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Figurel Quick shape recovery of the NFC/MFC aerogel in water

(a)Wet aerogel in water; (b)wet aerogel was twisted to a rope; (c)the twisted aerogel rope was bent into a loop;
(d) the aerogel loop recovered its original shape in water in 10 s; (e)a ring-shaped cellulose nanofibrial aerogel in water;

() the ring-shaped aerogel was compressed into a ball; (g) the ball was dropped in water at 2 s; (h) the ring-structured

acrogel recovered its original shape in 10 s in water'?’,

1.1.2 HMAESFgEER WHAEFAERIBERE B RBB N NAR T 4R B, g R s =20,
TSR AT 4 A E I A Ca (SCND, K WY L B/ IR K % W L LICL/N, N-Z B 3 2 ik i
(DMA)™ [ LiCl/ — H IE A (DMSO) 2 | N-F B-N-4 Ak 1 bk (NMMO) 25 DL R 88 1 i AR 270 28 1% 5|
L SR 5 38 B AR T UK B S E — 25 LK B 2 B B e B AT R R A AR A I . AR R R
8 I 11 M BB 5 27 4 25 I R R LV AR L T A VR R A TR R DA G

W5 2T 4 25 i A6 IR 0 — /K & 9 (NMMO -« H, O) 1K 2 b, 2 J5 B 18 W00 AR b, FH 20 AR Oy
[ 9K Bh £F 4k 2 T4 RAES RN AMFLEE M i [T BUAF 4 25, 2B IR B CO, TR 847 4 BB . B
MA{EREEREA 9~12nm ¥ —FL4E, LR IE 190~310m* /g, B L HE R 0. 046 ~0. 069g/

10. 14028/j. enki. 1003-3726. 2018. 09. 002



+ 10 - = 75 i i i 2018 4 9 A

em’, Cai FF00G R AR AT Yt 2 A TR 3] — 12°C 1 A AR AL/ PR R 7KW WP T 0T 3 43 50k 6 26 I £F
HER VW, 250 bR 2300, Pl SRR ARG B 27 4 R OK BERE . %A R N 51 TE ik R & T 15 1k 44 K hr
TB B AR LT 2 R AEEE b JF i K -4 5 R AL A S/ R B A BEIR AL M In A CO, Jr ik fT
TIRGR] SI/F R RE GBI, HE GBI A R0 Iy 205 B (B 8L it 72MPa, K45 8 &
7. 9MPa) HL I ZZ I B R R AR (474m” /) L 2F 38 W 4 FILER 3 8 (0. 045 W/ (m=K)) . X i
JE 5 S S AN A5 J Y T 1 D AR B A8 R K Z AL A RHR AL T AT RE

Hoepfner 55" FH B SRR 8594 i £F 46 32, A6 SR b PR L 3l 2 K e (v R T M 8 i ol 5 Tt o
Ve RIS CO, TR B 22 BE I 22 FL 2500 i i YRR AT B BE S . 1 BE I AT 20 K I 4% & g, JFL s ity o 3
A ik 2MPa,
1.1.3 SFHRRMAEY FART TR REE S b5 0 A A IR Ak 301k S 1 5 T 3R 2R R AT AW
2001 4F . Fung %5 DLEF 4 RAT AW 0 JFORL R Dl 28 T 4R Z A B ., TR R MmAEYER RIFW
I R R RE AT AR BT T A BRI A R TR

Lu %G8 B 5 Fe' M 2B Gl v o T 7 il a5 iR PR e R AR (L 2), 5
B R W] Fe® X 12 W R 41 4 230 SRR M 10 25 4 L 45 2 FUE SR AR K (9 52 e, 3 2ok 20728 Fe® ™ 19 5T o 43 4%, 7T
DAAS B HAT A [5] 25 B2 AN AL 48 0 2F 4k 3R AOBEIE . 12 B I H AT By 2% B2 (IR 2 0. 0568g/cm®) T & AL
B3 (g 2 90. 45 %0) 3l ik k7% 43 J8 5 - 28 AU L AT 459 B Mk R A D62 PERE I R Y R AT 4 R RBEA

=

Bl 2 CMC A Fe' Hplal £t 45 452 70
3+[32]

