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Abstract

Previous researches have carried out studying the corrosion behavior of steels, the most frequently
used steels are medium carbon steel, alloy steel, and stainless steel. This is due to their wide range
application. So, corrosion behavior is necessary to be analyzed for every steel type because of its
wide function. This study was aimed to analyze the corrosion rate, macrostructure, and the XRD
results of the AISI 1045, AISI 4140, and SS 304 which represent every steel type. Then, the steels
were exposed to the 0.5M H2S504 solution with various corrosion times. The variation of the
corrosion time was 48, 96, and 144 hours. The results of this study revealed that AISI 1045 showed
the highest corrosion rate with the value of 183.7 mpy at 144 hours of the time variation. All
specimens obtained the increase in the corrosion rate with the increase in the corrosion time.
Furthermore, for the macrostructure results, AISI 1045 and AISI 4140 gave obvious rust on the
surface of the specimens for all time variation. The corrosion spots appear in the time variation of
96 and 144 hours for SS 304 specimens. XRD analysis confirmed the presence of metal oxides as
corrosion products.

Keywords: AISI 1045, AISI 4140, SS 304, corrosion time, sulfuric acid, x-ray diffraction

Date received: October 5, 2021; accepted: October 27, 2021

Handling Editor: Frizka Vietanti

@ @ @ Freative Commons CC BY-NC 4.0: This article is distributed under the terms of the Creative Commons

Attribution 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits any
use, reproduction and distribution of the work without further permission provided the original work is attributed as
specified on the Open Access pages. ©2021 The Author(s).


mailto:afiraar@itats.ac.id

Journal of Mechanical Engineering, Science, and
Rosidah et al. Innovation (JMESI)

INTRODUCTION

Steels are widely used materials in every industrial field, continuous use leads
the materials to experience a decrease in their function which is caused by corrosion
attack, abrasive, and impact wear [1]. Corrosion is commonly found almost in every steel
application, such as in pipelines and machinery parts [2]-[4].

Many researchers have carried out studying the corrosion behavior of steels, the
most frequently used steels are medium carbon steel, alloy steel, and stainless steel. This
is due to their wide application. For medium steels, Adoe et al. studied the temperature
effect of AISI 1045 corrosion rate, additionally, Rosidah et al. examined the corrosion
rate of the coated AISI 1045 in NaCl solution for 48 hours [5], [6]. Irianty et al. and Moli
et al. investigated the corrosion rate of the medium alloy steel which is AISI 4140 with
inhibitor and gas nitriding treatment, respectively [7], [8]. Moreover, the research on the
corrosion behavior of stainless steel mostly used SS 304 as the material. The SS 304 was
put in sulfuric acid and natrium hydroxide to analyze its corrosion rate with
temperature and time variation [9], [10]. From the previous researches, it can be stated
that corrosion medium, time, and temperature are important factors in affecting the
corrosion rate.

The most convenient method to investigate corrosion attack is exposing the
sample to the salt, alkaline or acidic medium, then calculating the weight loss by the time
function [11], [12]. Previous studies mostly used the acidic medium to corrode the
materials due to the rapid corrosion time. Medium carbon steel was exposed to the 9.8%
H2S04 solution was able to reach a corrosion rate of 1,900.73 mpy after one week [13].
Furthermore, SS 304 had a 1.3 mpy corrosion rate in 8% H2S04 solution at 200°C [9].
Other than the corrosion media, the corrosion time also provides a significant influence
on the corrosion rate. Earlier experiments show that the longer exposing time can lead
to a higher corrosion rate [14], [15].

Corrosion behavior is necessary to be analyzed for every steel type because of its
wide function. The simplest way to analyze is by soaking the specimen to the acid
medium using the time variation. For these reasons, this study was focused on analyzing
the corrosion rate, macrostructure, and the XRD results of the AISI 1045, AISI 4140, and
SS 304 representing every steel type. Then, the steels were exposed to the 0.5M H2504
solution with various corrosion times.

METHODS AND ANALYSIS

The materials used were AISI 1045, AISI 4140, and SS 304 with 25 mm in
diameter and 30 mm in height. Each material was made as many as three samples as
shown in Figure 1. The acid solution was prepared using 0.5M H2S04 solution. Before the
samples were exposed to the acid solution, all the samples were weighed to determine
the initial weight, additionally, the surface area was calculated for all samples. Then, all
the samples were soaked in the acid solution to analyze the corrosion behavior. The
variation of the corrosion time was 48, 96, and 144 hours. After reaching the determined
time, the samples were removed and weighed to obtain the final weight. These steps are
illustrated in Figure 2.

The corrosion rate is calculated after obtaining the surface area, the initial and
final weight of the samples. Since the corrosion experiment was carried out using the
weight-loss method, so the corrosion rate was achieved using the following formula.
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Where:
W = weight loss (mg) = final weight - initial weight
D = specimen density (g/cm?3)
A = specimen area (in?)
T = exposure time (hour)
The macrostructure analysis was done by observing the rust appearance.
Furthermore, the X-Ray Diffraction (XRD) characterization was carried out using the
angle range of 20-100e.

