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Abstract Advanced multifunctional surfaces are
widely used due to their unique surface properties
and widespread applications. Developing a multifunc-
tional fabric with a low cost, fluorine-free, and easily
controllable method is a great challenge. This paper
reports a multifunctional fabric with conductive, UV
blocking, superhydrophobic and photosensing proper-

ties via an electrodeposition method. ZnO nano-/
microarchitectures have been electrodeposited on
polyester fabric with a carbon black screen-printed
conductive layer. The deposition was carried out in
various operating parameters. The optimized condi-
tions for the ZnO electrodeposition are at � 1.0 V for
30 min deposition time in 5 mM Zn(NO3)2 in 0.1 M
KNO3 at room temperature. The developed fabric
showed 100% UV radiation blocking and a water
contact angle (WCA) of 156� after self-assembly of
stearic acid on the ZnO layer. The modified fabric
showed fast photoresponse as a photosensor, which
indicates that this can be used as flexible wearable
photosensors in practical applications.

Keywords Multifunctional, Fabric, Polyester,
Electrochemical, ZnO thin film, Electrodeposition,
Superhydrophobic, Photoactive

Introduction

Multifunctional smart fabrics have gained significant
attention over conventional fabrics due to their valu-
able properties and widespread applications.1 Some
multifunctional textiles have advanced properties such
as superhydrophobicity,2 omniphobicity (which can
repel multiple liquids),3 radiation blocking properties,4

electrical conductivity,5 antibacterial activity,1 anti-
static properties,6 photosensitivity,7 stain-resistant
properties,8 and dust repelling properties.9 These
multifunctional smart textiles can be fabricated using
multiple methods, including hydrothermal methods,10

pad-dry-cure methods,11 dip coating,4 electroless depo-
sition,12 chemical bath precipitation13 and wet chem-
ical routes14 combining several materials such as
metals (Ag, Cu),15 metal oxides (MgO, CuO),16,17

polymers (polyaniline, fluorinated acrylic copoly-
mers)3,18,19 and semiconductor oxides (ZnO, TiO2).

2,9
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Among these materials, ZnO is a widely used semi-
conductor material as it is less expensive, easily
synthesized, and a bio-safe material for human beings
and animals.12

ZnO is an inorganic semiconductor material with
three different crystal structures, including wurtzite,
zinc blende, and rock salt, where wurtzite is the most
stable form. ZnO has a wide bandgap of 3.3 eV.20 ZnO
applied textiles have various properties such as being
antibacterial,1 UV shielding,2 and piezoelectric.21 Sev-
eral techniques like pad dry cure method, hydrother-
mal synthesis, sol–gel processing, dip coating, and
spray coating can be used to deposit ZnO on textile
substrates.1,3,10,21 However, these methods have sev-
eral drawbacks, such as poor particle size and shape
controllability, complex and time-consuming proce-
dures, and requiring more precursors.22

Furthermore, recent research into preparation of
nanomaterial-incorporated fabric materials has spread
across a wide range of methods. For example, Zhang
et al. prepared high tensile strength carbon fibers by
UV-thermoxidative stabilization of dry-spun lignin
fibers. The prepared fibers showed one of the highest
recorded tensile strengths, which is 900 MPa.23 Gashti
et al. prepared heat resistant wool fabric by colloidal
dispersion of clay nanoparticles on the fabric material.
However, the modified fabric appeared to have a
drawback of adsorbing moisture.24 In addition, cotton
fabrics with efficient bacteriostatic and bactericidal
properties were prepared by assembling silver
nanoparticles on cotton fabrics by using iota-car-
rageenan as a carbohydrate polymer under ultrasonic
waves. The incorporation of silver nanoparticles on the
fabric resulted in reduced thermal stability of the
fabric.25 Another example is the preparation of
polyvinylpyrrolidone/carbon nanotube (PVP/CNT)
nanocomposite applied on cotton fabrics using pad-
dry-cure method. This PVP/CNT coating is shown to
increase the thermal stability of the cotton substrate.26

