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Abstract

Polymer foam nanocomposites attract great interest in many wide ranges of biomedical and healthcare monitoring appli-
cations. In this study, we investigated the effect of porosity and multi-walled carbon nanotube (MWCNT) content on
the piezoresistivity, sensitivity, and mechanical properties of Polydimethylsiloxane (PDMS)/MWCNT foam nanocompo-
site. The foam nanocomposites were fabricated by particulate leaching method and their electrical and mechanical char-
acteristics were investigated using the different porosity levels (60% and 70%) and different conductive nanofiller
contents (0.5 wt.% and | wt.%). The foam nanocomposites with 0.5 wt.% MWOCNT content and 60% porosity pos-
sessed higher pressure sensitivity, higher gage factor, and lower electrical hysteresis along with higher mechanical proper-
ties. Moreover, fabricated PDMS/MWCNT foam nanocomposite demonstrated high flexibility, high compressibility, and
high recoverability in addition to limited mechanical hysteresis (less than 3%) with a large dynamic sensing range.
Contrary to the existing foam nanocomposite samples in the literature, PDMS/MWCNT foam nanocomposites with-
stood higher pressure ranges (3.5-5 MPa) at limited thickness (average 2.3 mm) without experiencing noticeable macro-
scopic damage.
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l. Introduction process (Xu et al., 2018). Due to the high flexibility and
high sensibility of foam nanocomposite sensor, it has a
potential application in the artificial knee joint for
force mapping in our future work. Embedment of the
piezoresistive sensor between the Femoral and Tibial
components of an implant can facilitate the process of
detecting artificial knee plantar pressure map. As a
result, the applied pressure distribution on the artificial
knee can be obtained (Bar-Ziv et al., 2010; Schurman

The applications of flexible piezoresistive sensors in
biomedical science are gradually increased over the last
decade (Iglio et al., 2018; Zuruzi et al., 2017). The
development of novel flexible highly sensitive pressure-
detecting sensors with high durability, biocompatibility,
and lightweight has drawn tremendous attention
toward smart systems and wearable healthcare devices
(Amjadi et al., 2016; Chortos et al., 2016; Park et al.,
2015).
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and Smith, 2004). The recorded results from the pres-
sure sensor can be used to detect the accuracy and fur-
ther adjustment of the designed biomechanical system
(Tanabe et al., 2017).

It is believed that the electron conduction in the
nanocomposites consists of three main mechanisms:
the intrinsic conductance of the conductor fillers, the
direct contact conductance, and the conductance result-
ing from electron tunneling between conducting fillers.
The tunneling resistance in the nanocomposites is influ-
enced by several parameters including polymer dielec-
tric properties, the tunneling gap between adjacent
conductive fillers, and the electronic structure of the
nanotubes (Bao et al., 2012; Kanoun et al., 2021; Zare
and Rhee, 2021).

The critical conductive filler content, also known as
the electrical percolation threshold, provides conductiv-
ity for the nanocomposite (Bauhofer and Kovacs, 2009;
Bloor et al., 2005; Ding et al., 2017). In nanocompo-
sites, if the conductive particles are isolated from each
other by an insulating matrix and the gap between them
is less than the critical distance, the interparticle tunnel-
ing will help to improve the conductivity of nanocom-
posite (Oskouyi et al., 2014). Moreover, reducing the
gaps between the neighbor particles (fillers) and using
particles with a higher aspect ratio (length to diameter
ratio) increase the particle interconnectivity which
improves the conductivity inside the nanocomposites
(Choi et al., 2019). Zheng et al. (2004) and Ameli et al.
(2014) showed that conductive foam nanocomposites
have lower percolation thresholds in comparison to
corresponding nonporous nanocomposites. Due to the
volume exclusion in foam nanocomposite structure, the
available polymer matrix for the dispersion and distri-
bution of the particles is reduced and higher particles
interconnectivity is achievable (Ameli et al., 2014).
Figure 1 is the schematic illustration of volume exclu-
sion microstructural effect on improving particles inter-
connection in the foam structure.

