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Figure S1 The reaction mechanisms of trimethylaluminum (TMA) with water.1

The reaction mechanisms of TMA with water were written as follows:
(CH3)3Al + H2O → (CH3)3Al : H2O
(CH3)3Al : H2O → (CH3)2AlOH + CH4

(CH3)2AlOH → (CH3)AlO + 2CH4

(CH3)AlO → AlO + CH3 + 2CH4



Figure S2 FE-SEM micrographs of surface’s EVOH nanofibers with (a) 0, (b)6 and (c) 100 
ALD cycles, the surface variation of EVOH nanofibers on the surface of aerogels was observed, 
demonstrating Al2O3 particles could uniformly deposit both the exterior and interior of the 
aerogels.



Figure S3 AFM images of EVOH nanofibers in (a) 0, (b) 6 and (c) 100cy-ALD aerogels, 
demonstrating the surface roughness variations of nanofibers with different ALD cycles. The 
surface roughness of EVOH nanofibers increased after 6 ALD cycles. While the surface 
roughness of EVOH nanofibers decrease, with ALD cycles continued increase to 100.



Figure S4 XPS survey scans of (a) 0, (b) 1 and (c) 6cy-ALD aerogels, XPS spectra for (d) 
carbon, (e) oxygen and (f) aluminum for 6cy-ALD aerogels, demonstrating the successful 
deposition of Al2O3 on the surface of aerogels after 6 ALD cycles.



Figure S5 Mechanism of cross-linking between EVOH nanofibers and GA, demonstrating the 
formation of C-C, C-O-C and C=O.

Figure S6 Mechanism of esterification reaction of EVOH nanofibers and acetic acid, 
demonstrating the formation of O-C=O.



Figure S7 Photographs show the dynamic water contact angles of (a) 0 and (b) 8cy-ALD 
aerogels, the variation of water droplets on the surface of aerogels was observed. The water 
droplets were absorbed quickly by 0 and 8cy-ALD aerogels, demonstrating their hydrophilic 
surface.



Figure S8 The variation of propagation distance of aerogels as a function of time: (a) water 
wicking performance and (b) oil wicking performance, demonstrating 8cy-ALD aerogels 
showed higher water wicking performance than 0cy-ALD aerogels, and all aerogels exhibited 
good oil wicking performance.



Figure S9 0 and 6cy-ALD aerogels immersed into water after absorption saturation, 
demonstrating the difference in water absorption between 0 and 6cy-ALD aerogels.



Figure S10 The dyed water droplets on the (a) exterior and (b) interior of 100cy-ALD aerogels, 
demonstrating both the exterior and interior of 100cy-ALD exhibit hydrophilic.



Figure S11 Cyclic stress−strain curves of (a) 0 and (c) 100cy-ALD aerogels with ε of 60%, (b) 
and (d) the corresponding Young’s modulus and maximum stress as a function of the 
compressive test cycles, demonstrating that 0 and 100cy-ALD aerogels exhibited good 
mechanical durability and stability.



Figure S12 (a) SEM micrograph of a nanofiber, (b) TEM micrograph of a hollow nanotube in 
100cy-ALD aerogels after cyclic compression, demonstrating fracture of Al2O3 coating on the 
surface of nanofibers after cyclic compression test.



Figure S13 the onset temperature of three weight loss stages of aerogels with various ALD 
cycles, demonstrating that with increasing cycles of ALD, the thermal stability of aerogels 
improved.



Figure S14 FE-SEM micrograph of Al2O3 nanotubes aerogels, the internal porous structure 
of hollow nanotube aerogels was exhibited, demonstrating good thermal stability of Al2O3 
nanotubes aerogels



Figure S15 FE-SEM micrographs of 100-cy ALD Al2O3 nanotubes (a)surface and (d) buried 
surface of hollow nanotube aerogels, (b, d) close-ups on Al2O3 nanotubes demonstrate their 
hollow structure.



Figure S16 TEM micrographs of the continuous and uniform 100cy-ALD Al2O3 coatings of 
(a, b) surface and (c, d) inner nanotubes of hollow aerogels various magnifications, 
demonstrating both exterior and interior of aerogels are uniformly coated by Al2O3.



Figure S17 The thickness of 100-cy ALD Al2O3 coatings at (a) surface and (b) buried surface 
of hollow nanotube aerogels, demonstrating the thickness of Al2O3 coating inside and outside 
the aerogels is almost constant.



Figure S18 XPS survey scans of 100cy-ALD aerogels before (f) and after (g) pyrolysis, 
demonstrating that carbon element decreased after pyrolysis.



Table S1 Physical properties of the aerogels with various ALD cycles.

Samples Mass 
(mg)

Volume 
(cm3)

Density 
(mg/cm3）

Porosity 
(%)

Average pore 
size (μm)

SBET

(m2/g)
0cy 198.4 12.80 15.50 98.55 3.85 15.96
1cy 199.2 11.64 17.11 98.40 3.37 37.46
6cy 201.3 11.32 17.78 98.35 2.98 44.72
10cy 204.4 11.37 17.98 98.34 2.51 37.96
50cy 214.4 10.97 19.54 98.25 2.42 29.94
70cy 223.7 10.82 20.67 98.20 2.23 20.81
100cy 229.8 10.91 21.06 98.19 2.06 17.68



Table S2 Surface average roughness (Rsa) of nanofibers’ in 0, 6 and 100cy-ALD aerogels.

