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Abstract

In the present study, Cu films were made over Al alloy using the electrodeposition technique. Electrodeposition conducted at various
currents (80, 100, and 120 mA), with and without influence by a rotating magnetic field (100 rpm of rotation). 0.5 M CuSO, + 20
mL of H,SO, was used for electrolyte solutions. The sample before and after electrodeposition was weighed using digital scale to
calculate deposition rate and current efficiency. All formed Cu films were characterized using X-ray diffraction (XRD), attenuated
total reflectance Fourier transform infrared spectroscopy (ATR-FTIR), Scanning electron microscopy equipped with Energy dispersive
spectroscopy (SEM-EDS), and Potentiostat apparatus. Furthermore, antibacterial activity using Staphylococcus aureus was also
investigated. Increasing the current of electrodeposition leads to an increase in deposition rate and current efficiency for both
conditions (with and without rotating magnetic field influence). Based on the XRD and ATR-FTIR investigation, Cu was successfully
deposited onto Al surface. Currents used for the electrodeposition process between 80-100 mA would result in a faceted structure,
while using 120 mA results near to spheroidal. Shifting to higher currents leads to decreases in grain sizes and presenting a rotating
magnetic field also enhances the grain size. Current and rotating magnetic influences are not linearly influencing corrosion potential,
corrosion rate and antibacterial activity. The sample made using higher current plus influencing with a rotating magnetic field has less
corrosion rate and higher area of inhibition at around 0.808 mmpy and 4.01cm?.
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1. INTRODUCTION

Aluminum (Al) alloy, covered using Copper (Cu) film, could
transform it into an antimicrobial material. Cu could act as an
antibacterial material due to Cu ions releasing would kill bacte-
ria (Arendsen et al., 2019). Despite Cu could kill the bacteria,
the Cu in the form of film has more killing the bacteria than the
sheet (Sharifahmadian et al., 2018). Therefore, coating Al with
Cu seems like a promising way to create antibacterial materials
through the electrodeposition process (Augustin et al., 2016a).

Besides Cu, Zinc (Zn) also could be used as an antibacterial ma-
terial property which could inhibit growth and killing bacteria.
Unfortunately, according to Raja et al. (2023) Staphylococcus
aureus is still seen after 24 hours contact observations using Zn
as an antibacterial. Moreover, Cu has more killing than Zn for
2, 6, and 24 hours of incubation time.

To create Cu film through the electrodeposition process
two parameters, it needs to be considered as current where
applied and magnetic has influences (Augustin et al., 2016a;
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Syamsuir et al., 2023b). An increase in the current leads to an
increase in a throwing power, deposition rate and current effi-
ciency (SEAKR, 2017; SEKAR, 2017). Presenting a magnetic
field also could increase the deposition rate and current effi-
ciency due to the exhibit of a magnetohydrodynamic (MHD)
flow convection (Chiba et al., 1988; Wang et al., 2015). Inter-
estingly, magnetic position (parallel or vertical) where placed
during electrodeposition could change interface transfer re-
sistance of the film (Liu et al., 2022). Different pole of the
magnet used during electrodeposition process could also influ-
ence formed microstructure (Murdoch et al., 2018). Moreover,
an increase in deposition rate and current efficiency could be
resulting diverse surface morphology, grain size and surface
roughness (Armini, 2011; Ibafiez and Fatds, 2005; Niu et al.,
2015; Wang et al., 2015). Hence, it could influence the area of
inhibition size because larger surface area would release more
Cu ions into the environment and increase the inhibition area
(Motshekga, 2024; Shim et al., 2015; Tavakoli et al., 2019).

Several researchers focused on varied current. Armini
(2011) conducted an electrodeposition of Cu using 0.04 M
CuSO, and found that an increase in the current density (from
3 to 4 mA/cm?) leads to an increase in the surface roughness
of Cu film. Augustin et al. (2016a) and Augustin et al. (2016b)
carried out Cu electrodeposition on an Al substrate with vari-
ations in current density of 200, 400, 600, 800, and 1000
A/m? resulting in: (111) plane, Full width at half maximum
(FWHM) between 0.2380-0.3152, crystal size around 66-
85.5 nm, and 70 to 93° of water contact angle. SEAKR (2017)
has conducted Cu electrodeposition using electrolyte solution
containing 100 g/L. Cu(CH3COO)4, 90 mL/L. CH,Os3S, 20
g/L. C9HgNaOy and 0.25 g/L. C;9H;5CIsN,OS at various cur-
rent density (1, 2, 8, 4, and 5 A/cm2) and found increase in
current density led to increase in throwing power and current ef-
ficiency. Goranova et al. (2016) performing electrodeposition
Ni—Cu using 4 and 10 A/dm? of current densities resulting
different surface morphology.

