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Conducting polymer-based nanocomposites offer a promising avenue for cost-
effective gas sensing, yet optimizing their sensitivity and stability remains a
challenge. This work investigates the ammonia (NHs) sensing performance of
poly(ethylene oxide) (PEO)/polyaniline (PANI) composites incorporated with
WO;, Cr:0s, and NiO nanoparticles. Fabricated via solution casting, the
nanocomposites were characterized by X-ray diffraction (XRD) and field-
emission scanning electron microscopy (FESEM), followed by DC conductivity
and gas sensing measurements at room temperature, 100°C, and 200°C.
Structural analysis confirms a semi-crystalline morphology with successful
nanoparticle embedding. Notably, the NiO-doped sample (NC3) exhibits
enhanced surface roughness and porosity, facilitating gas diffusion. Electrical
measurements reveal a thermally activated hopping mechanism, where NC3
demonstrates the highest conductivity due to strong electronic coupling between
NiO and PANI. At 100°C, NC3 achieves a maximum sensitivity of 36.71%
toward NHs, with response and recovery times of 18.36 s and 18.63 s,
respectively, outperforming counterparts doped with WOs or Cr.0s. This
superior performance is attributed to the p-type semiconducting nature of NiO,
its catalytic activity, and the formation of polymer-oxide heterojunctions that
accelerate charge transfer. These findings suggest that strategic metal oxide
selection effectively tailors the structural and electronic properties of polymer
composites, providing a viable strategy for designing low-cost, stable ammonia
Sensors.
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1. INTRODUCTION

Ammonia (NHs) is a poisonous and corrosive gas widely

gas sensors due to their catalytic activity and chemical
inertness. WOs is a n-type semiconducting oxide that has been
recognized for its NHs-sensitivity [6, 7]. PEO/PANI blends

used in industry, agriculture, and medicine. Even at low
concentrations, it can cause severe irritation to humans and
harm the environment. Hence, the NHs measurement is urgent
to safeguard safety and the environment [1]. The conducting
polymer, in particular polyaniline (PANI), has been widely
studied by several workers because of its ability and variability
in electrical conductivity and strong response to reducing
gases, NHs, which causes measurable variation of electrical
resistance [2]. Performance indicators for gas sensors include
sensitivity, response/recovery times, and long-term stability,
among others [3]. Nanoscale phases with high interfacial areas
into polymer matrices have been reported to enhance the
physicochemical properties of nanocomposite systems when
compared to traditional micro-composite materials [4, 5].
Nano-oxides such as tungsten trioxide (WOs), chromium(III)
oxide (Cr20s), nickel oxide (NiO), etc., are used extensively in
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offer mechanical flexibility and tunable conductivity, which
are desirable for sensing applications [8-13]. Cr20s adds
chemical hardness and stability [14]. In addition, NiO—a low-
cost p-type oxide—shows vigorous catalytic activity and
enhanced charge-transfer in sensing devices [15, 16].

2. EXPERIMENTAL

Polyethene oxide (PEO) is a white, crystalline, granular
polymer with the chemical structure H-OCH2CH:),—OH and
a high molecular weight of 3,000,000 g/mol. It is characterised
by good solubility, film-forming ability, and semi-crystalline
behaviour. Polyaniline (PANI) has a particle size of roughly
20 nm. Its general formula is (CsHsN),, and its colour varies
with oxidation state, usually appearing dark green or black in
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powder form. Tungsten trioxide (WOs) is a yellow
nanopowder with a particle size of about 50 nm, 99.9% purity,
and a molecular weight of 231.84 g/mol. It typically exhibits a
monoclinic crystal structure at room temperature and a melting
point of 1473°C. WOs. Chromium(III) oxide (Cr20s), a dark
green nano powder with 99% purity and ~ 50 nm particle size.

Nickel oxide (NiO) is a black nano powder with 99.5% purity
and an average particle size of 50 nm. The mass of each
component employed for the fabrication of PEO/PANI
nanocomposite samples doped with WOs, Cr20s, and NiO is
shown in Table 1.

Table 1. Composition and specifications of materials used for the synthesis of PEO/PANI blend and nanocomposites.

