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INTRODUCTION

Welding is one of the most widely used manufacturing processes in industry to permanently
join two or more metal materials (Disya Haeriati Ariwiana Putri et al., 2023). Among various welding
methods, Metal Inert Gas (MIG) welding, also known as Gas Metal Arc Welding (GMAW), is
commonly used because of its high welding speed, good joint quality, and ease of operation (Haris &
Widodo, 2021) (Rosidah & Setyowati, 2021). This welding method is frequently applied to various
types of carbon steel, including AISI 1045 steel, which is widely utilized in engineering applications
such as shafts, gears, machine components, and structural parts due to its good mechanical strength and
moderate hardness (Wibawa et al., 2023) (Ramadhani et al., 2022).

AISI 1045 steel is classified as a medium carbon steel containing approximately 0.45% carbon,

which provides a balance between strength, hardness, and toughness (Budiarto et al., 2020) (Mulyadi et
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al., 2022). During the welding process, this material experiences thermal cycles caused by the heat
generated from the welding arc. These thermal effects can alter the microstructure of the base metal,
weld metal, and the Heat Affected Zone (HAZ) (Sihite, 2019). Such microstructural changes may
significantly influence the mechanical properties of the welded joint, particularly its tensile strength,
which is an important parameter in evaluating the performance and reliability of welded structures
(Nugraha et al., 2020) (Haryadi et al., 2021).

One of the factors that can influence the mechanical properties of welded joints is the cooling
medium applied after the welding process (Susetyo et al., 2021) (Darmo et al., 2021). Different cooling
media such as water, air, and salt water have different cooling rates, which can affect the formation of
microstructures in the weld metal and surrounding areas (Lhoksuemawe et al., 2022). Faster cooling
rates generally increase hardness but may reduce toughness, while slower cooling rates tend to produce
more ductile structures (A et al., 2021) (Wiratmaja et al., 2025). Therefore, the selection of cooling
media becomes an important aspect in controlling the final properties of welded materials (Husaini et
al., 2020) (Ayoola et al., 2022).

Several studies have investigated the influence of cooling conditions on the mechanical
properties of welded steel. However, a detailed comparison of the effects of water, air, and salt water
cooling on the tensile strength of AISI 1045 steel welded using the MIG process still requires further
investigation (Wisnujati & Andryansyah, 2021) (Haris & Widodo, 2021). Differences in thermal
conductivity and heat transfer characteristics of each cooling medium may lead to variations in the
resulting microstructure and mechanical performance of the welded joints (Alfryyan, 2022) (Teknik et
al., 2020).

Based on this background, this study aims to analyze the effects of different cooling media—
water, air, and salt water—on the tensile strength of AISI 1045 steel welded using the MIG welding
method. The results of this research are expected to provide scientific insights into the most effective
cooling medium for improving the quality and mechanical performance of welded joints, as well as to

contribute to the development of welding applications in industrial manufacturing.

METHOD

This study employs an experimental approach as its research method. The experimental
approach is a research method used to identify the effect of cooling medium treatment on the tensile
strength of AISI 1045 steel. The material used in this study is a square AISI 1045 steel plate measuring
100 mm x 100 mm x 8 mm. The welding method used is MIG (GMAW) with ER70S-6 filler wire having
a diameter of 0.8 mm and shielding gas in the form of CO: or an Ar+CO- mixture with a gas flow rate
of 10-15 L/min

The welding process was performed with constant parameters, namely a welding current
ranging from 120-180 A, a voltage of 20-24 V, and a welding speed adjusted to produce a uniform
joint, using DCEP (Direct Current Electrode Positive) polarity. After the welding process is complete,
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the specimens are subjected to cooling treatment using three variations of media: air cooling (left at
room temperature), freshwater cooling, and saltwater cooling with a solution concentration of £5%
NaCl. The temperature of the cooling medium and the immersion time are kept constant for each
specimen to ensure consistency in the treatment.

In this study, each cooling medium variation used 3 specimens for tensile testing and 1 specimen
for hardness testing. Tensile testing was conducted in accordance with ASTM E8 to determine the
ultimate tensile strength, while hardness testing was performed using the Rockwell method on the weld
zone or heat-affected zone (HAZ). The test data was then analyzed to determine the effect of cooling

medium variations on the mechanical properties of AISI 1045 steel resulting from MIG welding.

RESULTS AND DISCUSSION

Tensile Strength Test

Based on graph 1, the relationship between variation and three different cooling media shows
that cooling using air has the highest tensile strength, which is 35.59 Kgf/mm?. Next, cooling with water
as the medium obtained a result of 34.42 Kgf/mm?. Compared to air as a cooling medium, salt water as
a cooling medium had the lowest value, with a tensile strength of 22.34 Kgf/mm?.
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Figure 1. Tensile test specimens before and after
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Table 1. Tensile test results

Pmax Tensile
Cooling Media Specimen Area (mm?) (Kgf) Strength
(Kgf/mm?)

