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1. Introduction

Corrosion is one of the problems that cause losses in 
the industry. Corrosion damage, such as material failure, 
device failure, and operating system failure, has a significant 
economic impact. In Indonesia, losses due to corrosion are 
estimated at trillions of rupiah. This calculation includes 
maintenance costs, material replacement, working hours, 
lost profits due to production stoppages, customer disap-
pointment, administrative fees, physical losses, and disposal. 
Therefore, corrosion must be controlled, which is very im-
portant for the economy and security [1].

Corrosion cannot be eliminated but can be prevented by 
protecting the material from the environment. One of them 
is the cathodic protection of the sacrificial anode system. 
The cathodic protection of the sacrificial anode system has 

been widely used. The design used combines experience and 
experimental data [2]. However, failure of cathodic protec-
tion will impact economic losses and the safety of human life 
and the environment.

Metal is one type of material that is widely used in 
industry. However, metal can be damaged by corrosion. 
Corrosion is an electrochemical reaction between a metal 
and its environment that causes rust and metal degrada-
tion [3]. The most widely used metal material in the indus-
try is steel, and each steel has properties depending on the 
alloying elements it contains. Nickel (Ni), chromium (Cr), 
and manganese (Mn) are alloying elements that increase the 
corrosion resistance of steel. Based on the crystal structure, 
stainless steels are classified into five groups: austenitic 
stainless steels, ferritic stainless steels, martensitic stain-
less steels, duplex stainless steels, precipitation hardening 
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One effective method to slow down metal 
corrosion rate is the impressed current cathod-
ic protection (ICCP) system. The ICCP sys-
tem is suitable for coastal applications such as 
piping systems and offshore structures. In this 
application, metal surfaces tend to be exposed 
to seawater. Specific concentrations of seawa-
ter can accelerate the occurrence of corrosion 
of metals, even though they are stainless steel 
types. This study applied the automatic ICCP 
system to stainless steel 303. Stainless steel 303 
will be immersed in simulated seawater at sev-
eral concentrations of NaCl (27 ppt, 31 ppt, 
and 35 ppt). The specimens were immersed 
in NaCl solution for three weeks or about 
504 hours at a constant temperature of 38 °C. 
After the sample has been soaked, quantita-
tive and qualitative measurements were car-
ried out. Quantitative measures include aver-
age weight loss, corrosion rate, and potential 
value. At the same time, the qualitative mea-
surements include macroscopic, Scanning 
Electron Microscopy (SEM), and Energy 
Dispersive X-Ray Spectroscopy (EDS). Based 
on quantitative measures, it was found that the 
difference in average weight loss and corrosion 
rate for each NaCl concentration was not very 
significant. The difference of each parameter is 
less than 0.1 % and 0.22 %, respectively. The 
potential value quickly reaches a steady state 
at NaCl concentrations of 27 ppt and 31 ppt in 
less than 10 seconds. The results of the SEM 
test showed a change in the metal structure. 
The oxygen (O) content in the metal after the 
EDS test showed a decrease in this element up 
to 35 % at a NaCl concentration of 35 ppt. The 
decrease in oxygen (O) can slow down the cor-
rosion rate in metals when exposed to seawater

Keywords: corrosion rate, impressed cur-
rent cathodic protection (ICCP), simulated 
seawater, stainless steel 303

UDC 621
DOI: 10.15587/1729-4061.2022.267264

Received date 07.09.2022

Accepted date 11.11.2022

Published date 30.12.2022



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 6/12 ( 120 ) 2022

14

stainless steels, welded and non-ferromagnetic. Austenitic 
stainless steels containing the Cr and Ni elements are given 
serial numbers 300 and 200 for Cr, Ni, and Mn [4]. One type 
of austenitic stainless steel widely used in industrial and 
non-industrial sectors is the SS 304 series. This type of steel 
can be used in various industries such as chemical, food, and 
pharmaceutical [5].