Sample Mass (g) Distilled Water (mL) Molecular Weight (g/mol) Company

Panichem Co., Ltd.

PEO 1.5 450 3,000,000 South Korea

PANI 1 100 150,000 Cheng Du Micxy Chemical Co., Ltd., China

W03 0.05 50 231.84 Hongwu International Group Ltd. China
Telligent Materials

Cr203 0.05 50 151.99 Pvt.Ltd, India

NiO 0.05 50 74.69 Sky Spring Nanomaterials, Inc. The United States

Note: Tungsten trioxide (WOs); Chromium(IIT) oxide (Cr20s); Nickel oxide (NiO); Polyethene oxide (PEO); Polyaniline (PANI).
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Figure 1. Schematic illustration of the solution-casting
fabrication process for PEO/PANI blend and metal oxide-
doped nanocomposite films

Table 2. Concentration of PEO/PANI blend and
Nanocomposites

Polymer PANI WOs; Cr:0s NiO
PEO 90% 10

PEO 90% 9 1 - -
PEO 90% 8 1 1 -
PEO 90% 7 1 1 1

Note: Polyaniline (PANI); Tungsten trioxide (WOs); Chromium(III) oxide
(Cr205); Nickel oxide (NiO); Polyethene oxide (PEO).

2.2 Film formation

The PEO/PANI composite was fabricated by slowly
dissolving 0.5 g of PEO in 150 mL of distilled water (DW)
under an overhead mechanical stirrer at a regular stirring speed
of 500 rpm for 4 h at ~ 25°C. Separately, 1.0 g of polyaniline
(PANI) was dispersed in 100 mL DW and magnetically stirred
for 2 h to form a PANI dispersion. The two solutions were then
mixed at a 90:10 (PEO: PANI) weight ratio and stirred for an
additional 2 h under mechanical stirring to yield a
homogeneous polymer matrix. The metal oxide—doped
nanocomposites were prepared by dispersing 0.05 g of the
oxides (WOs, Cr20s, or NiO) each in 50 mL DW individually
and magnetically stirred for 1.5 h with the addition of 2 mL

from each suspension to the PEO/PANI blend while stirring
continuously to ensure uniform dispersion of the
nanoparticles. The resultant mixtures are named as WOs
Doped Composite, NC1; Cr20s Doped Composite, NC2, and
NiO Doped Composite, NC3, respectively. When the mixture
was thoroughly homogenized, each mix was spread on a glass
substrate and allowed to dry undisturbed at ~ 25°C for 10 days.
The slow evaporation allowed the formation of regular,
mechanically stable thin films with enhanced polymer—oxide
interaction. The detailed preparation process is shown in
Figure 1. The compositions are presented in Table 2.

3. RESULTS AND DISCUSSION
3.1 Structural and morphological properties

The X-ray diffraction (XRD) pattern of the pure PEO/PANI
blend (sample B) confirms its semi-crystalline character, a
common property of polymeric systems where chain
entanglement and structural disorder inhibit long-range
orderlts semi-crystalline character, a common property of
polymeric systems, is where chain entanglement and structural
disorder inhibit long-range order. After incorporation of the
MO NPs, nanocomposites (NC1, NC2, and NC3) reveal a few
sharp diffraction peaks, reflecting that the crystalline phase of
oxide is successfully incorporated into the polymer matrix
[17].
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Figure 2. X-ray diffraction (XRD) patterns of pure
PEO/PANI blend and nanocomposites doped with WOs,
Cr20s, and NiO



NC2 exhibits reflections corresponding to JCPDS 38-1479
from Cr20s, consistent with the reported data of Cr20s [18].
The cubic NiO-doped composite (NC3) shows strong peaks
attributable to cubic NiO (JCPDS 47-1049), suggesting that
the structural stability of NiO nanoparticles was maintained
through dispersing into a polymer matrix [19]. A gradual
increase in the intensity of the peak maximum and partial
sharpening of the PEO/PANI peaks from NCI1 to NC3 is
indicative of improved structural ordering, probably caused by
a nucleation effect on polymer molecules exerted by NPs,
favouring local alignment of polymer chains. Similar
enhancement of crystallinity effects in polymer—oxide
composites has been described in previous work. Crystallinity
is highest in sample NC3, which suggests strong polymer—
oxide affinities; no impurity phases are found in any of the
films. The general XRD characterization results shown in
Figure 2 show that the presence of oxide drastically changes
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the structural morphology of the PEO/PANI matrix, which is
thought to tailor its electrical and gas-sensing behavior.