Electrodepositions where influencing using a rotating mag-
net is still limited, especially for the Cu electrodeposition. Wang
and Chen (2015) conducting electrodeposition of nickel (Ni)
influenced by the rotating magnetic field (1000-3000 rpm)
and resulting decrease rotation that could increase the surface
roughness of the forming films. Ji et al. (2020) found a more
uniform SiC distribution by presenting a rotating magnetic field
in the electrodeposition of Ni—SiC. A previous study found
that a rotating magnetic field could make the Ni films more
uniform when conducting electrodeposition of Ni (Syamsuir
et al., 2023b). Another previous study has found that decreas-
ing in the magnetic rotation speed could change the surface
morphology of the Cu film from faceted structure become near
to spheroidal and this could increase the area of the inhibition
(Syamsuir et al., 2023a).

According to the above-mentioned data, the research com-
bined between a rise in the current and rotating magnetic fields
for Cu electrodeposition is not studied. A few research focused
on current densities increment during Cu electrodeposition.
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Increment of the current densities during electrodeposition
would result in different physical properties of the Cu films.
Moreover, several researchers conducted electrodeposition Ni
by influencing magnetic rotation, which could result in differ-
ent Cu films physical properties. Combination between current
increment and rotation of magnetic field influence would cre-
ate different Cu films characteristic. Therefore, in the present
study, Cu films were made using the electrodeposition tech-
nique at various currents (80, 100, and 120 mA), with and
without influence by a rotating magnetic field (100 rpm of ro-
tation). In addition, we successfully fabricated the magnetic
field influence apparatus during electrodeposition. All Cu films
were characterized using X-ray diffraction (XRD), attenuated
total reflectance Fourier transform infrared spectroscopy (ATR-
FTIR), Scanning electron microscopy equipped with Energy
dispersive spectroscopy (SEM-EDS), and Potentiostat appa-
ratus. Furthermore, antibacterial activity using Staphylococcus
aureus was also investigated.

2. EXPERIMENTAL

2.1 Materials and Instrumentation

The cathode in the present study used Al alloy (20x20%x2 mm)
with composition 0.106 wt% Si, 0.365 wt% Fe, 0.055 wt% Cu,
0.043 wt% Mn, 0.030 wt% Mg, 0.003 wt% Zn, 0.002 wt% Ni,
0.018 wt% Ti, 0.003 wt% Pb, and Al balance. The anode used
for electrodeposition is similar to the previous study (Syam-
suir et al., 2024). 0.5 M CuSO, + 20 mL of HeSO, was used

for electrolyte solutions. The electrodeposition was conducted

Electrolyte solution
Neodymiym magnet (3 pcs)

—— PLAdisc

Clockwise rotation

Electric motor
MDB PS-305DM DC power supply

Figure 1. Apparatus for the Electrodeposition Process

using an MDB PS-305DM DC power supply. While mag-
nets were used to influence the electrodeposition process using
three neodymium magnets, south pole near to electrolyte solu-
tion. One neodymium magnet has 0.08 T of intensity. The
completed customized apparatus for fabricated Cu films is pre-
sented in Figure 1. Moreover, XRD, ATR-FTIR, SEM-EDS,
and potentiostat were conducting using Panalytical AERIS,
PerkinElmer, AxiaTM ChemiSEMTM from Thermo Fisher
and Digi-Ivy DY 2311, respectively.
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2.2 Procedure

Electrodeposition was conducted at room temperature, while
the distance between the anode and cathode was fixed set for 5
cm. The electrodeposition was conducted using a DC power
supply at 80, 100 and 120 mA for one hour (with and without
rotating magnetic influence). For magnetic influence, 100 rpm
of speed rotation was conducted. The sample’s name was des-
ignated without the influence of magnetic fields such as Cu8-0,
Cul0-0, and Cul2-0, for samples made using 80, 100, and
120 mA of current, respectively. Moreover, the sample’s name
was designated with influence magnetic fields (100 rpm) as
Cu8-100, Cul0-100, and Cul2-100, for samples synthesized
using 80, 100, and 120 mA of current, respectively.

