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Characterizations.

X-ray diffractometer (XRD, Rigaku, SmartLab, Japan) measurement was used to
analyze the crystal structure of samples. Fourier transform infrared spectroscopy
(FTIR, Bruker, TG209F3, Germany) were carried out to analyze functional group of
samples. X-ray photoelectron spectroscopy (XPS, Thermo Scientific, Escalab 250Xi,
England) was performed to characterize the chemical structure of samples. The
morphology of samples was using a scanning electron microscope (SEM, Hitachi, S-
4800, Japan and Zeiss, Sigma 500, Germany), atomic force microscopy (AFM, Hitachi,
AFM5500M, Japan), and transmission electron microscopy (TEM, JEOL, JEM-2100,
Japan). Raman spectrum were conducted by in micro-raman spectroscopy (Via-Reflex,
Renishaw, England). Energy dispersive X-ray spectroscopy (EDS) was used to conduct
the element analysis of the sample. The oriented structure of composite was analyzed
by 2D Wide-angle X-ray scattering (2D WAXS, Xenocs, Xuess3.0, France). The Zeta
potential of the samples was characterized by nano laser particle size meter (Malvern,
Zetasizer Nano-zs90, England). The contact angles and the surface tensions of samples
were measured by optical contact angle measuring instrument (Kruss, DSA30S,
Germany). Thermogravimetric analysis was tested the content of IL for modifying
BNNS (TGA, Setaram, Labsys evo, France). The mechanical properties of composite
were characterized on a universal material testing machine (Instron 5967, USA).
Temperature distribution images of the composites were obtained via an infrared
thermograph (FLIR Systems, FLIR T1040, USA). Volume resistivity was measured by
automatic resistance measuring instrument (GEST-121A, China). The limited oxygen
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index was measured by an oxygen index meter (Nanjing Shangyuan HC-2CZ, China).
Total heat release (THR) and peak heat release rate (PHRR) were characterized by
microscale combustion calorimeter (MCC-3, Deatak, USA).
The in-plane thermal conductivities (k) were obtained by the equation
K=oy Cyxp (51)
where qy, C, and p respectively correspond to in-plane thermal diffusivity, specific
heat capacity, and density. The oy and C, were measured using a Netzsch LFA 467 and
a TA Q2000 Instruments, respectively. p was achieved by the ratio of the mass and
volume of the sample.
Calculated surface energy
Vg = Vgg ™ V}g€OS O (S2)
where vy, Vsg, Vig, and O are solid-liquid interfacial energy of BNNS and H,0 (or IL
solution), solid-gas interfacial energy of BNNS and air, liquid-gas interfacial energy of
H,O0 (or IL solution) and air, and equilibrium contact angle of liquid on the solid surface,
respectively. y;; and 6 were obtained from measurements of surface tension and

contact angle from Fig. S2 and Fig. 2a, respectively. y is calculated by the formula (S3)

[1].
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where Ysg and Yse are the dispersive and polar components of the surface energy for

d P
BNNS and air. Yse and Yseare calculated by Wu’s equation (S4) [2].
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where vy is the total surface energy, and y¢ and yP are the dispersive and polar

components of the surface energy, respectively (Table S1). 8 is contact angle.
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where YH20 and Yelycerolwere the total surface energy of H,0 and glycerol. Yh20 and

P d
Y20 are the dispersive and polar components of the surface energy for H,0. Yeiycerol

p
and Yelycerol are the dispersive and polar components of the surface energy for glycerol

(Table S1). 6 are contact angles of water and glycerol on the surface of FL-BNNS (Fig.

s3).
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Fig. S1 Imidazolium ionic liquids with different carbon chain structures.
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Table S1 Surface tension of water and glycerin

Liquids y (mJ-m?) v¢(mJ-m2) yP (mJ-m-2)
H,0 72.8 21.8 51.0
glycerol 63.4 37.0 26.4
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Fig. S2 The contact angle and surface tension as the function of the mass fraction of IL with different side carbon

chain lengths.

