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Abstract: In this study, three kinds of flexible and electrically conductive polyurethane foam (PUF) composites (PUF-
GO, PUF-PPy, PUF-PPy-GO) were prepared using vapor phase polymerization of pyrrole and the impregnation of
graphene oxide (GO) processes. It was confirmed that control of the electro-mechanical properties of the composite by
changing the shape of the conductive layer was formed differently depending on the manufacturing process of the con-
ductive PUF composites. The prepared PUF composites were evaluated for hybrid dual-functional applications (chemical
sensors and supercapacitance electrode supports) to investigate potentials for various application fields. PUF-PPy-GO
composite shows good performance as a chemical sensor, showing the best ammonia gas sensing characteristics and
excellent selectivity for other electron-donating chemical gases. It is believed that this is because the electrically con-
ductive layer composed of PPy and GO is uniformly formed on the inner surface of the porous composite. In addition,
as a result of application as an electrode support for supercapacitors, the specific area capacitance (22.2 mFem™) of PUF-
PPy-GO was the highest, which was about 10 times higher than that of the PUF-GO composite (2.5 mFcm™). It is con-
sidered that the PUF-PPy-GO composite would provide a facile path for smooth exchange with electrolyte ions during
the charging-discharging process.

Keywords: supercapacitor, chemical sensor, vapor phase polymerization, urethane foam, graphene oxide.
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Figure 1. Fabrication process of urethane form based composite: (a) preparation of PUF; (b) preparation of various conductive PUF composites.
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Figure 2. Morphology characterization of various TPU form composites. Upper panel: SEM images of surface, lower panel: SEM images

of cross-section.
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Figure 3. Chemical composition distribution in the various TPU form composites: (a) column: SEM images; (b) column: carbon atom; (c)

column: nitrogen atom; (d) column: sulfur atom.
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Figure 4. FTIR spectra of various TPU form composites.
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Figure 5. Stress-strain curves for various TPU form composites.

Table 1. Summary of Mechanical Properties of Various TPU
Form Composites

Max stress  Young’s modulus Strain

(MPa) (Kgy/mm?’) (%)
PUF 1.865 0.058 38.35
PUF-GO 3.450 0.094 38.97
PUF-PPy 2.015 0.068 48.11
PUF-PPy-GO 2.145 0.063 38.90
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Figure 6. Electrical properties of various TPU form based composites: (a) resistance variation as a function of time; (b) I-V curve for various

composites.
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Figure 7. Behaviors of gas sensor made of TPU form based composites: (a) repeatability of detection response of different TPU composites
at 7.5 ppm; (b) linear response range as a function of concentration; (c) sensor response in ammonia sensing with respect to relative humidity;
(d) selectivity of TPU-PPy-GO for ammonia sensing towards other reducing gases.
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Table 2. Summary of the Selectivity of NH; Gas Detection as
Compared with Alchol, Amine Based Gases

Selectivity (ratio)

Concentration
(opm) [AR/R(NH,)VIARR,  [ARR(NH,)V[ARR,
(Trimethylamine)] (Trimethylamine)]
3.0 1.5 10.3
4.5 22 14.4
6.0 2.3 17.1
7.5 2.1 17.3
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Figure 8. Behaviors of electrochemical analysis of TPU form based composites: (a) C-V curves for different TPU composites; (b) C-V curves
for TPU-PPy-GO composites as a function of scanning speed; (¢) Galvanostatic charge-discharge profiles for different TPU composites.
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