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Experimental Section 

Materials 

Raw KFs were purchased from Shanghai Panda Co., Ltd., China. SC, anhydrous ethanol, 

acetic acid, methylene blue, oil red O, dichloroethane, cyclohexane, n-hexane, petroleum 

ether, acetone, tetrachloromethane and toluene were purchased from China National 

Medicines Co., Ltd., China. The Fe3O4 nanoparticles (99.5%, 8-16 nm in size) were 

purchased from Aladdin Industrial Corporation. Commercial petrol was purchased from 

Sinopec, Lanzhou, China. Other reagents used were all of analytical grade. Deionized water 

was used throughout the experiment. All chemicals were used as received without further 

purification. 

Preparation of SC-KFs 

50 g of the raw KFs were washed in turn with 1 L of water and 1 L of ethanol. SC (4.0 g) was 

dissolved in 400 mL of deionized water in a flask equipped with a mechanical stirrer and a 

thermometer. The pH of the SC solution was adjusted to 4.5 using 1.2 mL of acetic acid. 

Afterwards, 4.0 g of KFs was added and stirred at 1000 rpm and 80 ºC for 2 h. Finally, SC-

KFs were washed with deionized water until pH 6, and then washed with anhydrous ethanol 

for three times to remove the residual water. 

Fabrication of UCM aerogel 

The SC-KFs suspension in ethanol was homogenized at 12000 rpm for 20 min. After that, the 

suspension was poured into the desired mould, filtered to yield the SC-KFs aerogels with 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2016



  

17 

 

diverse shapes, and then dried in an oven at 60 °C for 6 h. Finally, the SC-KFs aerogels was 

pyrolyzed in a tubular furnace at 1000 °C for 2 h in an N2 atmosphere to form the UCM 

aerogels. In order to remove the air trapped in the sample, the furnace was repeatedly 

evacuated and charged with N2 for six times. The furnace was heated up to 1000 °C at a 

heating rate of 5 °C min
-1

 and held at 1000 °C for 2 h, and then cooled down naturally to 

room temperature. 

Measurement of liquid absorption capacity 

A piece of sample was immersed in an organic liquid at room temperature. The sample was 

taken out of the liquid after 1 min, drained for several seconds and wiped with filter paper to 

remove excess liquid. The liquid absorption capacity k of the sample was determined by 

weighing the sample before and after oil absorption and calculated according to the following 

equation: 

k = (mt - mi)/mi 

where mt is the weight of the wet sample with liquid (g) and mi is the weight of the dry sample 

(g). Measurements of the weight of the samples were completed in ten seconds after taken out 

of the oils to avoid the influence of liquid evaporation on accuracy of the results.  

Fabrication of UCM/Fe3O4 aerogels 

The UCM/Fe3O4 aerogels were prepared by a dip-coating method. The dip coating solution 

was prepared by adding the Fe3O4 nanoparticles into ethanol (1.25 mg mL
-1

) followed by 

ultrasonication for 10 min. Then, a piece of the UCM aerogel was immersed in the as-

prepared coating solution for 2 min. Finally, the coated sample was dried at 60 °C in an oven 

for 2 h.  

Characterization 

The micrographs of the samples were taken using a field emission scanning electron 

microscope (SEM, JSM- 6701F, JEOL). Before SEM observation, all samples were fixed on 
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aluminum stubs and coated with gold (~7 nm). Digital micrographs of samples were taken 

using a Leica DM1000 microsystem (CMC GmbH, Germany). XRD patterns were obtained 

on X’pert PRO diffractometer with working conditions of Cu Kα, 30 mA and 40 kV (λ = 

1.54060 Å). The scanning was made at room temperature between 10 and 60º in 2θ with a 

scanning speed of 0.02º per second. FTIR spectra of the samples were recorded on a Nicolet 

NEXUS FTIR spectrometer using potassium bromide pellets. X-ray photoelectron spectra 

(XPS) were obtained using a VG ESCALAB 250 Xi spectrometer equipped with a 

monochromated Al Kα X-ray radiation source and a hemispherical electron analyzer. Spectra 

were recorded in the constant pass energy mode with a value of 100 eV, and all binding 

energies were calibrated using the C 1s peak at 284.6 eV as the reference. TGA analysis was 

carried out using a STA 6000 (PerkinElmer Instrument Co., Ltd. USA) to investigate thermal 

stability of the samples over a temperature range of 25 to 650 °C at a rate of 10 °C/min under 