Another successful attempt in multifunctional fabric
synthesis is through pad-dry-cure method to incorpo-
rate silica nanoparticles on the polyester fabrics. This
incorporation improves both the mechanical properties
and functional properties of the polyester fabric. Such
mechanical properties include tensile, tearing, and
crease recovery angle, as well as other functions like
antimicrobial properties, self-cleaning, electrical sur-
face resistivity, and dyeing behavior.27,28

Currently, researchers are trying to develop more
convenient methods to deposit inorganic nanoparticles
on textile surfaces.1,12,17 One of the methods is the
electrochemical synthesis of inorganic nanoparticles.
As mentioned earlier, compared to the other existing
methods, electrochemical deposition presents various
advantages such as less time and chemical consump-
tion, a low-temperature process, better particle con-
trollability, flexibility for large-scale industrial
applications, low cost, and simplicity. However, despite
the significant advantages of electrochemical deposi-
tion of inorganic material on textiles, there is one

major limitation—the electrochemical method requires
a conductive fabric to deposit inorganic material.

There are various methods to prepare a conductive
fabric, such as incorporating metal wires and metal
nanoparticles or applying coatings of conductive mate-
rials like conductive polymers and carbon black.
Commercially available conductive fabrics are pre-
pared by incorporating metal wires and metal nanopar-
ticles. These commercially available fabrics have been
used to deposit ZnO nanoarchitectures electrochemi-
cally.7,29 Ko et al.29 prepared ZnO nanorod arrays on a
conductive fabric by electrochemical synthesis using a
commercially available conductive textile, woven Ni
plated polyester, for ZnO-based optoelectronic and
electrochemical devices. Kim et al.7 prepared a flexible
organic–inorganic hybrid material by loading ZnO
nanostructures on a woven fabric of polyethylene
terephthalate (PET). The PET fabric has been made
conductive by depositing three layers of Ni and Cu in
Ni-Cu-Ni by electroless deposition. The ZnO elec-
trodeposited fabric was tested as a flexible photosen-
sor.

However, due to the requirement of metal wires and
nanoparticles, these conductive textiles are expensive
and prone to corrosion.7 Therefore, applying coatings
of conductive materials such as conductive polymers
and carbon black has gained significant attention
toward the preparation of conductive fabrics. Conduc-
tive textiles can also be prepared using conductive
polymer coatings such as polyaniline, polythiophene,
and polypyrrole.30,31,32 Usually, conductive polymer-
coated conductive fabrics have higher resistivity than
metal wire and metal nanoparticle-incorporated fab-
rics, making it challenging to use them in electrochem-
ical applications.33–37

Another method to prepare a conductive fabric is
coating with carbon black5 and advanced carbon
materials such as graphene oxide33 on the fabric
surface.5,15–17,29–33 Carbon black-coated fabrics show
lower resistance than conductive polymer-coated fab-
rics, enabling them to be used in electrochemical
applications. Furthermore, a quick and straightforward
screen-printing method can be used to make the fabric
conductive.5 Compared to metal nanoparticle/wire-
incorporated fabrics, carbon black screen-printed fab-
ric has no corrosion problems, which is essential for
fabric in frequent contact with water.5,16,22,34

In this work, for the first time, the ZnO nanoparticle
layer was grown on C-black-deposited conductive
polyester fabric electrochemically. Commercially avail-
able polyurethane and polyacrylic-coated polyester
were used as the fabric material. The fabric was made
conductive by screen printing a layer of carbon black
according to a method reported by Pahalagedara et al.5

On the surface of the prepared conductive fabric, ZnO
nano-/microstructures were deposited electrochemi-
cally using an easy, quick, and single-step method.
Even though there are studies on electrochemical
deposition of ZnO nano-/microstructures on conduc-
tive fabrics as mentioned above, in all those instances,
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the fabrics have been made conductive by incorporat-
ing metal wires and metal nanoparticles. Here, the
novelty of this study states the growth of ZnO nano-/
microstructures electrochemically on screen-printed
carbon black conductive polyester fabric, which is
inexpensive and corrosion-resistant. The ZnO elec-
trodeposited fabric has various functionalities such as
UV blocking, superhydrophobic properties (by self-
assembling the stearic acid layer on the ZnO nano-/
microstructures), and photosensing properties.

