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Abstract - The welding process of AISI 1020 steel causes
changes in microstructure and corrosion resistance. The
corrosion attack pattern occurring on the steel can be
evaluated by observing the corroded surface. This
research aims to determine the corrosion attack pattern on
welded joints of AISI 1020 steel. Specimens of AISI 1020
steel that have been welded and subjected to post-weld
heat treatment (PWHT). PWHT involves heating the
specimens to temperatures of 400, 500, and 600°C with a
holding time of 1 hour, followed by air cooling. The
specimens, both before and after PWHT, were tested for
corrosion using polarization techniques. The surface of the
specimens after corrosion testing was observed using a
microscope. The observation results indicate the presence
of pitting corrosion on the specimen surfaces after the
corrosion test.
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I. INTRODUCTION

AISI 1020 steel is a low-carbon steel widely used in the
construction of building structures [1]. The common method
for joining this steel is through Shielded Metal Arc Welding
(SMAW) [2]. The low carbon content results in a relatively
stable microstructure consisting of ferrite and pearlite phases.
However, welding in the Heat-Affected Zone (HAZ) and weld
metal leads to changes in grain size, causing microstructural
heterogeneity in the vicinity of the weld joint. This
heterogeneity contributes to a decrease in corrosion resistance.
To restore corrosion resistance, an effort is made to
homogenize the microstructure by applying Post-Weld Heat
Treatment (PWHT).

PWHT is essentially performed by heating the welded
steel to a specific temperature for a certain duration and then
cooling it in open air. In addition to homogenizing the
microstructure, PWHT can also reduce residual stresses
resulting from the welding process. These residual stresses
arise due to thermal cycles during welding. If not eliminated,
residual stresses can lead to a decrease in corrosion resistance.
Therefore, PWHT not only homogenizes the microstructure
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but also reduces residual stresses, thereby improving corrosion
resistance.

In general, the base metal and HAZ have the same
chemical composition, but welding processes lead to
differences in grain morphology, including size, shape, and
distribution [3]. Meanwhile, the weld metal may have a
slightly different chemical composition depending on the
welding electrode used [4]. Ideally, for the weld metal to have
the same chemical composition as the base metal and HAZ,
the welding electrode's chemical composition should match
that of the base metal. However, achieving this is challenging
because welding electrodes available in the market often have
different chemical compositions from the steel being welded.

Due to the potential differences in chemical composition
in the weld metal, the corrosion attack pattern in the vicinity
of the weld joint differs from that in the base metal and HAZ.
This research investigates the corrosion attack pattern in the
weld joint area by observing the surface of test specimens
before and after corrosion testing using polarization methods.

Il. RESEARCH METHOD

A 3mm thick AISI 1020 steel plate was welded using
Shielded Metal Arc Welding (SMAW) technique. The
welding parameters included a current of 60 A, voltage of 20-
26V, welding speed of 38 mm/minute, butt joint design, and
welding position of 1G. The welding electrode used is RD460,
which complies with AWS A50.1 E6013. Table 1 and Table 2
show the chemical composition of AISI 1020 and welding
electrode RD460.

After welding, the plate was flatted using a milling
machine. The flatten specimen then underwent a Post-Weld
Heat Treatment (PWHT) process. The PWHT process
involved heating the specimen using a Euroterm furnace at
temperatures of 400, 500, and 600 degrees Celsius for 1, 2,
and 4 hours, respectively, followed by cooling in open air.

Before corrosion testing, the specimen's surface was
polished gradually using sandpaper with grits 400, 600, 800,
1000, and 1500, and then polished to achieve a shiny surface.
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Corrosion testing was conducted using the polarization
technique on a potensiostat of the Corrtest CS300 series. The
corrosion test solution used was seawater with a primary
content of 3.5% NaCl.

The evaluation of corrosion attack is carried out by
comparing the surfaces of specimens before and after
corrosion testing. Surface observations are conducted using an
Olympus brand Light Optical Microscope (LOM) from the
BX series.

Table 1: Chemical composition of AISI 1020 (Ywt)

C Si Mn P Fe
0.15-0.20 | 0.20—-0.24 | 0.005 | 0.005 | Balance

Table 2: Chemical composition of RD460 electrode (%owt)

C Si Mn Mo Cr Ni Vv Fe

020 |1.00 | 1.20 |03 0.20 | 0.30 | 0.08 | Balance

I1l. RESULTS AND DISCUSSION

The appearance of the entire specimen surface before
undergoing corrosion testing, both before and after PWHT,
looks clean. This indicates that the polishing process has
resulted in a smooth surface without any scratches that could
worsen corrosion attack [5, 6]. The appearance of the entire
specimen surface that has undergone corrosion testing, both
for specimens subjected to PWHT and those that have not,
shows the presence of scattered dark spots.

