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Figure S2 Effect of rolling thickness of single layer of composite on thermal conductivity
for VCB-73.68 wt% -X.
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Figure S1 Microstructure of various rolling thickness of single layer of composite with 73.68

wt% filler loading in top view.
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Figure S2 Effect of rolling thickness of single layer of composite on thermal conductivity for

VCB-73.68 wt% -X.



Figure S3 Adhesion test of VCB composite.
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Figure S4 Preparation process of VCB composites and corresponding photos.



Figure SS Optical photography of the VCB composite after sclicing.

Figure S6.Photographs of VCB composite in flat and bent states.
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Figure S7 Characterization of carbon fiber (CF). (a) Opticial photography of CF. (b) SEM

image of CF. (c) Microstructure of CF in cross-section view. (d) Statistical diagram of length

distribution for CF. (¢) XRD pattern of CF. (f) Raman spectrum of CF.
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Figure S8 Characterization of hexagonal boron nitride (BN). (a) Opticial photography of BN.

(b-c) SEM image of BN. (d) Statistical diagram of lateral size distribution for BN. (¢) XRD

pattern of BN. (f) Raman spectrum of BN.
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Figure S9 Integral intensity of (002) crystal vs azimuth angle curves of VCB-73.68 wt%-X,
VCB-73.68 wt%-Y and VCB-73.68 wt%-Z.
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Figure S10 Compression stress-strain curve of VCB-73.68 wt%-X.
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Figure S11 Deformation of VCB composites with increasing pressure.
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Figure S12 Schematic of the ANSYS simulation models and the boundary conditions.
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Figure S13 Schematic of the ANSYS simulation meshing models.
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Figure S14 Surface topography of VCB -73.68 wt%-X and VCB -73.68 wt%-X-LM.
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Table S1 The parameters for calculating the through-plane thermal conductivity of PDMS and

the VCB composites.

Specific heat

Thermal diffusivity . Density Thermal conductivity
Sample capacity
(mm? s) Jg'KY (g cm?) Wm1K1)
PDMS 0.11 1.52 1.03 0.16
VCB-55 wt%-X 18.09 £ 0.23 25.67+0.32
VCB-55 wt%-Y 6.13+£0.21 1.10 1.29 8.71 +£0.29
VCB-55 wt%-Z 1.10£0.01 1.55+0.01
VCB-60 wt%-X 19.07 £ 0.84 27.13+1.20
VCB-60 wt%-Y 7.41+£0.21 1.07 1.33 10.54 +£0.30
VCB-60 wt%-Z 1.13+0.01 1.61 £0.01
VCB-65 wt%-X 22.98 +£1.07 32.82+1.53
VCB-65 wt%-Y 8.28+0.33 1.05 1.36 11.83 +£0.47
VCB-65 wt%-Z 1.28 £0.01 1.83 £0.01
VCB-70 wt%-X 26.84 +£0.28 39.08+0.41
VCB-70 wt%-Y 9.87+£0.36 1.04 1.40 14.37 +0.53
VCB-70 wt%-Z 1.30£0.01 1.87+0.01
VCB-73.68 wt%-X 3548 £1.10 51.90 £ 1.62
VCB-73.68 wt%-Y 11.84 +1.04 1.03 1.42 17.32+1.53
VCB-73.68 wt%-Z 1.42 +£0.01 2.07 £0.01
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Table S2 Comparison of thermal conductivity of our VCB composites with reported others CFs-
TIMs.