Materials and methods

Materials

All the chemical reagents used in this study were of
analytical grade (Sigma-Aldrich). They were used
without further purification: carbon black nanopowder
(99.5% purity), sodium dodecyl sulfate
(CH3(CH2)11OSO3Na) (Purity 99%), zinc nitrate hex-
ahydrate (Zn(NO3)2.6H2O) (99% purity), potassium
nitrate (KNO3) (Purity 99%), stearic acid
(CH3(CH2)16COOH) (99% purity). Polyurethane and
polyacrylic-coated polyester fabrics were obtained
from Rainco (Pvt), a leading umbrella manufacturer
in Sri Lanka.

Preparation of the conductive fabric (CF)

A conductive fabric was prepared by screen-printing a
carbon black (CB) dispersion on the fabric according
to a method reported elsewhere.5 The CB dispersion
was prepared by stirring a mixture of CB (20% w/w)
and sodium dodecyl sulfate (SDS) (10% w/w) in water
for 1 h at room temperature (25�C). Then, the disper-
sion was sonicated in a bath sonicator for 2 h at a
frequency range of 50–60 kHz. A (4 cm 9 5 cm) sized
piece of the fabric was screen-printed using a nylon
mesh frame with filament spacing of approximately 0.3
mm. The screen was placed on the fabric, and SDS-
stabilized CB dispersion was screen-printed. This
process was repeated three times in order to ensure
the smooth surface coverage of CB.

Deposition of ZnO nanostructures

A three-electrode system was used to deposit a ZnO
layer on the conductive fabric (supplementary docu-
ment Fig. S1). Conductive fabric (2 cm 9 2 cm) was
used as the working electrode (WE), and Pt sheet and
Ag/AgCl (3 M KCl) were used as the counter and
reference electrodes, respectively. Electrodes were
dipped in 50 mL of 0.5 M Zn(NO3)2 solution, and
cyclic voltammetry (CV) was carried out in the N2

purged solution at 10 mV/s scan rate in the potential
range of 0 to � 1.5 V. CV was carried out in order to

understand the electrochemical process and to deter-
mine the suitable ZnO deposition potential. To opti-
mize the conditions, the deposition was carried out
under different concentrations (5 mM Zn(NO3)2 in 0.1
M KNO3, 0.5 M Zn(NO3)2), deposition potentials (0.0,
� 0.5, � 1.0, � 1.5, � 2.0 V), deposition times (15, 30,
45, 60 min), deposition temperatures (28�C, 50�C,
60�C, 70�C) with N2 purged solution. Energy-disper-
sive X-ray spectroscopy (EDX) characterization of
treated fabrics was carried out to analyze ZnO depo-
sition. Each deposition was performed by a chronoam-
perometry experiment using Metrohm Autolab
PGSTAT 302N potentiostat.

Depositing superhydrophobic layer

The ZnO-deposited fabric was dipped in a stearic acid
solution with varying stearic acid concentrations and
dipping time to prepare the superhydrophobic fabric.
According to the study, the optimum stearic acid
dipping time and concentration to achieve superhy-
drophobicity were 1 g dm�3 and 1 h, respectively
(supplementary document Fig. S2).

Characterization techniques

A scanning electron microscope (SEM, HITACHI SU
600) was used to determine the morphological features
of the fabrics with an operating voltage of 10 kV; a
layer of gold was deposited before the samples were
analyzed. Energy-dispersive X-ray analysis (EDX)
(OXFORD Instruments) coupled with SEM and X-
ray fluorescence (XRF, Horiba XGT 5200) were used
for the elemental analysis. X-ray photoelectron spec-
troscopy (XPS) was performed using an EXCALAB-
Xi+ hemispherical electron energy analyzer (Thermo
Fisher Scientific, United States). Monochromatic Al
KaX-rays (1486.6 eV) were used with a spot size of 900
lm. Survey spectra were recorded with a pass energy of
150 eV and a resolution of 1.0 eV, whereas narrow
scans were recorded with a pass energy of 20 eV and
0.05 eV resolution. All XPS measurements were
performed in Constant Analyzer Energy (CAE) mode.
Narrow spectra were resolved by curve fitting (combi-
nation Gaussian/Lorentzian function after subtracting
the background) using Avantage (5.892) software with
a correction for charge compensation effects relatively
to adventitious C1s spectrum at 284.8 eV.

