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ABSTRACT: Graphene foams have showed huge application potentials owing to their
unique 3D structure and superior properties. Thus, it is highly desired to develop a simple
and effective pathway to fabricate high performance graphene-based foams. Here, we
present a polymer template-assisted assembly strategy for fabricating a novel class of
graphene/AgNW hybrid foams. The hybrid foams show 3D ordered microstructures, high
thermal stability, and excellent electrical and mechanical properties, and demonstrate huge
application potential in the fields of flexible and stretchable conductors. Importantly, the
polymer-template assisted assembly technique is simple, scalable, and low-cost, providing a
new synthesis protocol for various multifunctional graphene hybrid foam-based
composites.
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■ INTRODUCTION

Graphene foams, three-dimensional (3D) interconnected
graphene networks, have gained great attention recently
owing to their unique structure and superior physical properties
such as high overall electrical conductivity,1,2 large specific
surface area,3,4 excellent mechanical flexibility,5,6 and high
thermal and chemical stability.7 Such structure and fascinating
properties render graphene foams huge application potentials in
the fields of energy storage such as supercapacitors and lithium-
ion battery electrodes,8−11 flexible conductors,1,2,12 electro-
magnetic shielding,13 as well as oil cleanup.14−16 To harness
graphene foams for these applications, several approaches have
been developed for the fabrication of graphene foams, mainly
including hydrothermal reduction of graphene oxides
(GOs),8,17 chemical reduction of GO,18−20 and chemical
vapor deposition (CVD) growth on nickel foam skele-
tons.1,9,21,22 Owing to low-cost and large-scale production,
GOs have been extensively used as a precursor to assemble into
graphene foams with macroscopic structures. However, the
graphene foams prepared by this method show a low electrical
conductivity because of the introduction of structural defects in
the graphene basal planes during the oxidation process.5,20,23,24

In addition, the graphene foams show a macroscopic disordered
structure because of the random assembly of the reduced
GO.6,7,16−18,20 These disadvantages restrict the applications of
GO-derived graphene foams. As for the CVD-growth method,
the graphene networks were first deposited on the nickel foams
by a precise control of reaction-gas mixture flow, and then the
metal skeletons were etched to obtain graphene foams. Such
method is relatively complex and not easily operated, especially

for the etching process. Therefore, it still remains a challenge to
develop a simple and effective route to fabricate highly
conductive graphene-based foams with ordered macroscopic
structures.
Herein we have developed a polymer template-assisted

assembly strategy for fabricating a novel class of flexible
graphene−Ag nanowire (AgNW) hybrid foams. The resulting
hybrid foams show a monolith of 3D ordered networks with
binary structures, in which charge carriers can pass through the
defect region of graphene rapidly with the aid of the high-
quality AgNW building blocks, leading to high electrical
conductivity. The electrical conductivity of the hybrid foams
can be up to 1028 S/m, which is near 45-fold higher than that
of pure graphene foams and comparable to that of CVD-growth
graphene foams.1 The combination of high conductivity and
excellent mechanical flexibility qualifies the hybrid foam
applications for high performance flexible conductors. Im-
portantly, the assembly process is conducted in aqueous
solution, and the polymer templates are easily removed by a
simple pyrolysis process, indicating that our approach is a facile
protocol for fabricating the hybrid foams.

■ EXPERIMENTAL SECTION
Synthesis of Ag Nanowires (AgNWs). AgNWs were synthesized

by a modified method from the reported study.25 Briefly, 0.85 g of
PVP powder was dissolved into 80 mL of glycol at 90 °C, and the mix
solution was cooled down to room temperature. Then, 0.85 g of
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AgNO3 and 0.85 mg of CuCl2·2H2O powder were added into 10 mL
of glycol, respectively. Afterward, the obtained CuCl2·2H2O glycerol
solution was added into the PVP solution and the mixture heated up
to 160 °C under gentle stirring (∼50 rpm). Subsequently, the obtained
AgNO3 solution was added dropwise into the above mixture solution
by dropping funnel. After reaction for 2 h at 160 °C, the desired
AgNWs were obtained by centrifugation separation and washed with
DI water. They are stored in water solution for later use.
Fabrication of Graphene/AgNW Hybrid Foams via a

