the outstanding perfor-

mance (Chao et al. 2019; Wang et al. 2020c; Zhang

et al. 2020). Various efforts have been carried out

mainly focusing on the preparation techniques of PI

aerogels, such as supercritical CO2 drying (Shen et al.

2013; Zhai and Jana 2017; Zhang et al. 2016), acetone

bath (Kim et al. 2016; Kwon et al. 2014), freeze-

drying plus thermal imidization (He et al. 2017).

Generally speaking, the freeze-drying plus thermal

imidization method, which involves the following

three steps: preparation of polyamic acid (PAA)

aqueous solution, freeze-drying, and thermal imidiza-

tion, is more green, simple and convenient, and will

facilitate the preparation and potential application of

PI aerogels (Chen et al. 2019). However, the aerogels

fabricated by this approach usually shrink signifi-

cantly, thus seriously affecting the performance of the

polyimide aerogels, which could be attributed to the

weak strength of PAA aerogel skeleton. Accordingly,

it is of great significance to improve the skeleton

strength of PAA aerogels.

For polymer aerogels, introducing crosslinking

structures and reinforcing components are the com-

mon ways to enhance the skeleton strength (Ren et al.

2018; Wang et al. 2017; Zhao et al. 2020). However,

the amide bond and carboxylic acid of PAA cannot

react with anhydrides or amino groups in aqueous

solution, and it’s difficult to introduce the crosslinking

structure simply through ternary anhydrides or amine

monomers. Therefore, incorporating the reinforcing

components should be more suitable, and the compo-

nents should have the characteristics of high strength,

good compatibility, water dispersion, suitable size and

so on (Orooji et al. 2019; Seifi et al. 2020). Methyl-

cellulose (MC), as a kind of cellulose ethers with good

water dispersibility, high strength, superfine structure,

wide range of sources, is an ideal strengthen filler for

aqueous solution system (Boumail et al. 2013; Kumar

et al. 2012). The abundant methyl ether and hydroxyl

groups of MC could provide good compatibility and

strong interfacial interaction with PAA molecular

chain (Long et al. 2020; Pinotti et al. 2007). Accord-

ingly, MC could be introduced in the PAA aqueous

solution and assembled with the PAA matrix via

hydrogen bonding (Bai et al. 2020). Owing to the good

compatibility between MC and PAA, MC could be

well dispersed in the PAA skeleton and strengthen the

aerogel skeleton effectively.

In view of the facts mentioned above, herein MC

was introduced into polyimide aerogel as the rein-

forcing agent, which could provide mechanical sup-

port for aerogel skeleton due to its superfine structure

and high strength. A series of lightweight and porous

methylcellulose/polyimide (MC/PI) aerogels were

fabricated by freeze-drying plus thermal imidization
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method, and followed by oleophilic modification with

trimethylchlorosilane (TMCS), aiming to endow the

aerogels with excellent oil absorption capability. The

densities, volume shrinkage, microstructures, com-

pression properties and oil absorption capacities of the

MC/PI aerogels were studied thoroughly.

Experimental

Materials

3,30,4,40-Benzophenonetetracarboxylic dianhydride

(BTDA, 99%), MC and TMCS were purchased from

Shanghai Macklin Biochemical Co. Ltd (Shanghai,

China). 4,40-Diaminodiphenyl ether (ODA) was

obtained commercially from Aladdin Chemistry Co.

Ltd. (Shanghai, China). Triethylamine and N,N-

dimethylformamide (DMF) were supplied by Guang-

dong Guanghua Sci-Tech Co., Ltd (Shantou, China).

All the above reagents were used as-received. The

deionized water was prepared by Purelab Classic

ultra-pure water system.

Preparation of MC aqueous dispersion

MC was dispersed in deionized water by the ultra-

sonic-assisted heat treatment. Briefly, an appropriate

amount of MC was put into 20 mL 70 �C deionized

water, and the mixture was treated by ultrasonic for 0.5

h. After treatment, a uniform MC aqueous dispersion

was obtained.