Ameli et al. (2014) investigated the effect of relative
density and cellular structure of micro/nanocellular PP/
MWCNT  nanocomposite  on  the  electrical

conductivity. They revealed that by increasing volume
expansion through foaming, the electrical percolation
threshold decreases more than fivefold, from 0.50 down
to 0.09 vol.%. However, the effect of foaming on the
piezoresistive behavior of foam nanocomposite is not
investigated in this study. Madaleno et al. (2013)
showed that the compressive properties of PU/CNT
foam nanocomposites are enhanced in comparison to
pure PU foam. Iglio et al. (2018) prepared piezoresis-
tive PDMS foam sensors decorated with pristine
MWCNTs by drop-casting of CNT ink drops. The fab-
ricated sensors demonstrated reliable detection in
health monitoring applications within a working range
up to 50 kPa at the optimum CNT density of 25 mg/
cm’. Although Iglio et al. worked on the specific foam
porosity and cell size, the study of foam morphology
and porosity effects on the piezoresistivity are missing
in their study.

Many successful foam nanocomposites with great
advantages in pressure sensing are reported in the liter-
ature; however, most of them suffer from poor mechan-
ical properties and inferior recoverability (Huang et al.,
2017). Studies show that in normal walking, 2.5-2.8 X
bodyweight force will be applied to the knee joint
(D’Lima et al., 2012). The pressure sensor which is
going to be embedded in the artificial knee joints
should be compatible with the amount of pressure that
applies to the joints. However, one of the drawbacks of
fabricated sensors in the literature is the limited force
working range (Iglio et al., 2018). To the best of our
knowledge, the existing foam pressure sensors are able
to be used for up to 900 kPa which shows that majority
of the studies on foam nanocomposite sensors focus on
low-pressure applications (Kim and Kim, 2017).
Moreover, most porous nanocomposites suffer from
low Young’s modulus and weak compressive strength
which limit their applications (Cai et al., 2020; Cao
et al., 2019; Chen et al.,, 2018; Tang et al., 2019).
Insensitive behavior at larger strain levels (more than
30%), due to the saturation of conductive networks at
low strains (less than 10%), is another weakness that is
reported in the foam nanocomposites (Patole et al.,

Figure 1. Schematic illustration of the volume exclusion microstructural effect on improving particles interconnection: (a) solid

nanocomposite and (b) foam nanocomposite.
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Figure 2. Schematic of particulate leaching process: (a) polymer and leaching agent mixing, (b) heating the mixture to melt the
polymer, (c) leaching agent extraction by solvent, and (d) porous structure.

2019). Furthermore, most of the current foam nano-
composites have high thicknesses (more than 6 mm)
which hinder their applications for cases that require
thinner sensors (Boland et al., 2018; Liu et al., 2017,
Rinaldi et al., 2016).

Therefore, the deliverable of this paper is to tailor
the ultra-flexible PDMS/CNT piezoresistive foam
nanocomposite structure with elevated Young’s modu-
lus, mechanical strength, compressibility, and recover-
ability in addition to limited hysteresis effect.
Moreover, another key target in this study is to achieve
a higher pressure-sensor detecting range at a low thick-
ness which can broaden the applications of PDMS/
CNT foam nanocomposite in force mapping. In this
research, open-cell foam PDMS/MWCNT nanocom-
posites with 60% and 70% leaching agent contents and
0.5 wt.% and 1 wt.% MWCNT contents were fabri-
cated by a combination of mold casting-particulate
leaching methods. The advantage of this foaming tech-
nique is obtaining higher controllability over the pore
sizes and density in the foam structure (Rinaldi et al.,
2016). The particulate leaching method is more envir-
onmentally friendly than the chemical foaming process
and has an easy and cost-effective manufacturing pro-
cess (Ma et al., 2021). PDMS has excellent advantages
including commercial availability, excellent flexibility,
well-researched properties, chemical inertness, stability
over a wide range of temperatures, variable mechanical
properties, and biocompatibility which made it the
right choice for this research (Hammock et al., 2013).

MWCNT was chosen as the conductive reinforce-
ment candidate for the fabrication of foam nanocom-
posite due to its significant advantages such as excellent
electrical conductivity, outstanding mechanical proper-
ties, and high aspect ratio (Choi et al., 2019). In this
article, the effect of filler contents, foam morphology,

and porosity on the piezoresistivity, pressure sensitivity,
and mechanical properties (cyclic and monotonic) of
the PDMS/MWCNT foam nanocomposite were
investigated.

2. Experimentation

2.1. Preparation of open-cell PDMSIMWCNT foam
nanocomposite

In this study, PDMS/MWCNT nanocomposite mixture
was foamed by the particulate leaching foaming method
and Figure 2 shows the schematic of the particulate
leaching process (Jdegaard et al., 2000).

