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The demand for flexible electronic materials used in wearable devices has experienced a significant surge in recent years.
Wearable devices typically incorporate an electronic material or system that can be mounted on a human body. It is
imperative that these materials are composed of substances compatible with the human body. Consequently, numerous
studies have been undertaken to develop flexible electronic devices with various performance capabilities. In this study,
nanowire patterns were manufactured on nanofibers and utilized as patches. To create a nanowire pattern, a direct-write
spraying process was employed to investigate changes in electrical characteristics using process variables. The process
involved depositing silver nanowires on the surface of nanofibers using a pneumatic spray nozzle. Generated patterns were
found to be suitable for use as sensors capable of withstanding skin-aftached deformation.
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Fig. 1 Schematic diagram of the electrospinning setup used in the
study

Table 1 Electrospinning conditions

Parameter [Unit] Value
Solution concentration [wt%] 10
Drum rotation speed [RPM] 50

Flow rate [ml/h] 0.5

Tip-to-collector distance [mm] 100
Voltage [kV] 10
Room temperature [°C] 20-23
Relative humidity [%] 45-54
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Fig. 2 Schematic diagram of the direct-write spraying setup used in
the study

Table 2 Direct-write spraying conditions

Parameter [Unit] Value
High speed air [psi] 5
Atomization gas [psi] 5
TCD [mm] 3

Temperature [°C] 19-20
Scan speed [mm/s] 10

Number of repetitions 10, 30, 50, 100
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Fig. 3 Electrospun PCL nanofibers. (a) SEM image and, (b) fiber
diameter distribution
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Fig. 4 Morphological analyses of the AgNWs. (a) SEM images, (b)
wire diameter distribution, and (c) wire length distribution
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Fig. 5 Picture (a) and SEM images (b) of the silver nanowire
(AgNW) line patterns on nanofibers fabricated under various
spraying time (Number of line scanning for spraying, n)
conditions, # =10 (A), n =30 (B), n =150 (C), and n = 100 (D)
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Fig. 6 Resistance measurement of AgNW line patterns with a
length of 10 mm on nanofibers fabricated under various
spraying time conditions
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Fig. 7 EDS results of AgNWs on nanofibers fabricated under the
different spraying time conditions (» = 30, 100). The first
column shows SEM images, while the second and third ones
correspond EDS images for carbon (cyan) and silver (yellow)
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