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ABSTRACT

ENHANCING CORROSION RESISTANCE OF AISI-1010 IN RSG-GAS SECONDARY
COOLING PIPES THROUGH INHIBITOR COMPOUND INTERVENTION. The secondary cooling
pipes of RSG-GAS utilize AlISI-1010, facilitating water circulation directed to the cooling tower after
heat absorption from the primary coolant in the heat exchanger. The subsequent dissipation of heat
through the cooling tower into the ambient air aims to uphold the primary coolant's temperature
below 40°C. This study focuses on evaluating the impact of inhibitor compounds on the corrosion
behavior of AISI 1010. Employing FTIR and GCMS techniques, the inhibitor compounds were
analyzed, complemented by visual and SEM examinations for surface morphology. The corrosion
rate, influenced by the inhibitor, was quantified using a potentiostat. FTIR analysis revealed a
spectrum of functional groups, encompassing O-H, N-H, aromatic compounds, C=0, C-O, and
phosphate. Nitrogen, oxygen, and phosphorus elements within the inhibitor exhibited binding
interactions with iron in the material. GCMS identified prominent compounds like 1H-Benzotriazole
(RTs 14.4469 & 14.7746) - which is a major corrosion inhibitor indicated by its high peak and area
percentage, Trans-1-methyl-2-nonyl-cyclohexane (RT 6.6834) as primary constituents of the
inhibitor. Visual inspection post-immersion in a 150-ppm inhibitor solution showcased a lack of
corrosion products on AISI 1010, contrasting with visible corrosion on the material without an
inhibitor. SEM analysis confirmed a protective layer formation. The addition of the inhibitor at
150 ppm significantly enhanced AlISI 1010's corrosion resistance, evidenced by a 46.71% reduction
in the corrosion rate. This underscores the efficacy of the inhibitor in mitigating corrosion effects on
AISI 1010, contributing valuable insights for materials in similar cooling system applications.

Keywords: Secondary cooling pipes, inhibitors, corrosion behavior, RSG-GAS.
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INTRODUCTION

The Multipurpose Research Reactor
G.A Siwabessy (RSG-GAS) was constructed
starting in 1983, achieving its first critical
milestone in July 1987 and subsequently
inaugurated by the President of Indonesia on
August 20, 1987 [1]. RSG-GAS boasts a
maximum thermal power of 30 MW and an
average neutron flux of 10* n/cm2.s?
originating from fission reactions [2] This
reactor incorporates two cooling systems: the
primary and secondary cooling systems, both
utilizing water as the cooling fluid.
Demineralized water in the primary cooling
system functions as a coolant for the reactor,
neutron moderator, and thermal neutron
shield [3],[4],[5].

RSG-GAS is categorized as a
material testing reactor (MTR). Due to its high
neutron flux, the core of RSG-GAS is utilized
to produce radioisotopes, irradiation of power
reactor fuel elements, neutron activation
analysis, and non-destructive testing [6].The
design of RSG-GAS incorporates low-
enriched fuel (19.75%) to mitigate the risk of
nuclear fuel proliferation or diversion towards
nuclear weapons [7],[8],[9],[10]. However, the
low-enriched fuel design poses challenges, as
resulting in either a too-short or too-long cycle
life for fuel in plate-type research reactor cores
like RSG-GAS. This circumstance adversely
affects the reactor's effectiveness and
efficiency during operation, decreasing its
economic viability [11],[12],[13],[14].

The construction of the RSG-GAS
plays a critical role in the overall efficiency and
safety of the nuclear power plant. One of the
key components of the RSG-GAS design is its
integration with the secondary cooling system.
The secondary cooling pipe connects the
RSG-GAS to the cooling loop, allowing heat
transfer from the reactor core to the secondary
circuit. The design of the secondary cooling
pipe must ensure minimal heat loss, durability,
and resistance to corrosion under high-
temperature and high-pressure conditions.
Detailed engineering of the pipe and its
integration with the RSG-GAS ensures
seamless heat exchange, which s
fundamental to the operational stability and
safety of the plant.