Although stainless steel is resistant to corrosion, it can 
still be attacked by corrosion such as uniform corrosion, 
pitting corrosion or stress corrosion cracking. An extract 
from white tea was developed for the corrosion protection 
of mild steel materials [6]. The results show that white tea 
extract can reduce the corrosion rate by up to 85 %. Pitting 
corrosion is common in austenitic steel. The effect of niobi-
um and solution treatment was investigated [7]. Niobium 
has better stability in reducing pitting corrosion. Thus, re-
search is needed on the corrosion resistance of stainless steel 
itself. A corrosion resistance test was conducted on stainless 
steel 304 by reacting it in an acid solution [8]. SS 304 steel 
and sulfuric acid reaction causes significant pitting corro-
sion on metal surfaces. On the other hand, adding NaCl can 
reduce pitting corrosion, but the corrosion rate increases [9]. 
In addition to the concentration of the corrosive medium, the 
corrosion rate is also influenced by temperature and immer-
sion time [10].

Several studies are still conducting experiments to pro-
long the life of metal from corrosion. The focus of metal used 
is stainless steel because it has good corrosion resistance. 
However, some conditions cause stainless steel to corrode. 
So, research to identify the right method to slow down the 
corrosion rate on stainless steel is still relevant.

2. Literature review and problem statement

Two metals that are connected electrically and then 
immersed in an electrolyte (seawater) are the principle of ca-
thodic protection. The difference in electric potential causes 
electrons to flow from the active metal to the other metal. 
There are two metals, the anode and the cathode, where the 
cathode is connected to the metal/specimen while the anode 
is immersed in the electrolyte. The anode is a more active 
metal, while the cathode is a less active metal, so when an 
electric current flows, it will dissolve into ions towards the 
cathode [11]. This provides protection against corrosion of 
the metal immersed in the electrolyte.

Corrosion is a decrease in metal quality due to an elec-
trochemical reaction with its environment. Corrosion is a 
process experienced by a metal that reacts electrochemi-
cally with its environment. Currently, metals are widely 
used by various industries. One of the widely used metals 
is austenitic stainless steel 303. Austenitic stainless steel 
generally consists of 2 types: type 200 and type 300. Stain-
less steel 201 and stainless steel 304 are the types that are 
widely used because they have good corrosion resistance 
properties. Stainless steels 201 and 304 can be considered 
substitutes for each other in some applications. Therefore, it 
is necessary to conduct testing to determine which metals 
are easy and difficult to degrade due to electrochemical 
reactions between metals and their environment. One 
way to reduce the potential for metal degradation due to 
the corrosion process is the addition of inhibitors in the 
system. The addition of inhibitors in the system is widely 
chosen because this method is flexible, which can provide 

protection from a less aggressive environment to a highly 
corrosive environment. In addition, this method is easy to 
use and effective because it costs little but provides broad 
protection. Many substances can be used as inhibitors to 
reduce the corrosion rate, one of which is a substance that 
can bind oxygen in the environment to reduce the corrosion 
process.

The corrosion of metals has been continuously explored 
in recent times. The study focuses on corrosion in marine, 
coastal, and pipeline structural fields. The corrosion flow 
rate in S355ML steel is used for seafront structures where 
an increase in the flow rate of the medium can accelerate 
the corrosion rate of this material [12]. Low-carbon steel 
with laminar and turbulent flow conditions was investigated 
for its corrosion effect [13], turbulent flow will increase the 
effect of surface roughness of the specimen and accelerate 
the corrosion behavior of the steel. The corrosion flow rate 
determines the corrosive level of the specimen [14, 15]. The 
flow rate was further investigated in pipelines with low-car-
bon steel material [16]. The results of this study indicate an 
increase in the corrosion rate as the flow rate increases over 
a certain time.