2.3 Analysis

The sample before and after electrodeposition was weighed
using digital scale to calculate deposition rate and current ef-
ficiency (Syamsuir et al., 2024). Moreover, a XRD was used
to analyze the samples and collect information about their
phase and crystal structure. The Cu Ka radiation source (1 =
0.15406 nm) was employed in an XRD process, and the test
settings were set to 20 = 20-100° and step size 0.02°. Quantita-
tive analysis of the diffraction pattern was performed using the
Rietveld method (Larson and Dreele, 2004). Furthermore, the
ATR-FTIR was recorded over a spectral range of 4000-600
em™'. Next, the surface morphology and phase were inves-
tigated using SEM-EDS. According to SEM image, Image |
software was used to measure grain distribution and surface
roughness.

Corrosion behavior was determined by using the potentio-
dynamic polarization method. The potentiodynamic polar-
ization was conducted using Potentiostat in 0.9% NaCl (room
temperature). The potential was scanned between -1.8 — (+0.06
V) using 1 mV/s of scan rate. Cu films as working electrode
(WE), Ag/AgCl as reference electrode (RE) and Pt wire as
counter electrode (CE). Collected data were investigated using
Tafel extrapolation method to be found corrosion current and
potential. The corrosion rate could be calculated similarly to
the previous study using corrosion current data (Syamsuir et al.,
2024). Furthermore, antibacterial activity using Staphylococ-
cus aureus was also investigated similar method to the previous
study (Syamsuir et al., 2023b).

3. RESULTS AND DISCUSSION

3.1 Deposition Rate and Current Efficiency

Figure 2 presents the Cu deposition rate and current efliciency.
The shift to more current led to an increase in deposition rate
and cathodic current efficiency. Presenting a rotating magnetic
field also enhances both deposition rate and current efficiency.
The deposition rates of Cu8-0, Cu8-100, Cul0-0, Cul0-100,
Cul2-0, and Cul2-100 samples are 26.51, 27.90, 32.09,
32.92, 37.39, and 87.95 pm/h, respectively. Meanwhile, the
cathodic current efficiency of Cu8-0, Cu8-100, Cul0-0, Cul0-
100, Cul2-0, and Cul2-100 samples are 30.82, 32.44, 53.89,
55.29, 86.94, and 88.24%, respectively.

© 2025 The Authors.
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Figure 2. Deposition Rate and Current Efficiency of Cu
Electrodeposition

An increase in deposition current leads to more throw-
ing power, so Cu ion placed more on the cathode surface.
Therefore, the deposition rate increases linearly to the cur-
rent (SEAKR, 2017). Ye et al. (2023) have found increasing
the deposition potential leads to an increase in the deposition
rate. Augustin et al. (2016a) have found that deposition of Cu
using 2 A/dm? for 10 min resulting the Cu not covering all Al
surface, while at 10 A/dm? all Al surface was fully covered with
Cu. This indicates a lower current resulting lower deposition
rate, therefore, for 10 min time deposition could not cover
all Al alloy surfaces. Another study has found that increased
current for various Cu electrolyte solutions leads to an increase
in deposition rate (SEKAR, 2017).

Higher current led to an increase in the current efficiency.
Some researchers have found current efficiency would decrease
at higher current density (4 A/dm?) (SEAKR, 2017). This
condition was significantly influenced by hydrogen evolution
happening on the surface of the cathode. The hydrogen evolu-
tion could act as a barrier for Cu ions coming to the cathode
surface, therefore current efficiency is decreased.

Moreover, the deposition rate and current efficiency are
increased by presenting a magnetic field rotation. This indicates
the Eddy electric field induces the Cu ion to move faster to the
cathode. According to Wang et al. Eddy electric field could act
as MHD flow convection, therefore it increases the deposition
rate and current efliciency (Wang and Chen, 2015). Another
force that influences the current efficiency and deposition rate
is the paramagnetic force (Park et al., 2008). Furthermore,
Chiba et al have found, that presenting a magnetic field (0.12
T) could enhance the current efficiency by more than 100%
(Chiba et al., 1988).