Polymer-Assisted Assembly Method. In a typical process, a
commercially available polyurethane foam with macroporous structure
was cleaned by DI water for several times, followed by completely
drying at 80 °C for 2 h. Then, the clean polymer foam was cut into
small pieces with length by width by thickness of 4 × 1.5 × 0.3 cm3. All
the foam pieces were immersed into the aqueous solution containing
GO (∼7 mg/mL), AgNWs (∼15 mg/mL), and dopamine (0.1 mg/L),
then picked out and transferred into a 50 mL Teflon vessel. The
dopamine is utilized for reduction of GO in the following process.
Compared to traditional reduction agent (hydrazine), dopamine is
environmentally friendly and has low toxicity. Second, the vessel was
closed, placed in an oven, and heated to 100 °C. After reaction for 12
h, a monolithic gel-like product was taken out from the vessel and
directly dried to obtain the polymer-based graphene/AgNW hybrid
foams. After pyrolysis of the obtained polymer-based hybrid foams at
700 °C for 2 h in nitrogen atmosphere, the desired graphene/AgNW
hybrid foams were achieved. The resulting hybrid foams show a
density of ∼18 mg/cm3, which corresponds to a porosity of ∼99.7 vol
%. The volume ratio of graphene/AgNW for the hybrid foams can be
adjusted by controlling the concentration of GO and AgNWs in the
precursor solution.
Preparation of the Hybrid Foam/Polydimethylsiloxane

(PDMS) Composites. The hybrid foam composites were fabricated
by infiltrating the free-standing hybrid foams with PDMS prepolymer,
a mixture of base and curing agent with a mass ratio of 10:1, followed
by degassing in a vacuum oven for 30 min and thermally curing at 80
°C for 5 h.

Characterization. The morphology and microstructure of the
samples were investigated by FE-SEM (nanoSEM 230, NOVA), TEM
(JEM-2010, JEOL, Japan), XRD (D/max-2200/PC, Rigaku, Japan),
and Raman (LabRam HR800, Jobin Yvon, France). Thermogravi-
metric analysis (TGA-209F3, NETZSCH, Germany) was carried out
under a 20 mL/min N2 purge at a heating rate of 10 °C/min from
room temperature to 800 °C. The real-time electrical resistance
variations of the samples were measured by a two-point device under
mechanical deformation. In this measurement, two copper wires were
embedded and connected to the hybrid foams with silver paste before
infiltration with monomers of PDMS, which enables a strong contact
at the junctions. Every electromechanical experiment was repeated 5
times, and the value of electrical resistance is the average value. The
electrical conductivity of the samples was also measured by a four-
probe instrument (PZ-158A-SB118, Qianfeng, China). The morphol-
ogy change of the hybrid foam scaffold was observed by optical
microscopy. The hybrid foam/PDMS composites were cut into a thin
sheet sample (3 cm × 1 cm × 1 mm), and then the sample was
stretched to a set strain by a tensile machine. At this stretching state,
the sample was fixed a glass slide, and then taken down for observation
in the microscopy. Afterward, the sample was taken down from the
glass slide, and the same process was used to observe the morphology
change of the hybrid foam scaffold at a larger strain of the sample.

■ RESULTS AND DISCUSSION

The overall fabrication process of the graphene/AgNW hybrid
foams and their integration with polydimethylsiloxane (PDMS)
rubber are illustrated in Figure 1. The commercial polyurethane
foam, a 3D interconnected scaffold with porous structure,
serves as the template to support hybrid foam because it is
easily available. After the polymer foam is dipped into GO and
AgNWs solution with dopamine by a squeezing and vacuum
degassing procedure, GO would be reduced into graphene
sheets by dopamine, leading to a 3D monolithic graphene/
AgNW hydrogel, with a color change from yellow-white to

Figure 1. Fabrication process of the graphene/AgNW hybrid foams, including (1) immersion of a commercial polyurethane foam into precursor
solution consisting of GO and AgNWs; (2) formation of polyurethane-based graphene/AgNW hybrid hydrogels by in situ reduction of GO; (3) dry
and pyrolysis of the polymer-based hybrid gels to result in the desired graphene/AgNW hybrid foams; (4) infiltration of polydimethylsiloxane
(PDMS) into a hybrid foam to obtain a flexible conductor.
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black. Finally, the resulting monolithic hydrogel was dried and
pyrolyzed to result in continuous and interconnected hybrid
foams. Because the polymer template has much lower thermal
decomposition temperature in comparison with graphene and
AgNWs, it can be easily removed by the pyrolysis process. In
addition, the reduction level of GO and the interfacial junction
between graphene and AgNWs can be enhanced.
GO shares the same 2D framework structure with graphene,