Samples with 60 wt.% and 70 wt.% leaching agent
contents were prepared at 0.5 wt.% and 1 wt.%
MWCNT contents to fabricate PDMS/MWCNT foam
nanocomposite. Since the literature reported 1 wt.%
MWCNT is close to the percolation threshold of
PDMS foam nanocomposites (Ameli et al., 2014;
Madaleno et al., 2013; Ramalingame et al., 2017), the
effect of 1 wt.% and 0.5 wt.% filler contents on the
piezoresistivity of PDMS/MWCNT foam nanocompo-
site were investigated. In this study, 60 wt.% and
70 wt.% leaching agent contents were used in the foam
fabrication process to achieve the best result. Less than
60% leaching agent content can adversely affect the
complete citric acid leaching process in foam structure,
and more than 70% leaching agent content can lead to
a fragile foam structure with reduced mechanical
strength (Ghahramani et al., 2021). The samples are
entitled as 70%-0.5% (foam nanocomposites with
70 wt.% leaching agent content and 0.5 wt.%
MWCNT content), 70%-1% (foam nanocomposites
with 70 wt.% leaching agent content and 1 wt.%
MWCNT  content), and 60%-0.5%  (foam
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Figure 3. Schematic of the preparation process of PDMS/MWCNT foam nanocomposites.

nanocomposites with 60 wt.% leaching agent content
and 0.5 wt.% MWCNT content). Figure 3 shows a
schematic of PDMS/MWCNT foam nanocomposite
preparation process. Based on the target volume of the
mold cavities and the desired number of samples at
beginning of the experiment, a specific amount of
PDMS (Sylgard 184 two-component Dow Corning)
was weighed. For different types of samples, 0.5 wt.%
and 1 wt.% of the weighed PDMS were collected from
MWCNT particles (Shengzhen Nanotech Port Co. Ltd,
diameters: 9.5 nm, length: 1.5 pm). Besides, citric acid
particles were weighed according to the collected
PDMS with 6:3 and 7:3 mass ratios (citric acid to
PDMS) for fabrications of samples with 60% and 70%
porosity, respectively. In the fabrication process,
MWCNT was dispersed in 80 ml Isopropyl alcohol
(IPA) by a tip sonicator (QSonica, Q700). The sonica-
tion processing time was 30 min while the pulse mode
was adjusted to 4 s on and 2 s off to reduce the heat
gain in the nanocomposite. The amplitude was set at
100% and the temperature of the mixture was con-
trolled with an ice bath. Then, PDMS was added to the
solution and was mixed by a magnetic stirrer for 4 h to
completely extract the IPA. The PDMS curing agent
(Sylgard, 1:10 weight ratio for PDMS to curing agent)
was added to the mixture to help polymer crosslinking.
Then, citric acid was added and manually mixed with
the solution to reach a homogeneous mixture. The final
mixture was poured into the cavities (24 mm diameter,
2.3 mm thickness) of an Aluminum mold. The mold
was at room temperature and then was put in an oven
at 120°C for 2 h to cure the mixture. After curing, sam-
ples were removed from the mold and submerged in
ethanol overnight to extract the leaching agent and
then were dried in the oven at 90°C for 4 h. Since etha-
nol is able to wet the PDMS foam and citric acid is

highly soluble in ethanol, these materials were proper
candidates to be used during the particulate leaching
process (Li et al., 2017).

2.1.1. Characterization

The compression tests were carried out by Instron
Universal testing machine (INSTRON 5944) under
force control (1 mm/min) displacement mode.

The electrical resistance of foam nanocomposites
was directly measured by the two-electrode method
using a Keithley 2100 digital multimeter which was con-
nected to the Instron. The experimental setup for piezo-
resistive response measurement is illustrated in Figure
4. In the two-electrode method, two surfaces of Instron
platens were covered with insulative tape to eliminate
their conductivity effect on the piezoresistive responses
of the samples. Then two copper electrodes were cut
according to Figure 4 and their head were taped to the
center of the top and bottom platens of Instron.

The electrodes head had the same diameter as the
samples (24 mm). Multimeter probes were connected
to each electrode tail. Then, the sample was fixed on
the bottom electrode and the top platen was manually
displaced to decrease the distance between the platens.
Once the top platen and sample touched each other,
the multimeter showed a change in the sample electrical
resistance. That is when the force and displacement of
the Instron were balanced and the automatic compres-
sion test with a 1 mm/min displacement rate was
started. The electrical resistance data of the sample in
response to the applied force were simultaneously
recorded by the multimeter.