3.2 XRD Analysis

Figure 3 shows the pattern data obtained from the XRD record-
ing of six samples of Cu electrodeposition on Al substrates.
The face-centered cubic (fcc) Cu phase can be identified by
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Figure 3. Diflraction Patterns of the Cu Films

the reflection of the diffraction peaks of (111) (43.09°), (200)
(50.22°), (220) (78.92°), (811) (89.75°), and (222) (94.96°)
based on the research findings. These samples have the same
peaks of the Cu phase oriented in the (111) plane as those
reported by other researchers (Li et al., 2022; Sen et al., 2003;
Yonezawa et al., 2015). Based on the results, it appears that Cu
has been successfully deposited onto the Al surface. According
to the calculations of the lattice parameters for the Cu phase
(space group F m -3 m), all six samples have a lattice param-
eter of 0.3616 nm. Despite changes in current or magnetic
fields, the fcc Cu crystal seems to maintain its orientation and
structure.

2923

Transmittance (%)

4000 3500 3000 2500 2000 1500
Wavelenght (cm™)

Figure 4. ATR-FTIR Spectral of the Cu Films
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3.3 ATR-FTIR Analysis

Figure 4 shows the IR spectrum of the various samples. The
peaks at 2928 and 2851 cm™! correspond to C—H stretching
vibration of the CHg groups (Kayani et al., 2022). Band regis-
tered at 2844 cm! is assigned to COy in atmosphere (Kayani
etal., 2022). The peak at 2002 cm™! is attributed to the COq
and HoO on the surface of the Cu film (Fuku et al., 2020). The
C=0 stretching of the carboxyl group appearing at 1720 cm™!
(Aguilar-Perez et al., 2020). The peaks at 1448 and 1270 cm™!
may be assigned to CO4Cu and Cu(CS) g, respectively (Hsu
et al., 2024; Kong et al., 2003). The band at 1150 em™! is
attributed to C—O bond stretching (Kayani et al., 2022). The
C—O stretching frequency of carboxylate ion bond to Cu films
is seen at 1020 ecm™! (Fuku et al., 2020). Generally, it could be
concluded, Cu was successfully deposited onto Al surface due to
presenting CO9Cu and Cu(CS) g at 1448 cm™! and 1270 em™!,

respectively.

3.4 SEM-EDS Analysis

Figure 5 presents the SEM image of the various samples. A
clean surface is seen in the Cu8-0 sample, while other sam-
ples exhibit a little black area. Increasing the current led to a
change in the surface morphology of the sample which was sig-
nificantly influenced by deposition rate and current efliciency
(Haerifar and Zandrahimi, 2013). Higher deposition rate and
current efliciency indicating Cu ions moving faster to the cath-
ode; therefore, the surface morphology is changing. According
to Figure 5 currents used for the electrodeposition process be-
tween 80-100 mA would result in a faceted structure while
using 120 mA results near to spheroidal. Grujicic and Pesic
(2002) have found the change in surface morphology due to
deposition potential. Deposition potential for 60, 250 and 800
mV would result faceted, spheroidal and dendritic structures,
respectively (Fukunaka et al., 1990). Moreover, Ibafiez and
Fatds (2005) study found current densities of 0.6, 24, and 50
A/dm?, resulting in surface morphology pyramidal-like, near
to spheroidal and spheroidal, respectively.

Generally, presenting a rotating magnetic field leads to sur-
face morphology being more compact. According to Park et al.
(2008) presenting a magnetic field would present a paramag-
netic field, attracting more Cu ions and thus it could change
in surface morphology. Moreover, presenting a magnetic field
could suppressed the grain, consequently resulting in more
compact morphology (Morimoto et al., 2004). Previous stud-
ies have found that presenting magnetic field rotation during
the electrodeposition of Cu leads to more compact surface
morphology (Syamsuir et al., 2023a).

Figure 6 presents the EDS curve of various samples and Ta-
ble 1 shows the quantitative result of the EDS curve. The EDS
investigation is based on the SEM area in Figure 5. Generally,
presenting magnetic field rotation led to an increase in carbon
(C) content. While the oxygen (O) content is dependent on
the presenting magnetic field rotation.