The secondary cooling pipes of RSG-
GAS are constructed from AISI-1010 material
[3]. However, other materials, such as AlSI-
304 and AISI-316, are also commonly used for

secondary cooling pipes due to their corrosion
resistance and mechanical properties.
AISI-304, for example, is favored for its
resistance to oxidation and corrosion in many
industrial applications, while AlSI-316 offers
superior corrosion resistance, especially in
chloride  environments. Despite these
alternatives, AISI-1010 is chosen for its cost-
effectiveness, availability, and sufficient
mechanical properties to withstand the
operating conditions within the reactor cooling
system. The movement of water within these
secondary pipes is directed towards the
cooling tower following the absorption of heat
from the primary coolant in the heat exchanger
[10],[13],[15]. Subsequently, the heat
contained in the secondary coolant is
dissipated through the cooling tower into the
ambient air surrounding the reactor. This
process maintains the temperature of the
primary coolant below 40°C [9],[16].

Ensuring nuclear reactor safety is
paramount, with specific attention directed
towards the secondary cooling system
[11],[15]. The open recirculation system
employed in the RSG-GAS facilitate sample
opportunities for oxygen ingress, leading to
potential interactions with secondary cooling
components [7],[15]. Consequently, mitigating
the corrosion of process materials in this
environment presents a significant challenge
[8],[11]. Although corrosion is an inevitable
process, its rate can be managed through a
range of strategies, such as meticulous
material  selection, chemical treatment,
coating application, cathodic protection, and
anodic protection [8],[17],[18]. Among these
corrosion control methods, chemical treatment
stands out, particularly through the addition of
inhibitors—chemicals designed to reduce
corrosion rates by forming a protective
passive film [19],[20],[21],[22].

Inhibitors can be classified into three
types: cathodic, anodic, and adsorption
inhibitors  [23],[24],[25]. Anodic inhibitors
adsorb on the anodic portion, forming a
passive film to protect metals from corrosion,
while cathodic inhibitors influence cathodic
reactions [26],[27]. Absorption inhibitors,
subdivided into organic and inorganic
inhibitors, form layers on material surfaces.
various treatments have been applied, such
as the addition of scale corrosion inhibitors,
bioxide and nonbioxide inhibitors, and sulfuric
acid to control pH within the range of 6.5 to
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8.5 [3]. Siskem, an industrial inhibitor brand, is
currently integrated into the secondary cooling
system for the stated purposes.

Previous studies have explored the
impact of Nalco, an inhibitor, on the corrosion
rate of the secondary cooling system.
Concentration optimizations have been
suggested, such as 100 ppm according to
Diyah EL [28]. Sofia's research further
indicated an effective concentration of 35% for
the inhibitor [29]. In this context, the siskem
inhibitor, chosen for its economic feasibility
and comparable performance to Nalco,
underwent investigation . This research aimed
to identify active compounds in the siskem
corrosion inhibitor using Fourier Transform
Infrared Spectroscopy (FTIR) and Gas
Chromatography-Mass Spectrometry (GCMS)
assessing its efficiency when applied to AlSI-
1010 material in the RSG GAS secondary
cooling system.

Siskem corrosion inhibitors may
contain compounds like phosphate and
nitrate, functioning to prevent corrosion and
scale formation. Phosphate, binding to Fe on
the base metal, forms FePO4 with covalent
bonds, creating a protective layer against
oxygen attack. The study sought to
understand the composition of compounds in
the siskem corrosion inhibitor and its impact
on the corrosion rate in the RSG-GAS
secondary cooling system. Experimental
measurements, varying inhibitor
concentrations (0 ppm, 50 ppm, 100 ppm, and
150 ppm), were conducted to determine the
corrosion rate.

