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ARTICLE INFO ABSTRACT

Keywords: Stretchable conductive hydrogels have received significant attention due to their possibility of being utilized in
PVA hydrogel wearable electronics and healthcare devices. In this work, a semi-interpenetrating polymer network (SIPN)
PEDOT:PSS

strategy was employed to fabricate a set of flexible, stretchable and conductive composite hydrogels composed of
polyvinyl alcohol (PVA) in the presence of glutaraldehyde as the crosslinker, HCI as the catalyst and poly(3,4-
ethylenedioxythiophene):polystyrenesulfonate (PEDOT:PSS) as the conductive medium. The results from FTIR,
Raman, SEM and TGA indicate that a chemical crosslinking network and interactions of PVA and PEDOT:PSS
exist in the SIPN hydrogels. The swelling ratio of hydrogels decreased with increasing content of PEDOT:PSS. Due
to the chemical crosslinking network and interactions of PVA and PEDOT:PSS, PVA networks semi-
interpenetrated with PEDOT:PSS exhibited excellent tensile and compression properties. The tensile strength
and elongation at breakage of the composite hydrogels with 0.14 wt% PEDOT:PSS were 70 KPa and 239%,
respectively. The compression stress of the composite hydrogels with 0.14 wt% PEDOT:PSS at a strain of 50%
was about 216 KPa. The electrical conductivity of the hydrogels increased with increasing PEDOT:PSS content.
The flexible, stretchable and conductive properties endow the composite hydrogel sensor with a superior gauge
factor of up to 4.4 (strain: 100%). Coupling the strain sensing capability to the flexibility, good mechanical
properties and high electrical conductivity, we consider that the designed PVA/PEDOT:PSS composite hydrogels
have promising applications in wearable devices, such as flexible electronic skin and sensitive strain sensors.

Electrical conductivity
Mechanical properties
Strain sensors

1. Introduction electro-conductive polymers, PEDOT:PSS has high electrical conduc-
tivity, chemical stability, processability in aqueous solutions and envi-
ronmental friendliness, and has been widely used in conductive

hydrogels for sensors [16,17]. However, most ECHs currently suffer

Flexible polymer materials have been widely used in wearable
electronic devices, such as electronic skin, electrical sensors, electronic

encapsulation and healthcare equipment, and have received much
attention and achieved a fast development [1-4]. Electro-conductive
polymer hydrogels (ECHs) are typical, flexible and electro-conductive
materials with a three-dimensional network, and are considered as
suitable candidates for the fabrication of wearable electronic devices
[5-7]. For the fabrication of ECHs, electro-conductive fillers, such as
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS)
[81, polyaniline [9,10], polypyrrole [11,12] and carbon materials
[13-15] are commonly imbedded in the polymer hydrogel network to
endow electro-conductivity properties. As one of the most promising
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from weak mechanical strength, biological incompatibility and rela-
tively complicated preparation methods, which cannot meet the de-
mands in practical applications in wearable electronics [18-20].

Poly (vinyl alcohol) (PVA) hydrogels have the advantages of low
cost, good mechanical properties, high water content and good
biocompatibility [21-24], and have been widely used as wearable sen-
sors [25], soft actuators [26], wound dressings [27] and drug delivery
carriers [28]. Regarding the characteristics of high flexibility and
stretchability, the PVA hydrogel has been deemed a good candidate for
soft strain sensors matrixes [29]. Currently, how to obtain flexible,
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Fig. 1. (a) Synthesis mechanism of the SIPN PVA/PEDOT:PSS hydrogel; Demonstration of the (b) flexibility, (c) stretchability, (d) bendability and (e) electro-

conductivity of hydrogels.

stretchable, conductive and strain-sensitive PVA ECHs has been a key
issue in the field of soft strain sensors. Liao et al. and Liu et al. reported
an artificial epidermal skin sensor based on a composite of PVA/carbon
nanotubes/polydopamine and a composite of PVA/polydopamine,
respectively [2,30]. Jing et al. reported a transparent, stretchable, and
self-healing PVA/cellulose nanofibril ECHs for pressure and strain sen-
sors by dual-crosslinked networks [31]. However, in the practical
application of soft strain sensors, most reported PVA ECHs are often
plagued with problems such as weak mechanical strength [25], low
electro-conductivity [32], or complicated preparation methods [32].
Therefore, it is desirable to develop a facile method to prepare PVA ECHs
with comprehensive performance for use as soft strain sensors.