but bears hydroxyl and epoxide functional groups on its basal
plan.26 Supporting Information Figure S1 shows XRD patterns
of GO and graphite. A substantial shift of the diffraction peak
(002) is observed from graphite to GO because a large number
of oxide-containing groups are intercalated into graphite layers
during the oxidation process. The presence of these functional
groups facilitates GO dispersion in water and other polar
organic solvents. After spinning a coating of GO solution on a
mica plate, the GO morphology was elucidated by atomic force
microscopy (AFM). A typical AFM image (Figure 2a) reveals
many free-standing sheets with the size of several micrometers,
and their thickness is about 0.78 nm, consistent with previous
study.27 The large aspect ratio and excellent dispersion enable
GO to form liquid crystals in aqueous solution. Figure 2b
shows a scanning electron microscopy (SEM) image of
AgNWs. Their length is about 10−20 μm with ∼300 nm in
the diameter (Supporting Information Figure S2). AgNW
building blocks were synthesized under the presence of
polyvinylpyrrolidone (PVP) ligands, and thus, the resulting
AgNWs are coated by PVP chains, which can form the
hydrogen-bonding with the functional groups of GO. There-
fore, GO can improve the dispersion of AgNWs, consistent

with the result of previous study.28 As shown in Supporting
Information Figure S3, the GO/AgNWs mixed solution does
not show obvious layering after storage for 12 h.
The morphology and structure of the as-prepared hybrid

foams were investigated by SEM. Figure 2c−f displays the
typical SEM images of the hybrid foams obtained by 700 °C
annealing treatment. An interconnected, porous 3D network
was observed. The 3D porous structure of the hybrid foams is
similar to that of polymer foams, indicating that the hybrid
network still remains a 3D scaffold although the polymer
skeletons have been removed by the high temperature
annealing treatment. Notably, compared to the original
polymer foams and the CVD-growth foams, there exist some
large hybrid sheets connected on the skeleton of hybrid foams,
which enable them to offer larger surface area within a unit
volume. A magnified SEM image of the hybrid foams shows
that randomly oriented individual AgNWs are uniformly
distributed between graphene layers, indicating that AgNWs
remain in their original shape after the annealing process. The
hybrid foams were collected and pressed into disk-like paper for
XRD analysis, as shown in Supporting Information Figure S4.
Compared to the graphene sheets, the peak (002) intensity of
hybrids sharply reduces, indicating that the restacking of
graphene into a layer structure is inhibited by the AgNWs. This
result further confirms that the AgNWs have been inserted into
the graphene layers. The content of AgNWs could be easily
tuned by simply adjusting the ratio of GO to AgNWs in the
fabrication process. Supporting Information Figure S5 shows
the SEM images of hybrid foams with various graphene loading.

Figure 2. (a) AFM image of GO sheets. (b) SEM image of AgNWs. SEM images of (c) polyurethane foam, (d) polymer-based graphene/AgNW
hybrid foams, and (e) the obtained hybrid foams after removal of polymer-templates. (f) Magnified SEM image of the hybrid foam skeletons.
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More AgNWs are inserted into the hybrid skeletons with
increasing the ratio of Ag to GO.
The resulting graphene/AgNW hybrids are further inves-

tigated by thermal gravimetric analysis (TGA) and Raman
spectra. One can see from Supporting Information Figure S6
that the TGA curve of the hybrids provides a quantitative
analysis of the residual groups. It reveals a minor mass loss
(5.7%) of the groups while GO shows a large mass loss of
(52.5%) at 800 °C, suggesting that most of the oxygen-
containing groups have been removed during the chemical
reduction and pyrolysis process. Raman technology provides
further evidence for the GO reduction. As shown in Supporting
Information Figure S7, GO exhibits two strong major bands,
the G-band at around 1580 cm−1 and D-band at around 1345
cm−1, which originate from the E2g mode of the aromatic
carbon rings and disorders of defects, respectively.29,30

Compared with GO, the G band of the hybrids shifts to a

low-wavelength direction, indicating that the conjugated region
is restored. However, the similar intensity of D and G bands
reveals that the graphene sheets in the hybrids still have
structural defects despite the restoration of the conjugated
region.31