Figure 2 Structure models for the coordination patterns of CMC and Fe'
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Figure 3 Scheme of the effect of CNF content in hydrogels on the microstructure of aerogels-”
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Figure 4 SEM images of aerocellulose from 3% cellulose-EMIMAc solutionst**
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Figure 5 Photocatalytic activity of (a) cellulose aerogel, (b) the anatase TiO,. and (c¢) TiO,/cellulose

composite aerogel, respectively*®)
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a) Overview of preparation process
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Figure 6 Schematic representation of the preparation processes First nanocellulose hydrogel is dried to aerogel,
which is then coated with inorganic oxides using ALD to form composite organic/inorganic nanofibers, and finally

calcinated to inorganic hollow nanotubest™
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Figure 7 a) Optical micrographs of Lbl.-functionalized aerogels in the dry state, and the corresponding chemical
formulas of the functional polyanion used in the LbL. Aerogel intersections were cut with a razor to display the
interior part. The LbL coating from left to right shows: (PAH/HA);, (PEI/PEDOT:PSS),,, (PEI/ADS2000P), .
(PEI/SWCNT);. b) 3D picture reconstructed from slice images obtained by confocal microscopy from the fluorescence of
LbL multilayers of (PEI/ADS2000P),, taken in dry state. SEM images are all taken at intersections inside coated
aerogels, and show (PEI/PEDOT:PSS),, (¢ and d) and (PEI/CNT); (e)P! .

2.3 BHR.BEMH

1L 58 I, A7 LA 45 5 I 30 Ao V5 -5 e 1) ) A5 B A LA G a0 T e A A ) e AR ) . i
B I Btk S BRE IS FE KL B W A O ELRE R R 08 75 e A O A K M BEL AR T e ARCBE S AE Tk B A A .
Wan %558 3 53 P A 2F 2 R AR & R AR S . T I IR T AR A RO TR R R L ik
S B LB R ST AE 1~ 60nm ., B Kb AR 45 1T 58 B 19 = 20 IR 25 44 BET W B 25 3 2 52 IV 760 Wi i 25 R 28
S A %) B A A AR S 1 i AP S R A KM L FE B K S L AR K O TR BRI L 9)

Doung 857 B UK LA £T 2 A 4803 = VP 35 7k o iy SR A4 A Db L o 45 Hh ST/ PR R R A RBEIR . 1%
SBE R B s K P BRI fil /1 D 1517, 3SR 0. 04W/ (m« KD, i TRk AORH8Y 5 1A H: 25 fige TR 2
WA e R B = 1 25°C . 10mm JE I A SBER 5 RECH 0. 39~0. 50, b 2F 45 2 S BE e (0. 30~
0. 40) 155 » 1%k I AE B PR B 2 5 THIAT B4 19 g i 5%

Wi SiO, foRL FEF 4 R AEEHS SIO, ML R G788 R A & £L BT AR 45 48 1 < B
0, IR A BRI R A A TR AR B 2 8 A AR AR RN AL IR R A i, AR S R B RIS L SR AR AR
FAAGEFE] 0. 026W/(m=K) (WL 10), H AT A W] 1 AR T 1% 5t 2 FL 248 S b4 5] G v 7K 5808} | 16 7K 3%
BT, WL, SIO. /47 4823 5 6 BRI AE FA 4 2 b ORH U B A B R R IV ) .

10. 14028/j. cnki. 1003-3726. 2018. 09. 002



5509 = v T B Ei%4 < 15 -
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1) lmpregnation with silica sol
3) Sepercritical drylag
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Figure 8 (a) SEM image of Nanofibrillated Cellulose (scale bar:10 pm); (b) Photograph of the as-prepared
silylated NFCs; (c) SEM image of the bioscaffoldshowing a regular arrangement of NFC sheets into tubular structures;
(d) Schematic of a NFC sheet structure covered with an MTMS-based polysiloxanelayer; (e) Proposed chemical structure
of silylated NFCs; (f) Photograph of a silica aerogel reinforced with silylated NFCs; (g) SEM micrograph unveiling the
internal hybrid structure of the hybrid aerogel; (h) Schematic illustrating the multiscale-assembled mesoporous silica/ NFCs

interface; (i) Schematic illustrating the chemical compatibilization between mesoporous silica network and NFCs surface'®)
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Figure 9 (A) Hydrophobic carbon aerogels with several water drops on the surface, and the inset showed the water
contact angle measurement; (B) Electrical conductivity tests of the cellulose aerogels, the carbon aerogels and the

aluminum mesh; (C) Digital photograph of the carbon aerogels in a hot flame of an alcohol burner”*