A semi-interpenetrating polymer network (SIPN) strategy has been
proven to be a facile technique to fabricate stable conductive hydrogels
with excellent mechanical properties [33,34]. In this study, we
demonstrate that flexible, stretchable and conductive PVA/PEDOT:PSS
composite hydrogels can be successfully fabricated by penetrating the
conductive agent PEDOT:PSS polymer chain into the PVA network and
forming SIPN structures through a simple two-step method of mixing
and in-situ crosslinking. The incorporation of small amounts of PEDOT:
PSS considerably improve the mechanical properties and
electro-conductivity for the PVA/PEDOT:PSS composite hydrogels. The
flexible, stretchable and conductive properties produce a composite
hydrogel sensor with a superior gauge factor of up to 4.4 (strain: 100%).
The designed PVA/PEDOT:PSS composite hydrogels show promise for
applications in wearable devices, such as flexible electronic skin and
sensitive strain sensors.

2. Experimental
2.1. Materials

PEDOT:PSS (Clevios PH1000, PEDOT:PSS mass ratio of 1:2.5 by
weight with 1.0-1.3% solid content in water) was purchased from
Sigma-Aladdin Industrial Corporation (Shanghai, China). Poly (vinyl
alcohol) (PVA, polymerization degree: 1700, alcoholysis degree:
98.0-99.0%), dimethyl sulfoxide (DMSO), glutaraldehyde solution (GA,

25.0wt%) and hydrochloric acid (37.5wt%) were purchased from
Sinopharm Chemical Reagent Co, Ltd (Shanghai, China). All the chem-
icals were of analytical purity and directly used without further
purification.

2.2. Preparation of PVA/PEDOT:PSS hydrogels

A PVA solution with a concentration of 8.0 wt% was obtained by
dissolving 0.8 g of PVA in 9.2 mL of deionized water under mechanical
stirring at 95 °C. Then 2.0 mL DMSO, a certain amount of PEDOT:PSS
and 0.1 mL 12.5 wt% GA solution were added into the prepared cooled
PVA solution via a high speed disperser for a further 10 min, and under
ultrasonic treatment for a further 10 min, respectively. Secondly, 0.1 mL
10.0 wt% hydrochloric acid was slowly added into the above mixed
solution under ultrasonic treatment for 10 min. Finally, the PVA/
PEDOT:PSS hydrogel was obtained by casting the solution in a self-made
mold and crosslinking the PVA solution at room temperature for 6 h.
Here, the concentrations of PEDOT:PSS were selected as 0.00 wt%,
0.04 wt%, 0.07 wt%, 0.10 wt% and 0.14 wt%, identified as PVA-PP-0,
PVA-PP-4, PVA-PP-7, PVA-PP-10, PVA-PP-14.

2.3. Characterizations

Composition and microstructures test. Fourier transform infrared
(FT-IR) spectra were obtained using a FT-IR spectrometer (Nicolet 6700,
Thermo scientific, USA) with an attenuated total reflectance (ATR)
attachment. Raman spectra were recorded for all the samples at ambient
conditions on a Raman spectrometer (DXR, Thermo scientific, USA),
with excitation by laser beam of 532 nm wavelength. Thermogravi-
metric analysis (TGA) was carried out on a TGA 5500 system (TA In-
struments CO., USA). The heating rate was 10 °C/min from 30 °C to
700 °C under nitrogen flow. The morphology and microstructures were
characterized by scanning electron microscopy (SEM) (Phillips XL30,
FEI Company, USA). The hydrogel samples for the FTIR, Raman, TG and
SEM tests were frozen for 24 h, then vacuum freeze-dried at —55°C
(Free Zone 4.5® Liter Freeze Dry System 77500 Series) for 24 h.

Swelling behavior. The swelling behavior of the freeze-dried
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Fig. 2. FT-IR spectra (a), Raman spectra (b) and TG curves (c) of the composite hydrogels.

hydrogels was analyzed by recording their weight change in water over
time at room temperature. The swelling ratio (SR) was calculated by the
equation SR=(m¢-mg)/mg, where my is the initial weight of the dried
hydrogels and m; is the weight of the hydrogel at different time
intervals.

