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Zinc Oxide (ZnO) nanoparticles are inorganic metal oxides with remarkable Physical, Electronic Optical and
Mechanical properties. ZnO nanoparticles also have excellent piezoelectric properties which makes them an
appropriate candidate for a voltage sensor. This research explores the novel use of synthesized ZnO nanoparticles
as voltage sensor, employing large-area printing technology. This innovative methodology has not been
previously attempted, offering a new approach in the field of voltage sensing technology. The concept behind
using ZnO nanoparticles as a voltage sensor involves the capillary action of CuO nanofluid flow, which subjects
the ZnO nanoparticles to mechanical stress. This stress, due to the piezoelectric effect, results in the generation of
voltage from the net charge produced. The co-precipitation method was utilized for the synthesis of ZnO
nanoparticles and chemical reduction method was used for synthesis of copper oxide nanofluids. An Impedance
Nyquist plot analysis yielded a slope of 0.4198, providing insight into the electrical characteristics of the
nanoparticles. The calculated piezoelectric coefficient is 45.6 pm/V, based on a Debye-Scherrer radius of 14.15
nm. SEM analysis shows an average ZnO nanoparticle radius of 16 nm, resulting in a d33 value of 35.65 pm/V,
comparable to the presented literature. SEM images show the agglomerated architecture of the synthesized ZnO
nanoparticles are more likely to have a uniform piezoelectric motion when subjected to external strain. The X-cut
Adhesion tests performed on the ZnO nanoparticles determined the finest synergy occurred at 7:6 ZnO: Ethylene
glycol, The consistent scaled-up ZnO: Ethylene glycol ratio was utilized for large area printing observing uniform
dispersion of 32.2 nm crystal-sized ZnO particles under pressure denoting an excellent packing density and fill
factor. The research presents the use of printed ZnO nanoparticles as a voltage sensor with Copper oxide nanofluid
flow, which resulted with an observed voltage of 0.9 mV due to unimpeded nanofluid flow and capillary action,
and 0.45 mV was observed with pure capillary action of copper oxide nanofluid.

Fig. ZnO Voltage Sensor Setup

Fig. SEM image showing the diameter of ZnO nanoparticles.
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