METHODOLOGY
Specimen and Solution Preparation

The materials used in this study
included AISI-1010 carbon steel, sourced as
the secondary cooling pipe material for the
RSG-GAS reactor. The AISI-1010 specimens
were cut into cylindrical plates of 1.6 cm in
diameter and 0.3 cm in thickness. The
specimens were polished using sandpaper
400, 800, 1200 mesh to remove any surface
oxides and to achieve a smooth surface. After
polishing, the specimens were cleaned with
distiled water and dried. The prepared
specimens were stored in a desiccator until
use. For the immersion tests, raw water
sourced from the secondary cooling system of
RSG-GAS was used as the corrosive medium,
that the raw water composition is 147 uS/cm

conductivity, 0.04 ppm Fe, 5 ppm S04%,
23 ppm silica HR, 23 ppm P reactive, 9 ppm
CI, 32 ppm Ca, 24 ppm SiOz2 [5]. The corrosion
inhibitor solutions were prepared at different
concentrations (0 ppm, 75 ppm, 100 ppm, and
150 ppm) using the raw water as the solvent.

Corrosion Inhibitor Preparation

The corrosion inhibitor used in this
study was Siskem, an industrial inhibitor brand
chosen for its economic feasibility and
performance. The inhibitor was prepared by
dissolving the required amount in distilled
water to achieve different concentrations:
0 ppm, 75 ppm, 100 ppm, and 150 ppm. The
solution was stirred thoroughly to ensure
homogeneity. The prepared inhibitor solutions
were stored in airtight containers to prevent
contamination and degradation. Fourier
Transform Infrared Spectroscopy was
employed to identify the functional groups
present in the inhibitor compounds. The FTIR
spectra were recorded in the range of
4000-500 cm™. The GCMS was utilized to
analyze the chemical composition of the
corrosion inhibitor. The GCMS analysis
involved injecting a 1 pL sample into the
system, with n-hexane as the preparation
medium and helium gas as the carrier. The
analysis was performed in qualitative mode,
with the chromatography parameters set as
follows: column temperature of 250°C, 30 m
long HP-5MS column, helium carrier gas flow
rate of 1 mL/min, and retention time of
5.2 minutes. The mass spectrometry
parameters included electron ionization mode
(El), mass range of 50-550 m/z, and ion
abundance detection in the full scan mode.

Surface Analysis

The surface morphology of the
AISI-1010 specimens was analyzed using
Scanning Electron Microscopy (SEM), Models
include the JSM-IT710HR. SEM analysis was
conducted on specimens before and after
immersion in the inhibitor solutions. The SEM
images were taken at magnifications of 100X
and 500X to observe the surface features and
the formation of any protective layers. include
the JSM-IT710HR. SEM analysis was
conducted on specimens before and after
immersion in the inhibitor solutions. The SEM
images were taken at magnifications of 100X
and 500X to observe the surface features and
the formation of any protective layers.
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Electrochemical Test

The corrosion behavior of AlSI-1010
in the presence of the corrosion inhibitor was
evaluated using electrochemical tests. The
tests were conducted using an EG&G
Potentiostat/Galvanostat Model 273. The
corrosion rate was determined using Tafel
polarization measurements. The polarization
was performed over a potential range of
-250 mV to +250 mV vs. open circuit potential,
with a scan rate of 1 mV/s. These parameters
ensure that the resulting PDP (Polarization
Resistance) curve is consistent with the test
conditions. The electrochemical tests were
conducted using several technigues, including
Open Circuit Potential (OCP), Electrochemical
Impedance  Spectroscopy (EIS), and
Potentiodynamic Polarization (PDP). OCP
was used to measure the corrosion potential
of the material under open circuit conditions.
EIS was employed to evaluate the impedance
response and corrosion resistance over a
range of frequencies. The corrosion rate was
determined using PDP measurements, which
involved scanning the potential in a controlled
manner to obtain the polarization curve. The
AISI-1010 specimens were immersed in the
inhibitor solutions at different concentrations
(O ppm, 75 ppm, 100 ppm, and 150 ppm) and
the corrosion potential (Ecorr) and corrosion
current density (lcor) were measured. The
corrosion rate was calculated based on the
Tafel extrapolation method. The experimental
setup followed ASTM G3-89 standards for
sample preparation and test procedures. The
tests were conducted at room temperature to
simulate the actual operating conditions of the
secondary cooling system. The results were
used to evaluate the efficiency of the corrosion
inhibitor in reducing the corrosion rate of AISI-
1010. The results were used to evaluate the
efficiency of the corrosion inhibitor in reducing
the corrosion rate of AISI-1010. The efficiency
of the corrosion inhibitor was calculated using
the equation (1).