Cathodic protection is commonly used to protect struc-
tures from corrosion [17, 18]. One of the derivatives of the 
cathodic protection method is impressed current cathodic 
protection (ICCP) [19]. The advantage of ICCP is that it is 
more suitable for large structures and can extend the struc-
ture’s life from corrosion [20]. In addition, ICCP is an effec-
tive method of corrosion protection of electrolytes [21, 22]. 
The numerical simulation of the ICCP method was carried 
out [21] by optimizing the corrosion rate parameter. Using 
the ICCP system, the life of the material can be extended 
even if it is in an electrolyte [23]. Several studies show that 
ICCP is still widely used for corrosion protection. However, 
research related to variations in seawater salinity has not 
been widely carried out with the ICCP system on stainless 
steel 303.

Several studies on suppression of the corrosion rate 
are applied at room temperature. Meanwhile, in offshore 
applications, the temperature on the sea surface, especially 
in southern Indonesia, the island of Java, can reach 38 °C in 
summer. Therefore, applying offshore piping systems using 
stainless steel or steel alloy materials can cause corrosion 
due to exposure to seawater at a specific temperature. So, a 
method is needed to suppress the corrosion rate that occurs 
in the material. All this allows us to assert that it is expedi-
ent to conduct a study on suppression of the corrosion rate of 
stainless steel 303 (SS 303) using the automatic impressed 
current cathodic protection (A-ICCP) system.

3. The aim and objectives of the study

The study aims to suppress the corrosion on stainless 
steel 303 (SS303) with the automatic impressed current 
cathodic protection (A-ICCP) method. 

To achieve the aim, the following objectives are accom-
plished:

– to investigate variations in simulated seawater salinity 
on macroscopic morphology on stainless steel 303 (SS303) 
with the automatic ICCP system;

– to investigate variations in simulated seawater salin-
ity on weight loss and corrosion rate on stainless steel 303 
(SS303) with the automatic ICCP system;
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– to investigate variations in simulated 
seawater salinity to the potential value 
of stainless steel 303 with the automatic 
ICCP system;

– to investigate variations in simulated 
seawater salinity on micrographs with SEM 
and changes in the compound elements in 
stainless steel 303 (SS303) with the auto-
matic ICCP system.

4. Materials and methods of experiment

4. 1. Specimen preparation
In this study, a stainless steel material 

with a thickness of 5 mm was used. The 
dimensions of the test specimen are shown 
in Fig. 1. The stainless steel that has been 
cut is then sanded using abrasive paper 
(with a grit of 360, 600, 800, and 1,000) 
and then cleaned with alcohol and distilled 
water to remove dirt or rust attached to the 
stainless steel. Testing of the chemical com-
position of stainless steel materials using 
an optical emission spectrometer (OES) is 
shown in Table 1.

Based on the results of the chemical 
composition test, the type of metal used 
is a stainless steel alloy 303 with a grade 
type 303 (SS 303).

Table 1

Chemical composition (wt %) of stainless steel 303

Stainless 
steel 303

C Si Mn P S Cr Mo

0.0925 0.42 1.93 <0.0015 <0.001 >6.0 0.0334

Ni Al Cu Nb Ti V Fe

>6.0 0.42 0.0192 0.0027 <0.0002 0.11 73.2

4. 2. Impressed Current Cathodic Protection (ICCP) 
system preparation

There are three types of simulated seawater salinity 
variations (concentration of NaCl), namely 27 ppt, 31 ppt, 
and 35 ppt. Ocean water media are made with several dif-
ferent levels of salinity for inclusion in stainless steel 303. 
In addition, an automatic forced current cathodic protection 
system is made to inhibit the corrosion rate. 

The temperature was set constant at 38 °C. Fig. 2, a shows  
the electronic schematic of impressed current cathodic 
protection (ICCP). This ICCP system will later be applied 
to investigate corrosion protection efficiency on stainless 
steel 303 with several variations of artificial seawater sa-
linity.

4. 3. Specimen test method
The ICCP system as a corrosion test system used in this 

study is shown in Fig. 2, b. This system consists of several 
components: graphite anode, Ag/AgCl electrode, stainless 
steel 303, and heater. 