N2 atmosphere. The mechanical properties of samples were measured using a universal testing 

machine (CMT4304, Shenzhen SANS Test Machine Co. Ltd., Shenzhen, China) equipped 

with a 200 N load cell at room temperature. The strain ramp rate was 25 mm min
-1

. A 

vibrating-sample magnetometer (VSM) (Lake Shore, 735 VSM, Model 7304, USA) was used 

to test the magnetic properties of the samples. The electric resistance of the UCM aerogels 

was measured using a digital multimeter. Measurement of contact angle was performed at 

25 °C using water drops of 7 μL on a Contact Angle System OCA 20 (Dataphysics, Germany). 

For the contact angle measurement, the syringe was positioned in a way that the droplet of 

water could contact surface of the samples before leaving the needle. All the measurements of 

compressive stress-strain curves, variation of Rt/R0 with compressive strain, absorption 

capacity for organic liquids as well as contact angles of the sampels were carried out for six 

times and the average values were presented.  
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 Fig. S1. (a) Micrograph of a single KF and (b) SEM image of the SC-KFs aerogel. 

 

Fig. S2. Digital images of SC-KFs aerogels (a, b) before and (c, d) after oven drying at 60 °C. 

 

Fig. S3. SEM images of (a) KFs, (b) SC-KFs and (c) the UCM aerogel (1000 °C, 2 h).  
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Fig. S4. SEM images of fibers of the UCM aerogels pyrolyzed at (a) 400 °C, (b) 600 °C, (c) 

800 °C and (d) 1000 °C for 2 h.  

 

 Fig. S5. High-resolution C 1s spectra of (a) KFs, (b) SC-KFs and (c) the UCM aerogel (1000 

ºC).  

In the C 1s spectrum of KFs, the two peaks at 284.4 eV (C-C and -C-H) and 286.1 eV (C-

O) indicate that KFs mainly consist of cellulose and lignin.
1
 In the C 1s spectrum of SC-KFs, 

the new peak at 288.4 eV (O-C-O and C=O) suggests that carbonyl species are formed by SC 

oxidation. 
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Table S1. Surface chemical composition of KFs, SC-KFs and the UCM aerogel. 

Samples KFs SC-KFs UCM aerogel 

C (at.%) 89.29 76.38 96.39 

O (at.%) 10.71 23.62 3.61 

 

 

Fig. S6. TGA and DSC curves of SC-KFs obtained in an N2 atmosphere. 
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Fig. S7. Variation of volume shrinkage of the UCM aerogels with pyrolysis temperature. 
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Fig. S8. (a) Density and (b) conductivity ofthe UCM aerogels pyrolyzed at different 

temperature for 2 h. 

 

 

Fig. S9. (a) Compressive stress-strain curves ofthe UCM aerogels pyrolyzed at (a) 400 °C, (b) 

600 °C, (c) 800 °C and (d) 1000 °C for 2 h. 
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Fig. S10. (a) Density and (b) conductivity ofthe UCM aerogels pyrolyzed at 1000°C for 

different time. 

 

 

Fig. S11. (a) Compressive stress-strain curves ofthe UCM aerogels pyrolyzed at 1000 °C for 

(a) 1 min, (b) 1 h, (c) 2 h and (d) 4 h. 
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Fig. S12. SEM image of the UCM/Fe3O4 aerogel and EDS elemental maps of C and Fe in the 

UCM/Fe3O4 aerogel. 
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Table S2. Building blocks, methods, density, conductivity and compressibility of the 

previously reported aerogels and the UCM aerogel in this study. 

Samples Building 

blocks 

Methods Density 

(mg cm
-3

) 

Conductivity 

(S cm
−1

) 

Compressibilit

y 

Ref. 

