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AbstractCuZn alloy is widely used as a heat exchanger pipe and also for cardiovascular implant applications. Several problems have beenfound in that alloy, such as less corrosion resistance. Therefore, various Sn (0.2, 0.7, 1, and 2 wt.%) were added to Cu-15Zn alloyin the present research to enhance corrosion resistance. Afterwards, the alloy was homogenized at 800 ◦C for 2 hours. Severalinvestigations were conducted, such as structure, microstructure, hardness, corrosion resistance, bacterial activity, and thermalanalysis using XRD, optical microscope, Vickers hardness, potentiostat, digital camera, and thermogravimetric analyzer, respectively.More Sn content leads to an increase in volume and a decrease in hardness. Presenting Sn in the alloy does not influence thephase in the alloy microstructure. The highest Sn content in the alloy promoted a more positive value of the alloy, indicating thatthe sample is more cathodic, probably due to the protective layer on the surface. A concentration of 1 wt.% Sn exhibits the mosteffective antibacterial effect probably due to the small crystallite size. Shifting to a higher temperature increased the samples weight,indicating oxides formed on the samples surface.
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1. INTRODUCTION

CuZn alloy, known as brass, has superior properties such as
thermal conductivities, corrosion resistance, antibacterial prop-
erties, and better hardness than pure Cu (Basori et al., 2024;
Bhaskar and Jagirdar, 2017; Marichamy et al., 2016) . Compar-
ing to the CuAl, CuZn has better shape memory capacities and
more ductile (Alaneme and Okotete, 2016) . CuZn alloys also
have better tensile strength than Mg-RE-based alloys, Mg-6Zn
and Zn1Mg,Ca,Sr (Tang et al., 2017) . Moreover, CuZn alloy
could maintain the porous 3D structure much better than Zn
(Varzi et al., 2018) .

Many applications use CuZn nowadays, such as screws,
wire, heat exchanger pipes, and capacitors (Achiţei et al., 2017) .
Moreover, Tang et al. (2017) developed CuZn alloys as a car-
diovascular implant application. Several problems have been
found in brass alloy, such as less corrosion resistance. Fur-

thermore, heat exchanger pipes commonly use HCl for sludge
cleaning (Ashmawy et al., 2022) . Therefore, some researchers
enhanced corrosion resistance by adding an element, heat treat-
ment, or coating to that alloy. Adding elements to brass is
more straightforward than other methods because it can be
conducted during casting, making it more efficient and less
costly.

Mn, Pb, Al, and Sn are commonly added to CuZn alloy
for different purposes. Hendrawan et al. (2021) added 9 wt.%
of Mn to Cu-31Zn using casting for enhanced hardness. Jo-
hansson et al. (2022) have stated that Pb was added to increase
the machinability of the brass alloy. Alam et al. (2021) have
added various Al (2, 4, and 6 %) to the brass alloy to increase
the hardness and tensile strength. Shamaki et al. (2023) added
various concentrations of Sn (0.5 to 4 wt.%) to Zn-4Cu and
aged several times to investigate the morphology, crystallo-
graphic orientation, and hardness behavior. Altaf et al. (2019)
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investigate the corrosion behavior of Cu, CuZnMn, CuZnPb,
CuZnSn, and CuZnAl, resulting in the corrosion rates of 0.132,
0.019, 0.014, 0.010, and 0.009 mmpy, respectively.

Pb is a toxic material; therefore, Moustafa et al. (2016)
have investigated by replacing Pb with Sn in a CuZn alloy. Sn-
brass improves machinability rather than Pb-brass. Moreover,
adding Sn into CuZn could also enhance hardness. Kenevisi
and Nasab added Sn around 4.82 wt.% into the Cu-35 Zn,
successfully enhancing corrosion resistance in a 3.5 % NaCl
solution (Kenevisi and Nasab, 2014) . Chuaiphan et al. (2013)
added 1% Sn into Cu40Zn alloy and found 𝛼 + 𝛽 duplex phase
in the alloy with and without Sn addition. Therefore, it can
be concluded that 1% Sn did not influence the microstructure
change. Furthermore, Rajabi and Doostmohammadi (2018)
developed Cu30ZnxSn alloys (x=1.2, 3.2. 5.4, 8, 11.4. 13.7
and 17.4%) and the resulting higher Sn content (>1.2) led to
increased hardness due to the microstructure formed duplex
(𝛼+𝛽 ’) and (𝛽 ’+𝛾) brass.

