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Abstract: Polyurethane foam (PUF) is popular in polymer materials utilization and engineering due to their adjustable
mechanical and stretchy assets. In this investigation, polypyrrole (PPy), carbon quantum dot (QD), and graphene oxide (GO)
were used to produce flexible electro conductive PUF composites. The QD was synthesized from banana peel solid waste
using hydrothermal technique. PPy as a conductive polymer (CP) was vapor-phased polymerized process on the PUF and
formerly GO and QD were impregnated to produced PUF-PPy, PUF-PPy-QD, PUF-PPy-GO matrixes and examined for
supercapacitor as well as gas sensor electrode. PUF-PPy-QD and PUF-PPy-GO electrodes revealed areal capacitances of
46 and 36 mF cm™. Also these electrodes have examined as an NH; gas sensing material and demonstrated fairly good
sensitivity and repeatability. These findings highlight a simple and effective method for sustainable matrixes for the fab-
rication of active gas sensor combined supercapacitor system.

Keywords: sustainable ternary matrixes, polyurethane, polypyrrole, carbon quantum dot, gas sensor combined supercapacitor.

Introduction

The demand for sustainable materials or matrixes for sensor
combined energy storage units and reworking that are both
economical and favorable to the environment are significantly
increased, and smart devices that integrate for self-powered
sensor and storage have attracted increasing attention as a major
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breakthrough for efficient usage. It is crucial and advantageous
for wearable smart electronics devices to have an integrated
energy storage system with multifunctional sensors.'? Improv-
ing maintainable, versatile electrodes for use in smart energy
storage and more specifically, in self-powered, multifunctional
sensor device is currently a primary focus of sensor and energy
storage research.’

Another important aspect is utilization of bio waste into sus-
tainable materials, such as carbon quantum dot (QD). QD is a
novel category of zero-dimensional carbon nanoparticles, pre-
dominantly composed of carbon and measuring less than 10 nm
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in size. They have garnered significant attention due to their
extensive applications, including medical diagnosis, photo catal-
ysis, fluorescent sensing and energy storage etc.* Consequently,
significant efforts have been directed towards the advantageous
synthesis of QD and the advancements of diverse applications.
A variety of step-down procedures (laser ablation, electrochemical
oxidation, and arc-discharge) and bottom-up approaches (micro-
wave, ultrasonic, and hydrothermal techniques, etc.) have been
discussed for the production of QD.>’

There has been consistent development in gas sensor tech-
nology for the detection of explosives, pollutants, and toxic gases
up to this point.*’ Many companies, including those dealing with
chemicals, fertilizers, and food waste, produce ammonia through
anaerobic digestion, which is one of the very dangerous gases.
Ammonia gas can cause a host of health problems, including
asthma, skin burns, serious respiratory irritation, and stable eye
injury and blindness, even at low concentrations.'™"" Next to
the present time, a wide range of NH; gas sensors are accessible
for purchase. The prior research indicates that numerous types
of ammonia (NH;) gas sensors are presently available on the
market. Earlier research works indicate that the manufacturing
of ammonia gas sensors has been explored using several
techniques, including like, laser-based spectroscopy and crystal
microbalances.'*™

Presently, a prevalent set of NH; gas sensor is which com-
prise an ionic and hydrogels. Nevertheless, due to the limited
lifespan of this category of sensors and the low permanence of
hydrogels throughout electrochemical processes, hybrid metals
or ceramics combined with polymer matrixes or their products
have been explored as substitutes.'*'® Furthermore, several
conductive polymer matrixes, carbon nanotubes, and reduced
graphene oxide etc, have been demonstrated to be advantageous

in chemistry and biosensors'"'®

owing to the simplicity of surface
functionalized through uncomplicated chemical interactions.

Electrode materials for energy storage made of conductive
polymer/metal composites or carbon based QD and GO have
the potential to be stable over the long term, and sensor systems
that combine cyclic stability with energy storage are essential
for the creation of efficient smart electronic devices.'*?° In gen-
eral, custom-made electronic gadgets like smart bands, smart
pens, and wearable health monitors can benefit from these kinds
of sophisticated, self-powered, multifunctional sensor systems.
Health monitoring and treatment are two areas where modern
society is making great strides in the creation of smart electronic
medical equipment.”!