Preparation of methylcellulose/polyamic acid

aqueous solution

Firstly, ODA (2.00 g, 10 mmol) was dissolved in DMF

(25 mL) by magnetic stirring. Then, BTDA (3.22 g, 10

mmol) was added into ODA solution slowly, and the

mixture was stirred for 36 h at room temperature. After

that, the resulting PAA solution was poured into

excess deionized water. The PAA particles were

collected by filtration, washed thoroughly with deion-

ized water and ethanol, and followed by freeze-drying.

Finally, the PAA particles were dissolved in the MC

aqueous dispersion by adding appropriate amount of

triethylamine. The concentration of PAAwas about 20

mg/mL, and the concentrations of MC were controlled

at 0 mg/mL, 1 mg/mL, 2 mg/mL, 3 mg/mL, 4 mg/mL,

5 mg/mL.

Fabrication of MC/PI composite aerogels

The MC/PI composite aerogels were fabricated by

freeze-drying together with thermal imidization.

Firstly, the MC/PAA aqueous solution was transferred

to the mold and frozen by refrigerator. Then, the

sample was freeze-dried by the FD-1A-50 freeze dryer

after the mixture was completely frozen. Finally, the

obtained sample was heated and the MC/PI composite

aerogels were obtained through dehydration cycliza-

tion. The detailed parameters of thermal imidization

were as follows: 120 �C for 0.5 h, 150 �C for 0.5 h, 200

�C for 0.5 h, and 250 �C for 3 h.

Oleophilic modification of the aerogels

The MC/PI composite aerogels were modified by

surfactant for hydrophobic and oleophilic perfor-

mance. Specifically, the aerogels were dipped into

the TMCS/ethanol solution for 30 min, and followed

by silylation treatment at 70 �C for 2 h. The samples

were donated as MC/PIA-1, MC/PIA-2, MC/PIA-3,

MC/PIA-4, MC/PIA-5 and MC/PIA-6, respectively.

The schematic illustration of the fabrication of MC/PI

composite aerogels was shown in Fig. 1.

Characterization

Fourier transform infrared (FT-IR) spectra were

recorded on a Bruker Vector-22 fourier transform

infrared spectrometer (Germany) with a resolution of

2 cm-1 and a scanning range of 500–4000 cm-1. Prior

to testing, the samples were pressed to pellets with

KBr. Differential scanning calorimetry (DSC) was

performed using a TA DSC2-00185 differential scan-

ning calorimeter (America) and recorded from ambi-

ent temperature to 350 �C under N2 atmosphere with a

heating rate of 10 �C min-1. Prior to testing, the

samples were annealed in the differential scanning

calorimeter through the following steps: temperature

rise to 250 �C under N2 atmosphere with a heating rate

of 10 �C min-1, heat preservation for 5 min, and then

cool to room temperature. Scanning electron micro-

scope (SEM) was carried out with a Hitachi S4800

microscope (Japan). Typically, the samples were

measured at 5 kV, with a working distance of 1.9–40
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mm. Prior to imaging, an ultrathin coating of platinum

was deposited on the samples by sputtering (sputtering

current: 20 mA, sputtering time: 45 s). The compres-

sion test was carried on a Baoda Instrument Co., Ltd

1036PC universal testing machine (China) with a

compression speed of 2 mm/min. The recovery ratios

were obtained by corresponding recovery height of

aerogel divided by the initial height. The water contact

angle (CA) of the resulting MC/PI composite aerogels

was measured on a Kruss DSA100 Contact Angle

Measuring Instrument (Germany) at room tempera-

ture. The absorption capacities (Q) of the composite

aerogels for oil contaminations were estimated by

placing a piece of aerogel in the organic liquids for 5

min. The samples were accurately weighted to obtain

the initial (M0) and nth oil absorption mass (Mn). The

absorption capacities (Qn) were calculated as: Qn = (-

Mn - M0)/M0. The reduced mass of oil after each

adsorption was measured, which was recorded as Man

for the nth oil absorption process. The discharged oil

by extrusion was weighted, and was recorded as Mdn

for the nth extrusion process. The recovery ratios of

the oil for the separation process were calculated as:

Rn = (Md1 ? Md2 ?_? Mdn)/(Ma1 ? Ma2 ?_?

