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Abstract: Cellulose is the most abundant natural raw materials on the earth, and this sustainable, renewable and

environmentally friendly biomass has been one of hot topics in the field of polymer materials. Cellulose aerogels, as the
new generation succeeding the inorganic and synthetic polymer-based aerogels, have many excellent properties and are gaining
the attention of researchers due to the combined extremely high porosity and ultralow density of nanoporous aerogel and
good flexibility and excellent processability of biopolymer. In the present review, the research of our group on regenerated
cellulose aerogels has been summarized, including the preparation of cellulose aerogels via a dissolution/regeneration route
using ionic liquid as cellulose solvent followed by supercritical CO, drying, the preparation of cellulose-inorganics composite
aerogels, and the application of cellulose-based aerogels as a matrix of gel polymer electrolytes for lithium-ion batteries.
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Fig. 1 Schematic diagram of the preparation process of cellulose and cellulose-based composite aerogels by dissolution-regeneration route

2011 AR5, A DRGEZH LA AmimCL 50, 254
Hil A CO, TR T L Wl % T — RV I F 4 2 UL,
IFWEIE T LT e R VW o0 S PR S R X 21 4 3R BRI 2
HRIERE I Sl T S HO R R TE LA
KRR A, ARTR RN B R T RETE LT 4E
FRBIE ™, R R T LR 4 BRI B
A o AR SOHE A 28 1 2 1R A AL B AR O 1 ) o 4
PHE LT YE R A BERTT AT FE 2

2 PUBTFREABEFR G &FFEZER

T F 2T 4k 2K AmimCl I &% Hy FAT 2 A 7K B 119
WA VEREBF 98 K L, AR 4R R E (B EO R
0.5% M}, FERHLFAER I THEA KA JHE:, W £
RINFE, 138 KEEAEREREE 6" (U 107 Pa, /K
BERCIR LRSS o SPHERWBES D 2% W), LHER T
FlR PR AT, O 2 R R A L P T e T . A
Mo, AKEERCHER L 2 4 F) 107 Pa( VK 2% ) 11107 Pa
(HPEEB %) (E12) o F35b, BEEVE R FRIFIIE 2 R L
HEZR W AmimClAEBE [ P g 9 O A, AT 2
Wi 2T 2 3R A BEIE S e, AR BRI P IS 190 2% 45 4 7 A

Ze5, LT W I A B 5 I Y i B A A I X
o, MEFAER SIS N 0.5% i, FF B0 A LT 4R
B HOIE S LEBAR L, FLABRANFLR TR, T
LA A TE s B WL TR, 1 2 BRI M 45 45 1
HOMECE, LGB, HALR A T2,

G 9 AL L 23 B2 TR 7 590 AmimCL A AR 5500 K 19 97
HIORIET 4 3 SR A 72 o L AmimCL 7K ¥ 9 5 (&1
i, PREBEE R AmimCL & B, BEEA 5 2 4E R
BRI TERAF, 2P 4 R R BE IR AL i e Ae 12, 27 4k
FRBEA S Y IR ) M R R A S S T AR IR 4% 2 A
I EL AR P00 28 7245 2 (9 {2 BE I h ¥ 20 70 A1 o AR 14
i S o R G TR BRI R LR RO SR, R R T =
Y [ R R 2545k, 13BN BB E L E NI (K 3) .
R ARRIBE T VA HROTRLEE , o AT LA s 27 48 22 18 W 1) B MG A it
i, AT B A EWYE. SEM B (151 4) Bk
T ANIRIBERT A P 2 0 BRI RO EE Y - B WA 1Y
PR ABENE, 1E 200 A5 B HORAE O AT & 2K e L i
LR, EEBFEAF]; WAL 30 000 fFHHMREET, 4
AER BRI 200 A . RPN oK AL B L5
(1935 W P R R HE A R LSS R BT RO/ IN T AT DB



44 T FE A e

PRLE

\
"Tec o6 80w
10')