There has been a lot of recent focus on power source inte-

grated sensor systems in the biosensor and energy storage research
communities. Hygiene detection, bio-monitoring, and breath-
ing analysis were the latest foci of Y. Su ef al's self-powered
respiration monitor system and conventional membrane sen-
sor.”** Wearable biosensors sensitive to Acetone, NO,, and NH;
were the primary targets of the energy transmission.”** For smart
electronics devices that may be worn, an integrated energy storage
system with several functional sensors is crucial and advanta-
geous. Smart energy storage, and more specifically self-pow-
ered multifunctional sensor device, is a current area of interest
for sensor and energy storage researchers, who are working to
develop better, more versatile electrodes.

We have previously reported caffeine, vanillin sensor integrated
supercapacitor (SC) system,” also we have studied matrixes and
various polymer composites for gas sensor system. To enhance
conductivity, specific capacitance, mechanical stability, and flexi-
bility, the integration of conducting polymers via GO and car-
bon quantum dot (QD) is advantageous and constitutes an
effective approach. The PPy-GO composite is frequently uti-
lized in the production of electrode materials because to PPy's
superior conductivity, robust environmental stability, and straight-
forward synthesis. In our prior reports, we synthesized PUF-
PPy for strain sensor applications and assessed the performance
of PPy by the vapor phase polymerization (VPP) method.”

From the aforementioned observations and views, the present
work focused its attention preceding the intention technique of gas
sensor combined SC system, the progression assurance for struc-
tural constructions, fabrications route, and the electrical-mechan-
ical comportment of PUF-PPy-GO and PUF-PPy-QD matrix
as flexible gas sensor-SCs that were studied. The QD was pre-
pared from banana peel waste. This is the first report on PUF and
PPy combined bio waste derived QD matrix electrodes, and their
performances have compared with GO combination matrixes.

Experimental

Details of Experiment Techniques. Chemicals Used:
The substrate used for the PUF-PPy fabrication process was PUF
foundation (PMDI (Basf co., Lupranate M20R and PTMEG
(BASF co. PEGTM 1800) used. Methanol and Ethanol (Sam-
chun Pure Chemical) used as the solvent for the oxidizing
mediator, iron(IIl) p-toluenesulfonate (FTS), during oxidative
polymerization. The pyrrole (Py, ACROSE, GEEL, Belgium)
monomer employed for oxidative polymerization of the con-
ductive polymer PPy was utilized. The GO suspension 5 g/L
purchased from Grapheneall (Lot.N0.20200205).
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Bio Synthesis of QD From Banana Peel. The bio derived
QDs were produced after banana peel discarded using a
straightforward hydrothermal technique.” The discarded waste
was thoroughly pulverized with deionized water and subse-
quently put into an autoclave (Teflon liner). The autoclave was
securely airtight and thereafter positioned in a household hot
air oven, where it was passionate for 24 hours at 200 C. The
resultant brownish-yellow simple product was carried out by
filtration (membrane (0.22 pm).

The transparent brownish QD extracted liquid was sepa-
rated, and the supernatant exhibited luminous characteristics.
The acquired QD solution was refrigerated and preserved at
4 C until utilized. To fulfill the requirements of characteriza-
tions, it was occasionally necessary to produce the sample as
a solid, which was done as follows: A portion of the QD solu-
tion was extracted and subjected to vacuum freeze-drying for
4 hours to provide a solid brown powder QD. They were uti-
lized for additional investigations.

Production of PUF-PPy: To fabricate PUF-PPy and, poly-
urethane (PU) was initially manufactured consuming 7 g of
PMDI, Lupranate M20R, (i) NCO matrix = 30.0-32.0%, (ii) acid
significance = max. 0.06 mg KOH/g, (iii) viscosity = 0.17-0.23
Pa‘s) and 20 g of PTMEG” The chamber temperature was
maintained at 80 C however swirling at 800 rpm for 60 sec.
Subsequently, it was combined and agitated for 1 minute using
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distilled water, followed by a 10 min period to facilitate the
generation of CO, gas, yielding soft PUF (Scheme 1(b)).

The PUF was submerged for 30 minutes in a 10 wt% solution
of FTS, thereafter dried at ambient temperature for 12 hours,
followed by oven drying at 60 C for an extra 5 min. Subse-
quently, the PUF enclosing the oxidant (FTS) was transferred
to a polymerization compartment.*® Pyrrole was put next to the
evaporation chamber for the VPP (Scheme 1(b); STEP I).