UV–Vis spectrometery (Shimadzu, UV-3600) was
used to analyze the UV transmittance of the fabrics in
the wavelength range of 200 nm to 800 nm. Water
contact angle (WCA) measurements were taken of the
fabric using a KRUSS drop shape analyzer (DSA25).
Fourier-transform infrared (FTIR) spectra of the fabric
were recorded using Bruker VERTEX 80 with a
spectral range of 4000 to 400 cm�1 with 32 scans per
measurement and 0.4 cm�1 resolution. The deposited
nanoparticles were separated and analyzed using
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Bruker Focus D8 Powder X-ray diffractometer (Cu Ka
radiation of wavelength k = 0.154 and scan rate of 5�
min�1).

To analyze the photosensitivity, a treated fabric (2
cm 9 3 cm) was placed under a sun simulator (US 900)
and connected to the potentiostat. Open circuit
potential versus time was measured in the presence
and absence of the illumination with 30 s time
intervals.

Results and discussion

Electrochemical deposition of ZnO

ZnO thin films are generally fabricated using gas-phase
techniques such as chemical/physical vapor deposition
and sputtering and solution-phase techniques such as
sol–gel, wet chemical, and electrodeposition. Solution
phase techniques are promising for simple, low-cost,
and large-area applications. In this work, the elec-
trodeposition technique is used because, unlike other
solution-phase techniques, electrodeposition has
advantages such as better particle controllability, lower
processing temperature, less time consumption, and
lower cost.36

There are two main methods of electrodepositing
ZnO; deposition in O2 saturated solution or deposition
in NO3

� containing solution.36,37 In the first method,
O2 (g) is purged into the solution. This dissolved
oxygen can contribute as the oxygen precursor for the
ZnO deposition. Dissolved oxygen is reduced to form
hydroxide ions, and this leads to eventual ZnO
formation. However, this reaction is complex due to
the existence of parallel reactions such as the forma-
tion of hydrogen peroxide and is not commercially
feasible.37

The second method is electrodepositing ZnO using a
NO3

� containing solution. In this study, Zn(NO3)2
solution was used to deposit ZnO electrochemically. It
is advantageous that Zn(NO3)2 is highly soluble in
water to be used as the precursor solution. There are
three species in a Zn(NO3)2 solution that can react in
the presence of an applied potential. First, deposition
of metallic Zn can occur at the cathode electrode.37

According to the previous studies, reducing Zn2+ to
metallic Zn does not occur in the Zn(NO3)2 solution
even when scanned down to a far negative potential
(� 1.4 V).38,39

Deposition of metallic Zn can be avoided by
selecting proper deposition potential according to the
CV. The CV of a N2 purged 0.5 M Zn(NO3)2 solution
at a scan rate of 10 mV/s is given in Fig. 1a. In CV,
there is no electrochemical reaction observed between
0 and � 0.8 V, and from � 0.8 V to � 1.5 V, there is a
gradual increase in the current. In the reverse scan, a
similar observation can also be made. There is a
gradual decrease in current from � 1.5 V to 0.8 V, no
evidence of electrochemical reaction between � 0.8 V

and 0 V and there is no evidence for metallic Zn
deposition from CV between 0 V and � 1.5 V. Zn
deposition is usually identified by the gradual increase
in current or a peak in the forward scan to the cathodic
direction and appearance of a peak in the reverse scan
to the anodic direction. In CV, there is no such
observation and deposition of Zn can be ruled out.