The antimicrobial effects of oligodynamic metals may differ
from the concentration gradients of common antimicrobial
agents. The balance of redox potentials and the formation
of hydroxyl radicals play a significant part in the antibacterial
mechanism of oligodynamic metals. Sn has also been reported
to be Rajabi a catalyst in the oxidation process, esterification,
and the synthesis of organic compounds (Didenko et al., 2018;
Kim et al., 2023; Villapún et al., 2016) . The contribution of Sn
as a catalyst explains that a specific concentration of the metal
is needed to be highly effective in supporting the oligodynamic
effects of Cu and Zn. Various Sn was also added to the alloy
to enhance the oligodynamic effect. Jan et al. (2013) study
found that doped Sn in the 4% ZnO successfully enhanced
the inhibition zone from 14 to 22 mm of Staphylococcus aureus
bacteria. Selvinsimpson et al. (2021) added 5% of Sn into
ZnO, increasing the inhibition zone from 6 to 14 mm of S.
typhi bacteria. Kang et al. (2016) study found the antibacterial
(Staphylococcus aureus) efficiency of Si and CuSn-53 are 0%,
while CuSn-63 and CuSn-83 are 99.4 and 100%, respectively.

It seems that CuZnSn alloy promises superior properties,
especially for enhanced corrosion resistance. Therefore, in the
present research, various Sn (0.2, 0.7, 1, and 2 wt.%) were
added to the Cu-15Zn alloy to enhance corrosion resistance.
Afterward, the alloy was homogenized at 800 ◦C for 2 hours.
The primary investigation uses potentiostat equipment to ex-
amine corrosion phenomena in 0.1 M HCl. In addition, several
investigations were conducted, such as structure, microstruc-
ture, hardness, antibacterial activity, and thermal analysis, using
XRD, optical microscope, Vickers hardness, digital camera, and
thermogravimetric analyzer.

2. EXPERIMENTAL SECTION

2.1 Materials
The commercial rods were used in this experiment to make the
alloys. Cu, Zn, and Sn have purities of 99.98, 99, and 99.94
wt.% respectively.

2.2 Instrumentation
A customized electrical furnace was used to melt the materials.
Several instrumentations were used for material characteriza-
tion. XRD was conducted using Bruker D8 Advance 3kW with
LynxEye XE-T detector and Cu K𝛼 radiation. The Olympus
GX71-N453U optical microscope was used to investigate the
microstructure. The Future-Tech FV-300e Vickers hardness
tester was used to investigate the hardness. Edag ER466 Poten-
tiostat equipment was used to investigate corrosion behavior.
The antibacterial activity results of the present study were docu-
mented using a digital camera (Samsung S22 Galaxy). Thermal
analysis was determined using NETZSCH TG 209 F3 Tarsus
apparatus.

2.3 Procedure
Cu was inserted into the crucible and melted in the electric
furnace at 1200 ◦C temperature. After the Cu melted, the
crucible was taken out from the furnace, and a Zn rod was
added to the crucible and then stirred manually. Mixed Cu
and Zn were then heated in an electric furnace at 1150 ◦C.
Afterwards, the mixed Cu and Zn were taken out, and various
Sn (0.2, 0.7, 1, and 2 wt.%) were added separately, manually
stirred, and cast in the mold (110×110×6 mm). Before the
melted alloy was poured, the mold was heated to 700 ◦C. All as-
cast alloy ingots were homogenized at an 800 ◦C temperature
for 2 hours and then cooled using natural air cooling (Basori
et al., 2018) . The composition of various alloys can be seen in
Table 1.