Mechanical test. Tensile testing of the composite hydrogels was
conducted with reference to ASTM D638 standard, with slight modifi-
cation [35,36]. Uniaxial tensile tests of rectangular hydrogel strips
(50 mm x 15mm x 1.5mm) were performed on an Instron 5567 uni-
versal testing machine at a crosshead speed of 30 mm/min. The
compression tests were conducted on as-prepared cylinder hydrogel
samples (length = 14 mm and diameter = 25 mm) at 7 mm/min and the
compression strain limit was set as 50%. Both the tensile and
compression tests were operated under a 250 N load cell (Instron Inc,
USA) at room temperature.

Strain sensing ability tests. The electrical testing of the composite
hydrogels was conducted follow up Ref [37], with slight modifications
[37]. Two individual copper adhesive tapes acting as electrodes were
attached on the two sides of the composite hydrogel strips
(50 mm x 15mm x 1.5mm), respectively. The distance between the
two electrodes was about 40 mm. The resistance changes of the com-
posite hydrogels in different tensile states were obtained by using a
Keithley 2000 (Keithley, USA) instrument. The relative change of the
resistance was calculated on the basis of the current: AR/Ry =
(Rs-Rg)/Rg, where Rg and R are the initial resistance of the strain sensor
and the resistance under tensile deformation, respectively.

3. Results and discussion
3.1. Preparation and characterization of PVA/PEDOT:PSS

A semi-interpenetrating polymer network (SIPN) strategy was
employed to fabricate a type of hydrogel composed of polyvinyl alcohol
(PVA) in the presence of GA as the crosslinker, HCI as the catalyst and
poly(3,4-ethylenedioxythiophene):polystyrenesulfonate (PEDOT:PSS)
as the conductive medium, as schematically illustrated in Fig. 1a. The
SIPN structure of the composite hydrogel is shown in Fig. 1a, and was
constructed by cross-linking the PVA and linear PEDOT and PSS.
PEDOT:PSS is a mixture of highly conductive polymers, where PSS
possesses a negative charge due to the deprotonation of the sulfonyl
groups while PEDOT carries a positive charge. Glutaraldehyde serves as
the cross-linker to facilitate the formation of a robust PEDOT:PSS
network in the PVA, providing the conductivity and flexibility to the
polymer matrix [38]. Fig. 1b, ¢, and d show that the fabricated PVA/-
PEDOT:PSS hydrogels demonstrate good flexibility, stretchability, and
bendability, respectively. The fabricated PVA/PEDOT:PSS hydrogel
specimen exhibited good electrical conductivity, as shown in Fig. le. In
order to improve the electro-conductivity of the composite hydrogels,
2.0 mL of polar solvent DMSO was used as a secondary dopant for partial
phase separation of the excess insulating PSS, according to Refs. [39,40].

IR spectroscopy was used to confirm the functional groups in the
composite hydrogels and to investigate the formation of the crosslinking
network from the blends with GA. The IR spectra of PVA-PP-0 hydrogel
and PVA-PP-14 hydrogel are shown in Fig. 2a. For pure PVA (PVA-PP-0),
the broad and strong peak at 3381 cm ™! is assigned to the symmetrical
stretching vibration of the -OH groups. The peak at 2997 cm ™! is due to
the stretching vibration of the C-Hs of the PVA. The shoulder peaks at
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Fig. 3. FE-SEM images of the hydrogel: (a, d) PVA-PP-0, (b, e) PVA-PP-7, (c, f) PVA-PP-14.

2945 cm ™! and 2908 cm ! were assigned to the C-Hs of aldehyde groups
and C-Hs of alkyl groups, which indicate the incorporation of aldehyde
molecules into the PVA network [41]. The peak at 1724 cm~! corre-
sponded to the acetyl residue of the PVA molecules [42]. The broad peak
range from 900 cm to 1 to 1500 cm-1 has been reanalyzed in the
manuscript. Peaks at 1100 cm-1 and 1020 cm-1, represent the
-C-0-C-0O-C- acetal structure, indicating the acetal reaction of PVA and
GA under acidic conditions. The shoulder peaks at 1429 cm-1 and 1399
cm-1 are assigned to the bending vibration of C-Hs of aldehyde groups of
PVA [41]. As for PVA-PP-14, the IR absorption peak is similar to that of
PVA-PP-0 due to the main skeleton of PVA hydrogel matrix. In addition,
the peaks at about 1520 cm ! and 1200 cm™! are attributed to the
stretching vibration of C=C in the thiophene ring and ethylenedioxy
group on the PEDOT, respectively [43]. The peak at 3004 cm™! is
assigned to the stretching vibration of = C-H of PSS. Particularly, the
-OH stretching peak shifts to a lower wavenumber, indicating that the
hydrogen bonding interactions between the hydroxyl groups on the PVA
molecular chains were reduced by the interactions between PVA and
PEDOT:PSS.

