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Abstract

The welding process aims at joining materials, especially metals or
thermoplastic for certain purposes. It melts the materials in the joining process.
In some cases, such material is difficult to be joined with the welding process.
Therefore, an appropriate flux is needed in this process. The effect of adding
borax in the welding process of OAW is the focus of this research. The research
was conducted using the experimental method of adding 1 gram, 3 grams, and
5 grams of borax to the brass and ST42 steel welding process. Borax was
added to aid the adhesion process between brass and steel as both have
different properties. This research results in the highest elongation value in 1
gram of borax addition; the elongation is 3.9935 cm. Meanwhile, adding 1 gram
of borax also affects the welding joints’ ultimate tensile strength (UTS). It results
in the highest UTS value of 9.961779 kN/mm?2 among the other weight
variations of borax addition. It indicates that the borax addition with proper
weight in the welding process affects the joints. Moreover, the borax addition in
the welding process influences the elongation values, ultimate tensile strength,
and modulus of elasticity of the welding joints.
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1. INTRODUCTION

Welding is an important method in the steel construction industry and machine
manufacturing. It connects two types of metal materials. In the industrial era, welding
techniques have become common for connecting rods in steel building construction and
machines (1-3). Welding is the main choice in the industry because of its strength. In
general, there are several types of welding, such as SMAW, GTAW, GMAW, and OAW. Of
the many types of welding, acetylene gas welding or OAW is one of the most widely used
in the industrial world for low-carbon steel. The materials being joined can be of the same
type or different types (4). This dissimilar welding can be more complicated than similar
welding because of the various thermal cycles experienced by each metal (5,6).

Oxy-acetylene welding is a manual process in which the joint surfaces are heated until
they melt by an acetylene gas flame produced from the combustion of C,H, with oxygen
(7,8). This process can be done using filler metal and does not involve pressure. In addition
to being used for welding, oxy-acetylene welding is also useful for preheating, brazing,
cutting, and hard-facing. This technique can be applied in a variety of situations, including
production, fieldwork, and repair (9—11). The results are very satisfactory when used to
weld carbon steel, especially on thin sheet metal and thin-walled pipes. Although almost
all types of ferrous and non-ferrous metals can be welded with this method, either with or
without the use of additional materials (12).

Borax has a wide range of applications in various sectors, from manufacturing to
agriculture (2,13-16). This compound acts as a raw material in the manufacture of enamel
for conductor wires, ceramic glazes, fiberglass base materials, fluxes in metallurgical
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processes, fertilizers, and as a fireproof material. In addition, borax is also a flux material
used in welding and metal melting processes. The combination of borax and ammonium
chloride is often used as a flux in welding steel and iron, helping to lower the melting point
of iron oxide compounds (scale) and separating these compounds from the iron surface.

In some cases, using flux in the Oxy-acetylene welding process is important to
improve metal properties, increase the degree of liquidity of the molten metal, and prevent
gas dissolution to avoid oxidation of the molten metal (1). The composition of this flux
usually includes a mixture of borax, glass powder, boric acid, and sodium phosphate, which
can be varied according to the type of metal to be welded. Adjusting this composition is the
key to achieving optimal and quality welding results.

Tensile strength of OAW welding results with the addition of borax to ST37 steel (17).
The results of the study identified that the tensile strength of the specimen using borax had
a greater tensile strength value compared to without using borax. In addition, the tensile
strain is analyzed on the addition of borax. The results of the specimen test were obtained
for specimens using borax higher than those without using borax.

Oxy-acetylene welding (OAW) welding uses various types of filler materials (18-21),
one of which is brass, an alloy of copper and zinc. The use of filler materials in Oxy-
Acetylene Welding (OAW) is related to heat management. The heating process of the
material is carried out carefully to achieve strong joints and optimal structures. The filler
pressing time is used to focus on certain aspects of the welding process that can affect the
microstructure of the material. Therefore, research is needed to understand the impact of
using various types of fillers in Oxy-Acetylene Welding (OAW) welding. This study aimed
to evaluate the effect of fillers on Oxy-Acetylene Welding (OAW) weld joints through tensile
testing and analysis of tensile strength, microstructure, and microstructure characteristics.

2. METHODS

This research uses an experimental method to mix the filler in an OAW welding
system. The filler is brass copper, which will be combined with sodium tetraborate (borax)
during welding. In this study, variations in filler mixtures will be tested by conducting three
experiments for each subject.

For the first subject, the welding of ST 42 steel joints was carried out without borax
addition, with air as the cooling medium. In the second subject, the welding of the joints will
be carried out by adding borax to the filler, with variations of 1 g, 3 g, and 5 g. Each variation
of borax volume will be tested three times.