1 103.28 3137.20 30.38
Water I 101.52 3186.80 31.39
I 99.84 4141.60 41.48
Average 3488.53 34.42
1 94.88 3980.20 41.95
Air I 120.08 1318.00 10.98
I 99.52 5358.20 53.84
Average 3552.13 35.59
I 102.08 1715.20 16.80
Saltwater I 122.16 3758.80 30.77
II 97.92 1905.60 19.46
Average 2459.87 22.34

17

This is because in the cooling media variation using air media, the slow cooling rate produces a

microstructure of pearlite and ferrite, which have soft and ductile properties. And for the hardness test

results, the values are low so that the toughness value decreases, but the more ductile and the lower the

hardness, the higher the tensile test value. Furthermore, water and saltwater media have low tensile test

values due to the fast-cooling rate, which produces a microstructure of martensite and bainite phases

with very hard and brittle properties. The hardness test results also have the highest values. The harder

and more brittle the material, the lower the tensile test results of the test specimen.
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Figure 2. Tensile Test Result
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The tensile strength of medium carbon steel decreases after undergoing a heating and quenching
process. The higher the temperature variation, the lower the tensile strength. Therefore, high
temperatures cause a lower cooling rate, which results in a decrease in tensile strength.

Yunaidi. The Effect of Salt Solution Concentration on the Quenching Process of Medium
Carbon Steel S45C. The results of the study indicate that the higher the salt content in the quenching
medium, the lower the tensile strength and ductility, and the higher the salt content in the quenching
medium, the faster the cooling process. This is evidenced by the appearance of a larger number of finer

martensite structures at higher salt contents.

Hardness Test

Figure 3. Hardness test

Table 2. Hardness test results

Cooling Media Area Indenltation Indelﬁation Inde;lltlation Average
Weld 226,30 185,5 221.03 211,03
Water Haz 243,10 259,7 242,30 248,37
Base 259,80 182,9 230,20 224,30
Weld 201,90 178,2 188,30 189,47
Air Haz 286,60 2534 251,70 263,90
Base 317,30 214,2 186,20 239.23
Weld 253,00 205 202,00 220,00
Saltwater Haz 459.80 343,5 355,30 386,20

Base 340,20 291,9 288,40 306,83
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In graph analysis 2. The relationship between cooling media variations in welding and hardness
values (HV). For water cooling media, the highest graph is in the heat-affected zone (HAZ) with a value
of 248.37 HV, followed by the weld metal with a value of 211.03 HV and the base metal with a value
of 224.3 HV.

For saltwater cooling media, the highest value is found in heat effect (HAZ) at 386.20 HV, while
weld metal has a value of 220.00 HV and base metal has a value of 306.83 HV. For air cooling media,
the highest value is found in the heat effect (HAZ) with a value of 263.90 HV, while the weld metal
(Weld) has a value of 189.47 HV and the base metal (Base) is found in steel with a value of 239.23 HV.
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Figure 4. Diagram showing the relationship between hardness and variations in cooling media

The highest hardness value in the welded area was obtained using salt water as the cooling
medium. This result is associated with the higher cooling rate of salt water, which accelerates the
transformation of austenite into martensite. Compared to freshwater cooling, the hardness values show
only a slight difference, indicating that both media provide sufficiently rapid cooling to promote
martensitic formation, although saltwater remains more effective.

In contrast, air cooling results in the lowest hardness values due to the formation of ferrite and
pearlite phases. These phases are typically formed under slow cooling conditions and are known to be
softer and more ductile than martensite and bainite. This observation is consistent with the
microstructural analysis.

The cooling rate also influences grain size and mechanical properties. Rapid cooling tends to
produce finer microstructures, which increase hardness based on the Hall-Petch relationship. On the
other hand, slower cooling allows grain growth, facilitating dislocation movement and reducing strength
and hardness.

Furthermore, variations in hardness may also be affected by welding parameters such as current

and welding speed, which determine the heat input and cooling rate during the welding process.
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CONCLUSION

The results show that the cooling medium significantly affects the mechanical properties of
AISI 1045 steel welded using the MIG method. Air cooling produced the highest tensile strength (35.59
kgf/mm?) due to the formation of ductile ferrite—pearlite microstructures from slow cooling. In contrast,
water (34.42 kgf/mm?) and especially salt water (22.34 kgf/mm?) resulted in lower tensile strength, as
faster cooling promotes the formation of martensite and bainite, which increase brittleness.

Conversely, hardness results show the opposite trend. Saltwater cooling produced the highest
hardness (386.20 HV), followed by water (248.37 HV), while air cooling resulted in the lowest hardness
(263.90 HV). This confirms that higher cooling rates increase hardness but reduce ductility and tensile
strength.

Overall, there is a clear trade-off between hardness and tensile strength. Therefore, the selection
of cooling media should be adjusted to application needs: air cooling is suitable for components
requiring higher strength and ductility, while salt water is more suitable for applications requiring high
hardness and wear resistance. However, further studies are needed to analyze the influence of welding

parameters and quantitatively relate microstructure to mechanical properties.
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