The Raman spectra of the PVA-PP-0 hydrogel and PVA-PP-14 are
shown in Fig. 2b. The peak at 2921 cm™! corresponds to the stretching
vibration of the C-C of the PVA. The peaks at 310 cm™* and 335 cm ™! are
assigned to the deformation vibration of the GA carbon chain, indicating
the existence of GA segments in the hydrogels. The peak at 1427 cm ™!
was assigned to the stretching vibration of C, = Cg on the five-member
thiophene ring of PEDOT [44]. The scattering peak of C-C and C-O
stretching and bending vibrations of PVA overlapped and formed a
broad peak range from 900 cm™! to 1500 cm ™. The intensity of the
broad peak decreased after the incorporation of PEDOT:PSS, which
might be due to the weak hydrogen bonding interactions between the
hydroxyl groups on the PVA molecular chains decreasing due to the
interactions between the PVA and PEDOT:PSS.

The thermal degradation properties of PVA-PP-0 and PVA-PP-14
were measured to evaluate the thermal stability of the composite
hydrogels and to investigate the intermolecular interaction between the
PVA and PEDOT:PSS. The TG and DTG results from Fig. 2c both exhibit
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Fig. 4. Effect of PEDOT:PSS concentration on the swelling ratio of compos-
ite hydrogel.

the degradation of PVA-PP-0 and PVA-PP-14 which shows three stages
of degradation. The first weight loss in the temperature region
100-250 °C is due to the loss of free water molecules and water mole-
cules from the etherification reaction of the polyvinyl alcohol -OH
groups [45]. The second weight loss in the temperature region
250-400 °C is due to the decomposition of polyvinyl alcohol main-chain
and the third weight loss around 442 °C is due to the decomposition of
the residual main-chain decomposition [46]. The maximum rate of the
weight loss temperature for the decomposition of polyvinyl alcohol in-
creases from 338 °C to 373 °C after incorporation of PEDOT:PSS, indi-
cating that the disintegration of PVA is impeded when PEDOT:PSS is
coated on the surfaces of the PVA.

Fig. 3 shows the FE-SEM images of the freeze-dried PVA/PEDOT:PSS
hydrogels with different PEDOT:PSS concentrations. The prepared
hydrogels have the typical micro-porous structure at low magnification,
as shown in Fig. 3(a, b and c), which arises from the freeze-drying for-
mation process of the dried hydrogels [47]. Fig. 3(d, e and f) shows that
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Fig. 5. (a) The electrical conductivity of hydrogel at different concentrations of PEDOT:PSS. Photographs of PVA-PP-0 (b) and PVA-PP-14 (c) connected in series with
a red LED indicator in the circuit. FE-SEM images of PVA-PP-0 (d) and PVA-PP-7 (e).

the surfaces of PVA/PEDOT:PSS hydrogel are relatively smooth and
dense in structure. Moreover, Fig. 3(d, e and f) also shows that the size
and number of micro-pores in the PVA/PEDOT:PSS hydrogel are
decreasing with increasing amounts of PEDOT:PSS, indicating that the
PEDOT and PSS chains have been successfully penetrated into the PVA
crosslinking network to form an semi-interpenetrating network
structure.

In order to study the effect of PEDOT:PSS on the hydrophilicity of the
composite hydrogels, the swelling ratios of the composite hydrogels
with different PEDOT:PSS concentrations were studied. Fig. 4 shows
that the swelling ratio of the composite hydrogels clearly decreased with
the increasing PEDOT:PSS concentration. The hydrogels almost reached
the swelling equilibrium after 90 min, and the maximum swelling ratios
of PVA-PP-0, PVA-PP-4, PVA-PP-10 and PVA-PP-14 were about 34%,
25%, 22%, 19% and 17%, respectively. The maximum swelling ratio of
the PVA-PP-0 hydrogel is about twice as large as that of the PVA-PP-14.
On the one hand, PEDOT:PSS is more hydrophobic than the hydrogel
matrix PVA [48]. On the other hand, the PEDOT and PSS chains inside
the composite hydrogels, acting as physical reinforcements, contribute
to a decrease in the degree of swelling. This also agrees with the results
shown in Fig. 3 that the hydrogel containing more PEODT:PSS has fewer
and smaller micro-pores, which impedes more water molecules travel-
ling through the hydrogel freely, and remain inside the micro-pores.
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3.2. Electrical conductivity