For a deeper investigation of a little black area in Figure
5, an EDS investigation was conducted. Figure 7 presents the
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Figure 5. SEM Result of Cu Films (a) Cu8-0, (b) Cu8-100, (¢) Cul0-0, (d) Cul0-100, (¢) Cul2-0, and (f) Cul2-100

Table 1. Founded Phase According to EDS Investigation of Cu
Films

Phase (wt.%)
Sample c e o
Cu8-0 8.1 04 915
Cu8-100 10.8 3.1 86.1
Cul0-0 77 0.5 91.8
Cul0-100 8.1 0.7 912
Cul2-0 79 2.0 90.1
Cul2-100 15.8 0.9 83.3

EDS curve of the little black area on various samples and Table
2 shows the quantitative result of the EDS curve. Several C
phases are seen in the little black area. The Cul2-0 sample

© 2025 The Authors.

showing the Al phase that indicates Al alloy is not fully covered
by Cu film (exhibits a porosity).

Figure 8 presents the grain distribution of various Cu films
samples. Shifting to higher currents leads to decrease in grain
sizes. Meanwhile, presenting a rotating magnetic field also
enhances the grain size. A wider grain size is found in the Cu8-
100 sample, while a narrow grain size is seen in the Cul2-0
sample. An increase in the current deposition leads to an in-
crease in deposition rate; the forming grain narrower (Niu et al.,
2015). Wang et al. (2015) study also found similar behavior,
an increase in the current during Cu electrodeposition leads
to a decrease in the grain size. Although presenting a rotating
magnetic field increases the deposition rate, the grain is becom-
ing wider. This behavior was influenced by the magnetic field
that induced the Cu ions. Increasing the deposition rate by
presenting a rotating magnetic field is influenced by paramag-
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Figure 6. EDS Curve of Cu films (a) Cu8-0, (b) Cu8-100, (¢) Cul0-0, (d) Cul0-100, (¢) Cul2-0, and () Cul2-100

Table 2. Phase Found According to Additional EDS Investigation Black Spot-on Cu Films

Phase (wt. %)

Sample C N O Mg Al Si S C« Ca Fe Cu
Cus-100 858 9.6 212 - - 04 07 25 - - 298
Cul0-0 268 - 218 - - Y
Cul0-100 13.3 2.3 259 03 40 52 - 04 09 07 47.0
Cul2-0 55 - 87 - 891 - - - - - 17
Cul2-100 700 87 175 - - 01 02 - - - 383

netic force (Park et al., 2008). While wider grain is influenced
by Lorentz force where resulting magnetohydrodynamic effect
(Mogi et al., 2018). The magnetohydrodynamic effect is ar-
ranged Cu ions when it arrives at the cathode, therefore wider
grain is formed (Morimoto et al., 2004).

Figure 9 presents the surface roughness of various Cu films.
Shifts to more current led to an increase in surface rough-
ness. Armini (2011) has found that an increase in the current

© 2025 The Authors.

density (from 8 to 4 mA/cm?) of the Cu electrodeposition
using 0.04 M CuSOy leads to an increase in the surface rough-
ness. Presenting a rotating magnetic field also enhances surface
roughness. The surface roughness of Cu8-0, Cu8-100, Cul0-
0, Cul0-100, Cul2-0, and Cul2-100 samples are 20.02,
22.04, 20.58, 28.67, 30.82, and 88.97 pm, respectively. High
surface roughness due to gradient concentration increases be-
tween cathode and electrolyte solution. Several forces induce
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Figure 7. Additional EDS Investigation Black Spot-on Cu Films (a) Cu8-100, (b) Cul0-0, (c) Cul0-100, (d) Cul2-0, and (e)

Cul2-100

these gradient concentrations such as paramagnetic and Lorent
forces (Park et al., 2008). Presenting rotating magnetic fields
tends to present this force, implying more roughness would
form. Generally, roughness between 19.6 - 22.04 um due to
the surface morphology was formed in the faceted structure.
While 30.82 and 88.97 um of surface roughness value due
to the surface morphology were formed is spheroidal. There-
fore, the spheroidal form can be concluded resulting in surface
morphology more roughness than faceted structure.

