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Figure S1

Figure S1. Upscaled synthesis of t-ZnO powder in collaboration with Phi-Stone AG.



Figure S2

Figure S2. Tunable template density: Representative SEM images and corresponding
schematics of ZnO networks with increasing density from a)-c), illustrating the adjustable
porosity of the templates.
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Figure S3

t-ZnO+GO t-ZnO+EG

Figure S3. Wet-chemical assembly of 2D carbon nanomaterials on ceramic template: SEM
images with increasing magnification (from top to bottom) of macroscopic t-ZnO network
coated with a)-c) GO sheets or d)-f) EG sheets.



Figure S4
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Figure S4. Resistance of t-ZnO template during infiltration with deionized water and the
following evaporation of the solvent. Please note that the strong scattering of the data points

after ~ 3 h results from increased noise in the high-resistance regime, which cannot be
accurately detected by the Keithley sourcemeter.
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Figure S5
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Figure S5. Assembly process of 2D carbon nanomaterials: Schematic 2D drawing of ZnO
microrods after infiltration with an aqueous dispersion of nanomaterial sheets, showing four
states (filled, partially dried, nearly completely dried, dried) of the subsequent proposed
assembly process on ZnO.
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Figure S6
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Figure S6. Adaption of template surface topography: a)-f) SEM images of a)-b) Aero-EG
and c)-f) Aero-rGO, revealing corrugated surface of the hollow microtubes. These surface
features arise from the ripples on the ZnO tetrapods, confirming highly conformant assembly

of the carbon nanomaterials on the template.



Figure S7
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Figure S7. Photograph of a macroscopic a
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Figure S8
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Figure S8. Macroscopic aeromaterials with complex shape: a)-d) Photographs of
macroscopic Aero-GO (16 mg cm™) sample, adopting the shape of a hollow cylinder with large
aspect ratio.
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Figure S9

Figure S9. Combination of nanomaterials: a)-f) SEM images of Aero-rGO-CNC (cellulose
nanocrystals) composites fabricated by wet-chemical infiltration of a ZnO template with an
aqueous dispersion of graphene oxide (GO) flakes and CNC followed by chemical reduction of
GO and template removal. The resulting tubular network is composed of a homogeneously
interwoven layer of rGO flakes and CNC.
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Figure S10

Figure S10. Functionalization of Aero-GO with CoFe204 nanoparticles: a)-i) SEM images
of Aero-GO after functionalization with magnetic CoFe>O4 nanoparticles. Due to the ultra-low
density, high specific surface area and high coverage, the macroscopic sample can be moved
with a magnet (Video S2, Supporting Information).
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Figure S11
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Figure S11. Raman spectra of the used t-ZnO template and the fabricated aero-networks.
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Table S1. List of wet-chemically prepared graphene-polymer composites and their electric
properties (from Figure 6). Adapted from ref.!

Polymer Filler Preparation Filler Conductjvity ~ Reference
mafrix method concentration (Sm™)
(vol.%)
ABS GO Coagulation 1 0.01 2
blending
Epoxy Aerogel Mixing 0.15 10 3
Epoxy rGO - Vacuum 0.28 1 4
infiltration
Epoxy rGO Casting 0.57 0.01 5
Epoxy GO Solution 0.7 107 6
blending
Epoxy Graphene Three-roll mill 0.8 7x10° 7
nanoplatelets
Epoxy GO Solvent-free 1.15 10°¢ 8
mixing
Epoxy Graphene Solution 1.8 107 ?
nanoplatelets blending
Epoxy Graphene Solution 1 10 10
nanoplatelets blending
Epoxy Graphene Solution 1.73 10 H
nanoplatelets blending
Epoxy Graphene LbL assembly 2.25 10 12
nanoplatelets
Epoxy GO Solution 3 10 12
blending
Epoxy Graphene Sonication 7.19 10 13
nanoplatelets
Epoxy Aerogel Solution 4 103 14
mixing
Epoxy Graphene Solution 1.73 0.01 15
nanoplatelets blending
Epoxy rGO In situ 1.15 1 16
polymerization
HDPE Graphene Solution 0.83 1.85 17
nanoplatelets blending
Hydrogel Aerogel In situ 0.23 10 18
polymerization
NR GO Coagulation 1.28 10 19
blending
NR Graphene Self-assembly 5 1 20
nanoplatelets
PAG6 Graphene Hot 0.6 1 21
compression
PA6 rGO In situ 1.64 0.028 2
polymerization
PA1l Graphene Masterbatch 2.68 52x10° 23
nanoplatelets extrusion
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PC rGO Melt 6.92 0.1 24
compounding
PCL rGO Solution 5 0.1 25
blending
PE Graphene Melt mixing 2.28 103 26
nanoplatelets
PI rGO In situ 0.0075 0.32 27
polymerization
PI Graphene In situ 1.3 107 23
nanoplatelets polymerization
PLA Graphene Solution 0.09 1 29
blending
iPP rGO Melt 6.92 0.01 24
compounding
PMMA rGO Self-assembly 2.6 1.2 30
PMMA Graphene Solution 2.5 10 3
nanoplatelets blending
P(MMA- Graphene Latex blending 6 217 32
co-BA) nanoplatelets
PS rGO Self-assembly 10 0.15 33
PS rGO LbL assembly 0.4 0.05 34
PS rGO Solution 0.86 15 33
mixing
PS Graphene Solution 1.1 3.49 36
nanoplatelets blending
PS Graphene Electrostatic 1.22 25 37
nanoplatelets self-assembly
PS Graphene Electrostatic 1.53 46 38
nanoplatelets self-assembly
PS Graphene Solution 4.19 13.8 39
nanoplatelets blending
TPU/PP rGO Melt mixing 0.82 106 40
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Figure S12
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Figure S12. Reversible buckling at central joint: Sequence of SEM images showing in situ
a)-d) reversible buckling of a hollow rGO microtube at central joint induced by a
micromanipulator and e)-f) the formation of a crack at the central joint after several deformation