After the welding process is complete, the final result will be tested using a tensile test.
The tensile test data will then be analyzed and presented in graphical form. This analysis
aims to understand the effect of adding borax on the tensile strength of welded joints on
ST 42 steel, as well as to determine the optimal volume of borax that can increase tensile
strength without sacrificing other material properties.

3. RESULTS AND DISCUSSION
3.1 Findings

This chapter presents the processing of research data that will be discussed according
to the data obtained. From the results of the joints after the OAW process and according
to the variation of the borax weight on the ST 42 material, the following data was obtained:

Table 1. Data of tensile test
Max Force Break Force

Borax

weight (g) oPecimen (kN) (kN)
1 5,99041 5,32308
0 2 5,5666 5,22249
3 5,02208 5,77121
1 10,1718 :
1 2 10,5556 10,2783
3 9,21178 3,21717
3 1 10,7551 7,48825
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Borax Specimen Max Force Break Force
weight (9) (KN) (KN)

2 9,09514 2,31495

3 8,18429 5,11150

1 7,51405 6,27694

S 2 6,72994 3,51877

3 8,43554 5,08003

Table 1 shows that the specimen with a 1 g borax mixture obtained the largest tensile
load value (max force), 10.5556 kN, and the specimen without a borax mixture obtained
the smallest tensile load value.

3.2 Data analysis

Borax in OAW is used as a flux to improve cleanliness and bonding in welding products,
prevent oxidation, and minimize defects. Therefore, it indirectly increases the tensile
strength of the steel. It improves the formation into a stronger and more durable weld.

The tensile test results show the various values of Max Force (kN) and Break Force
(kN) in the OAW process of ST42 steel, and the values change with varying amounts of
borax. The data calculation results show how borax content may affect the tensile
properties. Formulas calculate the influence of borax on tensile stress.

AL =Li-Lo 1)

The deformation calculation related to elongation and compression is used under a force
or stress. The equation finds the change due to stretching, compression, or another form
of deformation.

Meanwhile, the calculation for stress is conducted by dividing the force applied to a
material by the area over which the force is applied. It quantifies the internal resistance of
a material to deformation.

F
o= (2)
The measure of deformation or the amount of displacement per unit length due to an

applied force uses the strain formula.

AL
€= o 3

The modulus of elasticity is calculated after calculating the strain of ST42 welded with OAW
and borax flux. This measures the stiffness of ST42 and quantifies its ability to resist tensile
or compressive stress.

&

After calculating the elongation, stress, and modulus of elasticity, the results show that
borax has a role in the OAW process of ST42. The results of the calculation are depicted
in the graphs.
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Graph 1. Tensile-strain without borax

Graph 1 represents the mechanical testing of three specimens welded without borax.
It depicts the tensile-strain behavior of three specimens. The differences in the curves
reflect variations in their mechanical properties. The three specimens show an initial region
where the stress increases linearly with strain. It indicates elastic deformation, where the
material returns to its original shape if the load is removed. The curves reach a peak tensile
stress, which means at the point of ultimate strength, beyond which the stress decreases
as strain increases. This marks the onset of plastic deformation and eventual failure of the
material.

The peaks for the specimens are labeled with their respective maximum tensile
stresses, where specimen 3 results in 0.1372 kN/mm?2, specimen 2 results in 0.1520
kN/mm?2, and specimen 1 is 0.1596 kN/mm?2. These values represent the ultimate tensile
strength for each specimen. Therefore, the graph shows that specimen 1 exhibits the
highest ultimate tensile strength with the average value of tensile strain is 0.0436 kN/mm?2,
while specimen 3 has the lowest and its average value is 0.0457 kN/mm?Z,

The comparison between the three specimens shows that specimen 1 shows an
inclined slope in the elastic region, indicating potentially higher stiffness compared to the
others. Specimen 3 shows a slight decline curve with lower stress, which implies weaker
material properties or greater ductility. Moreover, specimen 2 lies between the other two in
terms of both tensile strength and strain behavior.
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Graph 2. Tensile-strain with 1 g borax
The results of mechanical testing and calculation of ST42 welding with 1 g of borax show

a different appearance of the graph without borax. Graph 2 shows that specimen 1 has the
highest ultimate tensile strength, which means its peak stress of 0.2786 kN/mm? and the
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largest strain capacity. The stress continues to decrease gradually after the peak, it shows
a more ductile behavior with extended deformation before failure. The average value of
specimen 1 tensile-strain is 0.1337 kN/mmZ2. Meanwhile, specimen 2 reaches an ultimate
tensile strength of 0.2707 kN/mm?2, which is slightly lower than specimen 1. The stress
drops after the peaks and it shows a brittle-like failure mode. The average value of
specimen 2 tensile-strain is 0.1374 kN/mm2. For the shortest strain capacity, it is obtained
by specimen 3. The curve of the graph shows the lowest tensile strength of this specimen.
It is 0.2455 kN/mm?2. The decline in stress is sharp after the peak. It indicates the brittle
failure of the specimen during the testing. The curve also presents the least deformation of
specimen 3 before failure. The average value of specimen 3 tensile stress is 0.101 kN/mm?,
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Graph 3. Tensile-strain with 3 g borax