2.4 EYEHR

Deng 251738 o W 15 57 565 v VR T R 1) 07 1257 B R A AU R 0 oK BBk o 2R S AR LA i Y
FLBR R AR ZE 0. 0018g/em® o AR 44 2K 21 4l F1 52 1 59) (R 2 A FH 28 B8 i ) =22 18] By 3 i it = 1 £ 745
BRI BRTE G 25 PR 05 b AT QR AF R E L K Th e 6h A RE LR Fr L SRS M . TR BRI RO BB R
3T3 NIH 40 g , 20 M RE 5 P gt b 78 (UL 1T 11D 25 SRR Wz S BE I Bk o 7 MAE WA 1Y, 2 FL 9K &5
g kg 20 M RGBT L2 05 L oA VB B LB R W BORI AR Rt A DL BB R A B 8 T A S e AR R
R JIC Tl B A 40 JHE 5 57 D7 i) A R B8 1 TR 5

Fe LR A ISR K M 2R 0 R R A5 UK A (BDP) 44 KR 1 BE 05 1R 47 b 15 98 oK 27 4k R A< Bk e &5

10. 14028/j. enki. 1003-3726. 2018. 09. 002



« 16 - =] o ¥ i} % 2018 4F 9 H

B 10 5%EFER-110 SIO, KA THER I BEE T G Al b) FIFRTE (e A1 d) B 4140 HL B P45
Figure 10 SEM images of cross-section (a and b) and superficies (¢ and d) of 5% cellulose-11%

SiO, composite aerogelt®®

a 1o Standard Curve b
1.2
o8
0.9
é 08 §
g 0.6
2 0s
02 0.3 I
oo i
° 1008 208 3005 s Sa0s tass 0.0
Cell Count DAY 1 DAY 7 DAY 14

Bl 11 fELF 2 RSB MR 2B 3T3NIH 40 MTT $4ig
(a) B HERNZR 5 (b) A K LT e 2 BR 100 40 i 1) o s BT
Figure 11 MTT data of 3T3 NIH cells seeded on cellulose aerogel microspheres

(a) standard curve and (b) quantitative data for cells seeded on cellulose microspheres™™,
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Figurel2 Preparation routes of drug loaded aerogels

Aerogel

(a) Addition of the drug during the sol-gel process (before the gelation); (b) Addition of the drug during the sol-gel

process (during aging); (¢) Addition of the drug through adsorption/precipitation in the already dried aerogel”*.

T NI B M SRS S T — Bl AR W BT B — P B T ik

LR 9% 228 VA E B JC L i 0 S L I 45 B 0 A 22 £L SR ML s / 28 4k 3R 52 45 K BRI, it i e S CO, T 145 31 %
JEH 0. 41~0. 53g/em’ B AT i 1 2 RE MR 9 S5 SCBEM , 1 R 53K 0. 088/ e (LI 13) . MRAMIT S 2
B RN R AR AN oK Z2 AL AP AE R BEME b S i 1 PCL2 40 L (RS B AN 4 OF HAUBEIE BB A+ —be B0
W2 1597 PCL2 2 T A R A A 22 5 . DRI L 322 52 OB R 7 it 8P A A0S A 6 e 9 100 T T 52

K13 a)NCG/PPy &S BER T Mt 72 : 1D FA B AHER 3R 9K £F 4 28 G5 K9 19 NCG 7K B 2 T el id 2 By 77 50 46t
IRJG ] FeCly B WIR B T A0 » 2 M W PR A S 28 98 a7 28 VU 3R & SRR J PPy 49 AL 1 1k T A
NCG/PPy-1 & A BEBENE . 3) 2 K 8 & 55 — 43 HIE . NCG/PPy-2 fil NCG/PPy-3 & & S BEE . 4) i 1 Bl # CO,

THRIE G NCG/PPy-3 5 HBEME s Y LIS Fl FeCly 1955 ML 7R B8] s NCG/ PPy-3 5 5 /K BERZ Y o) 25l (63mm X 28mm X
0. 9mm) , )& M (EA2 2 10nm) , ) il (63mm X 5mm X 0. 9mm) 7 7 & ; D NCG/ PPy-3 “EEE (63mm X 28mm X 0. 9mm) ™,
Figure 13 a) Preparation of NCG/PPy composite aerogels: 1) The NCG hydrogel with interconnected nanofibrillar
network is solvent-exchanged with ethanol, and then impregnated with a solution of FeCl; in ethanol to form the