S7



H,O/FL-BNNS

Fig. S3 Contact angles of H,0 and glycerol on the surface of FL-BNNS, respectively.
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Fig. S4 The solid-liquid surface energy as a function of the mass fraction of IL with different side carbon chain

lengths.
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Fig. S5 N 1s XPS spectra of 16-IL, h-BN, and 16-IL@BNNS.
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Fig. S6 XPS full spectra of h-BN, 16-IL, and 16-IL@BNNS, respectively.

Table S2 Comparison of atomic concentration of C, N, and B in h-BN and 16-IL@BNNS by the XPS full spectrums.

Atomic concentration (%)

N/B atomic N/C atomic

Samples
C1ls N 1s B 1s ration ration
h-BN 2.30 443 524 0.85 19.3
16-IL@BNNS 12.1 39.5 46.8 0.84 3.26
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Fig. S7 Raman of h-BN, FL-BNNS, and 16-IL@BNNS, respectively.
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Fig. S8 TGA of 16-IL, h-BN, and 16-IL@BNNS, respectively.
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Fig. S9 XRD patterns of h-BN, FL-BNNS, and 16-IL@BNNS, respectively.
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Fig. $10 AFM topographic image of (a) FL-BNNS, (b) 16-IL@BNNS, and (a)BNNS and curves of surface scale.
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Fig. S11 TEM of (a) FL-BNNS, (b) 16-IL@BNNS, and (d) BNNS, HRTEM of (c) BNNS.
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Fig.S12 kyand k. of 16-IL@BNNS/ANF with different filler loading.
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Fig. S14 Relationship between temperature and thermal conductivity of 16-IL@BNNS/ANF.
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Table $3 Thermal conductivity (TC) of BNNS-based composites at room temperature

Materials Loading TC (W m1K?) Interface structure References
BNNS/PVDF 60 wt% 11.88 none (3]
MVQ/ABN 54 vol% 6.34 none 4]
Wax-BNNS 50 wt% 3.47 none [5]
PVDF/BNNS 4 wt% 4.69 covalent bond [6]
APTES-BNNS/EP 40 wt% 5.86 covalent bond [7]
f-BNNS/SCLCP 30 wt% 2.46 covalent bond [8]
BNNS/EVA 50 wt% 13.2 van der Waals [9]
NF-BNNS/PMMA 80 wt% 10.2 physical adsorption [10]
CNFs/BNNS-p-APP 33.3 wt% 9.10 electrostatic interaction [11]
Epoxy/3D-C-BNNS 9.6 vol% 3.12 hydrogen bond [12]
LS0.2-BN/CNF/CNF 50 wt% 1.22 hydrogen bond [13]
PVA/30BP-2.7BNNS 31.92 wt% 9.45 hydrogen bond [14]
m-BN/PVDF 40 wt% 6.50 Tt-TU [15]
BNNS@PDA/ANF 50 wt% 3.94 T-TC [16]
PEI/(PI-BN) 60 wt% 33 Tt-TU [17]
PVA/BNNS-PDA-Ag/GO 14 wt% 7.04 -1 (18]
BNNS/HBPE@PSF 40 wt% 3.28 CH-mtand -t [19]
BNNS/PVA 92.5 wt% 12.2 cation-it [20]
BNNS/Si-GFs/E-44 15 wt% 2.75 cation-mt [21]

16-IL@BNNS,0/ANF 40 wt% 15.2 cation-mt and CH-nt This work
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Fig. S15 (a) The infrared thermal images and (b) the central point and edge temperatures curves of ANF,

BNNS40/ANF, and 16-IL@BNNS,4,/ANF at different times, respectively.
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Fig. S18 (a) Steady-state temperature profile of IL;@BNNS, ILs@BNNS and IL;,@BNNS obtained using the NEMD.

(b) ATE as a function of the time in steady state for IL,@BNNS, ILs@BNNS and IL;, @BNNS, respectively.
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Fig. S19 Mechanical properties of 16-IL@BNNS4,/ANF with temperature variation.
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16-IL@BNNS/ANF

Fig. S21 Digital image of 16-IL@BNNS/ANF on setaria viridis.
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