Graph 3 has slight differences in the ultimate stress, ductility, and elastic region. In
this graph, which presents the test results of welded ST42 specimens with 3 g of borax,
specimen 1 reaches a maximum tensile stress of approximately 0.2403 kN/mm2. It means
the largest average strain value of 0.1116 kN/mma2. Yet, the stress declines gradually after
the peak. It shows more ductility and uniform deformation before failure. Meanwhile,
specimen 2 reaches a maximum tensile stress of 0.2179 kN/mm?2, which is lower than both
specimen 1 and specimen 3. The average value of strain is moderate and it is 0.953
kN/mm2, After the stress reaches the peak, it drops sharply which shows the brittle failure
of the specimen. Furthermore, the graph also shows the highest ultimate tensile stress of
specimen 3 which reaches 0.2455 kN/mm2. Its average value of the tensile stress is 0.067
kN/mm?. It shows that it has a shorter strain value than specimen 1.
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Graph 4. Tensile-strain with 5 g borax

Jufri | The effect of adding borax on the Oxy-Acetylene Welding (OAW) process on... 103



JEMMME (Journal of Energy, Mechanical, Material, and Manufacturing Engineering)
Vol. 9, No. 2, 2024 doi: 10.22219/jemmme.v9i2.34988

This graph illustrates the tensile stress-strain behavior of specimen 1, specimen 2,
and specimen 3 under applied loading. The stress-strain correlation provides insights into
the mechanical properties of the specimens, including their strength, ductility, and failure
characteristics. The curves show an initial linear elastic region, followed by yielding, and
eventually failure at peak stress. Each specimen displays unique peak tensile strength and
strain capacity, highlighting differences in material behavior under identical testing
conditions.

The three specimens show a similar linear elastic region up to 0.01 mm strain, where
the correlation between stress and strain is linear. It represents elastic deformation. The
initial slope indicates the stiffness or Young’s modulus of the material. These three
specimens have the same stiffness because of their nearly identical elastic slopes. They
begin to yield and encounter plastic deformation after the elastic region. The stress
increases continuously but slower until reaching a peak or ultimate tensile strength.
Specimen 3 has the highest ultimate tensile strength of 0.2155 kN/mm?, indicating it has
better load-bearing capacity before failure because of adding borax flux in the welding
process. It has a 0.0715 kN/mm? average value of tensile stress. Meanwhile, specimen 2
has the lowest ultimate tensile strength among the three. The value is 0.1793 kN/mm?2.

3.3 Discussion
3.3.1 Elongation

Variation in borax concentration influences the material flexibility and its tensile
properties. It is depicted in the graph that there is a correlation between borax weight and
the average elongation of specimens.
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Graph 5. Elongation value

Graph 5 shows the correlation between borax weight and the average elongation of
the specimens. It presents the effects of borax on the material's ability to stretch or deform
under tensile forces.

The graph shows the trend of borax weight and average elongation correlation. As
borax weight increases from 0 grams to 1 gram, the average elongation increases
significantly, reaching the maximum value of 3.994 mm at 1 gram. With more than 1 gram
of borax, the elongation starts to decrease. It declines to 3.519 mm at 3 grams and further
reduces to 1.993 mm at 5 grams. 1 gram of borax addition in the OAW process of ST42
enhances its elongation. It is possibly due to improved bonding, flexibility, or plasticity
imparted by borax at this level. The graph shows that the optimal borax weight for
maximizing elongation is 1 gram, as this condition yields the highest elongation of the
material.

Jufri | The effect of adding borax on the Oxy-Acetylene Welding (OAW) process on... 104



JEMMME (Journal of Energy, Mechanical, Material, and Manufacturing Engineering)
Vol. 9, No. 2, 2024 doi: 10.22219/jemmme.v9i2.34988

As the flux in OAW for ST42 steel, borax acts as a plasticizer or modifier up to a certain
concentration. It improves flexibility and elongation. However, excessive borax might
interfere with the material’s structure or introduce brittleness leading to a reduction in
elongation.

