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ABSTRACT

Brass (CuZn) is widely used today due to better mechanical, thermal, and chemical properties. The present research
fabricated Cuzn alloy by adding various Zn (6, 9, and 12 wt.%) to the Cu using gravity casting. Casts CuZn alloy
by adding various Zn to the Cu to investigate optimum composition were resulting highest inhibited of bacterial
activity. In addition, the structure, hardness, and electrochemical behavior of the alloy were also investigated using
XRD, Vickers hardness, and potentiostat equipment. XRD confirmed that CuZzn alloy has an alpha phase, and a
FCC crystal structure. The rise of the Zn content in the alloy led to an increase in crystallite size, a decrease in the
hardness and a shift to a more negative OCP potential at 1200 s measurement. Enhancing the Zn content to 9 wt.%
in the alloy lead to decrease the corrosion rate. Moreover, 24-hour post-contact observation found that the sample
places removed remained clear of bacteria. The Cu6Zn sample successfully inhibited the growth of Escherichia coli
in the 3™ hour, while Staphylococcus aureus was 100 % reduced in the 71" hour. The Cu6Zn sample could be used
as an alternative material for medical equipment in ambulances.

Keywords: XRD, Vickers, Electrochemical Measurement, Staphylococcus Aureus, Escherichia Coli

1. Introduction
Brass (CuZn) is an alloy widely used in the national defense, oil and gas industries, and health

because it has better mechanical properties, thermal conductivity, and corrosion resistance (Bhavsar &
Bali, 2023; Wang et al., 2023; Widyastuti et al., 2023). CuZn alloys for medical equipment in
transportation such as ambulances need to consider two parameters: corrosion resistance and
antibacterial characteristics. Commonly NaCl media was used to investigate corrosion for ambulance
equipment. This condition due to ambulance equipment commonly exposure from medical patients
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eccrine sweat and saline-infused (Baker & Wolfe, 2020; Tayyab et al., 2021). Furthermore, some studies
found that after cleaning the ambulance, 35.37 % of bacterial contaminants were still seen (Syamsuir et
al., 2023).

Viegas et al. found Staphylococcus aureus was detectable on firefighter’s ambulance equipment
(Viegas et al., 2021). Staphylococcus aureus is a type of bacteria that could cause skin disease and is
hard to treat with traditional antibiotics. Staphylococcus aureus bacteria tend to have methicillin
resistance. According to Tajik et al., 38.4 % of Staphylococcus aureus methicillin resistant was found in
Tehran community (Tajik et al., 2020). Moreover, this bacteria also could contaminate orthopedic
implants and cause serious infections (Pietrocola et al., 2022).

Several researchers were interested in investigating the corrosion behavior of CuZn alloy in NaCl
medium (Abed & Dawood, 2022; Chen et al., 2024; Gao et al., 2021; Yin et al., 2021). Abed and Dawood
investigated the corrosion behavior of Cu40Zn alloy in 3.5% NaCl and found a corrosion rate of around
0.037 mmpy (Abed & Dawood, 2022). Yin et al. investigated the corrosion behavior of Cu alloy in NaCl
medium were immersed in different times. More time is immersed, resulting in more corrosion
resistance of Cu (Yin et al., 2021). Chen et al. investigated Cu alloy in NaCl medium and found Cu
potential around -0.305 V vs SCE and Zn potential around -1.165 V vs SCE (Chen et al., 2024). Gao et al.
found that a reduction in thickness (50 to 60 %) of CuZn using cold rolling resulted in a significant
decrease in corrosion current from 4.824 to 1.804 pA/cm? (investigating in 3.5 % NaCl) (Gao et al.,
2021). Moreover, aluminum (Al) alloy widely used in transportation sector such as ambulance (Blanco et
al., 2022; Vandersluis et al., 2020). Liu et al. have found Al alloy corrosion current between 4.8685.251
A/cm?in a 3.5% NaCl medium (Liu et al., 2020). Comparing the studies of Liu et al. and Gao et al., Al
alloy has a higher corrosion current than CuZn (Gao et al., 2021; Liu et al., 2020). Corrosion current
significantly influences the corrosion rate, and a rise in the corrosion current would enhance the
corrosion rate.

Recently, researchers have been interested in investigating CuZn alloy for medical applications
(Azizian et al., 2024; Riaz et al., 2024; Sabbouh et al., 2023). Azizian et al. investigated CuZn alloys
microstructure, mechanical properties and cytotoxicity for cardiovascular applications (Azizian et al.,
2024). Riaz et al. investigated the structural and biological properties of CuZn alloy for orthopedic
applications (Riaz et al., 2024). Moreover, Sabbouh et al. did the sonification of CuZn in an alkali solution
to enhance the antibacterial inhibition zone (Sabbouh et al., 2023). Moreover, Syamsuir et al. have
investigated the antibacterial activity of Staphylococcus aureus by presenting a Cu layer for ambulance
equipment (Syamsuir et al., 2023).

The killing mechanism of bacterial activity inseparable from the ions released by the alloy (Qu et
al., 2020). Cu?* ions could be adsorbed on the cytoplasmic membrane surfaces, then penetrate the
bacteria, react with sulfhydryl groups, and cause the cell to die (Zeng et al., 2022). The released Zn?*
ions could penetrate the cell membrane and cause cell death (Du et al., 2021). Zhang et al. have stated
that Cu®* and Zn?* ions could act as antibacterial agents and inhibit Staphylococcus aureus growth
(zhang et al., 2021).



According to the literature review, research on CuZn alloys with Zn compositions in the range of
6-12 wt.% for medical transportation purposes has not been thoroughly investigated. As mentioned
above, the killing mechanism of bacterial activity depend on Cu and Zn ions. CuZn alloy can transform
into Cu and Zn ions. Therefore, the present research casts CuZn alloy by adding various Zn to the Cu to
investigate optimum composition, resulting in a higher killing mechanism of bacterial activity.
Moreover, different alloy compositions would result in different electrochemical behavior and
mechanical properties. The present study investigated structure, hardness, electrochemical behavior,
and antibacterial activity using X-ray diffraction (XRD), Vickers hardness equipment, potentiostat, and
digital camera.