Fig. 3 shows the flow of corrosion testing with the 
ICCP system. The first stage starts with specimen prepa-
ration, as described at the beginning of the paragraph. The 
next step is to test the specimen with the ICCP system 
corrosion test. First, the immersion of the specimens was 
carried out for three weeks, or about 504 hours, at a con-
stant temperature. After that, several tests were carried out 
to test the results of the corrosion test specimens. Corro-
sion specimen testing includes quantitative and qualitative 
measurements.

Quantitative measurements include weight loss, corro-
sion rate, and potential measurement. Before the specimen 
is immersed into the corrosion test system, the specimen is 
weighed first to determine the initial mass. After that, the 
specimen is immersed for the specified time. The specimen 
is weighed again to determine the final mass when the cor-
rosion test is finished. The weight loss can be calculated by 
the following formula:

Fig. 1. Dimensions of the stainless steel 
specimen

Fig. 2. Schematic of impressed current cathodic protection (ICCP): 	
a – Electrical; b – Corrosion test system

a

b
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where Wf and Wo are the final and initial masses in grams, 
respectively. Corrosion rates can be assumed over the entire 
specimen surface. Calculation of the corrosion rate of the 
specimen should be carried out as follows:

( )Corrosion Rates ,s
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where W, D, A, T, and k are weight loss in %, specimen densi-
ty in g/cm3, specimen area in cm2, corrosion testing time in 
hours, and a constant. Potential measurements were carried 
out on the specimen after being connected to the graphite 
anode and Ag/AgCl electrode. A digital voltmeter is used for 
this potential measurement.

Qualitative measurements include macroscopic, Scan-
ning Electron Microscopy (SEM), and Energy Dispersive 
X-Ray Spectroscopy (EDS). Macroscopic observations were 
made before the specimen was tested for corrosion and after 
being tested for corrosion with several variations of artificial 
seawater salinity. A low-magnification digital microscope is 
used for macroscopic observations. The next step is SEM 
testing on the surface of the corroded specimen. Then chang-
es in atomic compounds on the surface of the specimen are 
measured with the EDS test. After the specimens had been 
soaked for 504 hours, these tests were carried out.

5. Results of the experiment on the effect of simulated 
seawater on the corrosion of stainless steel 303

5. 1. Macroscopic morphology on stainless steel 303 
(SS303) with the automatic ICCP system

After being tested for corrosion for 504 hours, stainless 
steel 303 specimens were then visually observed for corro-
sion. Fig. 4 shows a macroscopic view of the specimen before 
and after being tested for corrosion by the ICCP system. 
Fig. 4, a is the initial condition of the specimen where there 
is no corrosion. At 27 ppt salinity, the specimen started to 
corrode at the top, as shown in Fig. 4, b. Furthermore, the 
salinity was increased to 31 ppt, where the surface of the 
specimen experienced severe corrosion (Fig. 4, c). While 

Fig. 4, d has a salinity of 35 ppt, it can be seen that a lot of 
corrosion occurs on the surface of the specimen.

Research on the flow rate of electrolytes has been car-
ried out in [24]. The research used three flow rates, namely  
0.7 mL/min, 7 mL/min and 14 mL/min. The increase in the 
corrosion rate is very significant from the first to the third 
variation. The results of macroscopic observations of several 
variations of the electrolyte flow rate are shown in Fig. 5. With 
a flow rate of 0.7 mL/min in Fig. 5, a, the specimen begins to 
corrode at the edges. When the flow rate is increased 10 times, 
the corrosion potential will increase as expressed in Fig. 5, b. 
Subsequently, the flow rate was increased by 2 times and the en-
tire surface of the specimen was corroded as shown in Fig. 5, c.

This study shows that the NaCl concentration parameter 
influences the corrosion rate. In another study, the elec-
trolyte flow rate also affects the corrosion rate. Stainless 
steel 303 with corrosion resistance can also have its surface 
corroded if exposed to liquid electrolytes at a specific con-
centration or flow rate. So the ICCP system can slow down 
the corrosion rate in stainless steel 303.