2.4 Characterization
XRD measurement was scanned from 30 to 100◦ (step size
0.02◦) and then XRD patterns were refined using GSAS soft-
ware. Moreover, the sample was cut (10×10×6 mm) and
mounted in epoxy resin. It was polished using abrasive pa-
per (200 up to 2000), polished with alumina (0.3 𝜇m), and
rinsed with water. Afterward, the sample was etched using a
FeCl3 solution (5 g FeCl3 + 50 mL alcohol) for 3 seconds, then
rose using alcohol and dried using an electric dryer. The optical
microscope was used to investigate the microstructure of the
etching sample.

The mounted sample using epoxy resin was polished using
abrasive paper (200 up to 2000) for hardness measurement.
The Vickers hardness tester was used to investigate the hardness
value using 1 kg of load. Five spot measurements were taken
on top of the polished samples.

Potentiostat equipment was used to investigate corrosion
behavior in 0.1 M HCl. Ag/AgCl is the reference electrode,
platinum wire is the counter electrode, and the alloy sample
is the working electrode. Corrosion behavior investigation
was recorded from -250 to +800 mV using a scan rate of 1
mV/s. Moreover, the Tafel extrapolation method was used
to determine corrosion potential and current density. The
corrosion rate will be found using the following expression
(Ahmad, 2006) .
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Table 1. Compositions of Various Cuznsn Alloys

Sample
Composition (wt.%)

Cu Zn Sn Co Bi
Cu-15Zn-0.2Sn Balance 15.1 0.180 0.033 0.288
Cu-15Zn-0.7Sn Balance 15 0.735 0.029 0.279
Cu-15Zn-1Sn Balance 15.8 0.948 0.035 0.293
Cu-15Zn-2Sn Balance 14.5 2.01 0.027 0.285

Corrosion rate (mmpy) = C
M × icorr
n × 𝜌

(1)

Where C is the constant (3.27), M is the atomic weight
(g/mol), icorr is the corrosion current density (A/cm2), n is the
number of electrons, and 𝜌 the density (g/cm3). The antibacte-
rial activity procedure is explained in the following paragraph.
The experiment result was documented using a digital camera.

2.4.1 Sterility Test
The samples were submerged in 10 mL sterile distilled water
inside 50 mL centrifuge tubes for 30 minutes and then put
into a vortex for 30 seconds. 1 mL of the water is inoculated
on a Trypticase Soya agar plate + 5 % Sheep Blood and then
incubated at 35 ◦C for 24 hours. Before testing, the samples
were let air dry and swabbed with 70 % ethanol.

2.4.2 Direct Contact Assay and Diffusible Metal Observa-
tion

Staphylococcus aureus ATCC 25923 was used in this test. A
suspension of 0.5 Mc Farland was poured onto the surface
of Mueller Hinton Agar. Each plate was swabbed 3 times
with a rotation of 60◦ to ensure the plate was covered with
the suspension. The materials were placed on the Mueller-
Hinton Agar plate. The inoculated plates were incubated at 35
±2 ◦C for 24 hours, and then the inhibition zone was assessed
using the unaided eye. Moreover, diffusible metal was observed
using an unaided eye, and any changes inside the agar plate
were documented.

2.4.3 Regrowth Assessment
After incubation, the materials were removed using sterile for-
ceps. The agar is re-incubated at 35±2 ◦C for another 24 hours
to observe the antimicrobial activity post-contact.

2.4.4 Fluid Contact Assay
Staphylococcus aureus ATCC 6538P was used in this test. The
test materials were placed in a petri dish filled with a 10 mL
suspension of the test microorganism with turbidity equal to
105 CFU/mL. Ten microliters of the suspension were shown
every 1 hour for 8 hours to observe the reduction of the bac-
terial population in contact with the metal. The suspension
was aspirated adjacent to the metal surfaces. The suspension
was inoculated an MSA agar plate for each dilution using the

Figure 1. XRD Pattern of Various Alloys. The Right Image
Shows the Magnification of the Diffraction Pattern 2𝜃 = 41.5 –
44.5◦

drop plate method to ensure that only Staphylococcus aureus was
present and to quantify the growth.

