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Abstract. In many applications, structures are exposed to various
corrosive media. The purpose of this article is to examine the
influence of corrosion media on lap welding joints of EN-8. Steel.
Corrosive media considered are a 1M HCI solution, salt water, and
distilled water. Corrosion rates are computed. Microstructural studies
are done, and microhardness values at various zones are determined.
It is observed that the severity of the corrosion attack when exposed
to a 1M HCI solution is more.

1. Introduction

It is desirable to produce arc-welded joints that have possibly higher strength with reasonably
good toughness. Structural steels are extensively used in automobile and general engineering
industries [1]. Corrosion disturbs service life, and structural integrity. Hence, corrosion is a
major challenge in construction and marine engineering applications. Despite effective
control of welding process parameters and producing welded joints through standard
practice, the corrosion resistance depends on the combination of base metal and filler metal.
At times the weld portion exhibits superior corrosion properties, and sometimes the base
metal exhibits superior corrosion properties. Welding process, weld sequence, weldment
design, nature of welding process, and existence of oxide films on base metal surface are the
factors that influence corrosion resistance of welded joints. Welded joints may be done by
using filler material, and sometimes a welded joint is free of filler material. A galvanic couple
may be formed under the influence of a corrosion medium due to differences in chemical
composition between the base metal and filler material. Corrosion rate may also get affected
by base metal chemical composition and its microstructure and extent of welding zone and
HAZ [2]. The weld joint may fail due to stress corrosion cracking when subjected to stress
and corrosion medium [3]. Employing appropriate welding techniques may result in a weld
joint of superior structural strength at low cost, but residual stresses induced during the
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welding process may cause corrosion [4, 5, 6, 7]. Corrosion -inhibitors are employed for
reducing the corrosion rate. Ali Dehgani et al.[8] experimented on the use of the extract of
Borge Flower corrosion inhibitor for the corrosion of mild steel exposed to hydrochloric acid.
SEM analysis, potential dynamic polarisation & electroimpedance spectroscopic studies are
made. Hydrophobicity and morphology of the surface are investigated. M. Prabhakaran et al.
[9] investigated the influence of the nontoxic corrosion inhibitor - koraiensis leaf extract on
the corrosion of mild steel. Loss in weight is considered a parameter for corrosion tendency.
The corrosion environment is sulphuric acid, and weight loss is considered a measure of
corrosion tendency. Polarisation curves drawn indicated a Langmuir isotherm pattern for
adsorption of corrosion inhibitors on the mild steel surface. Abhinay Thakur et al. [10]
reported a comprehensive review of the use of nontoxic corrosion inhibitors. Usage of plant
extracts for reducing corrosion of Stainless steels, Copper alloys and Alluminium alloys are
reported. The corrosion inhibition mechanism and evaluation of various corrosion inhibitors
for their relative performance of extracts are reported [11]. Ziath et al. [12] investigated
corrosion of welded steel under various environments of corrosion, like distilled water, NaCl,
and hydrochloric acid. Depending on the type of welded joint, sometimes the corrosion rate
may be enhanced, or sometimes the joint design itself serves as a corrosion inhibitor.
Corrosion studies on mild steel welded joints that are made using submerged arc welding
reported that lap joints have better corrosion resistance than butt joints and corner joints.
GTAW properties of structural steels like EN31 and ENS are investigated [13]. Arc- welded
joints of EN-8 finds applications in structural and automotive components. To ensure a longer
service life of arc-welded joints, it is necessary to study the influence of the corrosion media
on the strength of arc-welded joints. In this direction, we can find few investigations in the
literature. Hence, this investigation focuses on the corrosion rate of arc-welded lap joints
under various corrosion environments. The outcome of this article is useful in applications
like pressure vessels, shipbuilding, automobile components, and bridges that employ EN8
material and enable choosing a suitable type of joint for better corrosion resistance to improve
their service life and safety.

2. Objective

This paper aims to investigate the influence of corrosion media on the corrosion rate of the
arc-welded lap joint of ENS.