K
No. Alignment technology CF type Matrix Filler Loading (Wm' K- Ref.
D)
1 Ice template Milled fiber Epoxy CF 13 vol% 2.82 !
2 Ice template Milled fiber PDMS CF 12.8 wt% 6.04 2
3 Ice template Milled fiber Epoxy CF 30.52 wt% 9.68 3
4 Electrostatic flocking Milled fiber Silicone rubber CCIE_T 4.01 wt% 8.92 4
5 Electrostatic flocking Milled fiber AB resin CF 13.4 wt% 153 3
6 Electrostatic flocking Milled fiber FKM CF 13.2 wt% 23.3 6
7 Magnetic Milled fiber Silicone rubber CFs 9 vol% 4.72 7
. . . CF/ 20 vol%/ s
8 Magnetic Milled fiber silicone rubber ALO; 20 vol% 26.49
9 Magnetic Milled fiber PDMS CF 47.3 wt% 45.01 o
o . CF/ 12.1 wt%/ 10
10 3D printing Milled fiber PDMS ALO;  78.8 wt% 21.29
11 3D printing Milled fiber PDMS CFs 60 wt% 35.22 1
. . CF/ 24 vol%/ 12
12 3D printing Milled fiber PDMS ALO; 47 vol% 38
13 Pressing Continuous fiber OBC CF 20 wt% 5.63 13
NiC
o@ BWW% 1555
14 Pre-array Continuous fiber PDMS 14

CFs 44.46 wt% 34.94

15 Pre-array Continuous fiber PDMS CF 20 vol% 43.47 15
. . . 10.6Wt%/ 16
16 Pie-Rolling Milled fiber PDMS CF/Al 744 Wi% 10.46
17 Press-Rolling Milled fiber PDMS CF/BN  73.68 wt% 51.9 This work
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Table S3 Comparison of thermal conductivity and density between composites with carbon fiber-
based, BN-based, and commercial TIMs as reported in the literature.

K P
. . Filler
No. Type Matrix Filler loading (W-m (gremr Ref
l.K—l) 3)
1 OBC CF 30 vol% 15.01 1.266 17
2 CF OBC/Paraffin CF 20 wt% 5.63 1.03 13
wax

based

3 Epoxy CF 49 wt% 32.12 1.48 18
PDMS CF 46.9 wt% 45.01 1.373 9
5 Epoxy BN flake/BN 50 wt% 427 1.24 19
sphere

6 BN PDMS BN 27.05 vol% 5.134 1.534 20
7 based PTFE BNNS 30 wt% 1.28 2.1 21
8 PU BNNS 80 vol% 11.5 1.77 2
9 PVP BN 62.6 vol% 12.1 1.3 23
10 Silicone rubber CF - 40 24 Dexerials, EX20000C4S
11 Silicone rubber CF - 35 2.2 Dexerials, EX20000C9S
12 Comm  Silicone rubber CF - 30 2.4 Dexerials, EX10000F7

ercial .

. Waretimo, WT5935C-

13 Silicone rubber CF - 25 2.6 250-65
14 Silicone rubber CF - 25 33 T-Globa, TG-AH25
15 CF PDMS CF 73.68 wt% 51.9 1.42 This work

based
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Table S4 Comparison of total thermal resistance and thermal conductivity between VCB-73.68
wt%-X-LM and TIMs which reported in the literature.

Tempe Thermal K
. rature resistence
No. Type Matrix Filler Flll.er Press Ref.
loading ure (W-nr
(°C) (K-cm?-W-1) e
1 Grease S‘ll)ci?“e Garlfl’q}fr?:/ 72 wt% 80 60 Psi 0.243 438 2
2 Grease S‘lfi?”e AIN 74.8 wt% - 50 Psi 0.962 1.55 25
. ;‘E})\gel PEG Graphene 7 Wi% 80 50 psi 0.5 1.23 2
PCM Ag flake/ 46 vol%/2.5 27
4 hydrogel OP nAgMWNT vol% 40 3 Mpa 0.305 43.4
Thermal Silicone Graphite/ . 2%
3 Pad ruber carbon fiber ) 80 30 Psi 1.8 19.1
Thermal . 15
6 Pad PDMS Carbon fiber 20 vol% - 20 Psi 0.6 43.47
Thermal Silicone o 0.69 2
7 Pad ruber BN 64.3 wt% - Mpa 0.39 1.01
Thermal : 30
8 Pad PDMS BN/LM 50 Vol% 18 Psi 2.53 32
Thermal Diamond o 560 11
9 Pad PDMS LM 89.1 wt% Kpa 0.38 29
Thermal Carbon o 100 This
10 Pad PDMS fiber/BN 73.68 wt% 80 Psi 0.26 51.9 work
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