The free-standing hybrid foams show low weight and
extremely high electrical conductivity. For example, the hybrid
foams with a volume ratio of AgNWs to graphene (1:1) have a
density of ∼18 mg/cm3, which corresponds to a high porosity
of ∼99.7%. As shown in Figure 3a, their electrical conductivity
is up to 1028 S/m, which is comparable to that of previously
reported CVD-growth graphene foams.1 In order to measure
the intrinsic conductivity of the skeleton of hybrid foams, we
utilized a similar method to prepare a hybrid films. The cross-
section of one film is shown in Supporting Information Figure
S8. Table 1 summarizes the electrical conductivity of the
graphene films reported in the literature. One can see that our

Figure 3. (a) Electrical conductivity variation of the hybrid foam as a function of the AgNW/graphene hybrid ratio. (b) The schematic figure for
interpreting the resistance of graphene and AgNW hybrids, where red dots, green arrows, and gray rods represent oxygen-rich defect regions, current
directions, and AgNWs, respectively. (c) The temperature-dependent conductivity for the hybrid foams with a volume ratio of AgNWs to graphene
(0.5:1). (d) TGA curves of GO and the graphene/AgNW hybrids.

Table 1. Electrical Conductivity of Graphene Filmsa

sample name form electrical conductivity ref

graphite pellet 8.45 × 104 S/m (air-dried) 32
chemically converted graphene (HI-AcOH) pellet 3.04 × 104 S/m (air-dried) 32
chemically converted graphene free-standing paper 7.2 × 104 S/m (air-dried) 33

3.5 × 104 S/m (dried at 500 °C)
CVD-grown graphene free-standing paper 1.09 × 105 S/m 34
Ag-doped graphene fiber 9.3 × 104 S/m 28
graphene/Ag nanoparticles hybrids free-standing paper 4.9 × 104 S/m present work
graphene/AgNWs hybrids free-standing paper 6 × 105 S/m present work

aThe graphene/AgNW and graphene/Ag nanoparticle ratios are both 1:1 in this study.
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hybrid film shows high conductivity of 6 × 105 S/m, which is
much higher than that of previously reported graphene films or
graphene fibers. Such superior conductive performances can
certainly be attributed to the synergistic effect of the 2D flexible
graphene sheets and the 1D AgNWs. For comparison, the pure
graphene foams were fabricated by the same method. The
resulting foams show an electrical conductivity value of only
∼22.5 S/m, much lower than that of the hybrid foams.
Currently, the detailed structure of GO and GO-derived
graphene are still not clear. Hirschmugl et al.35 and Grossman
et al.36 demonstrated that GO structures undergo a phase
transformation into oxygen-rich and graphitic (oxygen-poor)
regions by thermal-driving during the reduction process.
Oxygen-rich defect regions show a semiconducting behavior
with a band gap of ∼0.9 eV.35 The formation of highly resistive
oxygen-rich domains may lead to the carriers being trapped
periodically in domains. Thus, like the grain boundary (GB)
defects of CVD-grown graphene,37 Oxygen-rich domains in
GO-derived graphene may be the major defects at the
interfacial regions between two graphitic domains. Jeong et
al.38 theoretically predicted that the detrimental effect of GB
defect domains can be eliminated through the introduction of
1D metal NWs on the 2D graphene surfaces. In this study,
many of the AgNWs were inserted between graphene layers to
bridge the oxygen-rich domains for connecting the graphitic
regions, resulting in the electrical connection the graphitic
regions and thus leading to a high electrical conductivity of
hybrid foams, as shown in Figure 3b. For comparison, Ag
nanoparticle/graphene hybrid foams were also fabricated by the
same method, and their electrical conductivity is nearly equal to
that of pure graphene foams (Supporting Information Figure
S9). The conductivity of hybrid foams is related to the volume
ratio of AgNWs to graphene. The AgNWs and graphene exhibit
synergistic effects on the electrical transport, resulting in the
electrical conductivity of hybrid foams not showing a
monotonic increase with the increase of AgNW/graphene
ratios in the skeletons. In this case, there exists an optimal
AgNW/graphene ratio (1:1) for the maximum conductivity,
which is 45-fold higher than that of pure graphene foams
(Figure 3a).
Figure 3c shows an annealing temperature-dependent