5. 2. Weight loss and corrosion rate on stainless steel 
303 (SS303) with the automatic ICCP system

Weight loss is a quantitative measure of the average cor-
rosion rate as the difference between the specimen’s initial 

Fig. 3. Corrosion testing flowchart

Corrosion test 
system 

Test specimens 
and preparation 

ICCP System: 
Steel alloy, graphite anode, 
electrode Ag/AgCl, Heater

Test methods 

Stainless Steel 303: 
Length×width= 

=150 mm×100 mm 
Exposure area=1.1 cm2

Qualitative measurement: 
Macroscopic, SEM&EDS 

Quantitative 
measurement: Weight 
loss, corrosion rate, 

potential

Fig. 4. Macroscopic morphology of stainless steel 303: 	
a – before the test; b – 27 ppt; c – 31 ppt; d – 35 ppt

a b

c d

Fig. 5. Morphology macrograph at different electrolyte flow 
rates [24]: a – 0.7 mL/min; b – 7 mL/min; c – 14 mL/min

a 

b

c
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mass and the specimen’s final mass. Fig. 6, a shows the av-
erage weight loss in several variations of artificial seawater 
salinity. For example, samples with 27 ppt have a weight loss 
of 0.00915 g, while the weight loss at 31 ppt and 35 ppt is 
0.00917 g and 0.00917 g, respectively. The average weight 
loss of the three samples did not differ much less than 0.1 %. 
Based on the average weight loss results, the salinity param-
eter of 31 ppt is the largest in weight loss.

Corrosion rates for the salinity of 27 ppt, 31 ppt, and 
35 ppt are presented in Fig. 6, b. The corrosion rate of the 
three samples was not much less than 0.001 mmpy. Therefore, 
salinity 27 ppt corrosion rate that occurs is 0.24002 mmpy. 
Then for the salinity of 31 ppt and 35 ppt, the corrosion rates 
were 0.24107 mmpy and 0.24055 mmpy, respectively. So, the 
corrosion rate with a salinity of 31 ppt is the largest among 
other salinity parameters.

5. 3. Potential measurement on stainless steel 303 
(SS303) with the automatic ICCP system 

The potential value for corrosion and steel protection in the 
seawater environment using the Ag/AgCl reference electrode 
is in the minimum range of ‒0.800 V to ‒1.100 V. If it is more 
negative than ‒1.100 V, it will generate hydroxy ions, which 
results in a very wet environment and high pH. This can lead to 
the start of cathodic release in the metal layer. Fig. 7 shows the 
results of measuring potential values during the ICCP process.

The measurement of the potential value on the sample 
was carried out for 60 seconds at a salinity of 27 ppt, 31 ppt, 
and 35 ppt. Salinity at 31 ppt gives the smallest potential val-
ue, while salinity at 35 ppt gives the greatest potential value. 
Therefore, the potential value will be the steady state at 10 sec-
onds at a salinity of 27 ppt and 31 ppt. However, for 35 ppt 
salinity, the potential value goes up and down every 10 seconds.

5. 4. Scanning Electron Microscopy and Energy 
Dispersive X-Ray Spectroscopy on stainless steel 303 
(SS303) with the automatic ICCP system 

Scanning Electron Microscopy (SEM) observations 
were carried out to see the morphology of the surface mi-
crograph of the specimen. Fig. 8, a shows the results of SEM 
observations before the specimen was tested for corrosion 
according to the red box in Fig. 4, a. SEM observations 
show no visible corrosion because the specimen has not been 
immersed in seawater.

The red box in Fig. 8, a is then used for the EDS test area, 
the results of the EDS test are presented in Fig. 8, b. The dis-
play of the EDS test results of stainless steel 303 samples before 
immersion shows some chemical elements such as iron (Fe), 
oxygen (O), chromium (Cr), nickel (Ni), magnesium (Mg) and 
silicon (Si). The element that is dominant in stainless steel 303 
is iron (68.44 %). The iron element is susceptible to corrosion, 
so automatic ICCP is hoped to suppress the corrosion rate.