Thermal analysis was determined using Thermogravimet-
ric analyzer apparatus. Thermal analysis was conducted to
result in mass loss of the sample (3×3×3 mm) during heating
with a temperature range from 200-1000 ◦C under a nitrogen
environment.

3. RESULTS AND DISCUSSION

3.1 Structure
Cu-15Zn-0.2Sn, Cu-15Zn-0.7Sn, Cu-15Zn-1Sn, and Cu-
15Zn-2Sn samples were investigated using Bruker D8 Advance
3kW with LynxEye XE-T detector and Cu K𝛼 radiation. XRD
was scanned from 30 to 100◦ (step size 0.02◦). Afterward,
XRD patterns were refined using GSAS software.

In Figure 1, we can see the diffraction patterns of Cu-Zn
alloys with various Sn additions. It has been confirmed that the
indexed peaks (111), (200), (220), (311), and (222) in the four
diffraction patterns belong to the 𝛼-brass phase. Qualitatively,
the face-centered cubic 𝛼-brass phase (Cu0.85Zn0.15) with
space group fm-3m is in agreement with JCPDS No. 018-
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Figure 2. (a) Plot of Observed Diffraction Patterns vs. Calculated Using the Rietveld Method for Cu-15Zn-1Sn Sample, and (b)
Plot in (1/cos 𝜃 ) vs. ln FWHM. The Straight Line is the Result of Linear Regression of the Four Samples

5556. The single phase of 𝛼-brass matches the findings of
other researchers (Babouri et al., 2019; Heidarzadeh et al.,
2022) .

With an increase in Sn concentration, there is a shift in the
peak on the indexed plane (111), as observed by magnification
of the diffraction pattern at 2𝜃 = 41.5-44.5◦. This implies that
Sn addition will result in lattice disorder. In the sample with 1
wt.% Sn addition, peak broadening as well as peak shifting are
seen. It would be interesting to conduct a quantitative analysis
of the diffraction patterns of the four alloys. The Rietveld
method was used to confirm the lattice constant of the 𝛼-brass
phase crystal (Larson and Dreele, 2004) . Figure 2 (a) compares
the observed diffraction pattern to the calculation for the Cu-
15Zn-1Sn sample. The calculation results show that the lattice
constants a = b = c of the 𝛼-brass crystal increase from 3.6545 Å
(Cu-15Zn-0.2Sn sample) to 3.6597 Å (Cu-15Zn-2Sn sample)
as the Sn content of the Cu-15Zn alloy rises. Growth of the
𝛼-brass crystal volume is a subsequent effect.

Finally, the crystallite size of each alloy sample is estimated
using the fitted diffraction pattern. The modified Scherrer
method is used to estimate the crystallite size through the full
width at half maximum (FWHM) value of each peak in the
calculated diffraction pattern (Monshi et al., 2012; Syamsuir
et al., 2023) . The modified Scherrer approach is based on the
construction of a straight-line equation between ln FWHM
and ln (1/cos 𝜃 ). Figure 2 (b) illustrates the straight-line rela-
tionship between ln (1cos 𝜃 ) and ln FWHM. The crystallite
size estimation calculation indicates that the Cu-15Zn-1Sn
sample with the broadest peak at the indexed plane (111) has
the smallest crystallite size of 202 Å. Table 2 lists the findings
of the calculation of the lattice constant and crystallite size for
each of the four samples.

3.2 Microstructure
Cu-15Zn-0.2Sn, Cu-15Zn-0.7Sn, Cu-15Zn-1Sn, and Cu-
15Zn-2Sn samples surface morphology were captured using
Olympus GX71-N453U optical microscope. Prior to surface
morphology capture, the sample was cut (10×10×6 mm) and
mounted in epoxy resin. It was polished using abrasive paper
(200 up to 2000), polished with alumina (0.3 𝜇m), and rinsed
with water. Afterward, the sample was etched using FeCl3
solution (5 g FeCl3 + 50 mL alcohol) for 3 seconds, then rinsed
using alcohol and dried using an electric dryer.

