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nanosheets/nanocellulose composite
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Abstract: The potential of boron nitride nanosheets (BNNS) in thermal management materials is significantly
hindered by the inherent surface chemical inertness that leads to a substantial interfacial thermal resistance. To
overcome this limitation, hydroxyl-functionalized boron nitride nanosheets (BNNS-OH) were successfully
synthesized through a high-temperature alkali treatment coupled with liquid-phase assisted ultrasonication.
Subsequently, a vacuum filtration combined with compression drying technique was employed to fabricate BNNS-
OH/CNF composites. The hydroxyl groups on the surface of BNNS enhance compatibility with CNF and improve
the dispersion of BNNS, thereby reducing the interfacial thermal resistance. Furthermore, the one-dimensional
structure of CNF does not fully cover the thermal fillers, and the compression drying method effectively minimizes
the voids between the fillers and polymer, resulting in a dense layered structure. This facilitates better contact
between fillers, forming continuous thermal conduction pathways and enhancing the thermal conductivity of the
composite material. When loaded with 30wt%BNNS-OH, the thermal conductivity of the BNNS-OH/CNF
composite reaches as high as 14.571 W-m™".K"', approximately 819% higher than that of pure CNF films. In
practical heat dissipation applications, compared to CNF films, LED chips encapsulated with BNNS-OH/CNF com-

posite films exhibited a temperature reduction of 29.5°C within 150 s.
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Fig.1 Preparation diagram of hydroxylated boron nitride nanosheet/cellulose nanofiber (BNNS-OH/CNF) composite
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Fig.2 Digital photos of the BNNS-OH, BNNS and the original h-BN dispersion: (a) Initial; (b) After 7 days of rest; (c) After 21 days of rest
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Fig.3 SEM images of the original h-BN (a), BNNS-OH (b) and BNNS (c)
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Fig.4 XRD patterns of the original h-BN and BNNS-OH
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Fig.5 (a)FTIR spectra of the original h-BN, BNNS, BNNS-OH; XPS spectrum of BNNS-OH: XPS full spectrum (b) and B1s spectrum (c)
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Fig.6 SEM images of the BNNS-OH/CNF composites (Surface (a) and cross section (b)); (c) XRD patterns of BNNS-OH/CNF

composites with different filler content
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2.6 BNNS-OH/CNF £ & # # #9 S BR Rz A

i T° BNNS-OH/CNF & & M B E A m T %
R ) R RE M AL A 2 e e o PR, AR Y
b S BT TR T 1R 48 I IR 7 T B AV
FE /) R FH BT S o 8 i XF 4l CNF # 5 . BNNS-
OH/CNF & & ¥ A AT BRSPS B AT 52
B A8 o ke B AN 8] 10(a) P, R
1% LED it i (10 W) 1E S #45, FF LED ots i [

900

(b)

800 | I BNNS-OH/CNF

700

600

500

400

300

200

Thermal conductivity enhancement 7/%

100

10 20 30 40
Filler content/wt%
&7 KRFDES AR BNNS-OH/CNF & &M BTN T3 (a) FIFA TR 58K (b)
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Table1 Comparison of thermal conductivity of polymer-
based composites in other literature

Filler Matrix Loading/wt% TC/(W-m™-K™) Year
BNNS-Gly CNF 70 16.200 2021
BNNS-p-APP CNF 50 9.300 202181
APTES-BNNS Epoxy 40 5.860 202014
BNNS-OH CNF 30 14.571 This work

Notes: BNNS-Gly—Glycine-functionalized BNNS; APP—Ammo-
nium polyphosphate; APTES—3-aminopropyl triethoxysilane;
TC—Thermal conductivity.

FHAE L PR T, SRS I A
FECIAR L DL DR O . SR 5 1 FH 4T A FA
PGAKT LED St J 14 3 13 22 Ak B R i ig R 473
s, WE 10(b) A& 10(c) iz~ . 5 CNF #EAH Eb,
fii F§ BNNS-OH/CNF & 45 #i 5 (% LED Jts i 7E 150 s
IR FEREAL T 29.5°C, 4554 W], BNNS-OH/CNF
HAMEEAT RIAFHHCRTERE , GBI M 0 R 4R
SR T R (e S | R R e L= KT
CER LA AR 18 1 T o

60 | @ 60 58 (b) 3.0 -2-717 (©)
< 1
50 &
25 +
£ 40 % T \( g |
L = =
= £y S 20}
230 | CNF £ 40 5
[ |7Z]
& 10%BNNS-OH/CNF ° \ g 15} T~
20 ¢ Z 30 | 251 B 1.1
20%BNNS-OH/CNF 5] \_‘ 10 | \i
10 ¢ 30%BNNS-OH/CNF a ’
 AOUBNNS-OWCNF | 00, . . . . 05 L . . . .
0 05 1.0 1.5 20 25 3.0 35 0 10 20 30 40 0 10 20 30 40

Strain/%

Filler content/wt%

Filler content/wt%

B9 AU Y BNNS-OH/CNF &4 EHORL T - AL HIZE (a) . FLRISREE (b) AHRAHCR ()
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