The increase in current in CV is attributed to a
second reaction that can occur—nitrate reduction.
Therefore, to avoid Zn deposition and to have a
sufficient nitrate reduction, the suitable deposition
potential was selected as � 1.0 V. This was further
confirmed by conducting chronoamperometry experi-
ments at different deposition potentials.

The third reaction that can take place is the
reduction of oxygen. It is reported in the literature
that the presence of Zn2+ hinders oxygen reduction
while nitrate reduction is promoted.40 However, the
experiment was conducted in a N2 (g) purged
Zn(NO3)2 solution where the dissolved oxygen con-
centration is negligible. Therefore, nitrate reduction is
the primary reaction promoted at the applied potential
of � 1.0 V. The standard potential for reducing nitrate
ions is � 0.240 V versus SCE.40 The working electrode
here is a conductive fabric. It has a comparatively
higher resistivity than other conductive surfaces such
as metals, indium-doped tin oxide-coated glass (ITO),
and fluorine-doped tin oxide (FTO) glasses, subse-
quently introducing increased potential.39

ZnO deposits on the working electrode (the con-
ductive fabric surface) when the required potential is
applied according to the below mechanism. Dissoci-
ated NO�

3 is reduced to form OH� (equations (1) and
(2)) in the solution, consequently forming Zn(OH)2
(equation (3)). Zn(OH)2 is dissociated to ZnO and
water, where ZnO is deposited on the WE (fabric)
surface (equation (4)).20,41

ZnðNO3Þ2 sð Þ ! Zn2þaqð Þ þ 2NO�
3 aqð Þ ð1Þ

NO�
3 aqð Þ þH2O ‘ð Þ þ 2e� ! NO�

2 aqð Þ þ 2OH�
aqð Þ ð2Þ

Zn2þaqð Þ þ 2OH�
aqð Þ ! ZnðOHÞ2 sð Þ ð3Þ

ZnðOHÞ2 sð Þ ! ZnO sð Þ þH2O ‘ð Þ ð4Þ

Elemental analysis

The ZnO deposition can be further optimized by
varying the operating parameters such as the deposi-
tion potential, deposition time, solution concentration,
and temperature. EDX was carried out to analyze the
elemental mapping on the fabric surface. Fabrics were
subjected to electrodeposition under various condi-
tions by chronoamperometry, as mentioned in the
experimental section, to identify the optimum condi-
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tions for the electrodeposition process. EDX mapping
was obtained for treated fabrics under each condition
(supplementary document Figs. S4–S8). The optimum
conditions were identified as 5 mM Zn(NO3)2 in 0.1 M
KNO3 solution concentration, � 1.0 V deposition
voltage, 30 min deposition time at room temperature
(25�C). The deposition performed under these condi-
tions achieved the highest weight percentage of Zn on
the fabric surface.

The EDS mapping of the ZnO electrodeposited
fabric and weight percentages for the conditions
mentioned above are shown in Figs. 2a–2h. In
Fig. 2b, it is clearly shown that ZnO has been deposited
on top of the C layer (O 35.6%, Zn 28.2%). In addition
to Zn, C, and O, a small amount of K (Fig. 2f) and N
(Fig. 2g) are shown because KNO3 was used as the
electrolyte in the deposition solution. The color
dispersion of Zn (Fig. 3c) and O (Fig. 2d) shows
approximately similar patterns in the figures. However,
the weight percentage of O is higher than the Zn
percentage. The reason for this is likely K and N
present in the form of KNO3.

Further elemental and chemical characteristics of
the surface were analyzed by performing XPS analysis,
seen in Fig. 3. The wide scan XPS analysis shows clear
peaks of C1s, Zn2p, and O1s (Fig. 3a). The high-
resolution analysis of the C spectra shows the promi-
nent peak at 285 eV, which is attributed to C–C
binding energy, and two other peaks at 286 eV and
288.5 eV, which correspond to C–O–C and O–C=O
binding energies, respectively.15 This indicates the
bond characteristics in the polyester fabric and treated
C black on the surface. The high-resolution spectra of
O=1s are an asymmetric spectrum indicating peaks at
531 eV and 533 eV (Fig. 3c). The O=1s peak positioned

at a lower binding energy of 531 eV can be assigned to
O2� ions in the ZnO bonding.