Silicone aerogel Silanes Supercritical 

drying 

150 - 85% strain 
2
 

Silicone aerogel Silanes Vacuum-

drying 

64 - 60% strain 
3
 

Silicone aerogel Silanes Oven-drying 120 - 70% strain 
4
 

 

Cellulose aerogel Bacterial 

cellulose 

&FeSO4/CoCl2 

Freeze-drying - - - 
5
 

Nanocellulose 

aerogel 

Nanocellulose Freeze-drying 30 - - 
6
 

 

CNTs aerogel CNTs Freeze-drying  4 0.67 95% strain 
7
 

CNTs sponge Ferrocene CVD 5~10 1.67 80% strain 
8
 

Graphene foam CH4 & Ni foam Templating 

and CVD 

5 10 - 
9
 

Graphene foam CH4 & SiO2 

aerogel 

Templating 

and CVD 

1.8~100 0.1~100 95% strain 
10

 

Graphene foam Graphene oxide Freeze-drying 

and pyrolysis 

2.1 12 - 
11

 

Graphene aerogel Graphene oxide Freeze-drying 

and pyrolysis 

56 49 - 
12

 

Graphene aerogel CNTs Supercritical 

drying 

9.33 0.36 80% strain 
13

 

Graphene aerogel Graphene oxide Freeze-drying 3~5 - 90% strain 
14

 

Graphene aerogel Graphene oxide 3D printing 

and 

Supercritical 

drying 

31~123 0.87~2.78 50% strain 
15
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Nanocellulose/graphe

ne foam 

Nanocellulose, 

graphene oxide 

&sepiolite 

Freeze-drying 0.12 - 90% strain 
16

 

Nanocellulose/CNTs 

aerogel 

Nanocellulose

& CNTs 

Freeze-drying 20 1.8 95% strain 
17

 

Nanocellulose/CNTs 

aerogel 

Nanocellulose

& CNTs 

LbL assembly 

and freeze-

drying 

- 1.2×10
-3

 80% strain 
18

 

CNTs/graphene 

aerogel 

CNTs & 

graphene oxide 

Freeze-drying 0.75 0.006 50% strain 
19

 

 

Carbon sponge Silver &PVA Freeze-drying 

and pyrolysis 

3.8 128 95% strain 
20

 

Carbon/silica aerogel Polyacrylonitril

e& silica 

Freeze-drying 

and pyrolysis 

0.12 0.25 80% strain 
21

 

Carbon foam Polyacrylic acid Templating 3.9 - - 
22

 

Carbon aerogel Glucose Templating 

and freeze-

drying 

3.3 - 80% strain 
23

 

Carbon aerogel Raw cotton Pyrolysis 12 - - 
24

 

Carbon aerogel Bacterial 

cellulose 

Freeze-drying 

and pyrolysis 

4~6 - 90% strain 
25

 

Carbon aerogel Waste paper Freeze-drying 

and pyrolysis 

5.8 - - 
26

 

UCM aerogel Kapok fibers Pyrolysis 1~2 0.10 80% strain This 

work 

“-” means not avaliable. 
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Table S3. Comparison of absorption capacity of various absorbents and the UCM aerogel for 

oils and organic liquids. 

Absorbents Absorption capacity (g g
-1

) Cost Ref. 

Superhydrophobic PU sponge 13~45 medium 
27

 

Superhydrophobic PU sponge 20-45 low 
28

 

Superhydrophobic PU sponge 18~26 medium 
29

 

Superhydrophobic PU sponge 27-86 low 
30

 

Superhydrophobic PU sponge 5-23 medium 
31

 

 

Superhydrophobic PET sponge 3~5 low 
32

 

Superhydrophobic sponge 54~165 medium 
33

 

Superhydrophobic melamine sponge 79~195 low 
34

 

Superhydrophobic nanowire membrane 5~20 medium 
35

 

 

Superhydrophobic silicone sponge 6~18 medium 
4
 

Superhydrophobic silicone sponge 6~14 medium 
36

 

Silylated nanocellulose sponge 50~102 medium 
37

 

 

Graphene sponge 20~86 high 
38

 

CNTs sponge 88~170 high 
8
 

CNTs/graphene aerogel 215~743 high 
19

 

 

Carbon aerogel 56~188 low 
26

 

Carbon/silica sponge 65~140 medium 
39 

Carbon aerogel 106~312 medium 
25

 

Carbon aerogel 50~192 low 
24

 

Carbon foam 40~115 high 
23

 

Carbon foam 60~100 medium 
22

 

UCM aerogel 147~292 low This work 
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Movie S1. Strain-dependent brightness of the diode linked to a circuit using the UCM aerogel. 

This video highlights the strain-dependent electrical conductivity of UCM aerogels. 

Movie S2. Oil absorption and oil/water separation using the UCM aerogel. This video 

highlights the high oil absorbency and separation efficiency of the UCM aerogel. 

Movie S3. Burning the UCM aerogel with the flame of a spirit lamp (~500 °C). This video 

highlights the excellent fire resistance of the UCM aerogel. 
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