The field-emission scanning electron microscopy (FESEM)
images of (B, NC1, NC2, and NC3) reveal the definite
morphological changes due to metal oxide doping. The as-
prepared blend (B) has a smooth and nonporous surface, which
is usually observed for a polymer matrix without inorganic
filler [2], consistent with earlier results of PEO-based systems
[20]. When WO:s is added to the particles, it gives rise to small
granular elements that cover the surface of sample NCI,
resulting in a moderate increase in roughness. The Cr,Os-
containing NC2 composite exhibits more noticeable texturing,
finer grains, and higher surface irregularity of the oxide phase,
indicating further dispersion and better polymer—oxide
interfacial interaction. The morphology change upon the
addition of oxides has been well reported in polymer/metal-
oxide hybrids [21].
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Figure 3. The Field-emission scanning electron microscopy (FESEM) analysis shows nanoscale and microscale surface
structures of (B, NC1, NC2, and NC3)

The NC3 film doped with NiO shows the most pronounced
morphological change. The surface becomes very porous with
interconnected grains and open channels, suggesting a
significant enhancement of the active surface area. Shape-
induced enhancements in functional properties—especially
when the presence of nanostructured fillers may generate
roughness and porosity—have been analogously described
also for polymer nanoparticle systems [22].

The structural variations are in excellent agreement with the
sensing properties: enhanced porosity and grain connectivity
of NC3 lead to a fast NHs adsorption—desorption, which
accounts for why NC3 exhibits greatly improved sensitivity
and shorter response—recovery times than those of B, NC1, and
NC2. These findings indicate that the particles possess stable
and uniform morphology (Figure 3).

3.2 Electrical properties

3.2.1 DC electrical conductivity

DC conductivity of all samples (B, NC1, NC2, and NC3)
increases with temperature, indicating a thermally activated
hopping mechanism typical of polymer electrolytes and
conducting polymer systems [23]. At low temperatures,
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restricted chain mobility limits charge motion, while
increasing temperature enhances segmental dynamics and
enables more efficient carrier hopping. The pure blend (B)
shows the lowest conductivity due to the absence of inorganic
fillers and its partially crystalline structure, which introduces
higher transport barriers. The incorporation of WOs in NC1
and Cr20; in NC2 improves conductivity by providing
additional charge pathways and increasing interfacial
polarization within the polymer matrix. Such oxide-induced
enhancement of conduction has been widely reported in
polymer/metal-oxide nanocomposites [24].

NC3 (NiO/PEO/PANI) exhibits the highest conductivity
among all samples. This improvement is attributed to the
semiconducting nature of NiO, its strong electronic interaction
with PANI, and the formation of interconnected porous
pathways observed in FESEM. These structural features
facilitate polaron/bipolaron transport and lower the activation
energy for charge motion, consistent with previous studies on
NiO-containing conductive polymer systems [25]. The overall
conductivity trend B<NC1 <NC2 <NC3 aligns directly with
the increasing structural ordering and porosity, as shown in
Figure 4.
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Figure 4. The electrical conductivity was evaluated for (B, NC1, NC2, and NC3)

