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Supplementary Figures and Tables
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Fig. S1 Plots of graphene yield and productivity as a function of diameter of bead after the
grinding of flake graphite with an initial concentration of 50 mg mL™ for 17 h. a Change of
graphene yield with the diameter of ZrO> bead. b Change of graphene productivity with the
diameter of ZrO> bead. The results show that graphene yield is improved from 28.39% to
55.81%, and its productivity is improved from 1.67 to 3.28 g h™t L* when the bead diameter
decreases from 10 to 0.5 mm

Fig. S2 SEM image of the used flake graphite
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Fig. S3 Influence of microbead weight on the yield of graphene. The initial graphite
concentration is fixed to be 1 mg mL*
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Fig. S4 Rheological behavior of the grinded mixture. a Change of storage modulus (G') and
loss modulus (G”) with oscillation strain at a constant frequency of 1 HZ. b Viscosity-shear
rate curve. ¢ Digital photos before (left) and after stirring with a glass rod (right)

Fig. S5 SEM images of the exfoliated graphene nanosheets. a Low magnification. b High
magnification
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Fig. S6 XRD curves of graphite and the exfoliated graphene
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Fig. S8 SEM image of the surface of graphene/aramid nanofiber film, showing that the
nanosheets are covered by aramid nanofiber network
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Fig. S9 Tensile stress-strain curves of graphene/aramid nanofiber films with an increasing
graphene loading. a Graphene loading of 40%. b Graphene loading of 50%. ¢ Graphene
loading of 60%. d Graphene loading of 70%
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Fig. S10 a Through-plane thermal diffusivity of the composite film with an increasing
graphene loading. b Through-plane thermal conductivity

Table S1 Comparison of yield and productivity of graphene exfoliated by self-grinding with
other liquid-based direct exfoliation approaches

Concentration Yield Productivity C/O
Strategy (mg mL™) (%) @ bt LY Ip/lg ratio Refs.
1.01 10.1 0.168 - - [S1]
1 1 0.2 0.39 14.6 [S2]
1.5 15 0.75 0.54 24.64 [S3]
0.07 0.1 0.017 0.18 - [S4]
Shear 1.1 2.75 0.550 0.1-0.3 - [S5]
0.25 5 0.500 0.14 - [S6]
6 30 - 0.5 - [S7]
0.31 3.1 - 1.4 - [S8]
1.8 18 - 0.1-0.4 - [S9]
0.05 12.5 0.025 0.47 - [S10]
0.54 27 0.023 0.28 - [S11]
Ultrasonic 0.2 10 0.200 - - [S12]
1.5 30 0.066 0.38-0.45 9.2 [S13]
0.992 49.6 0.496 - - [S14]
0.01 1 0.02 - - [S15]
- 40 - 0.2 21.2 [S16]
s 2.6 26 0.430 0.25 - [S17]
Ball milling 0.175 25 0.014 0.38 - [S18]
1 - - 0.55 7.06 [S19]
.. This
Self-grinding 50 80.5 1.68 0.33 23.15 work

Table S2 Comparison of mechanical and thermal conduction properties of the bioinspired
graphene/aramid nanofiber films with other graphene-based composite films

Materials (wt/wt) Nanosheet Organic phase Sg/i ;n W mKl K1) Refs.
rGO/CNF (40/60) oriented nanofiber 1.2 ~7 [S20]
rGO/CNF (50/50) oriented nanofiber 1 7.3 [S20]
rGO/CNF (30/70) oriented nanofiber 1.4 6.168 [S21]
rGO/CNF (50/50) oriented nanofiber 0.75 45 [S22]
rGO/PVDF (27.2/72.8) oriented polymer 15 195 [S23]
rGO/PDA (44.4/55.6) oriented polymer 6 13.42 [S24]
Graphene/PVDF (40/60) oriented polymer 2.5 20 [S25]
Graphene/PVDF (50/50) oriented polymer 1 28 [S25]
Graphene/PVDF (60/40) oriented polymer 1.25 41.64 [S25]
Graphene/PVDF (10/90) random polymer - 1.47 [S26]
Graphene/PE (10/90) random polymer - 1.84 [S26]
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Graphene/PVDF (20/80) random polymer - 2.06 [S27]
Graphene/PVDF (10/90) random polymer 12 15 [S28]
Graphene/PVDF (10/90) random polymer - 2 [S29]
Graphene/PVDF (25/75) random polymer - 10 [S29]
Graphene/ANF (20/80) random nanofiber 14 4 [S30]
Graphene/ANF-X (40/60) oriented nanofiber network 18.6 48.2
Graphene/ANF-X (50/50) oriented nanofiber network 15.3 76.9 This
Graphene/ANF-X (60/40) oriented nanofiber network 8.6 85.6 work
Graphene/ANF-X (70/30) oriented nanofiber network 5.5 91.3

rGO: reduced graphene oxide, CNF: cellulose nanofiber, PVDF: polyvinylidene fluoride, PDA:
polydopamine, PE: polyethylene, ANF: aramid nanofiber, ANF-X: aramid nanofiber network.
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