2. Literature Review

Many techniques are used to make CuZn alloys, including gravity and investment casting
(Hendrawan et al., 2021; Ziat et al., 2020). Gravity casting is simple, inexpensive, and can rapidly fill
complex geometry (Huang et al., 2024; Nuryadi et al., 2020). Moreover, in the fabrication of CuZn alloys,
one thing needs to be considered to produce specific properties, namely alloy composition. Researchers
focused on adding various Zn compositions onto Cu for different purposes. Strzepek et al. investigated
the mechanical properties of Cu and alpha brass (Cu2.5Zn and Cu6.5Zn) wire (O 3.8 mm). Increased Zn
content causes increases in ultimate tensile strength, yield strength and hardness (Strzepek et al., 2019).
Situmorang et al. fabricated Cu with various Zn additions (10, 20, 38, and 45 wt.%) and found that the
higher the Zn composition, the higher the antibacterial properties (Situmorang et al., 2019). Igbal et al.
melted Cu28.7Zn using a furnace and cast to investigate hardness and morphology (Igbal et al., 2021).
Shahriyari et al. added Zn (5, 15, 20, and 30 wt.%), increasing the hardness due to the alloy's rise in the
Zn content (Shahriyari et al., 2022). Akhyar et al. melted Cu28.7Zn using a gas furnace and cast to
investigate the tensile strength (Akhyar et al., 2023). Morath et al. have created Zn0.8Cu and Zn1.5Cu
using casting methods to investigate the biological aspect of arterial implants (Morath et al., 2024).
Azizian et al. have added Cu with compositions 1, 2, and

5 wt.% to CuZn alloy by melting in the induction furnace to investigate microstructure, mechanical
properties, and cytotoxicity for cardiovascular application (Azizian et al., 2024). Generally, a CuZn alloy
with a Zn composition of less than 37 wt.% would produce a single alpha phase with an FCC crystal
structure (Clement & Auger, 2023; Mousavi et al., 2020).

3. Research Methods
3.1 Material Preparation

Cu ingot (98.798 %) and Zn powder (99 %) were melted and cast with the alloy composition CuxZn
(x=0, 6, 9, and 12 wt.%, namely as Cu, Cu6Zn, Cu9Zn, and Cul2Zn, respectively) and then confirmed the
formed alloy using XRF (Table 1). Before melting was conducted, the ingot and the apparatus, such as
the crucible, were cleaned using water to avoid impurities and then dried. The Cu ingot was first filled
into a silicon carbide crucible (3kg) and then inserted into a muffle furnace. Melting was carried out in a
crucible at 1100 °C under atmospheric pressure. After the Cu has melted, remove it from the muffle
furnace, mix it with Zn powder, stir it manually, and pour it into a permanent mold. For comparison, Cu



ingot was melted and poured into a permanent mold without Zn addition. The as-cast ingots were cut
for further characterization, such as XRD, hardness, electrochemical measurement, and antibacterial
activity observation.

Table 1 - Chemical composition of
various casting samples.
Cu Zn Si P Element (wt.%)
Sample
Al Fe
Cu 98.798 - 0.135 0.444 0.384 0.238
CubZn 92.308 6.384 0.135 0.444 0.384 0.345
Cu9zZn 89.228 9.497 0.135 0.444 0.384 0.312
Cul2Zn 87.075 11.557 0.135 0.444  0.384  0.405

3.2 XRD Measurement
XRD was measured using the PANalytical (Cu KO1 0=1.5405980) apparatus. XRD was scanned

from 20 to 1000, using step size 0.02170. The Highscore software was used to refine and collect peak,
phase and crystallographic parameters of as-cast samples. By using that software, full width at half
maximum (FWHM) are also found. FWHM data is used to calculate crystallite size.

3.3 Hardness Measurement

Before testing, samples with 2002006 mm dimensions were polished using silicon carbide up to
#3000 grit. Afterward, the polished sample was cleaned using water, followed by alcohol, and then
dried using drier equipment. The hardness test was conducted using the Vickers method. An FV-300e
hardness test was performed on top of various samples using 1 kg of load. Ten repeatable
measurements were conducted.

3.4 Electrochemical Measurement
Two electrochemical measurements were conducted in the present research, such as open circuit

potential (OCP) and Linear sweep voltammetry (LSV), using Digi-lvy (DY2311) potentiostat in 0.9 % NaCl
at room temperature. OCP was scanned until 1200 s using a sampling scan rate of 0.02 s, while LSV was
conducted using a scan rate of 1 mV/s. Cu/CuZn samples are used as the working electrode, platinum
wire as the counter electrode, and Ag/AgCl as the reference electrode. LSV data was examined using the
Tafel extrapolation method to see corrosion potential (Ecorr) and current density (icorr). The corrosion
rate could be found by inserting icorr in the following equation (Soegijono et al., 2020).

M xicarr

Corrosion rate (mmpy) = C == (1)

Where C is corrosion constant (3.27 mmpy), M is atomic weight (g/mol), O is material density
(g/cm3), and n is the number of electrons involved.



3.5 Antibacterial Activity Observation

The sample dimension used for antibacterial activity is 2002006 mm. Before testing, samples
were polished using silicon carbide up to #3000 grit. The experimental procedure for antibacterial
activity is similar to that of the previous report (Syamsuir et al., 2023). Moreover, the recent study uses
Staphylococcus aureus ATCC 25923 for Direct contact kill assay (24 hours) and Fluid contact assay (8
hours). In comparison, Escherichia coli 25922 was also used in the present study. Afterward,
documentation was captured using a digital camera. In addition, 24-hour post-contact observation and
Fluid contact test were also captured using a digital camera.

4. Results and Discussions
4.1 XRD

The diffraction pattern of Cu/CuZn with (111), (200), (311), and (222) planes can be seen in Figure
1. The four diffraction patterns match the alpha phase, which is shown to align with another study
(Heidarzadeh et al., 2022). The acquired XRD data was then analyzed using Highscore software, and the
parameters are listed in Table 2. All samples had a face-centered cubic (FCC) crystal structure, indicating
that the Cu and Zn atoms dissolve into one another. According to Jinlong et al., the FCC quantity of
surface energy is (111)>(001) >(110), and the FCC sample with the (111) plane has the lowest corrosion
rate (Jinlong et al., 2016). Moreover, the FCC sample with the preferred orientation of the (111) plane
has the highest surface atomic density (Soegijono et al., 2020).

_ (11D 200) 2200  (311) (222)
= A

s

w

2

-

5 Cul2Zn
R= Cu9Zn
‘g Cub6Zn
= Cu

S

~ ) ) ;

30 40 50 60 70 80 90 100
29 (0)

Fig. 1. XRD of various casting samples.

Table 2 - Crystallographic parameters of various casting samples.