SEM observed a salinity of 27 ppt on the specimen sur-
face in the red box area in Fig. 4, b. The results of the micro-
graph of the specimen surface are shown in Fig. 9, a. There is 
visible corrosion in some areas. EDS then tests the red box 
area in Fig. 9, a to determine changes in the compound after 
corrosion occurs on the metal surface. Fig. 9, b shows the 
results of the EDS test at a salinity of 27 ppt.

The results of the EDS test on stainless steel 303 sam-
ples with auto-cathodic protection treatment showed sev-
eral chemical elements, including oxygen (O), sodium (Na), 
magnesium (Mg), silicon (Si), sulfur (S), chlorine (Cl), 
chromium (Cr), manganese (Mn), iron (Fe) and nickel (Ni). 
One of the corrosion products whose value is reduced is 
oxygen – by 23.94 %, so reducing the amount of oxygen in 
the material can directly reduce the corrosion rate. The iron 
content is also still high, around 51.28 %, so the corrosion 
rate can be well controlled from this EDS data. 

Observation of the corroded surface in the red box area 
of Fig. 4, c continued with SEM testing. With a salinity of 
31 ppt, it can be seen that the entire surface is corroded. 
Fig. 10, a shows the results of surface observations with 
SEM at a salinity of 31 ppt. Furthermore, the red box area 
in Fig. 10, a was observed with EDS to determine changes 
in the compound after corrosion occurred. The results of the 
EDS test at a salinity of 31 ppt are presented in Fig. 10, b.

The EDS results provide information related to the ele-
ments contained in the automatic ICCP stainless steel 303 
material in synthetic seawater with NaCl 31 ppt and a 
temperature of 38 °C, namely elements of carbon (C), 
oxygen (O), sodium (Na), silicon (Si), chlorine (Cl), chro-

Fig. 6. Quantitative measurement: a – average percentage 
weight loss; b – corrosion rate

a

b

Fig. 7. The curve of potential stainless steel 303 in some 
seawater salinity
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mium (Cr), iron (Fe) and nickel (Ni). In this condition, the 
oxygen element is still in approximately the same amount as 
the NaCl condition of 27 ppt of 24.37 %. However, the iron 
content was much reduced from the previous condition of 
10.30 %, much smaller than the experiment at 27 ppt.

Fig. 4, d  has a red box, which is the SEM testing area. 
Based on micrograph observations, it can be seen that some 
corrosion is shown in Fig. 11, a. Furthermore, the EDS test is 
carried out in area IV in the red box in Fig. 11, a. Finally, the re-
sults of the EDS test for 35 ppt salinity are shown in Fig. 11, b.

Fig. 8. Qualitative measurement: a – micrograph with Scanning Electron Microscope; b – Energy Dispersive X-Ray 
Spectroscopy before corrosion test

a b

Fig. 9. Qualitative measurement: a – micrograph with Scanning Electron Microscope; b – Energy Dispersive X-Ray 
Spectroscopy for 27 ppt salinity

a b

Fig. 10. Qualitative measurement: a – micrograph with Scanning Electron Microscope; b – Energy Dispersive X-Ray 
Spectroscopy for 31 ppt salinity

a b

Fig. 10. Qualitative measurement: a – micrograph with Scanning Electron Microscope; b – Energy Dispersive X-Ray 
Spectroscopy for 31 ppt salinity

a b
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EDS results for stainless steel 303 samples immersed 
in synthetic seawater with 35 ppt salinity and in automatic 
ICCP are presented. The chemical elements detected were 
iron (Fe), chromium (Cr), nickel (Ni), oxygen (O), magne-
sium (Mg), manganese (Mn), and silicon (Si). One of the 
reduced corrosion products is oxygen – by 18.65 %, smaller 
than the previous conditions, both at 27 ppt and 31 ppt. So, 
the corrosion rate on the material can be more maximally 
controlled. The reduced oxygen element decreases the hy-
drogen embrittlement process.