Figure 1: Surface appearance specimens before PWHT 100x
magnification

Figure 2: Surface appearance PWHT specimens at 400°C. a) before
corrosion test, b, ¢ & d after corrosion test. (b. 1 hr holding time, c. 2 hr
holding time & d. 4 hr holding time. 100x magnification)
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Figure 3: Surface appearance PWHT specimens at 500°C. a) before
corrosion test, b, ¢ & d after corrosion test. (b. 1 hr holding time, c. 2 hr
holding time & d. 4 hr holding time. 100x magnification)

Figure 4: Surface appearance PWHT specimens at 6000C. a) before
corrosion test, b, ¢ & d after corrosion test. (b. 1 hr holding time, c. 2 hr
holding time & d. 4 hr holding time. 100x magnification)\

Figure 1 shows the appearance of specimens before and after
corrosion testing without undergoing PWHT. It is observed in
Picture 1 that on the specimen'’s surface after corrosion testing,
there are small, elongated dark spots evenly distributed across
the entire surface.

Figure 2 depicts the surface of specimens subjected to
PWHT at a temperature of 400°C. It is evident that the
specimen's surface after corrosion testing still shows dark
spots, similar to those in specimens without PWHT. However,
the distribution of the dark spots is larger, uneven, and
clustered. It is also noticeable that with a longer holding time,
the bright-colored areas become more dominant.

PWHT at a temperature of 500°C results in a specimen
surface where bright-colored areas are more dominant after
corrosion testing. The dark spots become smaller and more
evenly distributed. Nevertheless, there are still large dark spots
in some areas. Figure 3 show the surface appearance of PWHT
specimen at 500°C.

PWHT at a temperature of 600°C indicates that the dark
spots on the specimen's surface after corrosion testing become
smaller and more evenly distributed. Compared to PWHT at
temperatures of 400 and 500°C, PWHT at 600°C results in a
specimen surface after corrosion testing that is brighter, with
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the smallest dark spots distributed uniformly. Figure 4 show
the surface appearance of PWHT specimen at 6000C.

Corrosion testing using the polarization method
essentially simulates accelerated corrosion attacks by
disrupting the potential equilibrium through the application of
overvoltage [8]. Therefore, the appearance of the surface after
corrosion testing can provide insights into how corrosion
attacks occur on the specimen.

The dark spots seen in the LOM images are an effect of
distorted light due to uneven surfaces, not returning to the
observer's eyes, resulting in a darker appearance [9]. This
indicates that these dark spots are actually holes. The
appearance of these dark spots suggests that corrosion attack
not only occurs uniformly but also, in specific spots corrosion
happens more rapidly.

Corrosion in low-carbon steel is generally dominated by
uniform corrosion attacks. However, the presence of
heterogeneity in materials such as chemical composition,
microstructure, residual stresses, etc., can cause certain areas
to experience corrosion more rapidly.Corrosion in low-carbon
steel generally does not occur in small spots but in relatively
large areas. Therefore, the presence of dark spots indicates the
occurrence of localized corrosion, similar to the phenomenon
of pitting corrosion in austenitic stainless steel caused by
chloride ions. This corrosion is a type of localized corrosion
commonly found in stainless steel without molybdenum alloy.
Pitting corrosion in stainless steel primarily attacks the Fe
metal due to the passive layer of Cr203 being unable to
protect the entire surface of stainless steel from corrosion by
chloride ions.

AISI 1020 is a low-alloy carbon steel without other
alloying elements besides carbon. Carbon steels, in general,
have low corrosion resistance in seawater. This is because the
passive iron oxide layer on the surface is not strong and stable
enough to inhibit corrosion attack caused by chloride ions.

IV. CONCLUSION

The results of surface observations after corrosion testing
on AISI 1020 steel welded using SMAW reveal the presence
of dark spots. The dark spot indicates the characteristic of
pitting corrosion. The dark spots significantly decrease during
PWHT at 600°C with a holding time of 4 hours. In general, as
the PWHT temperature increases and the holding time
lengthens, the presence of dark spots decreases, both in terms
of quantity and size, and their distribution becomes more
uniform.

Although the observation results indicate the presence of
dark spots indicative of pitting corrosion, unfortunately, the
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polarization corrosion testing method only provides data on
the corrosion rate for uniform corrosion attacks and cannot
measure the corrosion rate due to localized corrosion attacks.
Therefore, the corrosion rate data generated needs to be
interpreted with caution.
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