Sample
Parameter
Cu CubZn Cu9Zn Cul2Zn



Crystal structure FCC

Lattice constant a = b = ¢ (A) 2.964 8.929 2.981 2.964
Cell volume (A3) 26.03 90 26.49 26.05
d-spacing (&) 1.69 1.18 1.69 2.07
Crystallite Size (nm) 227.20 109.95 204.95 316.26
Micro strain 0.37 0.53 0.16 0.32

Presenting Zn in the alloy reduces crystallite size from 227.20 to 109.95 nm and increases Zn
content from 6 to 12 wt.%, leading to an increase in crystallite size from 109.95 to 316.26 nm. This
behavior is similar to Ozdemir and Karahan’s study that showed Zn in the alloy leads to decreased
crystallite size, and an increase in Zn content in the alloy leads to increased crystallite size (Ozdemir &
Karahan, 2014). Moreover, the microstrains of the as-cast sample are independent of Zn content, which
perfectly agrees with Karahan and Ozdemir's study ((Karahan & Ozdemir, 2014). The smallest
microstrain is seen in the Cu9Zn sample.

4.2 Hardness

Figure 2 shows the average hardness of various casting samples. Nikhil et al. have found that pure
Cu has a hardness of 140 HV when treated at 400 and 600 OC and then held for two hours, followed by
guenching in tap water, resulting in a hardness of 100 and 60 HV (Nikhil et al., 2021). The higher heat
treatment temperatures led to a decrease in the hardness of the pure Cu. Therefore, the hardness of Cu
may vary depending on heat treatment. In the present study, Cu re-casting has a hardness of 74.54 HV.
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Fig. 2. Average hardness of various casting samples.
According to Figure 2, it can be seen that an increase in Zn content led to a decrease in the

hardness. Another research study found that Cu (as-cast) has a hardness of around 100 HV, while Cul5
Zn (as-cast) has a hardness of 75 HV (Ezequiel et al., 2024). Nnakwo et al. also found that increased Zn
content in the Cu alloy leads to decreased hardness due to increased in grain size and solid solution



region (Nnakwo et al., 2021). According to a study by Qu et al. and Garcia-Mintegui et al., pure Zn
hardness is between 41-42 HV (Garcia-Mintegui et al., 2021; Qu et al., 2020). Therefore, it could be
concluded that Zn in the alloy leads to decreased hardness due to Zn hardness less than Cu.

Several researchers correlated measured hardness to crystallite size (Augustin et al., 2016;
Syamsuir et al., 2023). Augustin et al. have found an increase in Cu's crystallite size, promoting a
decrease in scratch and micro-hardness (Augustin et al., 2016). Syamsuir et al. found a decrease in Cu's
crystallite size, leading to an increase in hardness (Syamsuir et al., 2023). Comparing Table 2 with Figure
2, it can be seen that an increase in the Zn content led to an increase in crystallite size and a decrease in
the hardness. On the contrary, while as-cast samples do not form an alloy (Cu), the resulting hardness is
not aligned with the crystallite size. It seems that it cannot compare the crystallite size were found with
measured hardness between alloy (CuZn) and un-alloy (Cu) material.

Several transportation sectors, such as ambulance equipment, are made from Al alloy (Blanco et
al., 2022; Vandersluis et al., 2020). According to Hajizadeh et al., Al alloy hardness is between 32-52 HV
(Hajizadeh et al., 2017). Therefore, all specimens have hardness still higher than Al alloy.

4.3 OCP

Figure 3 shows the OCP measurement result of various casting samples in 0.9 % NaCl at room
temperature. Generally, increased Zn content in the alloy promoted more negative potential, which
perfectly agrees with the Cocco et al. study (Cocco et al., 2016). Dridi et al. have found that Eqcp CuZn30
and CuZn39 are -0.578 and -0.604 V/MSE at 3 % NaCl, which means an increase in the Zn promoted to
more negative potential (Dridi et al., 2020). Cu, Cu6Zn, Cu9Zn, and Cu12Zn samples have Eqcp potential
at 1200 s measurement -0.014, -0.023, -0.027, and -0.032 V vs Ag/AgCl, respectively.
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Fig. 3. OCP measurement of various casting samples.
According to Figure 3, Cu, Cu6Zn, and Cu9Zn samples are steady at initial measurements until

1200 s, indicating that the protective layer formed has good protection. In contrast, the Cu12Zn sample
is steady at initial measurements until 600 s, then moves in a more negative direction. These
phenomena indicated that the formed protective layer had initially dissolved at 600 s; therefore, the
measurement continuously moved forward in a negative direction until the measurement reached 1200
s.

4.4 LSV
Eccrine sweat and saline-infused for humans are nearly 0.9 % of NaCl (Bond & Lieu, 2014; Tayyab

et al., 2021). Therefore, LSV measurement was conducted in 0.9 % NaCl at room temperature. Luo et al.
found Cu,0 crystalline growth on the Cu surface when exposed to 0.9 % NaCl, while when exposed to
pure water, Cu,0 crystalline was not seen (Luo et al., 2020). Commonly, Cu,O crystallines are formed,
which is preceded by the formation of CuCl when the specimen is tested in a chloride solution.
Moreover, Zhang et al., in their study, found ZnO and

ZnsCl,(OH)sOH,0 as corrosion products on top of Cu40Zn surfaces in a chloride environment

(Zhang et al., 2016). The reaction of Cu in chloride solution is as follows (MiloSev et al., 2024).

0; +2H,0+4e- = 40H- (2)
Cu+2C1- = CuCl; + e (3)
Cu+Cl- s CuCl + e~ (4)
Cull + Cl- = Culls (5)
it = ut +e” (6)

Cut + 2017 = Cully (7) The reaction of

Zn in chloride solution is as follows (MiloSev et al., 2024).

Zn — In*' + 2e (8)
Zn*t + 20H — Zn(O0H); — Zn0 + H, 0 (9)

cZnit +80H +2C1 + Ha0 — Zng(OH)Cl, -H- 0
(10)

LSV measurement results in 0.9 % NaCl can be seen in Figure 4.
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Fig. 4. LSV scans result of various casting samples.

According to Figure 4, corrosion Ecorr and icorr can be found using the Tafel extrapolation
method. Moreover, the corrosion rate could be calculated by inserting icorr into expression (1). Table 3
presented Ecorr, icorr, and the corrosion rate of various casting samples. It appears Ecorr is
independent of Zn addition; however, Zn is dependent on icorr and corrosion rate (except for the
Cul2Zn sample). This behavior is probably due to a protective layer that was formed. Compared to the
OCP result, it can be seen that the Cul2Zn sample continuously moves forward in a negative direction
from 600 until 1200 s of measurement. Therefore, that sample has a higher icorr and corrosion rate.

Table 3 - Corrosion parameters of various casting samples.