Fabrication of PUF-PPy-GO and PUF-PPy-QD: The
cleaned PUF-PPy was engrossed in a GO solution (Graphe-
neall, 5 g/L) for 10 min to create the PUF-PPy-GO composites.
The same procedure followed for PUF-PPy-QD. The prepared
matrixes were subsequently dried at ambient temperature for 2 h
and at 70 C in a vacuum oven for 3 h. Then, these matrixes
were rinsed with distilled water three times to eliminate depos-
its (Scheme 1(b); STEP 1II).

Testing of QD and Matrix Analyzing Studies. Transmis-
sion electron microscopy (TEM) (JEOL, JEM-2100) instru-
ment, Fourier Transform Infrared spectrometer (FTIR, Perkin-
Elmer), UV-Visible spectrum (UV), and photoluminescent (PL)
employed for QD analysis. Micro-CT and Field Emission Scan-
ning Electron Microscopy (FE-SEM) (TESCAN MIRA) were
operated to analyze the morphology of the various composites.
Hounsfield, H10KS-Universal Testing Machine (UTM) to check
the mechanical strength studies. Electrochemical measurements

FIIterlng Carbon quantumn dot (QD)

N STEP II: CQD or GO impregnation

PUF-PPy-QD

D= » .- »

| >
PUF-PPy-GO

Scheme 1. (a) Preparation of QD from banana peel; (b) Fabrication process of various PUF based conductive composite.
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Figure 1. HRTEM images of prepared QD with various magnification.

of the SC's performance were taken exhausting a Workstation
(SP-150, Biologic) and the gas sensor performance was tested
by an inductor/capacitor/resistor (LCR) meter (GW Instek, LCR-
6100).

Results and Discussion

TEM Studies of Bio Synthesized QD. The QDs were pro-
duced from banana peel discarded using a straightforward
hydrothermal method, as depicted in Figure 1(a-c). The mor-
phology and dimensions of the produced QDs were analyzed
using HRTEM. Figure 1(a) illustrates that the particle size col-
lections from 5 to 7 nm, with a regular diameter of approximately
5 nm, indicating a broad dispersion and a spherical morphology.
The HRTEM pictures (Figure 1(c)) indicate that the produced
QDs possess distinct lattice fringes, suggesting a robust crys-
talline arrangement. The inside of QDs exhibits a significant
degree of crystallinity in contrast to the outside surface, as evi-
denced by TEM images.”'

FTIR, UV-Visible and PL Studies Bio Synthesized QD.
The QDs were analyzed using FTIR spectroscopy. The bio
synthesized QDs are thermally treated at 150, 200 and 230C
temperature conditions thought to possess. The FTIR spectrum
(Figure 2(a)) display peaks at approximately 3350 and 3250 cm ™,
attributed to the extending vibrations of -OH and N-H, corre-
spondingly. C-H asymmetric and symmetric vibrations were
detected at 2930 and 2850 cm . The peaks at 1650, 1560, 1390,
1280, and 1070 cm ' resemble to the functional groups C-O,
C-C, C-N-C, C-OH, and C-O-C, indicating the existence of N,
and O, on the exterior of QDs.*? The three temperature treat-
ments showed not much difference in the functional groups
shifts or modifications. These functionalities enhance the remark-
able water solubility of QDs and indicate that the bio synthe-
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Figure 2. (a) FTIR spectra; (b) UV-Vis absorbance spectrum of pre-
pared carbon QD with various synthesis temperature.

sized QDs will be advantageous for subsequent treatments and
applications.

Figure 2(b) depicts the UV—Vis absorbance profile of the bio
synthesized QDs after three temperature treatments (150, 200
and 230C), which demonstrates the extensive absorption
series at 270 and 320 nm in the UV region. These absorption
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Figure 3. PL excitation spectra of biosynthesized QD with various temperatures.

ranges are associated to the distinctive n—n* transition band
of the QD (C—C) sp2 hybrid orbitals and the n—n* transition
band of the (C—O) sp3 hybrid orbitals, which are the efficient
group on the exterior of QDs, correspondingly.*® The insert opti-
cal images displayed the QDs under day light and UV light.
According to the data presented in insert Figures, the final prod-
uct of the bio synthesis of QDs is yellowish in aqueous solution
when exposed to daylight, and it emits intense green fluores-
cence when excited by UV radiation.

