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An overview on cellulose/silica organic-inorganic hybrid composite aerogels

HE Fei, LUO Jin, LI Ya, FANG Minhan, HE Xiaodong

(State Key Laboratory of Science and Technology on Advanced Composites( Harbin Institute of Technology) , Harbin 150080, China)

Abstract; An overview of the literatures is presented on cellulose-silica organic-inorganic hybrid aerogels.
According to the technological characteristics, cellulose-silica composite aerogels can usually be synthesized by
three methods, i.e. solution impregnation method, direct mixing and layer-by-layer deposition. The dissolution or
dispersion of cellulose and the introducing method of silica are discussed in detail, which are important influencing
factors for compositing cellulose-silica aerogels. The characteristics of microstructures and crosslinking mechanisms
of cellulose-silica aerogels are analyzed, and the properties in mechanics, thermal insulation, optics,
hydrophobicity and biology are compared. Based on the physical and chemical properties of organic cellulose and

inorganic silica, some of composite problems are discussed and some new ideas for further development are

proposed.
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Fig.1  Structural schematics of cellulosic molecules'
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Fig.2 A schematic presentation of the preparation route of cellulose-silica composite aerogels and example of 9 em X 9 em X 1 em

sample "’
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R 0] ) UL RE XS 21 A4 2R B 2 6 [/ . sk R 5 T
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MIVER, [A) Bt 25 B 1R Sio, % B Il 23 8Ot &
&, T 5 RS S M. TR, X R E SR
FEAE DL T 2 3.

MH LT 4E & (bacterial cellulose, BC) &5 —Fh
TRAF I RIRHE WM FL. Sescousse 550 BC I 45>
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AR B 5 41 T i BC-Si0, 582 & /KEER 24
TR RN 45 )5 4845 BC-Si0, Z & BBy i R &
K. J12250 80 2R | BC 4R 4k R mi A Sio, J& , 1 BC
M SPERII F 11.8 GPa & F] 17 GPa, hifiiig B i
147 MPa #2753 160~ 185 MPa. Ashori 25 "/ R 5
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AP B Si0, 38 i Ak R 4 VR FH DURRAE BC oK
Lok, AR A R R A R K
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BRI EIRED

Fig.4 (a) SEM image and photograph of the BC matrix; (b)
SEM image and photograph of BC-silica composite
aerogels (CAs); (c~f) Schematic illustration of the

formation mechanism of the CAs[®"
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Fig.6  Schematic depiction of the structure change of cellulose-

Si0, nanocomposite film through contacting with water!*’
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5% RN A = & 3 EE B [ 3-( triethoxysilyl )
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Prg. BT g5 T R 4E R A S W IR R A LRk A At
FHIG G BUS . Yano 5500 4351 R I B HIR A 0
TR TENS SiO, PRI | A BC, 2T I T4
JEARAT T HER -SI0, AR, BHEER G
M 48K Si0, UKL & BT IS BN BC A1 57 ik
HoE A A HAS R R Si0, B i fes AT A 50%.
1B Si0, ORI 5 I AT 1 25 4E 1Y A F a3
AP FISER YR T 40 BC MR SRR BUE 24
BC /K BERBEA R MR BE Y Si0, I P 58 2 A
AR AR Si0, B A A 10 %. {HH
T Si0, R 8 754 (trapped ) I [# 22 (fixed ) 75 5 2%
FRy AR T2 ] 4[] Bt v, PRI JHG 3 B8 A 1y 05 T
4fi BC A}

Cellulose- S Ok i, S OR
. a b 0 c 0
Cellulose g R T —— Y — . S
_ [bmim ]*Cl RO RO’
DP~450 0 0
solution OR ¥ OR' ':f
O 0
OFt 0—%
— 4 T R4
k= )LN/\/\Ql-OEt R = )J\N/\/\Sl 03
N OFt H Y0 =3
or H or H
a. [bmim]*CI", 80 °C, 30 min CCS-1,2

b. (E10):Si(CH»),~NCO(2—6eqv.), 80 °C, 4-48 h
c. LH:0, NH\OH, r.t., 5 days. ii. 90 °C, 24 h
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Fig.7 Synthetic principle of cellulose carbamate silica hybrid materials
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propyl ]-1,3, 5-triazine chloride ( Tri-EBAC) & 32 Bk
R, GIAL4E R G, LA 323K 14 J7 2 o 1 27 4k
R/SiI0, Z AL FEACBEFIE T, Sio, 40 K5
KL AT TEF AR P e m, 529 1 se AR 2 s i H
(. B TR IR S 0y y— S S =
CAFERE S (y-aminopropyltriethoxylsilane, APTES) |
VIAHIF Y J7 2 3845 T 27 4 /810, & & # 8, IF
WY RS Si0, Z 8] A A2 e A #5080, 4 5] 8
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—@ Si0; nanoparticles
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Fig.8 Model of cellulose-silica covalent crosslinking hybrid
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5 S0, BT 4 2 21 4 AR T 6 T 40 K 21 4
AT A SI0, I AT = 4 2 ] R
HIRO T4 2 b Si0, % & RN Wong % 4444

KT HEAR B LT 4E 2% (nanofibrillated cellulose , NFC) 43
R PEDS WA, 25 B e RS i B¢ T 48 J5 3R A5 21 4
FH5E Si0, NBEIL. S NFC 7E £ B 9 73 1K
P A T 4 BRI ( maleic anhydride , MA ) X} H:
PEAT R MCE. 45 3R W R U RIS B9 NFC X
A SRR A R4 1A T R K. (H
SEZHRERL B LA R B L [R) 9% B 4l Sio, UBEI 4R =
25% ~40% ,iX 521 Yt R AT IR L (bridging cracks ) Hl
T A = AT A ) 25 25 44 5 35 2 foT (spreading loads )
&, He %5 LARRARAIHIRIARTR ) CNC SAHEssAH L
= H 58 LR BE ( methyltrimethoxysilane, MTMS ) A 553K
& H P ( dimethyl sulfoxide, DMSO) A 5 51 411
AR i 48 T AT 4E R B R Si0, B GBI, 14
MEHEAT Si0, BRI O S5 A R, OF A R
GFR K. Hayase 551 DL = b S S 1k e 2= L E
BT Si0, Ry HEAR 3 51 AR 4E R il & TR
T RIS AT A A Y 3R BT i A
Ii—2F 4k E 90 K £ 4k ( polymethylsilsesquioxane-
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Tab.1 Comparison of the properties of cellulose/silica composite aerogels synthesized by different methods
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