Sample name Ecorr (V) vs Ag/AgCl Icorr (A/cm?) Corrosion rate (mmpy)
Cu -0.241 4.42010°% 5.13 0107
CubZn -0.220 3.33010° 3.86 010
Cu9Zn -0.304 2.15010° 2.49 0107
Cul2Zn -0.175 6.19010° 7.18 010

Qu et al. have found that an increase in Zn content led to an increase in corrosion resistance,
which perfectly agrees with the present study (except for Cu12Zn) (Qu et al., 2020). MiloSev et al.
investigated Cu, Cu10Zn, Cu40Zn, and Zn in 3 % NaCl and found icorr after stabilized at 1 hour around
1.573, 1.456, and 2.114, and 5.21 pA/cm? respectively (MiloSev et al., 2024). According to equation (1),
icorr strongly influences the corrosion rate. The more icorr, the higher the corrosion rate. Moreover, a
limitation in Zn content in the Cu alloy could influence the corrosion resistance. Presenting the Zn
content 0 11 wt.% in the alloy could enhance the corrosion resistance; however, Zn of more than 10
wt.% could decrease corrosion resistance (MiloSev et al., 2024).

According to Table 2, the Cu9Zn sample has the lowest microstrain than others. The measured
microstrain could be associated with the sample's crystal defect (Soegijono et al., 2020). Based on Table
2, the Cu9Zn sample has the lowest microstrain, which confirms that the sample has the lowest



corrosion rate. Moreover, the FCC sample with the preferred orientation of the (111) plane could offer a
lower corrosion rate due to the highest surface atomic density (Jinlong et al., 2016; Soegijono et al.,
2020). Compared to other samples, the Cu9Zn sample has the higher preferred orientation of the (111)
plane. Even though the (111) plane of the Cu sample is the highest. Unfortunately, the (220) and (200)
planes are still present and relatively high.

4.5 Antibacterial Activity
Figure 5 shows the direct contact kill of Staphylococcus aureus and Escherichia coli after 24 hours

of incubation. The present study focused on Staphylococcus aureus, but Escherichia coli was also used
for comparison. There is no diffusion in the sample; therefore, the inhibition zone could not be seen.

CuYZn

Fig. 5. Antibacterial activity test using Staphylococcus aureus (left) and Escherichia coli (right) (a) Cu, (b) Cu6Zn, (c) Cu9Zn, and
(d) Cul2zn.

Antibacterial activity after 24 hours of post-contact with various casting samples using
Staphylococcus aureus and Escherichia coli can be seen in Figure 6. The removed sample places remain
clear (with no regrowth) from bacterial activity. The antibacterial behavior was significantly influenced
by Cu or Zn ions (Qu et al., 2020). Villapun et al. found that releasing Cu ions leads to the highest killing
activity of Staphylococcus aureus (Villapun et al., 2016). Excess in the Cu ion could be bacteriostatic
(Sabbouh et al., 2023). Moreover, Cu ions could be adsorbed on the cytoplasmic membrane surfaces,
then penetrate the bacteria, react with sulfhydryl groups and cause the cell to die (Zeng et al., 2022).
Furthermore, Cu ions could form hydroxyl groups in the presence of oxygen in nature, which could
destroy cell membranes (Dou et al., 2022). Hutchings et al. stated that Zn?* successfully inhibits the
growth of S. epidermidis (Hutchings et al., 2021). This behavior is associated with the generation of
reactive oxygen or the formation of (Zhang et al., 2021).



Fig. 6. Antibacterial activity after 24 hours of post-contact (regrowth assessment) towards Staphylococcus aureus (left) and
Escherichia coli (right) (a) Cu, (b) Cu6Zn, (c) Cu9Zn, and (d) Cul2Zn

Figure 7 shows the fluid contact test of Staphylococcus aureus and Escherichia coli. The
orientation of the test materials is mapped within the yellow box. For the Cu6Zn sample, Escherichia
coli was killed on the 3 hour. However, there is no significant reduction within the fluid because there
are no diffusible materials. Also, there is no visible growth after 3™ hour for the fluid in contact with the
metal.



Growth

S/d/’/l_\'/0(’()('(‘11.\‘ aureus

Growth

Control

Sul2zZn

Fig. 7. Fluid contact test of Staphylococcus aureus and Escherichia coli

Moreover, it should be noted that the reduction of the colony is significant in the 7*" hour for
Staphylococcus aureus (blue arrow), but for Escherichia coli, the inhibition of Escherichia coli growth is
shown within the 3™ hour of contact (green arrow), for Cu6Zn sample. The reduction of colonies is
significant on the surface of the metal. While on the remaining fluid, the reduction is insignificant until 8
hours. This behavior is because Staphylococcus aureus and Escherichia coli have different membrane
structures and thick cell walls, therefore could inhibit ion exchange and restrain the antibacterial effect
of Cu and or Zn ions (Di et al., 2022). Cu killing is more effective in Gram-negative bacteria (e.g.,



Escherichia coli) because peptidoglycan affects the cell’s susceptibility. The thicker the peptidoglycan
layer, the harder it became for the Cu ions to reach the membrane (Soltani et al., 2020; Xhafa et al.,
2023). Therefore, Escherichia coli was killed in the 3™ hour. Another reason Cu6Zn has better
antibacterial performance than others is probably due to its smaller crystallite size. Researchers found
that smaller crystallite sizes promote the enhancement of antibacterial effects (Syamsuir et al., 2023).
This behavior is attributed to an increase in surface area due to the crystallite size (Sangeetha et al.,
2015). The Cu6Zn sample could be used as an alternative material for medical equipment in
ambulances.

5. Conclusion

CuZn has been successfully fabricated. XRD confirmed that CuZn alloy has a single alpha phase
with an FCC crystal structure. The rise of the Zn content in the alloy led to a decrease in the hardness
due to an increase in crystallite size and led to a shift to more negative OCP potential at 1200 s
measurement. Moreover, the rise of the Zn content to 9 wt.% decreased the corrosion rate. It appears
there is a limitation in Zn content in the copper alloy that influences the corrosion rate, as shown when
Zn content around 12 wt. % is promoted to increase the corrosion rate. Antibacterial activity
observation found that all samples had no diffusion. Moreover, 24-hour post-contact observation found
that sample places removed from the sample remained clear of bacteria. The Cu6Zn has better
antibacterial performance than others due to the smallest crystallite size. According to the fluid contact
test, the reduction of the colony of Staphylococcus aureus is significant in the 7" hour. The inhibition of
Escherichia coli growth is also shown within the 3™ hour of contact. This behavior is because
Staphylococcus aureus and Escherichia coli have different membrane structures and thick cell walls,
therefore, could inhibit ion exchange and restrain the antibacterial effect of Cu and or Zn ions.
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ABSTRACT

