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Table S1. Correspondence between mass fractions and volume fractions of AINw in

the composites.

Sample Mass fraction of AINw Volume fraction of AINw
(Wt%) (vol%)
NFC/AINw-20 20 10.2
NFC/AINw-40 40 23.2
NFC/AINw-60 60 40.5

NFC/AINw-70 70 514




Figure S1. Digital photographs of AINw grown in the crucible.
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Figure S2. The I(100/I002) of AINp, as-synthesized AINw and AINw after ball milling.



Figure S4. SEM image of AINw with different magnifications.
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Figure SS. XRD pattern of AINw after ball-milling.



Figure S6. The macroscopic morphology of pure NFC film.

Table S2. XRD information of NFC/ AINw -x composite films

Sample L100) Loo2) L100y/T002)
NFC/AINw-20 12810 1037 12.4
NFC/AINw-40 10264 838 12.2
NFC/AINw-60 9442 916 10.3
NFC/AINw-70 8384 971 8.6
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Figure S7. The I(100)/I(002) of NFC/AINw-x composite films.

Figure S8. The cross-sectional SEM images of the NFC films with different filling

fraction: (a) pure NFC; (b) NFC/AINw-20; (c) NFC/AINw-40; (d) NFC/AINw-60.



Simulation process of the interface thermal resistance between AINw and NFC
matrix by the EMA model

According to the EMA model, the in-plane thermal conductivity can be calculated
using the following equation’-2:
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A=Au=An=An (1)

where 4;; and 4,, referred to the thermal conductivities of the composite film in
different in-plane directions, 4,, and 4, was the thermal conductivity of the polymer
matrix and the filler, respectively; V; was the volume fraction of the filler, d was the
diameter of the filler, @ was the angle between the axis of symmetry at a local position
within the composites and the direction perpendicular to the plane, and R, represented
the interfacial thermal resistance between the filler and the matrix. For the NFC/AINw
composite film, 4,, was taken as 1.63 W-m'!-K-!, 1, was taken as the theoretical value
of AIN thermal conductivity (320 W-m!-K-), and d was set to 2 um. The average value
of 6 was calculated by selecting over 10 AINw in the SEM image of the composite film
cross-section. In equation (1), all the parameters are known except for R.;. By varying
the value of R.;, the thermal conductivity 4 of the composite film was calculated and

fitted with experimental data.



Simulation process of the interface thermal resistance between AINw using Foygel
model
In order to calculate the interfacial thermal resistance (R.;) between AINw, we
introduced the Foygel model. This model was defined as follows* 4
KV, p)=Ko(Vy=Ve)” 2)

where K represented the prefactor contribution of the thermal conductivity from the
individual AINw filler network, ¥, was the volume fraction of the filler, V', was the
critical volume fraction of the filler at the thermal percolation threshold, obtained from
equation (3); p represented the aspect ratio of AINw (p = L/d), where L was the length
of AINw (~94.97 um) and d was set to 2 pm. #(p) denoted the thermal conductivity
exponent based on the aspect ratio of AINw. The values of K, and #(p) were obtained
by fitting the thermal conductivity (K) of the composite film using equation (2). Based
on these parameters, the contact thermal resistance (R;) between the fillers could be

calculated using the following equation:

Ro=(KoLV./ ") “4)
The calculated value of Ry was 1.10 x 103 K/W, and the average contact area between

adjacent AINw fibers could be calculated using the following equation:
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By using equations (5) and (6), we obtained a value of As was 117 x 1011 m2,

Consequently, the interfacial thermal resistance between AINw (R.,) was calculated as

1.29 x 10 m?K/W.

Table S3. Comparison of in-plane thermal conductivity between NFC/AINw composite

film and some previously reported composite films.

Composites Loading(wt%) 1, (WimK)) References
NFC/AIN 25.0 4.20 5
PVA/ND@PDA 10.0 5.86 6
NFC/MgO@rGO 20.0 7.45 7
PVA/SiCNWs 50.0 14.1 8
CNC/BNNTS 20.0 13.33 9
PVA/NF-BNNS 94.0 6.90 10
NFC/MBP 15.0 17.60 11
PVA/FGN 80.0 21.60 12
PVA/MWCNT-BN 20.0 11.49 13
CNF/H-MoS,@SiCNWs 40.0 19.76 14
PVA/Si;NyNWs 50.0 15.40 15
PVA/rGO 5.0 4.00 16
PMIA/AIN 50.0 17.30 17
NFC/AINw 20.0 18.04 This work

NFC/AINw 70.0 22.78 This work




Heat transfer simulation process for pure NFC, NFC/AINp, and NFC/AINw models

Finite element simulations was carried out to simulate the heat transfer processes of
three typical models, that was pure NFC, NFC/AINp, and NFC/AINw films, using the
COMSOL Multiphysics 5.4 software. For ease of setting the heat source surface, we
modeled the NFC matrix as a cylindrical ring with an inner diameter of 10 um, an outer
diameter of 100 um, and a thickness of 10 pm. In the model of the NFC/AIN spheres
composite film, AIN spheres were approximated as spherical particles with a diameter
of 1 um. A total of 156 AIN spheres particles were randomly distributed within the
matrix. In the model of the NFC/AIN whiskers composite film, AIN whiskers were
approximated as rod-shaped structures with a length of 30 um and a diameter of 1 um.
A total of 28 rods were arranged in the in-plane direction of the NFC matrix, ensuring
that the total volume of AIN whiskers was equivalent to that of AIN spheres. The
material properties were selected from the built-in material library of the software. The
initial temperature of the inner surface of the cylindrical ring was set to 373.15 K as the
heat source, while the initial temperatures of the remaining regions were set to room
temperature, 293.15 K. Transient temperature distributions of the three models were

computed and simulated.
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