NCG/FeClsalcogel. 2) PPy nanoparticles are formed by in situ vapor-phase polymerization of pyrrole monomers
supplied as vapor, giving the NCG/PPy-1 composite alcogel. 3) Repeating the second step two or three times gives
NCG/PPy-2 and NCG/PPy-3 composite alcogels. respectively. 4) Drying with supercritical CO, gives NCG/PPy
composite aerogel. b) Schematic representation of pyrrole polymerization with FeCl;. Macroscopic views of NCG/PPy-3
composite hydrogels under ¢) bending (63mmX 28mm X 0. 9mm), d) rolling (internal diameter of 10mm) . and

e) torsional loading (63mm X 5mm X 0. 9mm) , and {) NCG/PPy-3 composite aerogel (63mm X< 28mm X 0. 9mm) I,
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Figure 14  (a-e) Optical microscopic graphs of 1.929 cells proliferation after in vitro culture.

(D) The result of cytotoxicity test by MTT assays-®'.
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Figure 15  Oil absorption process of the recycled cellulose aerogel having 5.0 % (wt) of the cellulose fibers in the

artificial seawater (3.5% NaCl and pH=7) mixed with the 5w40 motor oil and dyed with Sudan Red G before testing®*!

PR S SR ORI R 9 R £ 4k 3R BEIE (NCA) R T U B — J2 THO, , 38 1 58 40l IR T A4S 3 75
WK RN BRL 7K 22 ) e 4 i BRI, THO, W A5 2 A4 BE I B A B K M L KR fih A 38 B 1407, 220 54

10. 14028/j. cnki. 1003-3726. 2018. 09. 002



o509 i = v T b} Ei%4 « 19 .

JEHRAF IR B T LI B E 16 A5 K . Ak L I BRI AT G AR AL T 1R ORI Y (MB) 9 73 fif 3 R
KR AT LA A ALY I 16) . F b B A By 19 Z2 FL 254, T DURAE K i AL 4%

g 2.0 p—
LA N,
8 15} \NQSD\\N,
® x | |
Q I —A—TiONCA Dark
5 W b, il e
0.5+ . A
o—
A
00f, A A
0 20 40 60 80 100 120

K16 MB B AT MB [ £k 2% 25 4 0
Figure 16 Absorbance of MB and the chemical structure of MBH
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Figure 17 A low-light photograph of a piece of CNC aerogel (prepared from a 0.5 % (wt) CNC suspension)

standing on top of a dandelion flower'""”
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Figure 18 Demonstration of the combined hydrophobic and oleophilic properties of the silylated NFC sponge
In comparison, the untreated NFC sponge displayed amphiphilic character. Dodecane and water were colored red

(Sudan 1II dye) and blue (NeolanBlau dye), respectively®>
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Preparation and Functionalization of Cellulose-based Aerogels: A Review

LIU Ya-di, PEI Ying" , ZHENG Xue-jing” , TANG Ke-yong
(College of Materials Science and Engineering s Zhengzhou University , Zhengzhou 450052, China)

Abstract; Aerogels is a type of intriguing material prepared by replacing the liquid solvent in a gel with air without
substantially altering the network structure or the volume of the gel body. These materials have porous structure with high
porosity, low-density. high specific surface area, low dielectric permittivity and extraordinarily low thermal conductivity.
Cellulose as a biodegradable polysaccharide is the most abundant biopolymer on plants. Cellulose has gainedinteresting
research because it safe, stable, nontoxic, biodegradable, renewable, low cost. Cellulose aerogel as the new generation of
materials promise not only a very low density as typical for aerogels but also a comparatively high strength and ductility
compared with inorganic or polymeric aerogels. This paper introduced the preparation and drying technologies of cellulose
aerogels. More applicationsare evolving as the scientific and engineering community becomes familiar with the unusual and
exceptional physicalproperties of cellulose aerogels, focusing on catalysis, electromagnetism, heat insulation, biomedical
application and purification. Moreover, the current problems and future development about cellulose-based aerogel were
also mentioned.

Key words: Cellulose; Aerogels; Construction; Functionalization
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