3. Material

EN-8, medium carbon structural steel, extensively used in structural, marine, and automobile
applications by virtue of its good wear resistance and high strength but with moderate
corrosion resistance, is selected for investigation. Chemical composition of EN-8 steel is
tabulated in Table 1.

Table 1. Composition of EN-8 Steel.

Element Carbon Manganese Silicon Phosphorous Sulphur

% 0.43 0.85 0.25% <0.05% Traces.
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4. Experimentation

Experimentation includes producing lap-welded joints of EN-8 and then exposing prepared
joints to different corrosion atmospheres.

4.1 Preparation of sample

EN-8 steel plates of 100 mm length, 50 mm width, and 6 mm thickness are made. Dirt and
grease on plates is wiped out. To ensure proper fusion of filler material and base metal, the
edges of workpieces are made smooth.

4.2 Preparation of welded Joint

EN-8 plates are welded using the arc welding process with mild steel electrode, E7018. Lap
joints of EN-8 are prepared, to ensure proper fusion, by employing optimised welding speed
and voltage & amperage. Slag on the welded joint is removed. The prepared lap joint is
shown in Fig.1.

Fig. 1. Arc welded Lap joint.

4.3 Corrosion Studies

The purpose of this work is to study the influence of corrosive medium on corrosion rate of
lap joints of EN 8 steel welded using arc welding.

4.3.1 Preparation of Corrosive Solutions

Different corrosion media considered are a 1M HCI solution representing acidic
environments, saltwater-representing marine conditions, and distilled water-representing
neutral medium. Salt water is made by dissolving raw salt weighing 35 grams in one Liter of
distilled water. Corrosion solutions are kept in separate containers of glass. Adequate care is
exercised in the preparation of corrosion solutions so that the corrosion atmosphere is free
from contaminations.

4.3.2 Rate of Corrosion

Rate of corrosion is determined through the formula given in the following equation
Rate of Corrosion= (CxM)/ (A Xt X D) = —==—memmemmemmme (D
M=Weight loss in mg
A=Surface area in cm*= 440 cm?
t = Time of exposure (in hours)
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D=Density of En-8 Steel=7.85 gm/cc
C=87.6 when weight loss is in milli grams, Surface area is in cm? and time of exposure in
hours and density is in gm/cc.

4.3.3 Corrosion test

The weight of the arc-welded lap joint samples is determined. After weighing, the samples
are immersed in the considered corrosive media -HCI solution, salt water, and distilled water.
From corrosion atmospheres, samples are taken out, then dried, and loss in weight is
determined. Time periods considered are 2, 4, 6, 8, and 10 hours.

5. Experimental Results

Table-2 presents rate of corrosion values of arc-welded EN 8 lap joints subjected to HCI
solution of 1M concentration at different time periods of exposure, while the corrosion rate
of ENS lap joints produced using arc welding, dipped in sea water is given in Table-3 and
Table-4 shows corrosion rate while dipped in Distilled water. Figures 2., 3., and 4. show
alteration of corrosion rate of arc-welded lap joint dipped in 1M HCI solution, saltwater, and
Distilled water respectively. Arc welded lap joints immersed in 1M HCL solution, Salt water
and Distilled water for various lengths of time are shown in figures 5.,6. and 7. respectively.
It can be observed from figures 2.,3., and 4. that, in the initial periods of exposure, as fresh
metal gets exposed to the corrosion medium, the corrosion rate is high. High iron dissolution
could be the reason for this behaviour when exposed to a 1M HCI solution. When exposed
to salt water, differential aeration causes a higher corrosion rate. During the intermediate
stage there is a slight decrease in rate of corrosion, and this can be attributed to loosely
adherent products of corrosion. As exposure time increases, the corrosion rate gets stabilised,
maybe due to the formation of protective films, preventing the exposure of metal to the
corrosion medium. In distilled water, the corrosion rate in the initial periods is low, and with
the passing of time, the corrosion rate decreases due to its near-neutral nature. The rate of
corrosion registered in this case is very low compared to 1M HCI solution and salt water.
Literature reveals corrosion of arc-welded butt joints [14]. It is observed that the corrosion
rate of an arc-welded lap joint of EN8 is more than that of arc-welded butt joint of ENS.
Overlapping plates create stagnant portions and crevice formation wherein the corrosion
medium gets entrapped, leading to localised corrosion due to the formation of galvanic cells
in the case of 1M HCI and due to the formation of oxygen concentration cell, in the case of
salt water.