Brass (CuZn) iy widely used today due to better mechanical, thermal, and chemical properties. The present
research fabricated CuZn alloy by adding various Zn (6, 9, and 12 wt.%) to the Cu using gravity casting.
Casts CuZn alloy by adding various Zn io the Cu [ investigare oprimum composition were resuliing highest
inhibited of bacterial activity. In addition, the siructure, hardness, and electrochemical behavior of the
alloy were also investipated using XRD, Vickers hardness, and potentiostat equipment. XRD confirmed that
CuZn alloy has an alpha phase, and a FCC crystal structure. The rise of the Zn content in the alloy led to
an increase in crystallite size, a decrease in the hardness and a shift to a more negative OCP potential at
1200 s measurement. Enhancing the Zn conient to 9 wi.% in the alloy lead 1o decrease the corrosion rate.
Moreover, 24-hour post-contact observation found that the sample places removed remained clear of
bacteria. The CubZn sample successfully inhibited the growth of Escherichia coli in the 3 hour, while
Staphylococcus aureus was 100 % reduced in the 7" hour. The Cu6Zn sample could be used as an
alternative material for medical equipment in ambulances.

Keywords : XRD, Vickers, Electrochemical measurement, Staphylococcus aureus, Escherichia coli

1. Introduction

Brass (CuZn) is an alloy widely used in the national defense, oil and gas industries, and
health because it has better mechanical properties, thermal conductivity, and corrosion resistance
(Bhavsar & Bali, 2023; Wang et al., 2023; Widyastuti et al., 2023). CuZn alloys for medical
equipment in transportation such as ambulances need to consider two parameters: corrosion
resistance and antibacterial characteristics. Commonly NaCl media was used Lo investigate
corrosion for ambulance equipment. This condition due to ambulance equipment commonly
exposure from medical patients eccrine sweat and saline-infused (Baker & Wolfe, 2020; Tayyab
et al.,, 2021). Furthermore. some studies found that after cleaning the ambulance, 35.37 % of
bacterial contaminants were still seen (Syamsuir et al., 2023).

Viegas et al. found Staphvlococcus aurens was detectable on firefighter’s ambulance
equipment (Viegas et al., 2021). Staphylococcus aureus is a type of bacteria that could cause skin
disease and is hard to treat with traditional antibiotics. Staphvlococcus aureus bacteria tend to
have methicillin resistance. According to Tajik et al., 38.4 % of Staphvlococcus aureus methicillin
resistant was found in Tehran community (Tajik et al., 2020). Moreover, this bacteria also could
contaminate orthopedic implants and cause serious infections (Pietrocola etal., 2022).
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Several researchers were interested in investigating the corrosion behavior of CuZn alloy
in NaCl medium (Abed & Dawood, 2022; Chen et al., 2024; Gao et al., 2021; Yin et al., 2021).
Abed and Dawood investigated the corrosion behavior of Cud0Zn alloy in 3.5% NaCl and found
a corrosion rate of around 0.037 mmpy (Abed & Dawood, 2022). Yin et al. investigated the
corrosion behavior of Cu alloy in NaCl medium were immersed in different times. More time is
immersed, resulting in more corrosion resistance of Cu (Yin etal., 2021). Chen et al. investigated
Cualloy in NaCl medium and found Cu potential around -0.305 V vs SCE and Zn potential around
-1.165 V vs SCE (Chen et al., 2024). Gao et al. found that a reduction in thickness (30 to 60 %)
of CuZn using cold rolling resulted in a significant decrease in corrosion current from 4.824 to
1.804 pA/em? (investigating in 3.5 % NaCl) (Gao et al., 2021). Moreover, aluminum (Al) alloy
widely used in transportation sector such as ambulance (Blanco et al., 2022; Vandersluis et al.,
2020). Liu et al. have found Al alloy corrosion current between 4.868-5.251 A/em? in a 3.5%
NaCl medium (Liu et al., 2020). Comparing the studies of Liu et al. and Gao et al., Al alloy has a
higher corrosion current than CuZn (Gao et al., 2021; Liu et al., 2020). Corrosion current
significantly influences the corrosion rate, and a rise in the cormrosion current would enhance the
corrosion rate.

Recently, researchers have been interested in investigating CuZn alloy for medical
applications (Azizian et al., 2024; Riaz et al., 2024; Sabbouh et al., 2023). Azizian et al.
investigated CuZn alloys microstructure, mechanical properties and cytotoxicity for
cardiovascular applications (Azizian et al., 2024). Riaz et al. investigated the structural and
biological properties of CuZn alloy for orthopedic applications (Riaz et al., 2024). Moreover,
Sabbouh et al. did the sonification of CuZn in an alkali solution to enhance the antibacterial
inhibition zone (Sabbouh et al, 2023). Morcover, Syamsuir et al. have investigated the
antibacterial activity of Staphylococcus aureus by presenting a Cu layer for ambulance equipment
(Syamsuir et al., 2023).

The killing mechanism of bacterial activity inseparable from the ions released by the alloy
(Qu et al., 2020). Cu™ ions could be adsorbed on the cytoplasmic membrane surfaces, then
penetrate the bacteria, react with sulfhydryl groups, and cause the cell to die (Zeng et al., 2022).
The released Zn?" ions could penetrate the cell membrane and cause cell death (Du et al.,
2021). Zhang et al. have stated that Cu™ and Zn** ions could act as antibacterial agents and inhibit
Staphylococcus aureus growth (Zhang et al., 2021).

According to the literature review, research on CuZn alloys with Zn compositions in the
range of 6—12 wt.% for medical transportation purposes has not been thoroughly investigated. As
mentioned above, the killing mechanism of bacterial activity depend on Cu and Zn ions. CuZn
alloy can transform into Cu and Zn ions. Therefore, the present research casts CuZn alloy by
adding various Zn to the Cu to investigate optimum composition, resulting in a higher killing
mechanism of bacterial activity. Moreover, different alloy compositions would result in different
electrochemical behavior and mechanical properties. The present study investigated structure,
hardness, electrochemical behavior, and antibacterial activity using X-ray diffraction (XRD),
Vickers hardness equipment, potentiostat, and digital camera.