Morphologies of the fabricated foams were charac-
terized by using scanning electron microscopy
(SEM). To prepare the foams for microscopy, their
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Figure 5. Morphology of PDMS/MWCNT foam nanocomposites: (a) 70%—0.5%, (b) 70%—1%, and (c) 60%—0.5%. MWCNT
dispersion in PDMS/MWCNT foam nanocomposites: (d) 70%—0.5%, (e) 70%—1%, and (f) 60%—0.5%.

cross-sections were exposed to cryo-fracturing under
liquid nitrogen and the fractured surfaces were then
sputter-coated with gold. The cell diameters in the
foam nanocomposite structures were determined by
using ImageJ analysis software.

The sensitivity of piezoresistive materials was quan-
tified by the gage factor (GF) value which is defined in
equation (1):

GF - (%)/s (1)

where R is the initial electrical resistance of the mate-
rial before applying the force, AR is the material electri-
cal resistance change in response to the compression,

and ¢ is the compressive strain which represents the

relative displacement in sample thickness. € is defined
in equation (2):

Li—L

=122 (2)

L

where L; is the initial sample thickness before applying
external pressure, and L, is the final sample thickness
when the sample is under external pressure.

3. Results and discussion

The effects of leaching agent content on the morphol-
ogy of open-cell PDMS foams were analyzed by SEM.
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Figure 6. Stress versus strain in six different cycles for foam nanocomposites: (a) 70%—0.5%, (b) 70%—1%, and (c) 60%—0.5%.

Figure 5 shows SEM micrographs of three open-cell
foam nanocomposites obtained at different magnifica-
tions. It can be observed that all foams have a large
number of voids, which provided high foam porosity.
Moreover, SEM micrographs indicate that citric acid
particles were properly dispersed in the polymer matrix
and huge voids, which can be the result of bulky citric
acid agglomerations, were not observed inside the foam
structure. The cells sizes in the SEM micrographs imply
that the voids are a negative replica of citric acid parti-
cles. Besides the SEM micrographs, the weight differ-
ences of the samples before and after the particulate
leaching process indicated more than 98% particle
extraction which proved that the pores in the open-cell
foams are highly interconnected.

Figure 5(a) to (c) illustrate that the samples with
70% leaching agent content contain more voids than
the sample with 60% leaching agent. Moreover, Figure
5(d) to (f) show a good MWCNT dispersion

throughout the polymer matrix for all the samples. In
these figures, some of the MWCNT particles are identi-
fied by yellow circles. The proper dispersion of
MWCNTs may result in consistent piezoresistive beha-
vior in the foam nanocomposite samples.

Figure 6 plots the stress versus strain graphs of three
different types of foam nanocomposite at six cycles
(runs). The cycles were consecutively performed at a
I mm/min displacement rate with a 1 min relaxation
time between each individual cycle. A maximum of
2 kN force was applied to the samples in each cycle.

These graphs indicate that foam nanocomposites
had very similar behavior through different cycles of
mechanical testing. The high repeatability of mechani-
cal properties of foam nanocomposites, which origi-
nates from their limited hysteresis effect (less than 3%),
makes them a reliable choice for controllable sensing
applications. High flexibility, uniform foam morphol-
ogy, stable pores, and strong cell walls in the foam



Ghahramani et al.

1757

Table I. Young’s modulus of three different PDMS/MWCNT
foam nanocomposites.

Standard R?
deviation (kPa)

Samples name  Average Young’s

modulus (kPa)

60%—0.5% 233 15.3 0.9571
70%—0.5% 47 5.7 0.9417
70%—1% 88 5 0.9810

structure resulted in a very low mechanical hysteresis in
the PDMS/MWCNT foam nanocomposites which is a
huge advantage over the reported foam nanocompo-
sites in the literature (Cai et al., 2020; D’Lima et al.,
2012; Hammock et al., 2013; Rinaldi et al., 2016).

According to Figure 6, foam nanocomposites with
70% porosity experienced larger displacement at the
same external stress comparing to the sample with 60%
porosity in the elastic region. Normally, foam samples
with higher porosity are expected to undergo a larger
strain at a given pressure (Kim et al., 2019). Moreover,
the presence of MWCNT in the foam matrix increases
the mechanical strength of foam samples to a large
extent. Therefore, Figure 6 indicates that 70%—1%
sample (which had higher MWCNT content) has a
lower strain at the same compressive stress comparing
to the 70%—0.5% sample.