Fig. 5a shows the changes in the electrical conductivity of the com-
posite hydrogel with various PEDOT:PSS concentrations. It can be seen
in Fig. 5a that the electrical conductivity of composite hydrogel in-
creases with increasing concentrations of the PEDOT:PSS conductive
dopant, from 4.5 x 1073Sm™! (PVA-PP-0) to 0.36 Sm™* (PVA-PP-14)
when the PEDOT:PSS concentration increases from 0.0 wt% to 1.4 wt%.
When the concentration of the conductive medium PEODT:PSS is higher
than 1.0 wt%, the electrical conductivity increases sharply, as shown in
Fig. 5a, indicating the formation of the percolation network [49,50]. A
driving voltage below 2 V cannot light up the LED in specimen PVA-PP-0
specimen, as shown in Fig. 5b. It can be readily observed from Fig. 5c
that the LED was lit when the PVA-PP-0 specimen is replaced with the
PVA-PP-14 specimen. Fig. 5d and e indicate that the prepared PVA-PP-0
and PVA-PP-14 have dense and smooth structures, and Fig. 5e shows
that the PEDOT:PSS is uniformly dispersed in the PVA hydrogel matrix,
contributing to the enhancement of the electrical conductivity.

3.3. Mechanical properties

Tensile tests were performed to examine the effect of the PEDOT:PSS
concentration on the tensile properties of the composite hydrogel, and
the results are shown in Fig. 6a. The tensile strength and the elongation
at breakage of the PVA-PP-0 hydrogel are about 30 KPa and 114%,
respectively. When the content of PEDOT:PSS increased from 0.00 wt%
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Fig. 6. The tensile properties (a) and compression stress-strain curve (b) of the composite hydrogels.



Y.-F. Zhang et al.

454 —s—PVA-PP-0
—e—PVA-PP-4
409 —a—PVA-PP-7
—v—PVA-PP-10 .
351 —+—PpVA-PP-14

>

2.0

154 /ﬁ&

et
s

@
10 ==
0 20 40 60 80 100
Strain (%)

Fig. 7. Relative resistance changes of the PVA/PEDOT:PSS composite hydrogel
sensors as a function of applied strain.

to 0.14 wt%, the tensile strength and elongation at breakage of the PVA/
PEDOT:PSS hydrogels increased from 30 to 70 kPa and 114%-239%,
respectively. The recoverable properties of the hydrogels at the same
strain level (50%) were investigated by the loading-unloading tests
shown in Fig. 6b. It can be seen in Fig. 6b that there is almost no hys-
teresis for the composite hydrogels and the sample fully recovers to its
original state after unloading, exhibiting typical rubber elastic behavior.
Fig. 6b also shows that the compressive stress of the composite hydrogels
at the same strain level is increased with increasing concentrations of
PEDOT:PSS. The compression stresses of the PVA-PP-0 and PVA-PP-14
specimens at a strain of 50% are 87.5 KPa and 215.7 KPa, respectively.

The good mechanical properties of the composite hydrogels may be
due to the good dispersion of the PEDOT:PSS in the PVA hydrogels and
the SIPN structure formed in the composite hydrogels. Under deforma-
tion, the covalent crosslinking maintains the original network configu-
ration, and segment movements of the PVA chain, glutaraldehyde chain
and PEDOT:PSS chains are combined to dissipate energy and transfer
stress from the PVA matrix to the PEDOT:PSS reinforcement [51].
Furthermore, hydrogen bonding between the PVA matrix and rein-
forcement PEDOT:PSS are also thought to be one of the factors that
improve the mechanical properties of the composite hydrogels [52]. The
hybrid chemical crosslinking and hydrogen bonding interactions in SIPN
networks endow PVA/PEDOT:PSS composite hydrogels with excellent
mechanical properties.