CR non.Inh—CR Inh
CR non.Inh

E(%) = x 100 ()
where CR non Inh and CR Inhibitor represent
the corrosion rates of AISI-1010 without and
with the addition of the corrosion inhibitor,
respectively. This formula quantifies the
percentage reduction in corrosion rate
attributed to the inhibitor's performance.

The Langmuir adsorption isotherm
equation was used to evaluate the adsorption
behavior of the inhibitor molecules on the
surface of AISI-1010. The calculation is
expressed as equation (2).

C 1

6 Kads +C (2)
Where C is the concentration of the inhibitor in
the solution (ppm), 6 is the surface coverage
of the inhibitor on the metal, and Kags is the
adsorption  equilibrium  constant, which
indicates the strength of the adsorption
process. To determine the free energy of
adsorption(AGags), the relationship is written in
equation (3).

AGadgs= — RT In Kads (3)

Where R is the universal gas constant
(8.314J/mol.K), and T is the absolute
temperature (K). This equation provides
insights into the nature of the adsorption
process:

a. AGags Vvalue less negative than
-20 kJd/mol, suggests physisorption,

b. AGass value between -20kJ/mol and
-40 kJ/mol indicates a mixed mechanism
of physisorption and

c. AGags value more negative than
-40kd/mol points to chemisorption
involving stronger chemical bonds.

RESULT AND DISCUSSION
FTIR Analysis

FTIR spectroscopic analysis relies on
the distinctive features of functional groups
present in corrosion inhibitors. The FTIR
spectra of the inhibitor samples were acquired
using the Shimadzu FTIR model, spanning the
IR region with a frequency range of 4000 — 500
cm? is shown in Figure 1.
Chemical composition of RSG-GAS
secondary pipe

The examination of the chemical
composition present in the carbon steel
material utilized as the secondary cooling pipe
material in the RSG-GAS has been
systematically conducted in the metallurgy
and materials laboratory at Universitas
Indonesia, as outlined in Table 1. The carbon
steel, specifically AlSI 1010, demonstrates a
notably low carbon content, thereby
classifying it as possessing low strength yet
high ductility.
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Figure 1. FTIR analysis of inhibitor.
Table 1. The elemental composition of the secondary pipes of RSG GAS
Fe C Si Mn Cr Cu Ni S P

99.52% 0.060% 0.004% 0.289% 0.17% 0.055% 0.24% 0.017% 0.008%

Analysis of Active Compounds in Analysis of Dimethyl phosphonate Compound
Inhibitors Using GCMS (RT 5.6878) - Found at a relatively small

The corrosion inhibitor compounds percentage, indicating a small presence in the
were analyzed using GCMS. The spectrogram sample. Chloromethyl thiocyanate
data generated from the corrosion inhibitor (RT 6.1793) - Another minor component of the
yielded a fragmentation pattern, illustrated in sample, with a low qualitative score. Ethane,
Figure 2. The chromatogram data of the 1,1,2,2-tetrachloro- (RT 6.2423) - Its moderate
corrosion inhibitor unveiled various peaks. area percentage indicates that it is an
Major peaks in chromatograms with important component of the inhibitor
appropriate  retention times: peaks at formulation. Trans-1-methyl-2-nonyl-
5.685 minutes, 6.245 minutes, 6.685 minutes, cyclohexane (RT 6.6834) — present in smaller
main peak at 14.442 minutes, peaks at 14.773 amounts compared to other compounds.
minutes, 15.984 minutes, and 17.135 minutes. 1H-Benzotriazole (RTs 14.4469 & 14.7746) -
The highest peaks usually represent the is @ major corrosion inhibitor indicated by its
compounds with the highest concentrations in high peak and area percentage. Table 2
the sample, but can also becaused by the high Chemical compounds of inhibitor identified by
detector response to those compounds. GCMS.
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Figure 2. Spectrogram of analysis of corrosion inhibitor compounds was executed using GCMS.