The average Young’s modulus of three different
types of PDMS/MWCNT foam nanocomposites is
shown in Table 1. Young’s modulus of each foam
nanocomposite was determined from the trendline
slope of the linear elastic region of the compressive
stress-compressive strain curve from 0% to 30% com-
pressive strain. Moreover, Table 1 presents the average
R? value for the linear trendline of compressive stress-
compressive strain graphs from 0% to 30% compres-
sive strain. R values indicate that the initial slopes (up
to 30% compressive strain) of compressive stress-
compressive strain curves are acceptably linear.

The results indicate that 60%-0.5% samples, due to
the lower porosity, had a much higher Young’s modu-
lus in comparison to 70%-0.5% or 70%—1% samples.
Moreover, 70%—1% samples had higher Young’s mod-
ulus than 70%-0.5% samples because of higher
MWCNT content. In this research, PDMS/MWCNT
foam nanocomposites had higher Young’s modulus in
comparison to similar studies, and the reasons can be
listed as the uniform and stable foam morphology, suf-
ficient MWCNT dispersion in the polymer matrix, and
strong cell walls without experiencing collapse or
macroscopic deformation under elevated stresses (up to
4 MPa) (Chen et al., 2018; Huang et al., 2017; Tang
et al., 2019).

Compression tests were conducted for six cycles and
each time the thickness of the samples was measured

:,__: I t;=2mm

(@)

:’ It=2mm

(b)

‘ <= % .
(© | ® |

Figure 7. Flexibility and lightweight of PDMS/MWCNT foam
nanocomposite: (a) before compression test, (b) after
compression test, (c) bending the sample with a tweezer, (d)
sample after bending with no sign of fracture, and (e and f) the
lightweight sample standing on top of a flower.

Table 2. Weight and density of PDMS/MWCNT foam
nanocomposites.

Samples name Average Avera;e density
weight (g) (g/lem?)

60%—0.5% 0.53 0.51

70%—0.5% 0.45 0.39

70%—1% 0.46 0.40

immediately after the testing. The results showed that
PDMS/MWCNT foam nanocomposites could be com-
pressed more than 85% and their thickness was
returned to the primary thickness which reveals their
high flexibility, compressibility, and recoverability (Cai
et al., 2020). Figure 7(a) and (b) present the PDMS/
MWCNT foam nanocomposite physical shape before
and after the compression test, respectively. According
to Figure 7(c), foam nanocomposite could be bent more
than almost 180° and then return to its original shape
(Figure 7(d)) without any fracture which confirms its
excellent flexibility. Having a lightweight is another
great feature of PDMS/MWCNT foam nanocomposite
which is demonstrated in Figure 7(e) and (f). In Figure
7(f), the porous nanocomposite is placed on top of a
petal without bending it which proves the lightweight
of the sample. In addition, PDMS/MWCNT foam
nanocomposites have significantly low density (as low
as 0.39-0.51 g/cm?®) which expands their applications in
the environment and stress monitoring, motion detec-
tion, etc. Table 2 presents the weight and density of
these samples.
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PDMS/MWCNT foam nanocomposites could sus-
tain higher loadings (2 kIN) without any visible fracture
or tearing during experiment cycles. This can be inter-
preted as higher mechanical strength of PDMS/
MWCNT foam nanocomposites comparing to the
other types of foam nanocomposites in the literature
(Cai et al., 2020; Kim and Kim, 2017; Tang et al.,
2019). Figure 8 displays the compressive strength (the
stress at 50% strain during the compression test) of
PDMS/MWCNT foam nanocomposites (Huang et al.,
2017; Yao et al., 2013).

Figure 9 describes the relative resistance change of
three types of PDMS/MWCNT foam nanocomposite
at six test cycles. The cycles were consecutively per-
formed at a 1 mm/min displacement rate with a 1 min
relaxation time between each individual cycle.

The graphs in Figure 9 show that during the com-
pression test, the electrical resistance decreased as the
strain increased. The applied force caused breakdown
or reformation of percolation networks and it changed
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Figure 9. Relative resistance changes versus strain in six different cycles for: (a) 70%—-0.5%, (b) 70%—1%, and (c) 60%—0.5%.
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the interparticle distances which resulted in the
Piezoresistive behavior.

