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ABSTRACT

A paradigm shift is seen in the composite ink formulations incorporating nanostructures, enabling
their use across several technologies, including but not limited to printed electronics, thereby
heralding a significant revolution in electronic technology. To understand the ink properties, the
research was carried out in three phases: numerical, simulation, and experimental work.

The experimental work commences with the synthesis of nanostructures, followed by the
formulation of nanoinks and direct ink writing on substrates to fabricate films. Nickel oxide (NiO)
nanoparticles, graphene powder, and silver nanowires (AgNWs) were used to synthesize two
nanocomposite inks- NiO-graphene and NiO-silver nanowires. Various compositions were tested to
determine the optimal concentrations of the nanostructures for developing nanoinks- NiO (60
mg/ml), graphene (20 mg/ml), and silver nanowire (3 mg/ml). The inks were deposited as thin films
onto glass substrates using a direct ink writing technique. The thin films were subsequently
characterized for their surface morphology, optical, and electrical properties. The characterization
results confirm the desirable chemical composition, particle size, bond information, surface
roughness, band gap, and sheet resistance of the thin films. After achieving the desired properties,
the thin films were deposited onto the interdigitated electrode (IDE) pattern (printed using silver
nanoink) to fabricate gas sensors operating at room temperature. The gases considered for this study
were nitrogen dioxide (NO2) and carbon dioxide (CO2), which are the primary pollutants in the
atmosphere that continuously degrade the natural environment and surroundings. Prolonged
exposure can lead to severe lung tissue damage, increased heart rate, dizziness, elevated blood
pressure, coma, and may be fatal. In the proposed work, the thin-film sensors fabricated using
nanocomposite inks exhibited an excellent response and recovery times of 9 s and 10 s for the NO2
sensor using NiO-graphene ink. The CO2 gas sensor, employing NiO-silver nanowire ink,
demonstrates response and recovery times of 11 s each. The sensors were stable even after 100 days,
demonstrating reliable and stable response characteristics
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