6. Discussion of the results of the effect of simulated 
seawater on corrosion of stainless steel 303

This research is based on several previous stud-
ies [11, 17, 24, 25] discussing the ICCP method to suppress 
the corrosion rate of metals. The ICCP method is a general 
method that is widely applied to reduce the corrosion rate. 
Rainwater/seawater simulations were carried out by several 
researchers using flow rate as the main parameter. In ad-
dition, some use sand on the coast in an area as a medium. 
Finally, some tests were carried out at room temperature due 
to adjustment of metal placement. So, from several studies 
that have been carried out, further research is needed on 
how to suppress the corrosion rate of stainless steel 303 at 
several concentrations of NaCl with high temperature condi-
tions. This section discusses the effect of NaCl concentration 
on macroscopic morphology, weight loss, corrosion rate, 
potential value, and SEM and EDS.

The macroscopic morphology of stainless steel 303 with 
simulated seawater salinity of 27 ppt, 31 ppt, and 35 ppt is 
shown in Fig. 4. The greater the salinity of seawater, the more 
corrosion occurs on the metal surface. For example, at the 
level of NaCl concentration of 27 ppt, only the upper surface 
rust occurred, while at the NaCl concentration of 31 ppt and 
35 ppt, rust occurred on the entire metal surface. Another 
study showed the same thing [24], but different parameters 
used the flow rate of electrolyte and on high-strength steel 
wire materials commonly used in bridge construction. The 
greater the electrolyte flow rate, the faster the corrosion pro-
cess will occur. This test is based on visual results after the 
metal has been immersed in simulated seawater for 504 hours 
at a constant temperature of 28 °C. Furthermore, to analyze 
the effect of variations of simulated seawater on corrosion, 
quantitative (weight loss, corrosion rate, potential value) and 
qualitative (SEM & EDS) analyses were carried out.

Quantitative analysis includes calculating weight loss, 
corrosion rate, and potential value. Average weight loss in all 

variations of salinity has a difference of less than 0.1 %. The 
weight loss after the corrosion test for all specimens was less 
than 0.001 grams. So, the salinity of simulated seawater has 
no significant effect on weight loss. This is because the vari-
ation in salinity used is not much different, the difference is 
only 0.4 ppt for each parameter. Another study showed that 
the immersion time of the metal and the type of electrolyte 
had an effect on weight loss [25]. The corrosion rate on 
metals in several variations of simulated seawater salinity 
shows a difference of less than 0.22 %. The corrosion rate of 
stainless steel 303 did not experience a significant difference 
even though they were immersed in different concentrations 
of NaCl. This is caused by the effect of automatic ICCP. To 
suppress the corrosion rate of the ICCP system, the potential 
value is controlled with a value range of ‒0.8 V to ‒1.1 V. 
With this potential value set, the cathodic release to the 
metal can be maximized. The highest concentration of NaCl 
is difficult to obtain a steady state potential value. At the 
same time, the other NaCl concentrations can reach steady 
state values before 10 seconds. The same phenomenon oc-
curred in [24], where the difference in the electrolyte flow 
rate and the difference in potential value will affect the 
corrosion rate.

The results of the SEM and EDS tests showed changes 
in the structure and chemical elements of the metal before 
being immersed in NaCl solution and after being immersed 
in NaCl solution at various concentrations. The dominant 
chemical elements before the metal is immersed are iron (Fe) 
(53 %) and oxygen (O) (51 %). These two chemical elements 
influence the occurrence of corrosion. After the metal is 
immersed in several concentrations of NaCl, the chemical 
elements iron (Fe) and oxygen (O) decrease in value. The 
values of the chemical element iron (Fe) at concentrations 
of NaCl 27 ppt, 31 ppt, and 35 ppt were 51 %, 10 %, and 
52 %, respectively. While the chemical element oxygen (O) 
with a concentration value of 27 ppt NaCl is 23 %, NaCl 
31 ppt ‒ 24 %, and NaCl 35 ppt ‒ 18 %. So, after the metal 
is immersed, the value of the chemical element oxygen (O) 
decreases at each concentration of NaCl. By reducing the 
oxygen element, the corrosion rate can be controlled to the 
maximum. The hydrogen embrittlement process will de-
crease as the oxygen element decreases [26].