2. Literature Review

Many techniques are used to make CuZn alloys, including gravity and investment casting
(Hendrawan et al.,2021; Ziatet al., 2020). Gravity casting is simple, inexpensive, and can rapidly
fill complex geometry (Huang et al., 2024; Nuryadi et al., 2020). Moreover, in the fabrication of
CuZn alloys, one thing needs to be considered to produce specific properties, namely alloy
composition. Researchers focused on adding various Zn compositions onto Cu for different
purposes. Strzepek et al. investigated the mechanical properties of Cu and alpha brass (Cu2.57n
and Cub.57Zn) wire ( 3.8 mm). Increased Zn content causes increases in ultimate tensile strength,
vield strength and hardness (Strzgpek et al., 2019). Situmorang et al. fabricated Cu with various
Zn additions (10, 20, 38, and 45 wt.%) and found that the higher the Zn composition, the higher
the antibacterial properties (Situmorang et al., 2019). Igbal et al. melted Cu28.7Zn using a furnace
and cast to investigate hardness and morphology (Igbal et al., 2021). Shahriyari et al. added Zn
(5, 15, 20, and 30 wt.%), increasing the hardness due to the alloy's rise in the Zn content
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(Shahriyari et al., 2022). Akhyar et al. melted Cu28.7Zn using a gas furnace and casl to investigate
the tensile strength (Akhyar et al., 2023). Morath et al. have created Zn0.8Cu and Zn1.5Cu using
casting methods to investigate the biological aspect of arterial implants (Morath et al., 2024).
Azizian et al. have added Cu with compositions 1, 2, and 5 wt.% to CuZn alloy by melting in the
induction furnace to investigate microstructure, mechanical properties, and cytotoxicity for
cardiovascular application (Azizian et al., 2024). Generally, a CuZn alloy with a Zn composition
of less than 37 wt.% would produce a single alpha phase with an FCC crystal structure (Clement
& Auger, 2023; Mousavi et al., 2020).

3. Research Methods
3.1 Material Preparation

Cu ingot (98.798 %) and Zn powder (99 %) were melted and cast with the alloy
composition CuxZn (x=0, 6, 9, and 12 wt.%, namely as Cu, Cu6Zn, Cu9Zn, and Cul2Zn,
respectively) and then confirmed the formed alloy using XRF (Table 1). Before melting was
conducted, the ingot and the apparatus, such as the crucible, were cleaned using water to avoid
impurities and then dried. The Cu ingot was first filled into a silicon carbide crucible (3kg) and
then inserted into a muffle furnace. Melting was carried out in a crucible at 1100 °C under
atmospheric pressure. After the Cu has melted, remove it from the muffle furnace, mix it with Zn
powder, stir it manually, and pour it into a permanent mold. For comparison, Cu ingot was melted
and poured into a permanent mold without Zn addition. The as-cast ingots were cut for further
characterization, such as XRD, hardness, electrochemical measurement, and antibacterial activity
observation.

Table 1 — Chemical composition of various casting samples.
Element (wt.%)

Sample Cu Zn Al Si p Fe

Cu 98.798 - 0.135 0444 0384 0238
Cu6Zn 92308 6.384  0.135 0444 0384 0345
Cu9Zn 89228 0497  0.135 0444 0384 0312
Cul2Zn 87075 11557 0.135 0444 0384 0.405

3.2 XRD Measurement

XRD was measured using the PANalytical (Cu Kgl 2=1.5405980) apparaus. XRD was
scanned from 20 to 1002, using step size 0.0217¢. The Highscore software was used to refine and
collect peak, phase and crystallographic parameters of as-cast samples. By using that software,
full width at half maximum (FWHM) are also found. FWHM data is used to calculate crystallite
size.

3.3 Hardness Measurement

Before testing, samples with 20206 mm dimensions were polished using silicon carbide
up to #3000 grit. Afterward, the polished sample was cleaned using water, followed by alcohol,
and then dried using drier equipment. The hardness test was conducted using the Vickers method.
An FV-300e hardness test was performed on top of various samples using 1 kg of load. Ten
repeatable measurements were conducted.

3.4. Electrochemical Measurement

Two electrochemical measurements were conducted in the present research, such as open
circuit potential (OCP) and Linear sweep voltammetry (LSV), using Digi-Ivy (DY2311)
potentiostat in 0.9 % NaCl at room temperature. OCP was scanned until 1200 s using a sampling
scan rate of 0.02 s, while LSV was conducted using a scan rate of 1 mV/s. Cu/CuZn samples are
used as the working electrode, platinum wire as the counter electrode, and Ag/AgCl as the
reference electrode. LSV data was examined using the Tafel extrapolation method to see
corrosion potential (Ecorr) and current density (icorr). The corrosion rate could be found by
inserting icorr in the following equation (Soegijono et al., 2020).
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Corrosion rate (mmpy) = C% -

Where C is corrosion constant (3.27 mmpy), M is atomic weight (g/mol). p is material
density (g/cm?), and n is the number of electrons involved.

3.5 Antibacterial Activity Observation

The sample dimension used for antibacterial activity is 20%20x6 mm. Before testing,
samples were polished using silicon carbide up to #3000 grit. The experimental procedure for
antibacterial activity is similar to that of the previous report (Syamsuir et al., 2023). Moreover,
the recent study uses Staphylococcus aurens ATCC 25923 for Direct contact kill assay (24 hours)
and Fluid contact assay (8 hours). In comparison, Escherichia coli 25922 was also used in the
present study. Afterward, documentation was captured using a digital camera. In addition, 24-
hour post-contact observation and Fluid contact test were also captured using a digital camera.

4. Results and Discussions
4.1 XRD

The diffraction pattern of Cu/CuZn with (111), (200}, (311), and (222) planes can be seen
in Figure 1. The four diffraction patterns match the alpha phase, which is shown to align with
another study (Heidarzadeh et al., 2022). The acquired XRD data was then analyrzed using
Highscore software, and the parameters are listed in Table 2. All samples had a face-centered
cubic (FCC) crystal structure, indicating that the Cu and Zn atoms dissolve into one another.
According to Jinlong et al., the FCC quantity of surface energy is (111)>(001) >(110), and the
FCC sample with the (111) plane has the lowest corrosion rate (Jinlong et al., 2016). Moreover,
the FCC sample with the preferred orientation of the (111) plane has the highest surface atomic
density (Soegijono et al., 2020).
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Fig. 1. XRD of various casting samples.

Table 2 - Crystallographic parameters of various casting samples.