electrical conductivity of the hybrid foams, which demonstrates
that graphene plays an important role in determining the
conductivity and provides a further evidence for illustrating the
synergistic effects between graphene and AgNWs. The
unannealed hybrid foams show a very low conductivity of
only 0.25 S/m because of the low reduction level for GO-
derived graphene. This value is close to that of the unannealed
graphene foams, indicating that the AgNWs do not form
percolation networks in the skeletons of the unannealed hybrid
foams. After 2 h annealing at 400 °C, the obtained hybrid foams
show a conductivity enhancement of 161-fold in comparison
with the unannealed foams. Such an enhancement should be
attributed to both the higher reduction level of graphene and
the decomposition of PVP coated around the AgNWs. As
shown in Figure 3d, there exists a small mass loss
corresponding to the pyrolysis of PVP near 300 °C, leading
to a lower junction resistance between graphene and AgNWs.
However, as the annealing temperature is improved beyond
600 °C, the conductivity enhancement of hybrid foams is up to
1361-fold, much higher than that in the case at 400 °C (161-
fold). Considering the facts that percolative networks of
AgNWs in the unannealed hybrid system do not exist and

that the high temperature annealing process causes phase
segregation of the GO-derived graphene, we attribute the
significantly enhanced conductivity to the bridging effects of the
AgNWs between the disordered defect regions.
Three-dimensional conductive networks have showed many

attractive practical applications.18,39,40 One is to fabricate high
performance polymer composites depending on their superior
properties.41 In this study, we fabricate the hybrid foam/PDMS
composites by impregnating the hybrid foams with PDMS. The
resulting composites show excellent mechanical flexibility
including bending, stretching, and twisting, as shown in
Supporting Information Figure S10. After releasing the loading,
they can completely recover their original shape without
mechanical failure. In addition, the hybrid foam composites also
display a high electrical conductivity. For example, the
composite samples with 0.3 vol % graphene/Ag (1:1) hybrid
foam have a very high conductivity of up to 1000 S/m, which is
comparable to that of original hybrid foam (1028 S/m),
indicating that the introduction of PDMS matrix does not
destroy the interconnected 3D framework of the hybrid foams.
Table 2 summarizes the electrical conductivity of polymer-

based graphene composites reported in the literature and the
present research. One can see that the conductivity value of our
composites is about several orders of magnitude higher than
that of polymer-based graphene and carbon nanotube (CNT)
composites with the same filler loading fraction.1,42−49

Although these reported composites have the conductive
percolative networks consisting of fillers, there exists a high
junction resistance between conductive fillers in the 3D
percolation networks, along with low intrinsic conductivity
for fillers, leading to a low electrical conductivity for the
composites.
The hybrid foam composites exhibit not only high electrical

conductivity but also excellent mechanical flexibility, which
render the composites great potential for flexible and
stretchable conductors,50−52 a key component of flexible
electronic devices such as artificial skins,53 flexible sensors
and actuators,54,55 and wearable communication devices.40,56,57

In the following, we further investigated the resistance variation
of the composite with 0.3 vol % hybrid foams under bending
and stretching deformation. Figure 4a shows the resistance (R)

Table 2. Electrical Conductivity of Polymer-Based Graphene
Composites

polymer matrix type of filler filler content
electrical

conductivity ref

polystyrene functionalized
graphene

2.5 vol % 1 S/m 43

polystyrene functionalized
graphene

4.19 vol % 4.19 S/m 44

polycarbonate functionalized
graphene

2.2 vol % 51.2 S/m 45

cellulose graphene ∼4.8 vol % 71.8 S/m 46
polyurethane graphene ∼4.8 vol % 30 S/m 47
chitosan graphene ∼2.2 vol % 1.2 S/m 48
polystyrene functionalized

graphene
∼2.0 vol % ∼2 S/m 49

epoxy resin graphene sponge ∼0.9 vol % ∼0.21 S/m 23
PDMS CVD-grown

graphene foam
∼0.22 vol % ∼1000 S/m 1

PDMS graphene/
AgNW hybrid

foam

∼0.3 vol % ∼1000 S/m present
work
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evaluation as a function of bending radius (r). R0 represents the
original resistance of the composites before testing. The
normalized electrical resistance (R/R0) shows a slight variation
until r reaches 10 mm, and then gradually increases to 1.16 as
the bend radius increases up to 2 mm for the composites with a
AgNW/graphene ratio (1:1). Upon straightening, the resistance
returns to the original values. Notably, the resistances of the
composites are still very stable with an increase of bending−
unbending cycles, showing a very small variation of <2.5% after
500 cycles (Figure 4b). Such results demonstrate the excellent
electromechanical stability of hybrid foam/PDMS composites,
which is comparable to that of CVD-grown graphene foam1,13