3.4. Strain-sensitive behaviors

To evaluate the practicability of the PVA/PEDOT:PSS hydrogel for
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use in wearable sensing applications, the strain-AR/Rg of the composite
hydrogel was studied and the results are shown in Fig. 7(a). It can be
noted that all the AR/Rq curves of the composite hydrogels increased
with increasing applied strain (0-100%), suggesting that the electrical
conductivity of the composite hydrogel was sensitive to the applied
strain. When the strain was increased, the space between the conductive
medium in the hydrogel was enlarged, causing increased resistance of
the hydrogel. Furthermore, the AR/Ry of the composite hydrogel at the
same strain level increased with the increasing concentrations of
PEDOT:PSS, indicating that the higher the electrical conductivity of the
composite hydrogel, the more the strain sensitivity of the composite
hydrogel. For example, when the strain was 100%, the AR/Ry values of
the PVA-PP-0, PVA-PP-7 and PVA-PP-14 were 1.53, 2.52 and 4.38,
respectively. The gauge factor (GF) is used to quantitatively evaluate the
sensitivity of a strain sensor, and is estimated by following formula: GF=
(Rs-Ro)/(Roe), where Rg, Ry and € represent the testing resistance, the
initial resistance, and the strain, respectively. Fig. 7 illustrates that the
GF of the composite hydrogel is improved with increasing PEDOT:PSS
content, reaching 4.38 (strain: 100%) in the experiment. Table 1 shows a
comparison of the fabrication method and GF value obtained from this
work as compared with the results of some typical types of strain sen-
sors. Amongst the various investigated conductive materials used in the
composite hydrogel, as shown in Table 1, PEDOT:PSS is seen to be the
most useful polymeric material for wearable healthcare sensors because
of its excellent chemical stability, optical transparency, electrical
properties, processability in aqueous solutions, environmental friendli-
ness and biocompatibility [53]. It was reported that PVA/PEDOT:PSS in
the form of nanofibers exhibits a high GF [57] due to an series effect on
resistance. In our work, the SIPN PVA/PEDOT:PSS composite hydrogels
were fabricated in strip form by the solution-cast method. This method is
environmental friendly, cost effective, and suitable for large scale of
production. Moreover, it is found that the GF values with the small
PEDOT:PSS doping levels prepared in this work are superior to most of
the reported gel-based strain sensors with similar configurations, and
exhibit high potential for producing sensitive and flexible strain sensors.

4. Conclusions

In summary, flexible, stretchable and conductive PVA/PEDOT:PSS
composite hydrogels have been successfully fabricated by the SIPN
strategy. The PVA/PEDOT:PSS composite hydrogel and the preparation
method demonstrated in this study are environmentally friendly, cost
effective, and suitable for large scale production. The SIPN structures
play a significant role in the properties of the PVA/PEDOT:PSS, such as
the swelling ratio, mechanical properties and relative resistance
changes. The prepared PVA/PEDOT:PSS composite hydrogels exhibited

Table 1
A summary of some high-performance flexible strain sensors.
Hydrogel matrix Conductive medium Gauge factor (tensile strain) Comment Ref
PVA/poly dopamine Reduced graphene oxide 1.0 (100%) Dynamic H bonding crosslinking; [32]
Solution casting method
Polyacrylic acid (PAA) AP* 4.9 (65%-75%) Chemical crosslinking; [54]
Dynamic coordination
PAA Polyaniline 11.6 (100%) Physical crosslinking; [55]
Solution casting method
PAA PEDOT:sulfonated lignin 7.0 (100%) Chemical crosslinking; [56]
Solvent replacement strategy
Polyvinyl alcohol (PVA) Single wall carbon nanotubes; 1.51 (1000%) Dynamic H bonding crosslinking; [57]
Silver nanowire 2.25 (1000%) Solution casting method
PVA PEDOT:PSS 396 (120%) Electrospun technique [58]
PVA/Polyvinylpyrrolidone Fe*t 0.478 (200%) Dynamic Fe>" crosslinking; [59]
Soft and hard hybrid networks
PVA Multiwall carbon nanotubes 3.0 (100%) Dynamic H bonding interaction; [60]
Infiltration technique
PVA PEDOT:PSS 4.4 (100%) Chemical crosslinking This work

SIPN strategy
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excellent flexibility, stretchability, conductivity and relative high GF,
demonstrating great potential for the preparation of lightweight and
cheap wearable electronics, such as flexible electronic skin and sensitive
strain sensors.
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