The results of this study indicate that the A-ICCP sys-
tem can suppress the corrosion of stainless steel. In previous 
studies, few have discussed the effect of NaCl concentra-
tion, especially at high temperatures. Most studies were 
conducted at room temperature. Seawater temperature also 
influences the corrosion rate. The temperature of the elec-
trolyte affects the process of corrosion. This is because as 

Fig. 11. Qualitative measurement: a – micrograph with Scanning Electron Microscope; b – Energy Dispersive X-Ray 
Spectroscopy for 35 ppt salinity

a b
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the temperature increases, the kinetic energy of the particles 
also increases, so the possibility of a practical collision in a 
redox reaction increases. Thus, the corrosion rate of the met-
al increases. In addition, the salinity level of seawater (NaCl 
concentration) is vital in the occurrence of metal corrosion. 
Corrosion is oxidizing a metal with air or other electrolytes, 
where the air or electrolyte will undergo reduction. Com-
pounds in nature that include electrolyte solutions are acidic 
rainwater or seawater containing salt. Salt is a chemical 
compound that either oxidizes or reduces, so the higher the 
level of salt, the higher the corrosion rate.

The results of this study still have some limitations. Al-
though, for example, the potential value test is carried out 
only once, it is recommended to be carried out periodically 
at intervals of several days. This is important to determine 
changes in the potential value of the electrolyte solution 
from the ICCP system. In addition, it is necessary to con-
duct XRD testing to observe the composition of corrosion 
products with the ICCP system. Furthermore, further test-
ing is needed to characterize the corrosion rate of metals 
using the electrochemical impedance spectroscopy (EIS) 
method. So, adding some of these tests can give a complete 
characterization of the corrosion rate on stainless steel 303. 
Some of these things can be considered for further research, 
both theoretically and practically.

In practical applications, the level of salinity (NaCl 
concentration) and sea surface temperature are important 
factors for metal corrosion. This is a factor that is not con-
trolled by external factors. Further research can be carried 
out in advance on the coast of the level of salinity (NaCl 
concentration) and sea surface temperature from morning 
to night. So, the initial data obtained are the minimum and 
maximum levels of salinity and the minimum and maximum 
temperatures. Furthermore, these parameters were tested on 
a laboratory scale for several metals.

7. Conclusions

1. Macroscopic morphology at several NaCl concentrations 
showed differences. The greater the concentration of NaCl, the 
faster the corrosion rate will be. The metal surface is completely 
corroded with NaCl concentrations of 31 ppt and 35 ppt. 

2. Average weight loss and corrosion rate are quanti-
tative measures of metal after immersion in NaCl solution 
(27 ppt, 31 ppt, and 35 ppt). The average weight loss and 
corrosion rate of the three NaCl concentrations did not differ 
much less than 0.1 % and 0.22 %, respectively. The average 
weight loss starts from 0.00915 – 0.00919 grams, while the 
corrosion rate has a value from 0.24002 – 0.24107 mmpy.

3. The potential value is set in the range of –0.8 V to 
–1.1 V, where with a NaCl concentration of 35 ppt, the 
potential value is difficult to reach a steady state value. 
Meanwhile, NaCl concentrations of 27 ppt and 31 ppt can 
reach potential values in steady-state conditions in less 
than 10 seconds.

4. The SEM test shows that there is a change in metal 
structure due to corrosion. At the same time, the EDS test 
showed a decrease in the oxygen element (O) up to 35 % at a 
NaCl concentration of 35 ppt. 
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