10°§

10°)

G, G" (Pa)

10'f
FAG AG 20w
- @ G 0 G"1.0W%

10"
t G 0 G 05w%
PRI ERTTT BRI BRI BERTTTTT BT BT BTy
10* 10? 10° 10°
w (rad/s)

10'F w G, 0 G,05w% A G, A G20w% 2
E € G, O G40w% 4 G, 4 G, 8.0wt%

R SEPEEREREREEREEEEREREEED

?000000000000000000000000

UFASAAAASAAASAAARAAREAA48S

10* ;AAAAAAAAAAAAAAAAAAAAAAAA

G, G" (Pa)

10°f
02EUUDDDDUDDDUUDDUDDDDDUDDU

1 o e
10" 10° 10

o (rad/s)

2 ARIRIMRELF4E 2R AmimCl V(o) B # B9 2T 4 FOKBEIRS (b) BOBERERIE G RIBUFERTIE G HE MM o 9251k

Fig. 2 Storage modulus ( G') and loss modulus ( G”) as a function of frequency (w) for cellulose-AmimCl solutions (a) and the corresponding

cellulose hydrogels (b) 2"
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Fig. 3 Photographs of cellulose aerogels made from different regeneration

baths: (a) deionized water, (b) 20% AmimCl aqueous solution,
(c¢) 40% AmimCl aqueous solution, and (d) 60% AmimCl
aqueous solution ( cellulose concentration in cellulose-AmimCl

solution; 2wt% ; aerogel thickness: 2 mm) (22
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Fig. 4 SEM images of cellulose aerogels made from 60% AmimCl

aqueous solution as regeneration bath ( cellulose concentration in

cellulose-AmimCl solution: 2wt% ; aerogel thickness: 2 mm) (2]
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Table 1 Physical properties of regenerated cellulose aerogels??!
Sample Density/  Porosity/ Sger/ Pore volume®/  Pore size®/  Young’s modulus/ Compressive stress at ~ Transmittance at
(g-em™) % (m2 g™ ") (em® - g™") nm MPa 50% strain/MPa 800 nm"/%
Aero-0 0.024 98.6 233.6 1.28 22.7 15.2 1.28 48. 4
Aero-20 0.030 98.1 244.0 1.38 24.8 23.4 1.40 67.0
Aero-40 0. 030 98. 1 175.5 0.99 25.8 23.7 1.58 78. 1
Aero-60 0.029 98.2 227.2 1.27 24.9 27.3 1.99 80.0

Notes: Aero-0, 0 and other numbers refer to the AmimCl aqueous solution concentration used in the regeneration bath (wt% ) ; a: the values
were obtained from desorption isotherms by BJH method; b: For aerogels with 4 mm thick.
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Fig. 5 Cellulose aerogel made from 60% AmimCl aqueous solution as regeneration bath (a) ; Compressive stress-strain curves for the cellulose aerogels

(cellulose concentration in cellulose-AmimCl solution: 2wt% ; aerogel thickness: 4 mm) (b) 2]
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Fig. 6 Cellulose/aluminum hydroxide ( AH) composite aerogel with an AH content of 66. 6wt% 2’ (a) ; Cellulose/silica composite aerogel with a

silica content of 59. 1wt% [2*1 (b)
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Fig. 7 Neat cellulose aerogel (CO) and cellulose/aluminum hydroxide ( AH) composite aerogels with an AH content of 55. 8wt% (Cl) and
66. 6wt% (C2) . digital photo of CO (a) and C1 (b) after ignition, and their heat release rate (HRR) curves (c¢) (23]
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Fig. 8  Cellulose/silica composite aerogel with a silica content of 33.6wt% : (a) digital photo and (b) SEM image and EDS spectrum (inset) after ignition

[24]
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Fig. 9 SEM images of surface morphology (a) and cross-section morphology (b) of cellulose aerogel membrane prepared from 4wt% cellulose-

AmimCl solution?*
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