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Abstract: Nanocellulose, a new bio-based nanomaterial, shows great application potentia in many fields
due to its excellent mechanical properties, surface chemical modifiability and other characteristics.
However, the high flammability of nanocellulose restricts its application to a large extent, therefore
improvement on its flame retardancy is of great significance. In this review, the common methods for
synthesis of flame-retardant nanocellulose-based materials were firstly introduced, with emphasis on the
preparation of intrinsic as well as additive nanocellul ose based flame-retardant composite materials. Severa
main types of flame-retardant nanocellulose-based materials (including film, aerogel, filament, etc.) and
their applications were then summarized. Finaly, the future development direction of flame retardant
modification on nanocellulose was discussed.
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Fig. 1 Photographs and TEM image of phosphorylated NC
dispersion (a)!®'; Photographs and TEM images of
borylated bamboo pulp-derived NC (B/Q-NFC and
L-B/Q-NFC) suspensions (b)!¥: Photographs and
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Fig. 2 Photographs of NC (al), montmorillonite dispersion

(a2), and CNF/montmorillonite mixed dispersion
(a3) as well as Schematic diagram of preparation

process (b) and digital pictures (c. d) of composite
nanopaper™; Schematic diagram of preparation
process of NC-based films by LbL approach (e)!?*
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Fig. 3 Flame penetration tests performed on uncoated and CNF/MTM coated epoxy resin composites of fire and its shielding

mechanism (a)?”!; Pictures of highly transparent CNF/monolayer clay hybrid film and self-extinguishing (b)?®;
Potential application of flame-retardant NC based film FR-TENG in sensor and fire alarm (c)!

LIU 22900 IE i A e B+ (AC) Rt
1k CNF iy Jsokt, i AR BRIl 45 T ACICNF
HEW, 15 AC i34 60%0 il % 7 A2 2k
FRREEM B . MR A, WA E R A
F 70%. ZHANG %1305yt fay e i i 1 Ak AL AR AF
VB W2 A TP ik W TR Ak £ 4 3 98 OK A 4

(B-PCNFs), Jfillim Ml be kil & T ARSI E
i) P-NC ( B-PCNFs) A& A A ZE N B-PCNFs

M (B -PCNFs ), W52, M TARBRILEM
R, B -PCNFs [t B-PCNFs HEAPERETE I, fck
PR AR AL T AR UM AR TR 87.3% (21.1W/g ),
CHEN Z5BUHIAR[F W 1 = &8 &8 7 (APA
Fe* )it CNC, R A M D #5547 CNC i
LB 5 CNs YBRIR SR 1 s & 2B 3c Bk, il 4 i
JIE LA A ) SR AN O PE BE o AT, Y CNC il
JRZE B SR TRt VA E AR . Bt WANG %0



* 956+ # 2w 4L T FINE CHEMICALS

541

R EAS TR, Wl T B R R B
AERY NC FEEEYIK KL (FR-TENG) (& 3c).
BT (TA) SRSk R (TA-BPNS) Fil
FEfR (PA) YE AWM EIBHAAFIER I E) CNF il 2
CNF-BP-PA I, BriRghkek (AgNWs) 1E A S HLZ,
7£ CNF-BP-PA MR T IN A AgNWs 7K /31l , i
T EAS S IE T, 155 CNF-BP-PA/AgNWS JiE
5 LOI 2y 18.34%¥1) 4l CNF fEAH [t , CNF-BP(2%)-PA
JESF CNF-BP(2%)-PA/AgNWSs fIE LOI 4348 3
38.57%F11 39.10%, % M TA-BPNS Fl PA 1458 1752 &
JEE Y BELIRPE . BT CNF-BP-PA/AgNWSs i Il % (1)
FR-TENG, ELA R 45 114 BEAA M FOX I 88 e 1) e
P, AR FIEBE . Tl A A R PR A
T,

2.2 BABRE! NC ESRK

NC JEAEE & — R IR 1% A W A4 R, ] LASE
R TR SGRE IE ATEA NC KRR #l4 .
NC il 5 19 S BE A BN ELA 5 58 S BRI AR % B
LB LA A A /NSRRI, I A R AR AT [
fif e . A AR R S Y T R RE AR A, mT L
e a7 A O R S EEER AT e 6 AN (T
NC J&—F = 2 A MR RE, B NC ABE R H:
e FL BRI 5 b 2 T AR B 2 5 Bl ok, AT B A
THRH . TR TR, e AR
M 246 2% 1 1 LA S AU BRE: RE P A T KR 42 s LR
BRVE . a5 TEALEA LB A &, Al i A B
I NC BN -

MoS, HAT B AR T 448 R HIORN R 4 1 PR
YANG %A1, CNFs Fil MoS, 44K F 4 50k, il % T
MO0S,/CNFs & & BEIE - M0S, 40K F 15 5k i 2 1
TR K 5B, Tl A . O, AN 15 i
SBEIE o BEAE, Mo R BB N 41 4 2 SR 5% ok i T2
B, MIMEE T2 &S ER M BHAYE . £ MoS, 44
K AR 10.9%F0, 2 A SREER LOI Al ik
34.7%, TEHEIE S AL, Hog KA HGE %
31 kW/m?, BB N 0.4 MIm?, H SR 2
AL, R 28 mW/(m-K)., FAROOQ %535@ 3 fin A
WRER SN 4 T CNF B A B, FEAS R B
SHORMETRE T, AR 7B . Mk
Fii S AN T i BCR A0%MT, % BELR BRI 1) Fse /MR
e BE R 0.20 cm/s, i AL T4l CNF EEK 1) 5.84
cmis; YHFTRAMECN 20%I, %A S ER R
I BH A ERE . BRSPS R E I N, S —Fp
ARHIBRRICE . LI B P-NC, BT MXene
TRA A3 22 T A FL IR ) & A S BE R PGM
KBRS, K 4a),

Zctching Somcatloh Y 2
== t = &

ERoH
____________ d-Ti;C,T, _ NH !
EUBZZry Agitation OHOH
o Gelatin

10
Phosphorylation %g% 3

Bucal
5P
/ Defibration .
Lignin CNF/gelatin/

N ‘
Cellulose MXene solution

PLCNF
Unidirectional l Freeze-drying
/freeze casting )

)

Lignocellulosic fiber

Sulfamic acid urea

mechanical pulp Thermal

insulation

0Oy 0
R-OH+ , +§9~R0§-O
H;N o) O NH;

R=cellulose, hemicellulose,
and lignin

Kl 4 NC ¥ PGM BER Ml 4R EE (a) B9 T4
SERER-IK % DES IR R il %5 LCNF S H PR | B
REERH R A (b) 11

Fig. 4 Schematic diagram of preparation process of NC-

based PGM aerogel (a)*¥; Schematic diagrams of
preparation LCNF and its flame-retardant and
heat-insulating aerogels based on sulfamic-urea
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