3.5 Potentiodynamic Polarization

Figure 10 represents the potentiodynamic polarization test
resulting in 0.9% NaCl. Corrosion parameters are summarized
in Table 8. According to Table 8, corrosion potential (Ecorr)
is independent of the corrosion rate. Cu8-100 has a more
positive value than other samples (nobler), while Cu8-0 has a
more negative value of Ecorr than other samples. This indicates
that Cu8-0 has more cathodic, and Cu8-100 has more anodic

© 2025 The Authors.

Table 3. Corrosion Parameters of Cu Films

Sample Ecorr (V) vs Icorr (A/cm?2) Coi;(t)zlon
Ag/AgCl

(mmpy)
Cu8-0 -0.566 1.64 x 1077 0.949
Cu8-100 -0.298 9.21x 10 5.430
Cul0-0 -0.463 3.87x10* 2.240
Cul0-100 -0.506 4.92 x 104 2.450
Cul2-0 -0.484 2.18x10* 1.240
Cul2-100 -0.474 1.89 x 1074 0.808

than other samples. In several cases, more anodic samples
would result in a higher corrosion rate, while more cathodic
samples would result in a lower corrosion rate (Syamsuir et al.,

2023a).

Page 1162 of 1168



Susetyo et. al.

50
@) 20.14 um
40 B Cus-0
GaussFit
8301
@
=3
g
i 204
104
|:].
10 15 20 25 30 35 40
Grain Size (um)
604 (©)
18.39 um
50 Il cut10-0
GaussFit
340 -
[
3
o 304
()
[
20
104
0_
10 15 20 25 30
Grain Size (pm)
60(®) 16.81 um
50 Bl cut2-0
GaussFit
340
c
g
o 30
o
L

20+

10

15 20
Grain Size (um)

25

Corrosion in NaCl medium is a dissolution of the Cu result-
ing in CuCl on the Cu surface in the first stage. The CuCl has
poor adhesion and, therefore, it could not protect the Cu sur-
face from aggressive chloride ions. This condition makes the
CuCl transform into Cu(I)Cl complex and then dissolve in the
chloride solution (Li et al., 2011; Sudheer and Quraishi, 2013;
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Wang et al., 2014). According to Table 3, the best corrosion
resistance is seen in the Cul2-100 sample, which indicates the
Cu film has a slower chemical reaction (dissolve) than others

(Tasic et al., 2018).
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Figure 9. Surface Roughness of Cu Films (a) Cu8-0, (b) Cu8-100, (¢) Cul0-0, (d) Cul0-100, (¢) Cul2-0, and () Cul2-100

3.6 Antibacterial Activity netic field rotation during electrodeposition led to a decreased
Figure 11 represents antibacterial activity investigation on Cu  area of inhibition for samples, which was made using 80 mA
Films using Staphylococcus aureus. Diffusible metal observation  of current. Samples made using 100 and 120 mA of current,
results of Cu films are summarized in Table 4. Presenting mag-  presenting magnetic field rotation that led to an increased area
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Figure 10. Potentiodynamic Polarization Curve of Cu Films

Cu8-0, (b) Cu8-100, (c) Cul0-0, (d) Cul0-100, (e¢) Cul2-0,
and () Cul2-100

of inhibition. The higher area of inhibition is seen in the Cul2-
100 sample, while the lower area of inhibition is seen in the

Cu8-100 sample.

Table 4. Diffusible Metal Observation on Cu Films

Area of inhibition

Sample Kill area (cm?) (cm?)
Cu8-0 590+0.17 1.63
Cu8-100 5.60+0.83 0.89
Cul0-0 5.79+0.75 1.61
Cul0-100 6.34 £ 0.87 1.91
Cul2-0 6.79 + 0.20 2.26
Cul2-100 8.63+0.51 4.01

The area of inhibition was significantly influenced by Cu
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ions released from the samples. Higher releasing ions could
enhance the area of inhibition (Fatimah et al., 2025). Accord-
ing to Raja et al. (2023), more Cu concentration leads to an
increased area of inhibition. Comparing Table 4 to Figure 2,
Cu films made using 120 mA of current have a higher deposi-
tion rate and current efficiency, thus they have more thickness
and higher area of inhibition. Shim et al. (2015) have found
that a thick layer resulting higher bacteria killing efficiency.
Moreover, comparing Table 4 to the SEM image, the group
sample synthesis using 120 mA has a higher area of inhibition
than others. Probably it is due to the near spheroidal surface
morphology being formed. Although the faceted structure has
a wider grain size than near to spheroidal (confirmed by grain
distribution analysis), they have a larger surface area proved by
more roughness, hence it released more Cu ions on the envi-
ronment. Along with Tavakoli et al. (2019), a bigger surface
area resulting in more effective to bacterial retardant. Further-
more, more roughness resulting higher killing efficiency, due to
more contact between Cu and the bacteria (Shim et al., 2015).
According to Figure 9, Cu 12-100 has more roughness than
other samples and consequently has a higher inhibition area.