cycles.
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Figure S13
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Figure S13. Reversible buckling of hollow tube: Sequence of SEM images showing in situ
a)-c) buckling of a hollow rGO microtube induced by two micromanipulators, followed by d)-
f) elastic recovery to its original shape.
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Figure S14

Figure S14. Nanosails: a)-b) SEM images of Aero-rGO (~ 10 mg cm) showing nanosails

between the rGO tubes, most likely arising from the wet-chemical assembly process of the GO
sheets and more frequently observed with increasing density of the aeromaterials.
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Supplementary Discussion

Template-Mediated Assembly of 2D Nanomaterials

The wet-chemical infiltration process is illustrated in Figure S5, showing four stages during
drying and associated assembly of the nanomaterials on the ZnO surface. As proposed, four
different interactions (a-d, Figure S5) between the solvent (water), nanomaterial sheet, and ZnO
govern this process. Firstly, the combination of the interactions a (nanomaterial-water) and d
(nanomaterial-nanomaterial) must allow for a stable dispersion of the nanomaterial sheets in
the water without the formation of any agglomerates. Secondly, the open porosity (up to 98%)
as well as the super hydrophilicity of the t-ZnO template (ZnO-water interaction) are crucial
for the wet-chemical infiltration process, since they enable infiltration of the nanomaterial
dispersion into the entire free volume of the network without any significant filtering effect. As
demonstrated in Video S1 (showing the infiltration starting at the top side of the template), the
water-based nanomaterial dispersion is soaked into the network and moves further down with
each infiltrated droplet. After completed infiltration (filled state in Figure S5), the entire sample
appears in a homogenous brown color (typical for the used GO dispersion) without any color
gradient from top to bottom of the sample, already indicating a uniform concentration of
nanomaterial sheets within the macroscopic network. This is highly important in order to ensure
homogeneous coating during the subsequent assembly process. As illustrated in Figure S5, the
nanomaterial concentration in the water increases with progressing evaporation of water. Due
to the hydrophilic nature of ZnO, water menisci form along interconnected ZnO tetrapod arms
at some point (partially dried state in Figure S5) in order to spread on the surface and minimize
the interfacial energy. At the same time, the distance between the nanomaterial sheets and the
ZnO tetrapod arms decreases, resulting in increased ZnO-nanomaterial interaction. With
ongoing water evaporation, more sheets start to attach to the ZnO microrods and assemble on
the surface to form a uniform coating. As discussed in the main manuscript, the driving force

for adsorption of the nanomaterials on ZnO must be higher than the driving force for adsorption
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on already deposited nanomaterials in order to achieve a homogeneous coating. It is known that
ZnO intrinsically has oxygen vacancies on the surface*!#2 which are positively charged. Thus,
one strategy to increase the interaction between ZnO and the nanomaterials could be the
incorporation of functional groups at the edges or basal planes of the nanomaterial sheets in
order to enhance the interaction. In fact, the used nanomaterials in this work (GO and EG)
exhibit a significant amount of oxygen-containing functional groups which might be important
for an increased interaction with ZnO and, thus, lead to a more uniform assembly on the
template surface. In addition to the ZnO-nanomaterial interactions, the relatively strong
interactions between the individual nanomaterial sheets are also remarkable and were revealed
in the long-term compression cycling tests. Furthermore, the mechanical stability was also not
compromised during the wet-chemical fabrication steps. In particular, the etching process in
diluted HCI (~ 24 hours), subsequent washing in H20 and storage of the aeromaterials in ethanol
for several days did not lead to any disintegration of the structures. This is very important in
view of possible applications in the field of electrochemical energy storage which often
involves the use of liquid electrolytes (e.g. H2SOs). In this regard, the high chemical inertness
of graphene and resistance toward acids represents another big advantage regarding its
applicability in electrochemical applications like supercapacitors or batteries.

Eventually, the drying process can also lead to spanning of nanomaterial-assembled “sails”
along interconnected ZnO microrods, arising from the high graphene concentration in the
remaining water menisci. For instance, SEM images of nanosails formed in an Aero-rGO

sample are presented in Figure S14.
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