Table 2. Chemical compounds of inhibitor identified by GCMS.

No RT Area Pct Library/ID Ref

1 5.6878 7.0346 Dimethyl methyl phosphonate 11723
2 6.1793 1.9311 Chloromethyl thiocyanate 5775
3 6.2423 3.5356 Ethane, 1,1,2,2-tetrachloro- 41600
4 6.6834 2.1512 Trans-1-methyl-2-nonyl-cyclohexane 104614
5 14.4469 70.1367 1H-Benzotriazole 10331
6 14.7746 10.1068 1H-Benzotriazole 10330
7 15.9845 0.7918 Tetradecane 74006
8 17.1313 4.3123 Heptadecane 123960

Ultrasonic-visible Analysis

Quantitative analysis of
orthophosphate was carried out using an
ultrasonic-visible spectrophotometer model
carry 50, the orthophosphate concentration in
the inhibitor was 4.2 ppm. this means that in
1000 mL of inhibitor there was 4.2 mg of
phosphate

Visual Analysis

The outcomes of the analysis of AISI-
1010 coupons submerged in secondary
cooling water under two distinct treatments
are illustrated in Figure 3. The AISI-1010
coupon subjected to immersion without an
inhibitor (Fig. 3a) manifests a substantial
corrosion process in contrast to the
counterpart treated with an inhibitor (Fig. 3b).
In the absence of a corrosion inhibitor, the
metal surface becomes susceptible to the

corrosive elements present in water, resulting
in an accelerated oxidation process and
material  degradation. = The  corrosion
phenomenon manifests through chemical
reactions between the metal and
environmental factors, such as oxygen and
other corrosive agents within the water matrix.
Conversely, introducing a corrosion inhibitor
into water establishes a protective layer on the
surface of  AISI-1010, impeding or
decelerating the corrosive reactions. This
inhibitor creates a barrier that mitigates the
interaction between the metal and the
corrosive elements present in the water,
thereby diminishing the corrosion rate.
Consequently, the corrosion inhibitor acts as a
preventive  measure, augmenting the
corrosion resistance of AISI-1010 and
mitigating the adverse effects of exposure to
the agqueous environment.
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Figure 3. Visual observation of AISI-1010
carbon steel, immersion without
inhibitor (a); and with inhibitor (b).

SEM Analysis

The scanning electron microscope
(SEM) test is employed to scrutinize the
surface morphology of materials [10], [13],
[15]. In this study, the SEM test was conducted
on two distinct samples: AlSI-1010 specimens
without inhibitors and AISI-1010 specimens

with inhibitors. The outcomes of the SEM test
are depicted in Figure 4 and Figure 5. In
Figure 4, the SEM test results for AISI 1010
without inhibitors are presented, 4a. an image
magnified 100x and 4b an image magnified
500x, involving an initial pickling process to
cleanse corrosion products resulting from
interaction with ambient air using an HCI
solution. Figure 4(a) presents the surface
material with inhibitor that an image magnified
at 100X, revealing minor porosity on the
surface of AISI-1010. In contrast, Figure 4(b)
depicts an image magnified at 500X,
showcasing spheroidal circles attributed to the
pickling process. The surface of AlSI 1010, as
observed with SEM, indicates the presence of
a base material image with porosity,
magnifying into a spheroid. This spheroidal
formation facilitates interaction with oxygen,
rendering the material susceptible to
corrosion.