Man).

Results and discussion

The FT-IR spectra of PI aerogel and MC/PI composite

aerogels were shown in Fig. 2a). The spectra showed

that the characteristic absorption bands of the aromatic

imide group appeared around 1780 cm-1 (cC=O,
asymmetrical stretching), 1720 cm-1 (cC=O, symmet-

rical stretching), 1365 cm-1 (cC-N, stretching), and

725 cm-1 (deformation of imide ring), which demon-

strated the formation of imide rings. No obvious

characteristic peaks of ammonium carboxylic ester

were detected, indicating that the thermal imidization

was fully complete. According to the DSC curves

(Fig. 2b), MC/PIA-1 and MC/PIA-2 aerogels exhib-

ited a clear endotherm peak around 330 �C, which
referred to the glass transition. Meanwhile, no

endotherm was found in the DSC curves of the MC/

PIA-3, MC/PIA-4, MC/PIA-5 or MC/PIA-6 aerogels.

The DSC results manifested the high glass transition

temperatures of MC/PIA-1 and MC/PIA-2, and that

there was no obvious glass transition for the others.

To further study the effects caused by MC, the

densities and volume shrinkage of the composite

aerogels were conducted, as shown in Fig. 2c, d.

Clearly, the volume shrinkage decreased gradually

with increased proportion of MC, indicating the

effective reinforcement of MC for aerogel skeleton.

In general, the shrinkage of aerogels dwindled obvi-

ously, especially for freeze-drying while addition

Fig. 1 Schematic illustration of the fabrication of the MC/PI composite aerogels
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proportion of MC was below 10 wt%. When the

addition proportion was beyond 10 wt%, the down-

ward trend of volume shrinkage for freeze-drying

processes became relatively slow. For the thermal

imidization, the volume shrinkage also decreased with

the increase of MC content, but the trend was much

slower than that of freeze-drying processes, which

might be attributed to the stiffness changes caused by

the huge difference in temperature during the two

processes. Combine the freeze-drying with thermal

imidization, the total volume shrinkage was reduced

from 60.11 to 44.88% as the MC proportion increased.

Meanwhile, the densities decreased first and then

increased, in the range of 0.0309–0.0331 g/cm3. The

densities of the resulting aerogels decreased obviously

when the proportion of MC to PAA increased from 0

to 10 wt%, and then increased when the proportions

were beyond 10 wt%. The density changes of the as-

prepared aerogels could be attributed to the combined

effects of mass and volume. Obviously, the introduc-

tion of MC could reduce the volume shrinkage of

aerogel to get larger volume, but led to an increase in

the mass of aerogel. When the proportion of MC was

less than 10 wt%, the volume increase played the

leading role. When the proportion was beyond 10

wt%, the mass increase dominated.

Figure S1 (Supplementary Material) showed the

front, vertical section and across section photographs

of MC/PI composite aerogels with different MC

content. Overall, the shrinkage of MC/PIA-1 and

MC/PIA-2 was much higher than the last four, and the

shrinkage of MC/PIA-3 was slightly higher than latter

ones, and MC/PIA-4, MC/PIA-5 and MC/PIA-6

composite aerogels were similar and possessed the

lowest shrinkage. According to the vertical and across

section photographs, some defects were existed in the

internal structure of the first two samples and the

defects of MC/PIA-1 were much more obvious. For

Fig. 2 The FT-IR spectra (a), densities (b), volumetric shrinkage (c) and DSC curves (d) of the resulting aerogels
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MC/PIA-3, MC/PIA-4, MC/PIA-5 and MC/PIA-6

composite aerogels, the internal structures were

smooth, and there were no apparent defects in the

vertical and across section. This phenomenonmight be

explained by that the skeleton of PAA aerogels was

weak, and it was prone to be broken during freeze-

drying and thermal imidization. After the incorpora-

tion ofMC, the aerogel skeleton was strengthened, and

the defects gradually disappeared. In other words, the

introduction of MC could effectively reduce the

volume shrinkage and cure the internal defects of

aerogels.