Figure 3 (a-d) presents the microstructure of CuZnSn al-
loys. Optical microscopy reveals that all alloys exhibit a con-
sistent single 𝛼-phase, regardless of the Sn content. This cor-
responds to the diffraction pattern shown in Figure 1. The
addition of Sn does not appear to have a significant impact on
the morphology of the alloys, with the grain size remaining rel-
atively unchanged across all samples. This consistency in grain
size and phase structure indicates that Sn is fully dissolved
within the 𝛼-matrix, suggesting effective alloying (Shamaki
et al., 2023) . Additionally, annealing twins observed in the 𝛼-
fcc matrix, particularly in the sample with 0.7 wt.% Sn as shown
in Figure 3 (b), are attributed to the low stacking fault energy of
the alloy (Al-Fadhalah et al., 2021) . These twins, formed dur-
ing the annealing process, further highlight its intrinsic prop-
erties. Overall, the results suggest that the introduction of Sn
into the CuZn matrix does not lead to significant morphologi-
cal changes, with the 𝛼-phase remaining stable and the grain
structure largely unaffected by variations in Sn concentration.

3.3 Hardness
Cu-15Zn-0.2Sn, Cu-15Zn-0.7Sn, Cu-15Zn-1Sn, and Cu-
15Zn-2Sn samples average hardness was determined using the
Future-Tech FV-300e Vickers hardness tester (1 kg of load).
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Table 2. Crystallography Data From Diffraction Patterns of Various Alloys

Source Cu-15Zn-0.2Sn Cu-15Zn-0.7Sn Cu-15Zn-1Sn Cu-15Zn-2Sn

𝛼-brass phase
System crystal: Face-centered cubic

(fcc)
Space group: Fm-3m

Space group number: 225
Lattice constants a=b=c (Å) 3.6545 3.6567 3.6575 3.6597

Volume (Å3) 48.807 48.896 48.927 49.015
wRp (%) 8.26 9.46 7.64 8.61
Rp (%) 6.21 7.21 5.90 6.66
GoF 1.638 1.756 1.499 1.494

Crystallite size (Å) 311 350 202 255

Table 3. Corrosion Properties of the Alloys

Alloy type Corrosion potential (V) vs Ag/AgCl Corrosion current density (A/cm2) Corrosion rate (mmpy)
Cu-15Zn-0.2Sn -0.107 5.156×10−6 4.41
Cu-15Zn-0.7Sn -0.117 5.271×10−6 4.512
Cu-15Zn-1Sn -0.109 4.977×10−6 4.264
Cu-15Zn-2Sn -0.092 4.821×10−6 4.134

Figure 3. Microstructure of the Various Alloys(a)
Cu-15Zn-0.2Sn, (b) Cu-15Zn-0.7Sn, (c) Cu-15Zn-1Sn, and
(d) Cu-15Zn-2Sn

Five spot measurements were taken on top of the polished sam-
ples. Prior the hardness measurement, the mounted sample
was polished using abrasive paper (200 up to 2000).

The average hardness of various alloys can be seen in Figure
4. Shahriyari et al. found Cu-15Zn hardness is 66 VHN due
to annealing at 0.8 of their melting temperature (Shahriyari
et al., 2022) . While, Ezequiel et al. have found that Cu-15Zn
(as-received) has a hardness of 75 HV (Ezequiel et al., 2024).
Therefore, it can be concluded that the hardness of Cu-15Zn
depends on the treatment conditions. Compared to the Cu-
15Zn-0.2Sn sample, presenting a 0.2 wt.% of Sn could enhance

the hardness of the alloy. According to Figure 4, it can be seen
that an increase in Sn content led to a decrease in hardness,
which perfectly agrees with another study (Si, 2018) . Higher
hardness is seen in the Cu-15Zn-0.2Sn sample, while lower
hardness is seen in the Cu-15Zn-2Sn sample. Adding Sn
depends on Sn softening; therefore, it could decrease hardness
with increased Sn content in the alloy (Si, 2018) .