Sample

Parameter

Cu CubZn Cu9Zn Cul2Zn
Crystal structure FCC
Lattice constant a=b=c (&) 2964  $.929 2.981 2563
Cell volume (A%) 2603 90 2649 26.05
d-spacing (A) 1.69 1.18 1.69 207
Crystallite Size (nm) 22720 10995 204.95 316.26
Micro strain 0.37 0.53 0.16 032

Presenting Zn in the alloy reduces crystallite size from 227.20 to 109.95 nm and increases
Zncontent from 6 to 12 wt.%, leading to an increase in crystallite size from 109.95 10 316.26 nm.
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This behavior is similar to Ozdemir and Karahan’s study that showed Zn in the alloy leads to
decreased crystallite size, and an increase in Zn content in the alloy leads to increased crystallite
size (Ozdemir & Karahan, 2014). Moreover, the microstrains of the as-cast sample are
independent of Zn content, which perfectly agrees with Karahan and Ozdemir's study ((Karahan
& Ozdemir, 2014). The smallest microstrain is sezn in the Cu9Zn sample.

4.2 Hardness

Figure 2 shows the average hardness of various casting samples. Nikhil et al. have found
that pure Cu has a hardness of 140 HV when treated at 400 and 600 °C and then held for two
hours, followed by quenching in tap water, resulting in a hardness of 100 and 60 HV (Nikhil et
al., 2021). The higher heat treatment temperatures led to a decrease in the hardness of the pure

Cu. Therefore, the hardness of Cu may vary depending on heat treatment. In the present study,
Cu re-casting has a hardness of 74.54 HV.
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Fig. 2. Average hardness of various casting samples.

Average Hardness (HV

According to Figure 2, it can be seen that an increase in Zn content led to a decrease in the
hardness. Another research study found that Cu (as-cast) has a hardness of around 100 HV, while
Cul3 Zn (as-cast) has a hardness of 75 HV (Ezequiel et al., 2024). Nnakwo et al. also found that
increased 7Zn content in the Cu alloy leads to decreased hardness due to increased in grain size
and solid solution region (Nnakwo ct al., 2021). According to a study by Qu et al. and Garcia-
Mintegui et al., pure Zn hardness is between 4142 HV (Garcia-Mintegui et al., 2021; Qu et al.,
2020). Therefore. it could be concluded that Zn in the alloy leads to decreased hardness due to Zn
hardness less than Cu.

Several researchers correlated measured hardness to crystallite size (Augustin etal., 2016;
Syamsuir et al.. 2023). Augustin et al. have found an increase in Cu's crystallite size, promoting
a decrease in scratch and micro-hardness (Augustin et al., 2016). Syamsuir et al. found a decrease
in Cu's crystallite size, leading to an increase in hardness (Syamsuir et al., 2023). Comparing
Table 2 with Figure 2, it can be seen that an increase in the Zn content led to an increase in
crystallite size and a decrease in the hardness. On the contrary, while as-cast samples do not form
an alloy (Cu), the resulting hardness is not aligned with the crystallite size. It seems that it cannot
compare the crystallite size were found with measured hardness between alloy (CuZn) and un-
alloy (Cu) material.

Several transportation sectors, such as ambulance equipment, are made from Al alloy
(Blanco et al., 2022; Vandersluis et al., 2020). According to Hajizadeh et al., Al alloy hardness is
between 32-52 HV (Hajizadeh et al., 2017). Therefore, all specimens have hardness still higher
than Al alloy.

430CP
Figure 3 shows the OCP measurement result of various casting samples in 0.9 % NaCl at
room temperature, Generally, increased Zn content in the alloy promoted more negative potential,
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which perfecly agrees with the Cocco et al. study (Cocco et al., 2016). Dridi et al. have found
that Ecce CuZn30 and CuZn39 are -0.578 and -0.604 VIMSE at 3 % NaCl, which means an
increase in the Zn promoted to more negative potential (Dridi et al., 2020). Cu, Cu6Zn, Cu9Zn,
and Cul2Zn samples have Eocp potential at 1200 s measurement -0.014, -0.023. -0.027, and -
0.032 V vs Ag/AgCl, respectively.
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Fig. 3. OCP measurement of various casting samples.

According to Figure 3, Cu, Cu6Zn, and Cu9Zn samples are steady at initial measurements
until 1200 s, indicating that the protective layer formed has good protection. In contrast, the
Cul2Zn sample is steady at initial measurements until 600 s, then moves in a more negative
direction. These phenomena indicated that the formed protective layer had initially dissolved at
600 s; therefore, the measurement continuously moved forward in a negative direction until the
measurement reached 1200 s.

44 LSV

Eccrine sweat and saline-infused for humans are nearly 0.9 % of NaCl (Bond & Lieu, 2014;
Tayyab et al., 2021). Therefore, LSV measurement was conducted in 0.9 % NaCl at room
temperature. Luo et al. found Cu20 crystalline growth on the Cu surface when exposed to 0.9 %
NaCl, while when exposed to pure water, Cu20 crystalline was not seen (Luo et al., 2020).
Commonly, Cu:0 crystallines are formed, which is preceded by the formation of CuCl when the
specimen is tested in a chloride solution. Moreover, Zhang et al., in their study. found ZnO and
ZnsCla(OHJs-H20 as corrosion products on top of Cu40Zn surfaces in a chloride environment
(Zhang et al., 2016). The reaction of Cu in chloride solution is as follows (MiloSev et al., 2024).

0.+ 2H,0 4+ 4e- = 40H~ (2)
Cu+2Cl- s Culls + e~ (3)
Cu+Cl~- 5 CuCl+e” 4)
CuCl 4+ ClI- = CuCly (5)
Cus Cut+e- (6)
Cut 4+ 2C1" s CuCly (M

The reaction of Zn in chloride solution is as follows (Milogev et al., 2024).

In— Zn%t + 2e” (8)
Zn?* 4+ 20H- — Zn(OH)> — Zn0 + H,0 (9
5Zn** + 80H™ 4 2CI~ + H,0 — Zn<(OH)sCl, * H,0 (10)

LSV measurement results in 0.9 % NaCl can be seen in Figure 4.
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Fig. 4. LSV scans result of various casting samples.

According to Figure 4, corrosion Ecorr and icorr can be found using the Tafel extrapolation
method. Moreover. the corrosion rate could be calculated by inserting icorr into expression (1).
Table 3 presented Ecorr, icorr, and the corrosion rate of various casting samples. It appears Ecorr
is independent of Zn addition; however, Zn is dependent on icorr and corrosion rate (except for
the Cul2Zn sample). This behavior is probably due to a protective layer that was formed.
Compared to the OCP result, it can be seen that the Cul2Zn sample continuously moves forward
in a negative direction from 600 until 1200 s of measurement. Therefore, that sample has a higher
icorr and corrosion rate.

Tablc 3 - Corrosion parameters of various casting samples.

