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Abstract

Nanocellulose-based aerogels have received widespread attention due to the natural and renewa-
ble nature of the material, but their flammability and poor mechanical properties have limited
their practical application. In this paper, CNF/GO/MMT composite aerogels were prepared by di-
rectional freeze-drying using nanofibrillated cellulose as the substrate and graphene oxide (GO)
with sodium-based montmorillonite (Na-MMT) as the filler. The method of targeted freezing al-
lowed the composite aerogel to maintain a low thermal conductivity (37.43 mW mK-1). Mean-
while, compared with the pure CNF aerogel, the compressive strength of the composite aerogel has
been increased by 6 times (up to 669 KPa), and the flame-retardant property has also been signif-
icantly improved. These test results indicate that the comprehensive performance of the compo-
site aerogel has been successfully improved by the incorporation of GO/MMT, which provides a
new option for building insulation materials.

Keywords

Nanocellulose, Montmorillonite, Aerogel, Thermal Insulation, Flame Retardant

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BEAE RIS, T @ SRE AR R #E H 2 g0, 4Bk 40% LA B RETR AR 4ERr 5T 1E
(2 R AL o 2 0 AR PR e A AT AR R R BE I PRIR B R o R ST A L A LB R
RE L LS A EER I ARAE R A BRI RPN AR AT IHIBRAS) 2 O 9RTEL] [2] [3]. ERALGA L
B EE S A J1e AR REZE IR AR SR PRS2 B TV BOBR o T £ A R R FE AR LR AR T
ARSI 2 I RIE[4] . (B EFHERFAR S o2 — P AT BARDRE, DRt o] 08 55 4 2SR (R BELIA T e
515 R R TR E A

AL SE L (Na-MMT)FE Dy — 2 s B TE LB SRR, BT a5 TR I s, RN L3R
T & (S B R AFE TR SRR AR, R AL SR v, SRR BEAATERELS] - S8 AT A0 T A
D2 R WIE ] —4ERRIS U 5095 b - [6]RT LU ™ A2 7 5 55 22 T B AR ] (A A [ 7] 2 T X SRR P
LW FABIERE Na-MMT 155 A AR BRI .

AT BRI (GO) A SR 1) — PP B EATAEY), RAIRIENERE 52 a5 . A TR BURG L AN
A SBIH IR M B BER VA HUR SR SRR it R4 IR PR R RE S HUBIERELS] [91, AR ety s
(GO)rI LUl 5 MMT Z [A) (P S FLAE 42 i MMIT (RS 2R i 193 50 434 [10], MBI m R &S
R IR BE AR T RE -

FT U, AR GO 5 MMT W5 CNF Je Bk, Wit & m A R TR 5 0 % 1 — R4
CNF/GO/MMT E& Bk, 528 CNF SBHRAHE, &8RRI SRR T, HRtaeS
TP REAR B T R B -

DOI: 10.12677/hjcet.2024.142015 133 =AW EESES VN


https://doi.org/10.12677/hjcet.2024.142015
http://creativecommons.org/licenses/by/4.0/

Wrie 2

2. SCIOERSY
21 LWFERN

A, WRIRER(H2S0,), HIRIR T (KMNO,), A E(H0,) WK TR T TR AR . Ikl
PR (CNF, EAR 50 nm, K 1~3 um). #NEE S (K-10) 38 B 2 e phiali A R AR, BL EIRFI#E
ARG — LA, Fra LRI EE K.

22. EWFEGHF

A HTRF(BS124S, £ 2RI, THIE/KIBH(DKA20, ik 2 Seu s & A AR, B 4tE4 (RCT
FEART, IKA)HIE X SHERATHEAX (X 'Pert, G3051, fif=%), #E M (SDT Q600, TA), fHH/>HriX(Hot
Disk TPS 2500S)il &S St I F %, A RAE X (Fluck Tis75, EH).

2.3. HEmBE

GO HI#l%: FraE 1 g AN BRI F, B 48 ML IRERERBIN LA, SRISUKIBHERE 2 h, ik
AR B — HAARE VKV IR FEAR T 10°C, SRJELE T /B BT Bl A 223 S MM 6 g I R R 4
(KMnOy), M JG4kZEki eI AS/ININSE, £E 35°C 7K it dE 2 AN/NiF, 2 JS1E 30 7B N1
40 ml =B 1K, IINJELEMIBH(95°C)HEHE 30 min, SRJEHIA 100 57K, fJEMA 10 ml R &%
N 30% T EAE(H02), MNJEEBALEN AR & th . 2 JER R0 A 10%0) HCI £ 557K
BUDTRSS 3 K. AR BITTIE BN B SR F 60°CHE 24 /N 15 21 £ 1) GO,

CNF, CNF/GO/MMT & BEKRINHI4: CNF, CNFIGO/MMT Sk id i i 171 A1 T8 (1 72l
F1f file FREL 0.5 g FIARKEF4EZ INANF] 50 ml 2 B F /K fii# 20 min RIS MPPR AR, K5
B or BN GO M ARMZE LR oK, HidkT 0805~ 30 min LRGSR ER, BEREINE A%
AR Frpr, R S B A A e L TP A VR 20 min, SRS RE SN A R TR L A VR )% 48
h, B8E &k Hh GO KEEAZL(0.25 g), MMT HIEESDHIA 5%, 10%. 15%, FEMham4 N
CNF/GO/MMT-X (7 X 5%+ 10%. 15%), KM [FIFER 7204 14 CNF SEHRAEART L.

3. IWHRETTHS
3.1. CNF/IGO/MMT E&4SBRNEMSRMALH 5

MMt GO
-n
‘ ’g E 4 Freeze-drying 48h
* b h # .
24 ‘l #
CNF

Figure 1. Flow chart of CNF/GO/MMT composite aerogel preparation
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Table 1. Density of composite aerogel samples
* 1. BEARRRHRNEE

Fe i HJF (glem’)

CNF 0.0063
CNF/GO/MMT-5% 0.0647
CNF/GO/MMT-10% 0.0832
CNF/GO/MMT-15% 0.1132

Figure 2. Sem images of CNF/GO/MMT-10% aerogels
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Figure 3. (A) Thermal conductivity of CNF and CNF/GO/MMT aerogels, (B) Thermogravimetric curves of CNF and
CNF/GO/MMT aerogels, (C) Infrared thermography images of CNF and CNF/GO/MMT aerogels
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Figure 4. (A) Stress-strain curves of CNF and CNF/GO/MMT-10% aerogel, (B) Physical drawing of CNF/GO/MMT-10%
aerogel, (C, D) Comparison of CNF/GO/MMT-10% aerogel before and after subjecting it to 1 kg weights
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Figure 5. (A, B, C) Comparison of CNF/GO/MMT-5%, CNF/GO/MMT-10%, and CNF/GO/MMT-15% aerogels before and
after combustion, (D) Comparison of the length of composite aerogels before and after combustion
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