and metal foam composites.39

The stretching strain (ε) dependence of the electrical
resistance is given in Figure 4c. Similar to the results in the
bending tests, the normalized resistance (R/R0) of the hybrid

foam (the AgNW/graphene ratio is 1:1) composites is nearly
invariable under 10% stretching, and then gradually increases to
1.5 under 20% stretching, to 2.5 under 40% stretching. The
resistance cycle performance of the composites depends on the
stretching strains. Under the larger strain, more cycles are
required for the hybrid foam conductors to reach stable state
(Figure 4d). The electromechanical properties of the hybrid
foam composites under stretching are superior to those of the
elastic conductors based on Ag flake-CNT hybrid films,58

highlighting the great potential for stretchable conductors. The
rupture strains of the hybrid foam composites with the AgNW/
graphene ratio of 0.75:1 and 1:1 are up to 54% and 52%,
corresponding to the normalized resistance (R/R0) of 3.1 and
3.5, respectively (Supporting Information Figure S11). The
rupture strain is relatively lower than that (90%) of the
graphene foam-based composites, which is ascribed to the

Figure 4. Electrical resistance variation of the hybrid foams composites under a mechanical deformation. (a) Electrical resistance variation of the
composites with increasing the bending radius up to 2 mm. (b) Electrical resistance variation of the composites as a function of cycles for a bend
radius of 2 mm. (c) Electrical resistance variation of the composites when being stretched to a set strain (10%, 20%, and 40%) and then being
recovered for cycles. (d) Electrical resistance variation of the composites as a function of cycles for a set strain. (e, f) Optical images of the LED lights
under the bending and stretching of the composites. The hybrid foam loading of the composites is about 0.3 vol %.
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following two reasons. One is that AgNWs reduce the flexibility
of graphene foams. In addition, large hybrid sheets connected
on the skeleton of hybrid foams reduce the continuation of
PDMS matrix. The hybrid foam composites with the hybrid
ratio of AgNWs to graphene (1:1) show a larger resistance
variation in comparison with the composites with the hybrid
ratio of 0.75:1. Such a phenomenon might be attributed to the
hybrid structure of the foam skeletons. With increasing the
hybrid ratio, more junctions between AgNWs and graphene
form, and thus more junctions could loosen during the
stretching process, leading to larger resistance variation.
In order to understand the function of hybrid foam

framework for the stretchable conductors, we further
investigated the framework structure deformation of the
composites by an optical microscopy during the stretching
process. As shown in Supporting Information Figure S12, as the
stretching strain increases from 0 to 30%, the skeletons of the
hybrid foams elongate in the direction of the tensile force
without breaking, demonstrating the excellent flexibility. This
shape deformation of the hybrid foam skeletons at the
microscale under a strain guarantees a continuance of the
conductive network in the PDMS, leading to the good
electromechanical properties. As a proof of concept application,
the hybrid foam composites sever as flexible and stretchable
conductors to integrate LED lights, as shown in Figure 4e,f.
The LED lights show almost no variation after stretching the
conductor to a set strain of up to about 20%, or bending the
conductor to a radius of 5 mm. When the strain is increased to
about 40%, the LED light only displays tiny change because of a
resistance increase of the hybrid foam conductors.

■ CONCLUSIONS
In summary, a novel class of graphene/AgNW hybrid foams has
been developed by polymer template-assisted assembly
technique. Graphene sheets and AgNWs sever as building
blocks to interconnect into a 3D flexible network, leading to a
high electrical conductivity comparable to CVD-grown
graphene foams. The hybrid foams show 3D ordered
microstructures, high thermal stability, and excellent electrical
and mechanical properties, giving them huge potential for
applications such as supercapacitor and lithium-ion battery
electrodes, elastic conductors, and electromagnetic shielding. As
a promising application, the hybrid foam-based PDMS
composites demonstrate superior electromechanical perform-
ances as flexible and stretchable conductors. Moreover, the
polymer-template assisted assembly technique is a simple,
scalable, and low-cost strategy, which is beneficial for large-scale
production of hybrid foams. We believe that such a simple and
effective fabrication protocol will provide a new synthesis
pathway for various multifunctional graphene hybrid foam-
based composites.
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