Generally, the introduction of MC could enhance

the skeleton strength of PI aerogels, as it could reduce

the volume shrinkage and eliminate the internal

defects. When the content of MC was 5 wt%, the

enhancement effects could effectively reduce the

internal defects and volume shrinkage, but it was not

enough to completely eliminate the defects. Thus,

defects were formed on the skeleton of MC/PIA-1 and

MC/PIA-2. When incorporated with 10 wt% MC, the

internal defects of aerogels were eliminated, and the

decrease of volume shrinkage was much more obvi-

ous. When the content of MC was beyond 10 wt%, the

enhancement effects were enough to eliminate the

apparent defects, and the volume shrinkage of aerogels

was stable.

The morphologies of the pure PI aerogel andMC/PI

composite aerogels were characterized by SEM, as

shown in Fig. 3. It was increasingly clear that the

skeleton of MC/PIA-1 and MC/PIA-2 aerogels mainly

existed in the form of large longitudinal lamellar, and

there were more horizontal connections for MC/PIA-2

than MC/PIA-1. As for MC/PIA-3, MC/PIA-4, MC/

PIA-5 and MC/PIA-6, the aerogels exhibited a hier-

archically open-cell structure with continuous pores,

and the pore size were from 10 to 100 lm. The cell

wall was constructed by the interconnected, porous 3D

skeleton of randomly oriented MC/PI lamellar struc-

ture. In addition, there were no obvious MC rods in the

skeleton of the aerogels (see Fig. 4), indicating that

MC might be wrapped by PI matrix (or PAA matrix).

The results might be attributed to the hydrogen

bonding between MC and the PAA molecular chain,

thus improving the compatibility between them. MC

could enter the skeleton of PAA aerogels and

strengthened the lamellar structures effectively, result-

ing in the decrease of volume shrinkage. In addition,

the strengthened skeleton could tend to form thinner

lamellar structures and promote the lateral formation

of the aerogels. Therefore, the reinforced concrete

structure was obtained in the interiors of the as-

prepared aerogels, and endowed the aerogels with

robust and complete 3D porous structure.

Herein, a series of compression tests were per-

formed to evaluate the reinforcement of MC for the

aerogels. The stress-strain curves and recovery ratios

shown in Fig. 5 revealed that the compression and

recovery properties were significantly enhanced with

the increasing MC loading, which further confirmed

the validity of MC strengthened PI aerogels. Fig-

ure 5c–f demonstrated the stress-strain curves and

recovery ratios of the MC/PIA-1 and MC/PIA-3 as a

function of compression time. With the increase of

compression times, the stress-strain proportion and

recovery ratios decreased, but the downward trend

gradually slowed down and tended to be stable.

Compared with MC/PIA-1, MC/PIA-3 held higher

stress-strain proportion and recovery ratios for the

same compression time, and possessed lower down-

ward trends. The results might be attributed to the

strengthened skeleton and the formation of robust and

complete 3D porous structure, which could enhance

the compression resistance of the aerogels effectively.