Furthermore, the peak located at 533 eV can be
associated with C–O bonding. Figure 3d shows the high-
resolution spectra of Zn2p. The peaks observed at
binding energies of 1023 eV and 1046 eV correspond to
the spin-orbit of Zn2p3/2 and Zn2p1/2, respectively,
which are attributed toZnO.16,21XRF further confirmed
elemental analysis (supplementary document Fig. S3)
that Zn and K exist as ZnO and K2O. The chronoam-
perometry graph for the ZnO deposition at � 1.0 V for
30min is shown inFig. 2b. The thickness of the deposited
ZnO layer was 0.005 mm as measured using a micro-
gauge (supplementary document Figure S1)

Further characterizations were performed using
XRD and FTIR to analyze the deposited particles
and the coatings (Fig. 4). According to the XRD
spectra (Fig. 4a), the peaks can be indexed to Zincite
(PDF 04-003-2106), with major peaks observed at
37.0�, 40.2�, 42.4�, 55.8�, 66.8�, 74.5�, 78.9�, 80.9�, and
118.2�. The sharp and strong peaks confirm that
deposited ZnO nanostructures are crystalline. The
coated fabrics were further analyzed using FTIR
(Fig. 4b). The FTIR spectrum of the pure fabric has
high-intensity peaks that are related to the commercial
polyester fabric used. In the FTIR spectrum of the
nontreated fabric, asymmetric C–H stretching can be
seen between 3000 and 2800 cm�1.

In addition to that, broad –OH stretching can be
observed around 3300 cm�1. Furthermore, C=O stretch
and C–H bending can be seen at 1490 cm�1 and 750
cm�1, respectively. A significant reduction in peak
intensity can be observed in the spectra of the coated
samples. The FTIR spectra were recorded using ATR-
FTIR; hence, the film thickness increment could affect
the evanescence wave, leading to a lower intensity.
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s21, (b) chronoamperometry of 5 mM Zn(NO3)2 in a 0.1 M KNO3 solution at2 1.0 V for 30 min in a N2 purged solution for ZnO
deposition. The measurements were made in a three-electrode setup using modified fabric, Pt sheet, and Ag/AgCl (3M KCl)
as the working, counter, and reference electrodes

1247

J. Coat. Technol. Res., 19 (4) 1243–1253, 2022



Moreover, the attachment of C black to the functional
groups of the fabric could lead to the reduction in peak
intensity.40

Evaluation of superhydrophobic property

The morphology of the deposited ZnO can be analyzed
using SEM. Figures 5a–5d displays the surface mor-

phology of the regular polyester fabric, carbon black
screen-printed fabric (CB fabric), ZnO electrochemi-
cally deposited fabric (CB-ZO fabric), and stearic acid
self-assembled fabric on the ZnO deposit (CB-ZO-SA
fabric). The carbon black layer has been uniformly
coated on the polyester fabric (Fig. 5b). ZnO layer has
been deposited on the C black conductive layer.
Figure 5c shows ZnO structures grown on C black
screen-printed fabric as 2D plate-like structures, and

Electron Image 2 EDS Layered Image 2

10µm

Fig. 2: (a, b) EDS results of ZnO layer-deposited fabric (c) Zn (d) O (e) C (f) K (g) N (h) weight percentages
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the thickness of the deposited ZnO layer is in the
nanometer range (200–300 nm) (Fig. S1).

In Fig. 5d, it can be seen that stearic acid is self-
assembled on the ZnO layer with a flower-like struc-
ture. The polar carboxylic group of the stearic acid
attaches to the ZnO, while the nonpolar hydrocarbon
chain is directed out of the surface.

