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Fig. S1. (a) SEM image and (b) AFM image of GO sheets.
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Fig. S3. SEM images of morphologies of P6G4-2800 observed along (a, b) Z-axis, (¢, d) X axis,
and (e, f) Y axis

S2/510



Nano-Micro Letters

40 - 0.60
35
30
25 0.40
£
320
15
0.20

I

I 0
5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
X (um) X (um)

Fig. S4. Raman mapping images of (a) PAA-2800, and (b) GO-2800

Fig. S5. SEM images of morphologies of (a-¢) GE4 and (d-f) GE4-70% observed from three

directions
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Fig. S6. (a) Comparison of thermal conductivities of GE4 in three directions. (b) Comparison of
thermal conductivities of composites with isotropic aerogel (IGE4), and unidirectionally and
bidirectionally orientated aerogels
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Fig. S7. Longitudinal view SEM images of (a) IP6G4-2800 and (b) UP6G4-2800. Transversal
view SEM images of (c) IP6G4-2800 and (d) UP6G4-2800
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Fig. S8. (a, b) XRD patterns of P6G4-2800, IP6G4-2800 and UP6G4-2800. Raman mapping of

(c) 1P6G4-2800 and (d) UP6G4-2800. The average Ip/lc of IP6G4-2800 and UP6G4-2800 are
~0.030 and ~0.031, respectively
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Fig. S9. TGA curves of epoxy and epoxy/LSGA composites

Fig. S10. Fracture surfaces of (a, b) epoxy and (¢, d) GE4-70%
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Table S1. Detailed ingredients of PAAS/GO hybrid aerogels

Aerogels PAA (9) TEA(Q) GO (9) Water ()
PAA 1.60 0.77 0 37.63
POG1 1.44 0.69 0.16 37.71
P8G2 1.28 0.61 0.32 37.79
P7G3 1.12 0.54 0.48 37.86
P6G4 0.96 0.46 0.64 37.94
P5G5 0.80 0.38 0.80 38.02
P4G6 0.64 0.31 0.96 38.09
P3G7 0.48 0.23 1.12 38.17
GO 0 0 1.60 38.40

Table S2. Filler contents, through-plane thermal conductivities of graphene/epoxy composites,
and average Ip/lc values of LSGAs

Composites  Filler content  Filler content  Average lo/lc Thermal conductivity
(Wt%o) (vol%) of LSGAs in direction Z (W mt K1)
GE1l 4.42 2.39 0.087 6.2010.20
GE2 2.29 1.22 0.072 6.5340.33
GE3 1.60 0.86 0.044 6.0740.38
GE4 1.23 0.68 0.036 6.5140.41
GE5 0.99 0.53 0.028 5.5740.30
GE4-30% 1.65 0.88 0.036 7.6640.69
GE4-50% 2.7 1.45 0.036 12.7740.90

GE4-70% 4.28 2.30 0.036 20.03+.11
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Table S3. Comparison of thermal conductivities and specific TCE of our composites with those
reported in the literature

Ks=in-plane

i i Content Specific
Fillers Matrix K= through-plane Ref.
(vol%) TCE
(WmtK1)
RGO Epoxy ~0.53 1.4 ~1132 [1]
GNP Epoxy 2.80 15 ~244 [2]
GNP Epoxy ~5.57 1.53 ~119 [3]
GNP/CNT Epoxy ~6.22 1.75 ~125 [4]
3D graphene aerogel Epoxy 0.92 K.=213 ~1332 [5]
3D BNNS network Epoxy ~9.29 K.=2.85 ~181 [6]
Graphene SBR 15.0 2.92 ~90 [7]
GNP Octadecanol ~3.83 3.55 ~395 [8]
3D graphene foam Wax 1.23 3.6 ~1500 [9]
Graphene woven fabrics Pl ~7.79 K,=3.73, K.=0.41 ~182 [10]
3D BNNS network Epoxy 34.0 K.=4.42 ~66 [11]
3D graphene aerogel Octadecanol ~1.58 4.28 ~1065 [12]
3D BN-RGO network Epoxy 13.16 K.=5.05 ~206 [13]
Graphene Epoxy 10.0 51 ~230 [14]
RGO/GNP aerogel Octadecanol ~4.67 5.92 ~541 [15]
Aligned BN aerogel Epoxy 15.0 K.=6.07 ~196 [16]
GNP/CNT Epoxy 50.0 7.3 ~71 [17]
Aligned graphene aerogel ~ Wax ~1.31 K,=2.68, K.=8.87 ~1858 [18]
Graphene flakes PVDF 25.0 K,=10.19 ~196 [19]
Graphene foam/
NR 6.20 K/,=10.64, K.=3.0 ~1300 [20]

Graphene sheets
GNP Epoxy 25.0 12.4 ~282 [21]
3D graphene aerogel PDMS ~5.34 K,=28.77, K.=1.62 ~2974 [22]
GNP Epoxy ~6.60 K,=33.54 ~2526 [23]
Aligned graphene aerogel  Epoxy 19.0 K,=17.1, K.=35.5 ~884 [24]
Worm-like expanded

. Wax ~16.0 K,=40 ~1243 [25]
graphite
BNNS Aramid nanofiber  ~21.5 K,=46.7, K.=0.13 ~266 [26]
Aligned graphene aerogel Epoxy 2.30 K1=20.0 4310 V-\I;::sk
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