Sample name Ecorr (V) vs Ag/AgCl Icorr (A/cm?) Corrosion rate (mmpy)
Cu 0.241 4.42 % 10°® 513 % 107
CubZn -0.220 3.33 x 10° 3.86 x 107
Cu9Zn -0.304 215 ¢ 10* 249 x 107
Cul2Zn 0.175 6.19 x 10° 7.18 x 1072

Qu et al. have found that an increase in Zn content led to an increase in corrosion resistance,
which perfectly agrees with the present study (except for Cul2Zn) (Qu et al., 2020). Milosev et
al. investigated Cu, Cul0Zn, Cu40Zn, and Zn in 3 % NaCl and found icorr after stabilized at |
hour around 1.573, 1456, and 2.114, and 521 pA/em? respectively (MiloSev et al., 2024).
According to equation (1), icorr strongly influences the corrosion rate. The more icorr, the higher
the cormrosion rate. Moreover, a limitation in Zn content in the Cu alloy could influence the
corrasion resistance. Presenting the Zn content < 11 wt_% in the alloy could enhance the carrosion
resistance; however, Zn of more than 10 wt.% could decrease corrosion resistance (MiloSev et al.,
2024).

According to Table 2, the Cu9Zn sample has the lowest microstrain than others. The
measured microstrain could be associated with the sample's crystal defect (Soegijono et al., 2020).
Based on Table 2, the Cu9Zn sample has the lowest microstrain, which confirms that the sample
has the lowest corrosion rate. Moreover, the FCC sample with the preferred orientation of the
(111) plane could offer a lower corrosion rate due to the highest surface atomic density (Jinlong
et al., 2016; Soegijono et al., 2020). Compared to other samples, the Cu9Zn sample has the higher
preferred orientation of the (111) plane. Even though the (111) plane of the Cu sample is the
highest. Unfortunately, the (220) and (200) planes are still present and relatively high.

4.5 Antibacterial Activity

Figure 5 shows the direct contact kill of Staphylococcus aureus and Escherichia coli after
24 hours of incubation. The present study focused on Swphylococcus aureus, but Escherichia
coli was also used for comparison. There is no diffusion in the sample; therefore, the inhibition
zone could not be seen.
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Fig. 5. Antibacterial activity test using Staphylococcus aureus (left) and Escherichia coli (right) (a) Cu,
(b) CubZn, (c) Cu%Zn, and (d) Cul2Zn.

Antibacterial activity after 24 hours of post-contact with various casting samples using
Staphylococcus aureus and Escherichia coli can be seen in Figure 6. The removed sample places
remain clear (with no regrowth) from bacterial activity. The antibacterial behavior was
significantly influenced by Cu or Zn ions (Qu et al.. 2020). Villaptin et al. found that releasing Cu
ions leads to the highest killing activity of Staphylococcus aureus (Villapiin et al., 2016). Excess
in the Cu ion could be bacteriostatic (Sabbouh et al., 2023). Moreover, Cu ions could be adsorbed
on the cytoplasmic membrane surfaces, then penetrate the bacteria, react with sulthydryl groups
and cause the cell to die (Zeng et al., 2022). Furthermore. Cu ions could form hydroxyl groups in
the presence of oxygen in nature, which could destroy cell membranes (Dou et al., 2022).
Hutchings et al. stated that Zn** successfully inhibits the growth of S. epidermidis (Hutchings et
al., 2021). This behavior is associated with the generation of reactive oxygen or the formation of
(Zhang et al., 2021).

Fig. 6. Antibacterial activity after 24 hours of post-contact (regrowth assessment) towards Staphylococcus
aureus (left) and Escherichia coli (right) (a) Cu, (b) Cu6Zn, (¢) CuYZn, and (d) Cul2Zn

Figure 7 shows the fluid contact test of Staphviococcus aureus and Escherichia coli. The
orientation of the test materials is mapped within the yellow box. For the Cu6Zn sample,
Escherichia coli was killed on the 3" hour, However, there is no significant reduction within the
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fluid because there are no diffusible materials. Also, there is no visible growth after 3 hour for
the fluid in contact with the metal.

‘uGZn

ul2Zn

Fig. 7. Fluid contact test of Staphylococcus aurens and Escherichia coli

Moreover, it should be noted that the reduction of the colony is significant in the 7 hour
for Staphvlococcus aureus (blue arrow). but for Escherichia coli. the inhibition of Escherichia
coli growth is shown within the 3™ hour of contact (green arrow), for Cu6Zn sample. The
reduction of colonies is significant on the surface of the metal. While on the remaining fluid, the
reduction is insignificant until 8 hours. This behavior is because Staphylococcus aureus and
Escherichia coli have different membrane structures and thick cell walls, therefore could inhibit
ion exchange and restrain the antibacterial effect of Cu and or Zn ions (Di et al., 2022). Cu killing
is more effective in Gram-negative bacteria (e.g., Escherichia coli) because peptidoglycan affects
the cell’s susceptibility. The thicker the peptidoglycan layer. the harder it became for the Cu ions
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to reach the membrane (Soltani et al., 2020; Xhafa et al., 2023). Therefore, Escherichia coli was
killed in the 3" hour. Another reason Cu6Zn has better antibacterial performance than others is
probably due to its smaller crystallite size. Researchers found that smaller crystallite sizes
promote the enhancement of antibacterial effects (Syamsuir et al., 2023). This behavior is
attributed to an increase in surface area due to the crystallite size (Sangeetha et al., 2015). The
CubZn sample could be used as an alternative material for medical equipment in ambulances.

5. Conclusion

CuZn has been successtully fabricated. XRD confirmed that CuZn alloy has a single alpha
phase with an FCC erystal structure. The rise of the Zn content in the alloy led to a decrease in
the hardness due to an increase in crystallite size and led to a shift to more negative OCP potential
at 1200 s measurement. Moreover, the rise of the Zn content to 9 wt.% decreased the corrosion
rate. It appears there is a limitation in Zn content in the copper alloy that influences the corrosion
rate, as shown when Zn content around 12 wt. % is promoted to increase the corrosion rate.
Antibacterial activity observation found that all samples had no diffusion. Moreover, 24-hour
postcontact observation found that sample places removed from the sample remained clear of
bacteria. The Cu6Zn has better antibacterial performance than others due to the smallest crystallite
size. According to the fluid contact test, the reduction of the colony of Staphvlococcus aureus is
significant in the 7" hour. The inhibition of Escherichia coli growth is also shown within the 3"
hour of contact. This behavior is because Staphylococcus aureus and Escherichia coli have
different membrane structures and thick cell walls, therefore, could inhibit ion exchange and
restrain the antibacterial effect of Cu and or Zn ions.
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