The defining characteristic of QD is their PL activity, which
is dependent on emission wavelength and size. From both nec-
essary and applied perspectives, photoluminescence is one of
the most intriguing properties of QDs. The produced carbon dots
in aqueous solution exhibit green luminescence when exposed to
UV light, as illustrated in the insert of Figure 2(b). The PL
spectra of the carbon dots (Figure 3(a-c)) indicate that the PL
intensity is depending upon the various temperature treated QD.
The intensity of the photoluminescence spectra markedly upturns
as the various conditions prepared QDs diminishes.** A sig-
nificant presence of polar functionality facilitates agglomeration
at elevated temperature treatments. The photoluminescence spec-
tra of QD with varying excitation at 510 nm wavelength presented
in Figure 3(d). A pronounced photoluminescence emission peaks
were displaced to a longer wavelength with the elevation of the
denoted wavelength, as evidently illustrated.

Zan, A)4948 A15, 20253
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Figure 4. (a) Stress—strain curves for various PUF based composites;
(b) Comparisons of mechanical properties of various PUF based
composites.
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Figure S. (a) FTIR spectra of prepared hydrophilic nitrogen-doped carbon QD with various synthesis temperatures; (b) micro-CT zoom-in
images and SEM images of various PUF-based composite. (i) PUF-PPy, (ii) PUF-PPy-GO, (iii) PUF-PPy-QD, cross-sectional images (up
panel) and 3D modeling images (middle panel) and surface SEM images with x 10,000 magnifications.

Mechanical Strength and FTIR Studies of PPy, PUF-PPy/
QD and PUF-PPy/GO Composites. Figure 4 contrasts the
mechanical belongings of PUF, PUF-PPy, QD and GO treated
matrixes. The stress-strain curves and stress compressibility of
PUF and PUF matrixes were assessed using UTM instrument.

The maximum tensile stress and strain can be determined
from the stress-strain curves (Figure 4(a)) illustrated in Figure
4(b). Including conductive polymers like PPy into the PUF by
vapor phase polymerization can slight decrease of mechanical
properties, including maximum stress, and tensile stress due to
the PPy's and depositions of GO or QD on the PUF-PPy com-
posite, which resulted in improved mechanical characteristics.
The PUF-PPy-QD and GO matrixes exhibited high maximum
stress and tensile stress than PUF, respectively The maximum
strain of the PUF-PPy-QD and PUF-PPy-GO were dramatically
enhanced associated to PUF, demonstrating that QD and GO
impregnation renders the PUF additional flexible and extensi-
ble due to more rigid secondary interactions between PUF and
QD or GO.*!

In imperative to study the chemical composition and inter-
face between PUF, PUF-PPy, and PUF-PPy-QD and PUF-PPy-
GO in matrixes FTIR analysis was carried out (Figure 5(a)).
Various characteristic peaks were identified from polyurethane,
such as 3400 cm™ (N-H stretching vibration peak), 2940 cm’!
and 2864 cm™ (C-H), 1720 ecm™ (C=0 stretching) respectively.”
After VPP, the FTIR results show that the N-H peaks that were
previously attributable to PUF and PPy, which ranged in fre-

quency from 3300 cm’, widened significantly because PPy
was present. In PPy, the peak at 1042 cm™ is the C-H bending
peak, and the two peaks appearing at 820 and 678 cm™ are due
to the C-H out-of-plane warp stretching peaks of pyrrole ring,*
indicating the successful polymerization of PPy. The peaks,
located at 1194, and 1037 cm’, are related to the functional groups
C-N-C, C-OH.”

Morphological Analysis of PPy-GO and PUF-PPy-QD
Composites. The porous constructions and distribution of
PUF and different PUF-PPy matrixes like PUF-PPy-GO, and
PUF-PPy-QD were studied using micro-CT and SEM pictures,
which can be seen in Figure 5(b(i-iii)). Micro pores in PUF-
PPy, PUF-PPy-GO and PUF-PPy-QD are open networks of
constructions that are connected to each other. Interestingly,
unevenly curved surfaces were seen on the pure PUF-PPy
(bottom picture of the Figure 5(b(i)). The rough areas of PUF,
on the other hand, became smooth after being impregnated
with GO and QD.

The SEM images clearly displayed, the GO sheets and QDs
look like they cover and swallow up all of the PUF's sides. Since
the surface of GO sheets and QD is smooth and uniform. As
demonstrated in the SEM of PUF-PPy and PUF-PPy-GO and
PUF-PPy-QD, the combined morphology changed from
thin layers blocks to aggregated GO sheets and QD granular
appearances.