3.3 Gas sensing of NH3

The sensing performance of blend (B) and nanocomposite-
based sensors (NC1, NC2, NC3) towards ammonia gas (NHs)
was investigated at room temperature and at 100°C, as well as
200°C. As seen in Figures (5-7), all the sensors displayed a
reversible change in resistance upon exposure to NHs
characteristic of p-type conductive polymers like PANI. The
NH; molecules are found to be electron donors, which reduces

the hole concentration and results in resistance fall [26, 27].
The increase in operating temperature the gas—solid
interaction, and is also for faster adsorption—desorption
kinetics and better stability of the response cycles. This
behavior is also apparent at 100°C, for which the resistance
transitions are sharper in all cases and the speed of response
time/recovery time is diminished relative to ambient
temperature, consistent with thermally activated sensing
shown previously in polymer—oxide hybrids [28, 29].
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Figure 5. Resistance versus time changes in (B, NC1, NC2, and NC3) exposed to NH3 gas at RT
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Table 3 shows that Al- and metal oxide-doping had obvious
effects on the sensitivity, response time, and recovery time of
NHs detection. The sensing of the pure blend is further
improved for NC1 (WO3;/PEO/PANI) and NC2
(Cr,03/PEO/PANI) because of the catalytic properties of the
metal oxide and a larger number of adsorption sites. WO and
Cr20s also promote charge transfer across the polymer—oxide
interface, leading to sufficient modulation of resistance upon
exposure to NHs [30]. At 100°C, NC3 exhibits the highest
sensitivity (36.71%). However, its response time (18.36 s) is
shorter than that of NC2 (20.43 s) but slightly longer than that
of B (16.56 s) and NC1 (15.03 s), indicating a competitive
rather than superior response performance. The improved
response of NC3 can be attributed to (i) p-type nature of NiO

semiconducting, (ii) the strong electronic coupling between
PANI and NiO, and (iii) enhanced charge-transfer pathways,
as well as (iv) its highly porous morphology observed from
FESEM, which promote a quicker diffusion/adsorption
kinetics of NH3 molecules [31-33] These synergistic effects
decrease the activation barrier for charging modulation and
lead to fast recovery and sensitivity/responsivity. Even at
200°C, each of the samples shows periodic and reversible
resistance change, suggesting good thermal stability of sensing
films [34]. On the whole, the performance sequence < NC2 <
NC1 < B < NC3 reflects well the crystalline ordering,
electrical conductivity, and surface reactivity of the oxide,
evidencing that the selection of oxides is an effective route to
optimizing NHs sensing performance.

Table 3. The relation between temperature and sensitivity, response time, and recovery time

T Sensetivity-NHj3

Response Time Recovery Time

Sample °C % sec sec
RT 3221 15.39 22.14

B 100 24.88 16.56 21.42
200 23.71 13.68 18.63

RT 2.89 12.6 20.79

NCl1 100 14.54 15.03 24.12
200 13.63 14.49 21.06

RT 2.41 17.46 29.7

NC2 100 9.69 20.43 28.08
200 18.51 144 24.03

RT 15.20 13.05 24.39

NC3 100 36.71 18.36 18.63
200 12.08 21.33 20.88

4. CONCLUSIONS REFERENCES

In this study, PEO/PANI nanocomposites doped with WOs,
Cr20s, and NiO have been fabricated and studied for their
structural, electrical, and ammonia-sensing behavior. XRD
showed that the semi-crystalline feature of the polymer blend
was not altered by the incorporation of MOs, except for a slight
modification in the lattice, suggesting improved structural
ordering. FESEM image showed that the introduction of oxide
was inclined to increase surface roughness as well as porosity,
especially in the NiO-doped sample, and sooner or later
resulted in an easier accessible adsorption site for gas
molecules. The DC conductivity for all the samples was found
to be increased with a rise in temperature, obeying a thermally
activated hopping mechanism. Doping with metal oxides
enhanced the charge transfer considerably by creating extra
conduction channels; NC3 had gained a highest conductivity
value because of remarkably strengthened interface interaction
between NiO and PANI. Gas-sensing tests revealed the
dependence of sensor performance on operation temperature
and, 100°C was found to be the best temperature for detecting
NHs. For all samples, NC3 exhibited better sensitivity (36.7%)
and short response/recovery times which may be ascribed to
its porous structure, fast charge-transfer process and intrinsic
catalytic activity of NiO. In summary, the results confirm that
oxide choice plays a significant role in controlling the
structural, electrical and sensing performance of PEO/PANI
composites. The excellent activity of NC3 indicates that NiO-
doped conducting polymer nanocomposites are promising for
high-efficiency, thermal-stable and low-cost ammonia gas
sensors
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