Figure 4. Average Hardness of the Alloy

3.4 Corrosion Resistance
Cu-15Zn-0.2Sn, Cu-15Zn-0.7Sn, Cu-15Zn-1Sn, and Cu-
15Zn-2Sn samples corrosion measurements were determined
using Edag ER466 Potentiostat equipment in 0.1 M HCl. Cor-
rosion behavior investigation was recorded from -250 to +800
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Figure 5. Potentiodynamic Polarization Curve of the alloys

mV using a scan rate of 1 mV/s. The corrosion measurement
results of various alloys can be seen in Figure 5. Moreover,
using the Tafel extrapolation method from Figure 5, corrosion
potential and current can be found. Corrosion rate can be
found by using Equation (1). Corrosion potential, corrosion
current, and corrosion rate are summarized in Table 3.

Based on Table 3, it can be seen that the highest Sn con-
tent in the alloy promoted a more positive value of the alloy,
which indicates the sample is more cathodic, probably due to
the protective layer being formed on the surface. According to
Kenevisi and Nasab study, presenting a Sn in the alloy could
inhibit the dezincification of the CuZn by forming a protec-
tive layer on the surface (Kenevisi and Nasab, 2014) . This
condition could imply less corrosion current in the sample.
In contrast, Cu-15Zn-0.7Sn has a more negative value than
other samples, which indicates that the sample is more anodic,
probably due to the dissolution of the sample surface in the
solution. This condition would influence the rise in the corro-
sion current. Lv et al. (2022) have stated that the corrosion
potential value represents the possibility of corrosion. A rise in
corrosion potential could increase the possibility of increasing
corrosion. Moreover, the corrosion current directly influences
the corrosion rate. The more corrosion current is the more
corrosion rate.

Another factor that could influence the corrosion current
is the concentration of the solution. Wu et al. (2024) have
investigated brass H57 in 0.1M HCl and found a corrosion
current of 5.73 𝜇A/cm2. Moreover, Ashmawy et al. (2022)
investigated brass in 1M HCl and found a corrosion current
of 259± 5.1 𝜇A/cm2. Therefore, it can be concluded that the
concentration of the HCl medium also influences the corrosion
current. A rise in concentrations leads to an increase in the
corrosion current.

Figure 6. Direct Contact Test of the Materials (a)
Cu-15Zn-0.2Sn, (b) Cu-15Zn-0.7Sn, (c) Cu-15Zn-1Sn, and
(d) Cu-15Zn-2Sn

Figure 7. 24 Hours Post Contact Observation of the Various
Alloys (a) Cu-15Zn-0.2Sn, (b) Cu-15Zn-0.7Sn, (c)
Cu-15Zn-1Sn, and (d) Cu-15Zn-2Sn

3.5 Antibacterial Activity
Cu-15Zn-0.2Sn, Cu-15Zn-0.7Sn, Cu-15Zn-1Sn, and Cu-
15Zn-2Sn antibacterial activity were determined using a digital
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Figure 8. Fluid Contact Assay Measurement By Drop Plate
Method (a) Cu-15Zn-0.2Sn, (b) Cu-15Zn-0.7Sn, (c)
Cu-15Zn-1Sn, and (d) Cu-15Zn-2Sn

Figure 9. Thermal Analysis Result for Cu-15Zn-0.2Sn Sample

camera. Several step procedures were conducted, such as steril-
ity tests, direct contact assay and diffusible metal observations,
regrowth assessments, and fluid contact assays (detailed in the
characterization section). Staphylococcus aureus was chosen as

the model for the antibacterial effects of the alloy as it fits JIS
Z2801, ISO 22196, and US EPA standards of standard mi-
croorganisms for antibacterial surfaces and products (Villapún
et al., 2016) . Staphylococcus aureus could affect skin disease,
which is hard to treat with common antibiotics. Moreover, this
bacteria could contaminate hospital implants, spread, and cause
serious infections (Jan et al., 2013) .