I |
- | 0.00 g - | .00 g

Sample Initial weighing Exposing the sample in Final weighing
preparation 0.5M H,S0, solution

Figure 2. [llustration of corrosion immersion test mechanism

RESULTS AND DISCUSSIONS
Corrosion Rate

The corrosion rate was calculated using the formula as seen in the experimental
section. From the initial and final weight for all samples, the weight changes were
obtained and used to evaluate the corrosion rate with the corrosion time variation (see
Table 1). The AISI 1045 shows the highest weight loss (2,500mg) that leads to the
highest corrosion rate with the value of 183.7 mpy at 144 hours of the time variation.
This highest result is followed by the AISI 4140 with the corrosion rate value of 176.87
mpy and SS 304 with the lowest corrosion rate value. All specimens display the
increment results of the corrosion rate. The corrosion rate increases with the increase in
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the corrosion time as shown in Figure 3. This result is similar to the previous studies [9],
[16].

Table 1. Initial weight, final weight, and corrosion rate results of AISI 1045, AISI 4140,
and SS 304 with the corrosion time variation

Time Mass Corrosion
No  Materials (hour) Initial weight  Final weight Am  rate (mpy)
(mg) (mg) (mg)
48 4,000 3,450 550 122.3
1 AISI 1045 96 4,000 2,700 1,300 143.34
144 4,100 1,600 2,500 183.7
48 4,100 3,500 600 132.65
2 AISI 4140 96 4,000 2,700 1,300 143.7
144 4,000 1,600 2,400 176.87
48 4,000 4,000 0 0
3 SS 304 96 4,000 3,800 200 22.5
144 4,000 3,700 300 22.63
200
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Figure 3. Corrosion rate results of AISI 1045, AISI 4140, and SS 304 with the corrosion
time variation

Stainless steel has the lowest weight loss with a value of 300mg and the lowest
corrosion rate of 22.63 mpy. This is because the SS 304 has a Cr203 passive layer
protecting from corrosion. Moreover, the time exposure of 48 hours shows no weight
loss, but with the increase of the exposure time, the weight loss escalates as well. This
weight loss occurred due to the aggressive ion of SO42- began to damage the passive
layer as the time increased, additionally, this reason as revealed in previous studies [17].

Macrostructure

The visual appearance of the corroded specimens is displayed in Figure 4 - 6.
AISI 1045 and AISI 4140 showed uniform corrosion patterns, obvious rust on the
surface of the specimens appeared. The longer the corrosion time, the more obvious rust
was seen on the surface. This was due to the formation of Fe2* ions which was oxidized
becoming Fe3+*. The deposited rust and corroded specimens were further confirmed in
XRD results.
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(a)

Figure 5. AISI 4140 with the corrosion time of (a) 48, (b) 96, and (c) 144 hours.

The macrostructure of the corroded SS 304 seems no obvious change for the 48
hours of the time variation. This indicates that 48 hours of the time variation had not
been able to make ions from acid solution damaging the passive layer of SS 304.
Moreover, the corrosion spots appear at the time variation of 96 and 144 hours (see
Figure 6(b) and 6(c)). These corrosion spots indicate the intergranular corrosion attack
and lead to the weight loss. This is because at the grain boundaries, there is a higher
energy than the area around the grain boundaries due to the bonding forces between
grains. This higher energy makes it easier for Fe elements to lose electrons and will turn
into ions [18].

Figure 6. SS 304 with the corrosion time of (a) 48, (b) 96, and (c) 144 hours.
X-Ray Diffraction (XRD)

The diffraction peaks of raw materials and the corroded materials showed in
figure 7. Similar patterns of AISI 1040 and 4140 indicate the presence of austenite,
Fe203, and metallic Fe. Another iron compound in low intensity shows as iron oxide.
Regarding peak shape, the board peak of AISI 4140 indicates low crystallinity instead of
AISI 1045. Besides, new compounds exist in the XRD pattern of SS 304, such as FesC
(JCPDF 34-0001), Cr203, and Fe, Ni (Cr204) [19]. For corroded samples, the XRD pattern
shows no significant differences for AISI 1040 and 4140 in Figure 7(b). Both materials
have peak pattern as austenite, Fe, and Fe203 due to similar compositions of carbon and
iron. However, the increasing peak intensity of FesC appear in corroded SS 304 indicates
more amount of iron carbide than raw materials.
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Figure 7. XRD resluts of (a) the raw materials and (b) the specimens after the
corrosion time variation of 144 hours

CONCLUSIONS

AISI 1045 provided the highest corrosion rate with the value of 183.7 mpy at 144
hours of the time variation. Stainless steel has the lowest weight corrosion rate of 22.63
mpy. This is because the SS 304 has a Cr203 passive layer protecting from corrosion. AISI
1045 and AISI 4140 revealed uniform corrosion patterns, additionally, SS 304 showed
the corrosion spots at the time variation of 96 and 144 hours. XRD confirmed the
corrosion product including Fe203 for AISI 1045 and AISI 4140. Passive layer such as
Cr203 and Fe(Cr204) also showed in the SS 304 after corrosion occurred.
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