Since polymer matrix and the fillers have very differ-
ent Young’s modulus, their compressibility is different;
therefore, an increase in strain decreased interparticle
gaps between MWCNTs, and additional conductive
networks probably formed which caused a drop in the
electrical resistance of the porous nanocomposite.
Moreover, the pressure was applied to the foam struc-
ture and the cell struts suffered from surrounding pres-
sure. Consequently, the conductive particles between
the cells were pressurized, and more direct contact
points between the conductive fillers might be formed.
By applying pressure, the fillers would get closer to
each other and decrease the average electron tunneling
distance which could improve the foam conductivity
(Zhai et al., 2015). Furthermore, each type of sensor at
its different cycles maintained favorable repeatability
with limited variations in respect to each other (Figure
9). It is worth mentioning that the electrical hysteresis
effect prevented obtaining completely the same results
in different cycles. Hysteresis in the foam nanocompo-
sites can be related to the polymer-fiber bonding and
its changes during the cycles. However, comparing to
similar reports in the literature, we succeeded to limit
the hysteresis effect up to 10% when the compressive
stress is more than 30% (Huang et al., 2017). Low hys-
teresis in relative resistance changes indicates that after
compression test cycles (unloading) there were limited
changes in the morphology of the MWCNTSs conduc-
tive networks inside the nanocomposite structure. It
can be concluded that polymer matrix flexibility and
foam structure provided higher controllability over the
conductive networks.

Figure 10 shows GF versus strain for three different
types of PDMS/MWCNT foam nanocomposites. Each

&l B 60%-0.5%
B 70%-0.5%
B 70%-1%

10 30 50 70
Strain (%)

Figure 10. GF versus strain for three different PDMS/
MWCNT foam nanocomposites.

sensor was tested for six runs at the same conditions to
compare the consistency of their outputs. Figure 10
indicates that at low strains (10%) nanocomposites
with 0.5 wt.% MWCNT have much higher GF than
the samples with 1 wt.% MWCNT. Significant changes
in the conductive paths of the nanocomposite (during
the loading process) would increase GF which means
there is higher sensitivity and variation in the electrical
conductivity of the system (near the percolation thresh-
old). If the filler content of the nanocomposite is far
from the percolation threshold, the conducting network
configuration would be stronger. As a result, the
compression-induced electrical responses of nanocom-
posite will be smaller and adversely affect its sensing
applications (Zhai et al., 2015). It can be concluded
that, 0.5 wt.% MWCNT was closer to the percolation
threshold of PDMS/MWCNT nanocomposite and the
applied pressure at lower strains had limited effects on
the samples with 1 wt.% MWCNT content. At larger
strains, the GF in all cases decreased when the strain
increased due to the formation of relatively stable con-
ductive networks and almost all three types of foam
nanocomposites had equal relative resistance change.
At high strain levels (more than 70%), the cell walls in
the foam structure were completely connected and cre-
ated stable conductive paths; therefore, applying extra
pressure did not change the eclectrical resistance of the
sensor. Furthermore, Figure 10 illustrates that foam
nanocomposite samples with 60 wt.% porosity and
0.5 wt.% MWCNT had a slightly higher GF than sam-
ples with 70% porosity and 0.5 wt.% MWCNT.
Although foaming helps to decrease the percolation
threshold and improves sensitivity, this observation
showed that there is an optimum value for the required
sample porosity (Zheng et al., 2004). The foaming effect
will adversely change the sample sensitivity at the same
MWCNT content when porosity is far from the opti-
mum point. The results from Figure 10 indicate that
PDMS/MWCNT foam nanocomposites have a larger
range of sensitivity compared to similar studies and the
change in GF is noticeable from 10% to 70% strains
(Cai et al., 2020; Chen et al., 2018; Patole et al., 2019).

4. Conclusion

In this paper, a fabrication process of PDMS/MWCNT
foam nanocomposite is reported which led to sufficient
MWCNT dispersion in the polymer matrix with uni-
form foam morphology. The fabricated samples had
excellent mechanical properties which could sustain up
to 2 kN force without experiencing any noticeable
macroscopic damages (fracture or tearing). Highly flex-
ible and lightweight PDMS/MWCNT foam nanocom-
posites had low density of 0.36-0.53 g/ecm® with
enhanced compressibility up to 85% in addition to
recoverability. Uniform foam morphology, strong cell
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walls, homogenous MWCNT dispersion, and polymer
reinforcement bonding caused a profound improve-
ment in declining electrical and mechanical hysteresis.
In this article, foam nanocomposites with 0.5 wt.%
MWCNT content and 60% porosity obtained better
piezoresistive responses (higher pressure sensitivity,
higher GF, and lower electrical hysteresis) along with
higher mechanical properties. At 1 wt.% MWCNT
content, percolation threshold was passed, and resis-
tance change in response to applied pressure decreased.
Moreover, at the same MWCNT content, 60% foam
porosity led to a higher desirable GF (4 = 0.7) at low
stresses comparing to 70% foam porosity.
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