To achieve superhydrophobicity, a ZnO electrode-
posited fabric was used to attach the stearic acid
hydrophobic layer. There are two main requirements
to achieve superhydrophobicity: (1) surface roughness
and (2) low surface free energy.2 The deposited ZnO
layer introduces the surface roughness, and stearic acid

provides low surface free energy.2 Furthermore, ZnO
remains an intermediate layer to attach stearic acid to
the fabric (Fig. 5d).2

Figure 6 represents the WCA of an untreated
regular fabric and of a CB-ZO-SA fabric. The standard
fabric shows 132� WCA because the polyester fabric
was coated with polyacrylic and polyurethane (Fig. 6a).
The modified fabric shows 156� WCA, which is
considered superhydrophobic (Fig. 6b). The WCA of
C black screen-printed and ZnO electrodeposited
fabrics shows 140� and 135�, respectively (supplemen-
tary document Fig. S9), which confirm the stearic acid
layer self-assembled fabric is superhydrophobic. A

1mm

2mm

(a)

(b)

Fig. 6: The WCA of (a) regular fabric, (b) treated fabric

Fig. 5: SEM characterization of (a) nontreated fabric, (b) C black screen-printed fabric, (c) ZnO electrochemically deposited
fabric, (d) stearic self-assembled acid fabric on ZnO layer
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reduction in WCA of 5� can be seen in the ZnO-
deposited fabric, which can be attributed to the
presence of hydroxyl groups on the surface of ZnO.

Evaluation of the UV blocking property

The UV blocking ability of the treated and nontreated
fabrics was tested by analyzing the UV-transmittance.
Figure 7 displays the UV transmittance of the normal
and the treated fabrics. As seen in the spectra, the
regular fabric transmits more radiation in the UV and
the visible regions. However, the CB, CB-ZO, and CB-
ZO-SA fabrics transmit 0% UV and visible radiation
compared to the untreated fabric. The ZnO and the C
black nanoparticles have UV blocking properties as C
black and ZnO can absorb UV radiation.2,4,42–44

Evaluation of the photosensing property

Photosensors are used in many devices, which convert
light radiation into electrical signals. Photosensors are
usually prepared using rigid substrates.45,46 On the
other hand, photosensitive fabrics can be beneficial in
wearable applications as they are flexible. We envis-
aged that the presence of ZnO, which is reported to be
photosensitive, would render the fabric with photo-
sensing ability.7 This hypothesis was tested by verti-
cally illuminating solar light from a sun simulator,
which periodically turned on/off in 30 s intervals on the
modified fabric, and recording the corresponding
photoresponsive behavior.

Figure 8 shows the open circuit potential versus time
characteristics of CB fabric and CB-ZO fabric. As
shown in Fig. 8, there is a significant change (80%) in
the potential response of the ZnO electrodeposited

sample when exposed to light. Photoresponse was not
observed in the CB fabric. According to Fig. 8,
photovoltage increases with solar radiation exposure.

Conclusions

Herein, we have successfully demonstrated the design
and development of a multifunctional polyester fabric
for the first time, by screen printing a C black
conductive layer and electrodepositing a ZnO layer,
with superhydrophobicity, UV blocking property, and
photosensitivity. The screen-printing of C black to
make fabrics conductive is an inexpensive and single-
step method. Various parameters have been tested to
identify the optimal conditions for the ZnO electrode-
position process. The optimized deposition conditions
were 5 mM Zn(NO3)2 in a 0.1 M KNO3 concentration
at � 1.0 V for 30 min at room temperature (25�C).

The electrochemical deposition of ZnO offers many
advantages, including less time and chemical consump-
tion, a low-temperature process, flexibility to be scaled
up to industrial applications, low cost, and a well-
controlled fabrication process. The superhydrophobic-
ity was achieved by self-assembling stearic acid on the
ZnO-deposited fabric, and the measured WCA was
156�. The CB fabric, CB-ZO fabric, and CB-ZO-SA
fabric showed 100% UV radiation blocking properties.
The photosensing ability of the ZnO-deposited fabric
was tested. There is a significant change in the
potential during the on and off states of the solar
radiation, which indicates that the fabric modification
we developed can be used in flexible photosensing
applications.
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