-

oy 2

Figure 5. SEM images of AlSI-1010 material treated with an inhibitor.
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The micrographs in Figure 5 taken at
magnifications of 100X and 500X, it is
apparent that a uniform protective film
envelops the surface morphology. No traces
of corrosion products are observable on the
AISI-1010 surface. Therefore, it can be
deduced that the inhibitor, which contains zinc
phosphate as its active component,
establishes a protective coating on the surface
of AISI-1010. This protective coating
effectively masks surface porosity, thereby
hindering oxidative corrosion [32],[33].

AISI-1010 Corrosion Test

The corrosion assessment of AISI-
1010 material was conducted utilizing the
EG&G Potentiostat/Galvanostat Model 273.
The test medium employed was secondary

cooling water, with and without the addition of
inhibitors at concentrations ranging from 75,
100, to 150 ppm. The Tafel polarization
technique was applied for the analysis of the
corrosion rate [34]. The outcomes of the Tafel
analysis are depicted in Figure 6,
accompanied by the corresponding corrosion
rate values presented in Table 3.

The data depicted in Figure 6
elucidates that the inclusion of the inhibitor,
within the range of 0 to 100 ppm, induces a
shift in the polarization curve towards the
cathodic direction. Conversely, the inclusion of
the inhibitor at a concentration of 150 ppm
manifests a shift in the curve toward the
anodic direction. Consequently, it can be
deduced that the inhibitor system functions as
a mixed-type inhibitor [35].

Table 3. The corrosion rate of AISI-1010 specimens in the secondary water of RSG-GAS, with and

without inhibitor.

Inhibitor conc. Ecorr lcorr CR IE
(ppm) (mV) (10 pA/cm?) (mpy) (%)
0 -588.97 12.83 10.96 -
75 -562.48 14.86 7.21 34.21
100 -565.54 15.70 6.93 36.77
150 -570.73 23.78 5.84 46.71
%7 ——oppm
-540 — 75 ppm
han — 100 ppm
550 ] 150 ppm
555
-560
E 565 ——
YR L f —
575 4
5E0 4
-535 -
580
595 -

10° 10'

1 {pAdem’)

Figure 6. Tafel polarization curves for AlISI 1010 in secondary cooling water with
inhibitor concentrations of 0 ppm, 50 ppm, 100 ppm, and 150 ppm.

The corrosion rate of AISI 1010 was
deduced based on the corrosion current (lcorr)
and Ecorr observed during the experiment, as
elaborated in Table 3. Both Icorr and Ecorr
values were derived from Tafel polarization

analysis. Compared to samples without
inhibitors, the Ecor of inhibitor samples is
higher. A higher resistance to corrosion
attacks is indicated by Ecor values that are
positive or larger. The maximum corrosion
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rate was observed in materials immersed
without an inhibitor, recorded at 10.96 mpy. In
contrast, the minimum corrosion rate was
noted in materials submerged in RSG-GAS
secondary cooling water with the addition of
an inhibitor, measuring 5.84 mpy. The trend
dependent on concentration suggests that
higher inhibitor  concentrations reduce
corrosion rates for AISI-1010 carbon steel.
The inhibitor concentration of 150 ppm is
deemed optimal due to its economic viability
and its capability to functionally impede the
corrosion process by 46.71%.

The outcomes of the polarization test
for each material are derived from diverse
parameters, including Ecorr and Icorr, as
depicted in Table 3 based on the polarization
test results. Figure 7 illustrates that as the
concentration of the corrosion inhibitor
increases, there is a corresponding decrease
in the corrosion rate observed in the AlSI-1010
material. By adhering to the surface, the
inhibitor present in the solution prevents
aggressive ions from penetrating the

yield insights into the extent of adsorption on
corrosion inhibitors across various
concentrations. The comprehensive
adsorption-free energy values are presented
in Table 4.