Figure 12. 48-Hour Post Contact Observation of Antimicrobial
Activity (a) Cu8-0, (b) Cu8-100, (c) Cul0-0, (d) Cul0-100,
(e) Cul2-0, and (f) Cul2-100

After 24 hours, the materials were removed using sterile
forceps. Afterwards, the agar is re-incubated at 35C° +2 for
another 24-48 hours. Figure 12 represents a 48-hour post-
contact observation of antimicrobial activity using Staphylo-
coccus aureus. After 48 hours of post-contact, the area where
the sample was placed still looks sterile from bacterial activity
(remain clear). The killing mechanisms of the bacteria using Cu
have several ways. (1) Interaction between Cu films and bacte-
ria could damage the bacteria cell wall due to generation of the
reactive oxygen species (ROS) such as hydroxyl radicals, hy-
drogen peroxide, superoxide anions or organic hydroperoxides
leading to cell lysis. (2) Released Cu ions from Cu film would
attach to the peptidoglycans, carboxylic groups or lipopolysac-

Page 1165 of 1168



Susetyo et. al.

Science and Technology Indonesia, 10 (2025) 1156-1168

Table 5. Antibacterial Activity Comparison on Cu Using Staphylococcus aureus

Method

Inhibition Zone/Kill Area Reference

CuO nanoparticle modified polyol method (50 ul of CuO)
Cu foil immersed in 10 mL alkaline solution for 21 days
(15x15 mL)

CuO nanoparticle aqueous precipitation method (750 pg of

CuO)

SKU AA010278 immersed in copper (II) chloride solution

for 1-3 min
Precipitation technique of CuO (200 ng)
Sol-gel method (CuO 3% in 2.5 Mg/mL)
Cu electrodeposition (¢ 23 mm)
Cu electrodeposition (20 x 20 cm)

21 £1.612 mm
¢ 25.17 mm

(Ramyadevi et al., 2012)
(Ekthammathat et al., 2013)

(Ahamed et al., 2014)

Around 18 mm

19 £ 2 mm (Abdurazova et al., 2017)
7.26 £ 2 mm ®
17.5 £ 0.7 mm (Kayani et al., 2022)
40 £ 1 mm (Syamsuir et al., 2023b)

8.63 +0.51 cm? Present study

charides bacteria cell walls, disrupting cell membrane stability
and the damaging the intracellular contents (Fatoni et al., 2023;
Gilbertson et al., 2016; Kamila et al., 2028; Motshekga, 2024;
Salah et al., 2024). Subsequently, in the present study probably
the mechanism following second ways, where Cu ions remain
in the former sample area, so that it can inhibit bacterial growth.

Table 5 shows comparison of inhibition zone or kill area
of various study to the present study. It should be noted that
the difficulties compared between them are due to sample di-
mension (weight). More CuO nanoparticles weight lead to
increase the inhibition zone (Ahamed et al., 2014; Selvaraj,
2020). Generally, electrodeposition Cu films using various
current and influenced by rotating magnet are promising to
change inhibition area.

4. CONCLUSIONS

Cu films made using electrodeposition at various currents (with
and without influence by a rotating magnetic field) have been
successfully synthesized. Increasing the current of electrodepo-
sition leads to an increase in deposition rate, current efficiency,
roughness and a decrease in grain size for both conditions. Cur-
rents used for the electrodeposition process between 80-100
mA would result in a faceted structure while using 120 mA
results near to spheroidal. Current and rotating magnetic influ-
ence does not linearly influence corrosion potential, corrosion
rate and anti-bacterial activity. The sample made using higher
current and influencing with magnetic field result in less corro-
sion rate and higher inhibition area. A future recommendation
of the present work is conducting higher density to examine
the phenomena.
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