According to Figure 6, there was no growth under the
metal or metallic material diffusion under the colony. This
phenomenon is probably caused by previous heat treatment
towards the alloy, limiting the ability of the metals to diffuse,
but this does not limit the antibacterial activity of the metal.
Moreover, the duration of contact between the Cu metal and
Staphylococcus aureus is one of the main factors of the antibac-
terial activity besides the temperature and humidity of the
contact (O’gorman and Humphreys, 2012) .

Even though the metal is non-diffusible, the antibacterial
effects remained effective in a contact mechanism as seen in
Figure 7. There was no regrowth of the microorganism after re-
moving the materials (24 hours post-contact observation); this
showed the bactericidal mechanism of the metal. In this study,
the antibacterial effects are solely caused by the presence of Cu
and Zn metals (Yasuyuki et al., 2010) . The presence of Cu and
Zn ions appears to disturb the bacteria in multiple simultaneous
ways, preventing the development of bacterial resistance and
regrowth of the microorganism. The disruption of bacterial
membrane integrity by contact with Cu surfaces. Cu ions have
the ability to directly denature bacterial proteins, and through
a Fenton-like chemistry, they can also cause the formation of
highly damaging hydroxyl radicals, disrupting DNA, enzymes,
and other proteins, as well as through the peroxidation of lipids
and subsequent membrane damage (Villapún et al., 2016) .

Fluid contact assay measurement by the drop plate method
is seen in Figure 8. Two first blood agar plates are growth
control plates. Colony reduction is observed after 7 hours
of exposure. The most significant reduction is shown by Cu-
15Zn-1Sn, in which total annihilation is reached within 8 hours
of exposure. Overall, colony reduction as a function of time,
which has perfect in agreement with another report (Kang et al.,
2016) . Moreover, the most effective antibacterial effect is exhib-
ited by a concentration of 1 wt.% Sn probably due to the small
crystallite size. According to the XRD investigation, Cu-15Zn-
1Sn has the smallest crystallite size. Various researchers have
reported that the smallest crystallite size increases antibacterial
effects (Azam et al., 2012; Syamsuir et al., 2023) .

3.6 TGA
Cu-15Zn-0.2Sn and Cu-15Zn-0.7Sn samples were deter-
mined using NETZSCH TG 209 F3 Tarsus apparatus. A
thermal analysis investigation was conducted at a temperature
range from 200 – 1000 ◦C under a nitrogen environment.

Figure 9 shows thermal analysis results for the Cu-15Zn-
0.2Sn sample. Shifting to a higher temperature increased the
sample’s weight, indicating oxides formed on the sample’s sur-
face (Xu et al., 2022) . Nyong et al. (2022) have found more
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immersion time of the CuZn alloy at 650 ◦C leads to increased
oxide thicknesses. Moreover, an extreme increment is seen
when the temperature reaches 800 ◦C, which indicates more
oxides are formed. Lejda et al. (2024) have found similar
behavior at temperatures between 460 and 700 ◦C. Accord-
ing to Shi et al. (2014) , the oxidation of the brass is relatively
slow at lower temperatures, while it is more raised at higher
temperatures.

4. CONCLUSIONS

Fabrication of the brass alloy has been successfully done using
the casting method. More Sn content leads to an increase in
volume and a decrease in the hardness of the brass alloy. The
introduction of Sn into the CuZn matrix does not lead to sig-
nificant morphological changes, with the 𝛼-phase remaining
stable and the grain structure largely unaffected by variations in
Sn concentration. An increase in Sn contents leads to increased
corrosion resistance and a decrease in hardness. Higher Sn
content led to a more positive value of the alloy, which indicates
that the sample is more cathodic. Probably due to the protec-
tive layer being formed on the surface, it implies less corrosion
current. The most significant colony reduction is shown by
Cu-15Zn-1Sn, in which a total annihilation is reached within
8 hours of exposure, probably due to the small crystallite size.
Moreover, shifting to a higher temperature increased the sam-
ple’s weight, indicating oxides formed on the sample’s surface.
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