The determination of the adsorption
method on the material surface can be inferred
from the value of Gads. Following Singh's
guidelines (2012), if the Gads value surpasses
-20 kJ/mol, the formed adsorption process is
categorized as physisorption. In cases where
Gads fall between -20 to -40 kJ/mol, the
adsorption process is considered a mixed
mechanism involving both physisorption and
chemisorption. Conversely, when the Gads
value is more negative than -40 kJ/mol, it
indicates the prevalence of a chemisorption
process. In the dataset derived from scale
corrosion inhibitors, the Gads value exceeds -
20 kJ/mol, signifying that the adsorption
method between the material surface and the
inhibitor is predominantly a physisorption
process [39].

secondary water at the AISI-1010 steel 12 4
aperture. Numerous investigations
demonstrate a somewhat similar finding, 10
namely that the rate of corrosion can be =
decreased if a substance inhibits the sample's £ 84
surface[36]. o
The Langmuir Adsorption Isotherm © 6 -
theory is employed to discern the interaction
between the inhibitor and the material surface 4

[37][38][39]. Utilizing Langmuir's calculations,
this methodology elucidates the adsorption
phenomenon occurring on the material
surface, enabling the determination of whether
the reaction is in the form of physisorption or
chemisorption. Through calculations based on
the Langmuir adsorption isotherm, crucial
parameters such as surface coverage values,
Kads and Gads are obtained. These calculations

=20 0 20 40 60 80 100 120 140 160
Inhibitor Concentration (ppm)

Figure 7.The corrosion rate graph of AISI
1010 in the secondary cooling
system with varying concentrations
of corrosion inhibitors: 0 ppm,
75 ppm, 100 ppm, and 150 ppm.

Table 4. Free energy adsorption on crust inhibitor corrosion.

Inhibitor concentration (ppm)  Surface coverage (6) Kads Gads(kJ/mol)
75 0.341 0.00683 2.402
100 0.367 0.00562 2.886
150 0.467 0.00549 2.940

Characterization of inhibitors was carried
out using FTIR and GCMS, and analysis of
orthophosphate levels in inhibitors was also
carried out using UV-Vis spectroscopy, with
results showing orthophosphate levels of

4.2 ppm. The presence of orthophosphate as
an active component in the inhibitor plays an
important role in forming a passive layer on the
surface of AISI-1010 material.
Orthophosphate is known to have the ability to
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create complex compounds with Fe ions on
metal surfaces, forming a protective layer that
prevents direct interaction between metal
surfaces and corrosive agents.

The content of orthophosphate in the
inhibitor solution can function as an anodic
inhibitor, where orthophosphate plays a role in
blocking oxidation reactions in anodic areas
on metal surfaces. In this study, the
concentration of orthophosphate of 4.2 ppm
can be said to be quite significant, although it
is relatively lower than the concentration
commonly used in commercial inhibitors.
These results provide additional perspective
regarding the effectiveness of inhibitors used
at specific concentrations and specific
operating environments in RSG-GAS
secondary cooling systems. The effectiveness
of orthophosphate in lowering corrosion rates
by up to 46.71% indicates that although the
inhibition rate is not high, orthophosphate
contributes to a substantial increase in
corrosion resistance compared to conditions
without inhibitors. Our results indicate the
importance of orthophosphate levels in
mitigating the corrosion effects of AISI-1010
materials and provide potential early insights
for the development of more effective
inhibitors.

CONCLUSIONS

The introduction of a corrosion
inhibitor into the secondary cooling system of
the RSG-GAS constitutes a preventive
measure against the corrosion process.
Elemental testing has confirmed that the
material for the RSG-GAS secondary pipes is
AISI-1010. When a corrosion inhibitor is
introduced into the coolant at a concentration
of 150 ppm, the AISI-1010 carbon steel
material demonstrates enhanced corrosion
resistance. There is a notable reduction in the
measured corrosion rate by 46.71%,
decreasing from 10.96 mpy to 5.84 mpy. The
inhibitor layer effectively conceals porosity on
the surface of AISI-1010, as observed in the
SEM test results. Analysis of the polarization
curve direction indicates that the corrosion
inhibitor operates as a mixed-type inhibitor.
Notably, visual inspection reveals the absence
of corrosion products on the AISI-1010 layer
immersed in the inhibitor solution, whereas
visible corrosion products are evident on the
material lacking inhibitors.
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