According to the results mentioned above, we

interpreted the possible mechanism of MC reinforced

PI aerogel. Firstly, MC was wrapped by PAA during

the formation of aerogel skeletons. Benefitted from the

high strength of MC, the lamellar structure skeletons

were strengthened. Meanwhile, MC promoted the

lateral formation of the aerogels, and endowed the

MC/PAA aerogels with reinforced concrete, 3D

porous structure. During freeze-drying, the volume

shrinkage decreased significantly due to the strength-

ened skeletons, and the MC/PAA aerogels with

relatively complete 3D porous structure were

obtained. As for the thermal imidization, MC softened

at high temperature and had weaker enhancement

effect on the aerogel skeleton, so volume shrinkage

did not decline significantly as the MC content

increased. Generally, MC participated in the building

of aerogel skeleton and effectively decreased the

volume shrinkage of freeze-drying, and promoted the

formation of relatively complete 3D porous structures

in MC/PI composite aerogels.

To investigate the wettability influence of oleophi-

lic modification, CA measurement was carried out. To

minimize the error caused by roughness of surfaces,
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CA values were measured 5 times at different points,

and the average CA values were shown in Fig. 6a). As

a result, the unmodified aerogels held the water CA of

about 90�, indicating the weak surface hydrophobic-

ity. After modification, the water CA values of

aerogels increased significantly by 30–40�, demon-

strating much better surface hydrophobicity than the

un-modified ones. The increase of surface hydropho-

bicity could be regarded as the result of the introduc-

tion of oleophilic groups on the surface of aerogel

skeleton. Both the unmodified and modified aerogels

had the same trend that the water CA value decreased

slightly as the content of MC increased due to the

better hydrophilicity of MC.

Owing to the low density, high porosity and surface

hydrophobicity, the modified MC/PI composite aero-

gel was considered as a promising oil/water separation

material. Figure 6b presented the absorbing oil

phenomenon in oil-water system, taking MC/PIA-3

as an example and using methyl silicone oil (dyed with

Sudan Red II) as the absorbed oil. Apparently, the oil

was completely absorbed by MC/PIA-3 in just about 5

s as MC/PIA-3 contacted with the oil. Figure 7a

showed the absorption and discharging processes of

the modified MC/PIA-3 aerogel. Once the aerogel was

immersed in the silicone oil, the aerogel absorbed the

oil and reached saturation rapidly, while sinking to the

oil bottom and floating on the water surface. After that,

the absorbed oil was discharged by extrusion, and then

the aerogels could be used for the next absorption. The

oil absorption capacities (Q) were calculated by the

measuring method presented in Sect. ‘‘Characteriza-

tion’’, and the results were listed in the Table S1. For

the first absorption, the oil capacities of the as-

prepared aerogels were about 25.19–28.44 g/g. The oil

capacity was higher than the nanocrystalline cellulose

aerogels (16 g/g) (Zhang et al. 2019), and equivalent to

the compressible cellulose nanocrystals/PVA aerogels

(21.2–32.7 g/g) (Gong et al. 2019), but lower than

polyimide/graphene aerogel (34 g/g) (Ren et al. 2019).

In addition, according to Figs. 6b and 7a, the as-

prepared aerogels could absorb the oil rapidly, and

there was no water in the discharged oil, indicating the

effectiveness of aerogels for absorbing oil from the oil/

Fig. 3 SEM morphologies of the composite aerogels across sections. a MC/PIA-1; b MC/PIA-2; c MC/PIA-3; d MC/PIA-4; e MC/

PIA-5; f MC/PIA-6
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water mixture. Therefore, the aerogels could be a

potential class of materials for oil/water separation,

which have three advantages: (1) the low cost of

equipment/raw materials, and facile fabrication pro-

cess, (2) the simple separation process just as absorp-

tion and extrusion, (3) the high oil absorption capacity.