Samples Number Rsa (nm) Rsa of nanofibers (nm)
1 3.19
2 3.010cy
3 2.64

2.95

1 4.77
2 3.966cy
3 4.64

4.46

1 3.41
2 3.63100cy
3 3.23

3.42



Table S3 Peak BE and atomic ratio of surface elements and chemical bonds of 0, 1 and 6cy-
ALD aerogels.

Samples Element Peak BE 
(eV)

Atomic 
(%)

Chemical 
bond

Peak BE 
(eV)

Atomic 
(%)

C-C/C-H 284.73 64.38
C-O-C 286.22 27.90
C=O 287.44 4.99

C 1s 285.32 75.96

O-C=O 288.96 2.74
O 1s 532.79 24.04 C-O/C=O 532.45 100.00

0cy

Al 2p - 0 - - 0
C-C/C-H 284.69 64.80
C-O-C 286.21 27.77
C=O 287.80 3.74

C 1s 285.24 64.98

O-C=O 289.09 3.69
Al-O 531.35 18.59

O 1s 532.26 29.60
C-O/C=O 532.30 81.41

1cy

Al 2p 74.77 5.42 Al-O 74.51 100.00
C-C/C-H 284.79 64.80
C-O-C 286.19 27.77
C=O 287.61 3.74

C 1s 285.09 68.90

O-C=O 289.01 3.69
Al-O 531.44 35.27

O 1s 532.13 25.14
C-O/C=O 532.24 64.73

6cy

Al 2p 74.41 5.96 Al-O 73.74 100.00



Table S4 Peak BE and atomic ratio of surface elements of 100cy-ALD aerogels before and 
after pyrolysis.

Samples Element Peak BE (eV) Atomic (%)
C 1s 285.17 43.49
O 1s 531.83 37.74Before 

pyrolysis
Al 2p 74.81 18.77
C 1s 285.21 26.10
O 1s 531.80 46.97After 

pyrolysis
Al 2p 74.86 26.93



Table S5 Comparison of sorption capacities of various sorbents.

Sorbents

Min 
sorption 
capacity 

(g/g)

Max 
sorption 
capacity 

(g/g)

Density 
(mg/cm3)

Porosity 
(%)

Cost Reference

PVA-CNF hybrid 
aerogels

44.56 95.25 13 99.01 Medium 2

PVA-co-PE NFA 
aerogels

23 50 11.1 99 Low 3

Cellulose
nanofibril aerogels

23 46 23.2 98.5 Low 4

Cellulose nanofibril
aerogels

65 205 2.9 99.81 Low 5

Carbon aerogels 74.22 223.56 7.8 - Medium 6

Polydimethylsiloxane 
sponge

4 11 180 ~ 750 - Medium 7

Microporous 
conjugated polymers

6 23 - - High 8

Cellulose nanofibril
aerogels

139 256 1.7~8.1
99.5~99.

9
Low 9

Carbon nanofiber 
aerogels

51 139 10 > 99 Medium 10

Carbon nanofiber 
aerogels

106 312 4~6 99.7 Medium 11

Carbonaceous fiber 
aerogel

22 87 36 - Medium 12

Cellulose nanocrystal 
aerogel

34 99 22.4~23.3
96.3~97.

2
High 13

Carbon-based aerogels 393 1002 0.7~10.2 99 High 14

Melamine sponge 69 176 - - Low 15

Graphene aerogels 19 26 - 97.6 High 16

EVOH nanofibrous 
aerogels

44.83 101.86 12.3 98.95 Low 17

EVOH NFAs coated 
with Al2O3

30.57 73.03 17.78 98.35 Low
Present 
study



The work mentioned in the paper is defined as the work doing for generating 
compression deformation per unit volume,18, 19 which was defined as

                                                        
(1)2

1

W d



  

where  is the work,  and  are the initial and final compression strain, W 1 2

respectively, and  is the compression stress. The compression work and recovery 
work were calculated by the integration of the relevant stress-strain curves. The energy 
dissipation was the difference of the absolute value of compression work and recovery 
work.

Movie S1 Dynamic compressive behavior of 6cy-ALD aerogels under a 60% compressive 
strain. 6cy-ALD aerogels completely recovered their original shape with no mechanical failure 
after being subjected to 60% strain.
Movie S2 Canola oil was absorbed by 6cy-ALD aerogels. The canola oil dyed with Sudan red 
III was completely absorbed by 6cy-ALD aerogels in 10 s, the oil-filled aerogels could float on 
water without any oil release.
Movie S3 Chloroform was absorbed by 6cy-ALD aerogels. 6cy-ALD aerogels could absorb the 
chloroform dyed with Sudan red III at the bottom of water without water absorption.
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