Electrochemical Characterizations of PUF-PPy and PUF-
PPy-QD and PUF-PPy-GO constructed SCs. The Figure

Polym. Korea, Vol. 49, No. 1, 2025
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Figure 6. Electrochemical analysis of various PUF based composites: (a) [-V curve; (b) CV curve; (c) galvanostatic charge—discharge profile;
(d) stability for various PUF composites prepared with different fabrication processes; (€) behaviors of gas sensors for repeatability of detec-
tion response of different PUF composites at 7.5 ppm; (f) sensitivity as a function of ammonia concentration.

6(a) shows the I-V profile for PUF-PPy, PUF-PPy-QD and PUF-
PPy-GO. The graph show that the porous compounds that were
made behave normally in terms of ohmic reactions. PUF-PPy-QD
exhibits much higher current value than PUF-PPy-GO, which
suggests that it conducts electricity better. PUF-PPy-QD used
on the SC and gas sensor device. The electrochemical perfor-
mances of the PUF-PPy and PUF-PPy-QD and PUF-PPy-GO
SC electrodes inspected from a workstation (SP-150, BioLogic).
This instrument was working to attain the consistent cyclic
voltammetry (CV), and galvanostatic charge-discharge (CD).
The SC electrode was made using a symmetric sandwich-type
structure. The sandwich-type system was used to make the
composite film SC. For more details, an electrolyte made of
6 M KOH as created for use in SC electrodes. As well, filter
paper (Whatman) was used as separator. Figure 6(b) shows
the CV images of the PUF-PPy, PUF-PPy-QD, and PUF-
PPy-GO-based SCs that were gathered at 25 mV/s scan
speed. The CV characteristics of QD and GO decorated
electrodes were typical symmetrical and exhibited two dis-
tinct sets of redox peaks, signifying that the material's nature
was pseudocapacitive. The PUF-PPy-QD and PUF-PPy-GO
supercapacitors have an enlarged region of the cyclic vol-

Zan, A)4948 A15, 20253

tammetry curve in comparison to PUF-PPy. The normal redox
peaks were found to be consistent.*®

Figure 6(c) illustrates the GCD data with current density of
0.25 mA. The obtained GCD curve exhibited a tendency anal-
ogous to the triangular and reasonably symmetrical shapes of
the PUF-PPy, PUF-PPy-QD, and PUF-PPy-GO curves. Further-
more, the charging and discharging intervals were standard.
The GCD profiles of all composite SCs display their charac-
teristic curves. This clearly confirms the pseudo-capacitance
and electric double-layer capacitor characteristics of the PUF-
PPy-QD and PUF-PPy-GO electrode materials. Furthermore,
the curves are linear and symmetrical. A negligible amount of
the standard internal resistance was observed in every discharge
curve. Through the employment of quick surface adsorption-
desorption reactions, electrode materials with high electrical
conductivity can enhance electron charge transfer reactions at
the interface. The galvanostatic discharge curves were used to
determine the specific capacitance, and equation (1) was applied
to assess the performance.”
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Table 1. Comparisons of Electrochemical Properties and Ammonia Sensor Performances of Various PUF Based Composites Prepared

with Different Fabrication Processes

Samples Resistar_lzce Electrical corgiuctivity Capacitar_lzce NHj; sensing gauge Coeﬁ'lcif}nt of .
(Q cm™) (S em™) (mF cm™) factor (AR/R,*100) determination (R”)
PUF-PPy 3.96 x 10° 2.525 x 107 19.08 0.93 0.92
PUF-PPy-GO 4.99 x 10° 2.001 x 10 36.08 7.28 0.94
PUF-PPy-QD 2.74 x 10° 3.655 x 10 46.10 9.43 0.99

The abbreviations /(A) denote current, #(s) signifies the dura-
tion time for complete discharge, 4(cm?) denotes the area of
electrode, and V indicates the voltage change following full
charge or discharge. The acquired areal capacitances are illus-
trated in Table 1. The specific capacitances of the composite
electrodes have been evaluated using the discharge curves. The
specific capacitance of the PUF-PPy, PUF-PPy-QD, and PUF-
PPy-GO composite supercapacitors were 19.08, 46.1, and 36.08
mF cm?, respectively. This is a substantial enhancement com-
pared to the PUF-PPy-QD and PUF-PPy-GO SC, demonstrat-
ing the influence on the polymerization process and QD. GO
coatings exhibit excellent performance and significant enhance-
ments following QD and GO treatments.