To verify the recyclability of aerogels, the oil

absorption capacities and oil recovery ratios of each

aerogel were obtained for the first five absorption-

discharge cycles, shown in Fig. 7b, c. In general, MC/

PIA-3 held the best oil absorption capacity, MC/PIA-1

andMC/PIA-2 took the second place, MC/PIA-4, MC/

PIA-5 and MC/PIA-6 became weaken in turn. The oil

absorption capacities of aerogels were related to their

densities, that was, the smaller the density, the greater

the capacity. The aerogel with lower density possessed

more porous structure, and could accommodate more

oil. For all of the aerogels, the oil absorption capacity

decreased sharply after the first adsorption. During the

first extrusion process, some of the lipophilic groups

might be removed with the absorbed oil. The

hydrophobicity of the internal structure of the aerogels

decreased significantly, and resulting in a significant

decrease of oil absorption capacity. For the absorption

processes of second to fifth time, the oil absorption

capacities had little change for each aerogel, which

might be attributed to the little changes of microstruc-

ture and hydrophobicity. According to Fig. 7c, the oil

recovery ratios were just about 82% for the first

absorption-discharge cycle, this might be attributed to

the residual oil in aerogels and the wastage during

extrusion. With the increase of absorption-discharge

times, the oil recovery ratio for each aerogel enhanced

obviously. The total absorbed oil increased remark-

ably as the absorption-discharge time increased, but

the residual oil in aerogels fluctuated slightly, indi-

cating that the loss rate of oil decreased. Thus, the oil

recovery ratio increased with the absorption-discharge

time, and the ratio could increase to about 92 wt%

when the separation times were up to five times.

Fig. 4 SEM morphologies of the aerogels at different magnification. a MC/PIA-1; b MC/PIA-3; c MC/PIA-6
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Fig. 5 The stress-strain curves (a) and recovery ratios (b) of the
resulting MC/PI composite aerogels for the first compression

processes. The stress-strain curves (c) and recovery ratios (d) of

the resulting MC/PIA-1 with the different compression times.

The stress-strain curves (e) and recovery ratios (f) of the

resulting MC/PIA-3 with the different compression times

Fig. 6 a Water contact angles of the unmodified and modified MC/PIA-3 aerogel; b photographs of the removal process of methyl

silicone oil (dyed with Sudan Red II) from the surface of water by the modified MC/PIA-3 aerogel
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Conclusions

In summary, a series of lightweight and porous MC/PI

composite aerogels have been successfully fabricated

by freeze-drying plus thermal imidization method,

with subsequent TMCS functionalization. The skele-

ton of aerogels was effectively strengthened after

incorporating with MC, and the volume shrinkage was

reduced from 60.11 to 44.88%. Meanwhile, the

densities decreased first and then increased in the

range of 0.0309–0.0331 g/cm3 as the MC loading

increased. Otherwise, the internal defects were cured

by MC, the defects of as-prepared aerogels were

eliminated when the proportion of MC was beyond 10

wt%. More specifically, MC effectively strengthened

the lamellar structures of the aerogels, and promoted

the lateral formation of the aerogels to get reinforced

concrete structure, which endowed the aerogel with

robust and complete 3D porous structure, and

improved the compression properties of the aerogels

remarkably.

After being modified by TMCS, the functionalized

aerogels exhibited much better surface hydrophobic-

ity, as the water CA values of aerogels increased

significantly by 30–40�. The low density, high poros-

ity and surface hydrophobicity endowed the modified

Fig. 7 a the absorption and discharging processes of the

modified MC/PIA-3 aerogel; b the oil absorption capacity

variations of the as-prepared aerogels for the first five absorption

cycles; c the oil recovery ratios of the as-prepared aerogels the

for the first five absorption-discharging cycles
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aerogels excellent oil/water separation performance.

The oil absorption results indicated that the modified

aerogels had excellent oil absorption capacities, and

the oil absorption capacity of the aerogel was mainly

related to its density. For the first absorption, the oil

capacities of the as-prepared aerogels were about

25.19–28.44 g/g. In addition, the oil recovery ratio

increased with the absorption-discharge time, and the

ratio increased by 92 wt% when the separation times

were up to five times. The outstanding oil absorbency

and simple process for separating oil and water with

MC/PI composite aerogels are promising candidates in

the field of oil/water separation.
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