3.3.2 Ultimate Tensile Strength (UTS)

Optimizing borax concentration in the OAW of ST42 is important for maximizing the
tensile strength. At low concentrations, borax enhances the material UTS. However, it leads
to a decline in performance at excessive amounts. It is likely due to adverse structural
effects.
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Graph 6. Ultimate Tensile Strength

Graph 6 illustrates the correlation between borax weight and the average value of
ultimate tensile strength (UTS) in specimens. The UTS represents the maximum stress the
specimens can withstand before breaking. The data shows a clear trend where the tensile
strength increases with borax addition in the welding process up to a certain point. It
gradually declines as borax concentration increases. This behavior shows the role of borax
in modifying the material’s mechanical properties and its potential limitations at higher
concentrations of borax.

At 0 grams of borax, the material has an initial UTS of approximately 5.611 kN/mm?2.
UTS value significantly improves reaching a peak of 9.962 kN/mm?2, when 1 gram of borax
is added. The increasing value can be attributed to borax improving the structure of the
material. The improvement possibly occurs in the stronger inter-particle bonding or the
good performance of borax flux as a stabilizing additive. Maximum UTS at 1 gram indicates
the optimal concentration of borax for the specimens. However, UTS drops to 8.643
kN/mm? with 3 grams of borax addition at OAW, and it further declines to 7.407 kN/mm? at
5 grams of borax concentrations. The decrease indicates that excessive borax might
disrupt the material’s structural integrity, potentially causing agglomeration, weakening of
bonds, or increased brittleness. Therefore, the result of this research shows better
mechanical properties of ST42 welding with 1 gram of borax concentration and brass filler.

3.3.3 Modulus of elasticity

The correlation between the additional borax concentration in the OAW of ST42 and
the average value of the modulus of elasticity is shown in the graph. It reveals a consistent
upward trend and indicates that increasing borax concentration enhances the stiffness of
the specimens. It proves that borax acts as a reinforcing agent and it improves the
resistance of specimens to elastic deformation.
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Graph 7. Modulus of Elasticity

Graph 7 exhibits that without borax, the specimens reach the modulus of elasticity of
6.7152 kN/mm2. This value represents the baseline stiffness of the specimens in their
untreated state. Adding 1 gram of borax increases modulus to 7.0431 kN/mm?. It indicates
a slight improvement in stiffness. This change may result from borax interacting with the
material microstructure. It also enhances its ability to resist elastic deformation. Moreover,
adding 5 grams of borax leads the modulus to reach its maximum value of 9.4178 kN/mm?,
It is the highest stiffness observed. It presents that those higher concentrations of borax
continuously enhance the material’s structural rigidity, although the rate of improvement
diminishes more than the lower concentrations.

4. CONCLUSION

The result of tensile stress-strain analysis represents that adding borax in OAW of
ST42 steel influences the mechanical properties of the specimens in different ways. It
includes its elongation, ultimate tensile strength, and modulus of elasticity.

Adding borax concentration in OAW of ST42, the elongation value of the specimens
reaches the maximum at 1 gram of borax weight. The value of the elongation is 3.994 mm.
This value implies that at this concentration, the material exhibits better ductility. However,
a higher borax weight results in a decline in elongation. It indicates reduced flexibility and
an increase in brittleness.

Variation of borax concentrations in OAW of ST42 steel indicates that the ultimate
tensile strength peaks at 1 gram of borax. The value is 9.962 kN/mmz2. It implies the
increase of the material’s capacity to bear maximum stress due to the borax concentration.
Above this point, the tensile strength decreases as the borax weight increases to 3 and 5
grams. Therefore, excessive borax concentration is inappropriate for the material’s
structure.

The modulus of elasticity consistently increases with borax weight in OAW of ST42.
The maximum value reaches 9.4178 kN/mm? with 1 gram borax concentration in OAW.
This value implies the stiffer and more resistant specimens to deformation under elastic
conditions. However, the tensile strength and elongation are reduced.

The implications of this research signify the difference between the borax weight of 1
gram and higher for OAW of ST42. 1 gram of borax in this welding process and this material
provides the highest tensile strength and elongation. It is appropriate for balancing strength,
flexibility, and stiffness. Meanwhile, the higher borax concentrations improve modulus of
elasticity, but compromise ductility and ultimate strength.

These findings found that borax can be used as a flux for OAW of ST42 with brass
filler to modify the mechanical properties of the material based on specific application
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requirements. However, excessive amounts of borax can lead to diminishing returns
reducing the material’s effectiveness in load-bearing or flexible applications.
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