Table 2. Rate of corrosion of EN-8 steel lap joint immersed in HCL solution of 1M concentration.

SI. No h(nl\?; ez:ll?:ut:ge Weight loss(mg) Rate of corrosion(mm/year)
1 0 0 0
2 2 62 0.7874
3 4 130.5 0.8255
4 6 195.8 0.829
5 8 243 0.772
6 10 311.8 0.7924
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Table 3. Rate of corrosion of EN-8 steel lap joint immersed in Salt Water.

Immersion Time

SI. No (No of hours) Weight loss(mg) Rate of corrosion(mm/year)
1 0 0 0
2 2 42 0.5334
3 4 88 0.5588
4 6 132.5 0.56
5 8 178.3 0.566
6 10 225.6 0.573

Table 4. Rate of corrosion of EN-8 steel lap joint immersed in Distilled Water.

Immersion Time

SI. No (No of hours) Weight loss(mg) Rate of corrosion(mm/year)

1 0 0 0
2 2 36 0.2794
3 4 28.5 0.181
4 6 31 0.131
5 7 36 0.13
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Fig.2. Corrosion rate of arc welded EN-8 lap joint immersed HCI solution of 1M concentration
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Fig.3. Corrosion rate of arc welded EN-8 lap joint immersed in Salt water.
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Fig.4. Corrosion rate of arc welded EN-8 lap joint immersed in Distilled water.
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Fig.5. ENB8 lap joints, produced through arc welding, immersed in HCI solution of 1M
concentration. for different time periods. (a) 2hr (b) 4 hr (c) 6hr (d) 8hr.
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Fig.6. EN 8 lap joints, produced through arc welding, immersed in salt water. for different time
periods. (a) 2hr (b) 4 hr (c) 6hr (d) 8hr.
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Fig.7. EN 8 lap joints, produced through arc welding, immersed in Distilled water. for different time
periods. (a) 2hr (b) 4 hr (c) 6hr (d) 8hr.
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Weld zone HAZ Base Metal

Fig.8. Microstructures of Lap joints of EN 8 immersed in HCI solution of 1M concentration.

Weld zone Base Metal

Fig.9. Microstructures of Lap joints of EN 8 immersed in Salt water.
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Fig.10. Microstructures of Lap joints of EN 8§ immersed in Distilled water.

Table-5. Micro hardness values of EN 8 lap joint produced through Arc welding.

https://doi.org/10.1051/epjcont/202637602003

Zone Lap ig:;;:‘;ee of Lap joint in 1M Lap joint in Lap Joint in
HCI solution Salt water Distilled water.
exposure
Base Metal 184 140 165 175
HAZ 212 190 220 260
Weld Zone 220 200 232 265

5.1 Microstructural Studies

Base metal, fusion zone and HAZ microstructures of an EN8 joint produced through arc
welding immersed in HCI solution of 1M concentration, salt water and distilled water are
shown in figs.8.,9. and 10. Corrosive attack is found to be more severe in 1M HCI, and the
next rigorous medium is salt water. Mild corrosion is observed in the case of Distilled water.
It can also be seen that the corrosion attack is severe in the fusion zone and next to it is the
HAZ, whereas corrosive attack is lesser in base metal which is confirmed by microhardness
pattern given in Table 5.

6. Conclusion

The corrosion rate of an arc-welded EN 8 lap joint is studied. It is observed that the rate of
corrosion is higher in the initial periods, and with the passing of time the corrosion rate gets
stabilised. Corrosive attack is severe in 1M HCl solution followed by saltwater. The corrosion
rate is higher in the weld zone, followed by HAZ.
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