The Figure 6(d) indicates that cyclic stability is an additional
factor for assessing the performance of the supercapacitor. The
composite supercapacitors composed of PUF-PPy, PUF-PPy-
QD, and PUF-PPy-GO were examined for their long-term cyclic
stability over 500 cycles by GCD testing. The capacitive proper-
ties of QD/GO-coated supercapacitors can be enhanced, as the
loading of QD/GO may result in considerable agglomeration
and restacking of PPy and QD.*® The electrochemically active mass
transport network of PPy and QD, facilitating electron transfer
between the two materials and significantly contributing to the
capacitance of PPy. Moreover, the composite-based superca-
pacitor device exhibited superior capacitance and cycling sta-
bility attributable to the PPy and QD/GO tight bonds with the
PUF sheets.

NH; Gas Sensor Evaluation of the PUF—PPy-QD and
PUF-PPy-GO. Figure 6(e, f). Illustrate the usual resistance
variations for assessing the NH; gas sensing efficacy of PUF-
PPy-QD and PUF-PPy-GO at 7.5 ppm of NHj; over time. The
PUF-PPy-QD demonstrates efficient detection capability after
many injections of NH; (Figure 6(e)). The detection efficacy of
PUF-PPy, PUF-PPy-QD, and PUF-PPy-GO was examined. PUF-
PPy exhibited significant signal noise, resulting in inconsistent
NHj detection concert. The PUF-PPy exhibited distinct signals;
nevertheless, it lacked steadiness in the bounty of resistance
variations. The incorporation of QD and GO into the PUF-PPy

o ppy...:"—'-«.—______ R

- TRU —__ f. 32

—_— Graﬁﬁ'é'm._g_xide

@ : Quantum Dot | &

Figure 7. Illustration of how these three different materials interact
with ammonia molecules.

enhances the NH; detection signals.

We concentrate on PUF-PPy-QD for the detection of
ammonia. The rise in electrical resistance associated with the
reduction in current in the PPy-based matrixes is attributable
to the electron-donating properties of NH;. Prior research
demonstrated a comparable occurrence of current reduction
following exposure to NH; gas, attributed to the nitrogen's
lone pair of electrons, which can readily be transferred to the
first oxidized PPy.**4!

The lone electron pairs neutralize the positively charged
PPy’s ions, leading to a reduction in the number of carriers,
which consequently decreases current and increases elec-
trical resistance, as demonstrated in this instance. The sen-
sor's reaction to low concentrations of NH; was additional
examined and demonstrated strong linearity, with a coeffi-
cient of d>0.90 (Figure 6(f). The sensor performance of
bio-synthesized QD mediated composite is higher than GO
coated composites.

Figure 7 elucidates the gas detecting principle of the con-
structed electrode. The intricate architecture of PPy, QD and GO

Polym. Korea, Vol. 49, No. 1, 2025
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facilitates the adsorption of ammonia gas molecules. The con-
ductivity related to carrier concentration of the PPy main chain
was influenced by the "electronic sensitization" between QD
and GO and NH; gas molecules.

The NH; detection by the constructed electrode occurs by an
external-controlled mechanism involving electron transfer between
the gas and the electrode. When gas is introduced to the electrode,
the gas molecules are adsorbed onto the QD and GO coated
composite. The gas molecules adsorbed are oxidized by electrons
in the PPy main chain, resulting in an increase in the electrode's
resistance due to electron loss. The oxidized NH; gas molecules
can be readily desorbed from the electrode surface. Moreover,
the bio synthesized QD and GO as an electrical stimulation of
the materials on PUF-PPy surfaces have been shown to exhibit
comparable patterns, as indicated by pervious reports. *** This
stimulation results in the injection of electrical charge into the
electrode layers, which in turn promotes interactions between
the composite layers.

Conclusions

We have successfully synthesized QD from food waste banana
feel via hydrothermal technique. The bio-synthesized QD also
incorporated with PUF-PPy matrix for enhanced electrical con-
ductivity and mechanical stability. These performances compared
with GO coating. The PUF-PPy-QD and PUF-PPy-QD electrodes
fabricated as supercapacitor combined gas sensor system.
PUF-PPy-QD and PUF-PPy-GO electrodes have 46 and 36
mFcm™ areal capacitances. These electrodes also tested as NH;
gas sensing materials and showed high sensitivity. Specifically,
PUF-PPy-QD demonstrated good sensitivity as well as repeat-
ability for NH; gas detection. This study suggests that com-
posites may be suitable for sensor combined supercapacitor
system for the future smart device applications.
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