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ABSTRACT

Corrosion is the degradation of metals due to electrochemical reactions with their environment, a critical issue
affecting the longevity of mild steel train walls. In mild steel train walls, corrosion accelerates structural damage,
necessitating effective surface treatment methods. Sandblasting, a key surface preparation technique, enhances
adhesion and corrosion resistance by increasing surface roughness. This study investigates the impact of different
abrasive materials silica sand, aluminum oxide, and steel grit on the surface roughness and corrosion rate of SS400
mild steel. Specimens (80 x 80 x 2 mm) were prepared and treated via sandblasting, followed by surface roughness
measurements and electrochemical corrosion testing. Results showed that steel grit produced the highest surface
roughness (62.08 um), while silica sand yielded the lowest corrosion rate (0.0000175 mm/year). In contrast, de-
spite its lower roughness, silica sand demonstrated superior corrosion inhibition compared to aluminum oxide and
steel grit, suggesting that optimal abrasives for SS400 steel depend on balancing roughness and electrochemical
performance. For applications prioritizing coating adhesion such as railway carbody repainting, steel grit is more
suitable, whereas silica sand is preferable in scenarios where minimizing corrosion rate is the primary objective.
These findings provide critical insights and practical guidance for selecting optimal abrasives in industrial sand-
blasting applications, particularly for the maintenance of train walls and similar large steel structures.
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INTRODUCTION Surface preparation through sandblasting has
emerged as a critical pretreatment method in cor-
rosion protection systems. This process employs
abrasive materials such as silica sand, aluminum
oxide (Al0s), and steel grit to clean surfaces and
create optimal roughness for coating adhesion
[7, 8]. While conventional abrasives demonstrate
varying degrees of effectiveness, significant
limitations persist. Silica sand, despite its cost-
effectiveness, poses serious health hazards and
inconsistent performance [9, 10]. Aluminum ox-
ide offers moderate surface modification but may

Railway transportation has become increas-
ingly vital in Indonesia’s infrastructure develop-
ment, with passenger demand growing due to its
perceived safety and comfort. However, the struc-
tural integrity of train carbodies, predominantly
manufactured from mild steel (SS400), faces sig-
nificant challenges from corrosion. This degrada-
tion process, an electrochemical reaction between
metal surfaces and environmental elements [1, 2],
is particularly accelerated in tropical climates
characterized by high humidity and frequent rain-

fall [3, 4]. The corrosion-induced deterioration
of carbody components not only compromises
passenger safety but also increases maintenance
costs and reduces operational lifespan [5, 6].

leave residual embedments [11, 12], while steel
grit provides superior roughness but requires
careful parameter control to prevent excessive
surface damage [13, 14].
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Existing studies have predominantly focused
on either surface roughness characteristics or cor-
rosion resistance in isolation, with limited inves-
tigation into their combined effects on mild steel
substrates. Furthermore, the specific performance
of these abrasives under tropical environmental
conditions remains poorly documented. Current
literature lacks comprehensive comparisons of
how different abrasive types influence both the
immediate surface characteristics and long-term
electrochemical behavior of SS400 steel, particu-
larly in railway applications where cyclic wet-dry
exposure is prevalent.

This study advances corrosion science by in-
tegrating surface profilometry and electrochemi-
cal testing into a unified framework, enabling a
systematic correlation between abrasive-induced
surface topography and corrosion resistance. Un-
like previous works that addressed these param-
eters separately, this research provides a holistic
assessment under simulated tropical conditions,
thereby filling a critical gap in the literature.
The novelty of the study lies in (1) establishing
quantitative evidence of the relationship between
surface roughness and corrosion resistance of
SS400 mild steel, and (2) tailoring the evaluation
to railway applications in tropical environments,
where accelerated degradation mechanisms are
most pronounced.

The investigation pursues three specific ob-
jectives: (1) to characterize the surface rough-
ness profiles generated by different abrasive ma-
terials using optical profilometry, (2) to quantify
the corrosion rates of treated surfaces through
potentiodynamic polarization testing, (3) to de-
termine the optimal abrasive type for maximiz-
ing both coating adhesion and corrosion protec-
tion in tropical railway applications. This struc-
tured approach ensures logical flow from prob-
lem identification through to solution develop-
ment, while clearly positioning the study within
the existing body of knowledge and highlighting
its original contributions to the field.

MATERIAL AND METHODS

Method of collecting data

Data were collected through two primary
methods: experimental observation and literature
review. Primary data were obtained from a series
of tests conducted on SS400 steel plates, including
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specimen dimension measurements, standardized
surface cleanliness assessments, electrochemical
testing, and surface roughness measurements.
Meanwhile, secondary data were compiled from
various scientific reference sources such as jour-
nals, research reports, and technical publications
to support the analysis. These secondary materials
encompassed studies on types of abrasive materi-
als, surface preparation methods, electrochemical
testing techniques, roughness measurement stan-
dards, and the influence of abrasive materials on
surface characteristics and corrosion rates.

In this study, three types of variables were
established for testing purposes. The independent
variable was defined as the type of abrasive mate-
rial (steel grit, aluminum oxide, and silica sand)
used in the sandblasting process. Control vari-
ables remained constant throughout the research,
including the SS400 steel specimen material,
plate dimensions, and the type of applied coating.
The dependent variables consisted of two experi-
mental outcome parameters: surface roughness
levels and corrosion rate values derived from the
experimental process. The establishment of these
variables was implemented to ensure the reliabil-
ity and validity of the research data.

Research tools and materials

The following tools and materials were uti-
lized in this study (Table 1).

Specimen preparation

The research specimens were fabricated from
2 mm-thick SS400 mild steel plates, cut into 24
specimens measuring 80 x 80 mm using an HGN
31/8 automatic cutting machine (Figure 1a). Each
specimen was assigned a unique identification
code based on the abrasive treatment type to be ap-
plied: Group A (A.1-A.8) for steel grit G25, Group
B (B.1-B.8) for aluminum oxide G20, and Group
C (C.1-C.8) for 20-mesh silica sand (Figure 1b).
Prior to treatment, all specimens were cleaned
with alcohol to remove surface contaminants.

Sandblasting process

Surface preparation was conducted using
the dry sandblasting method at a pressure of
8 bar with a nozzle distance of 15 £ 5 cm from
the specimen surface (Figure 2a). Three types
of abrasive materials were applied separately to
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Table 1. Tools, materials, and specifications

Name

Specifications

Application

SS400 steel plate

Composition:
Fe (98.3%),
C (0.16%),
Si (0.25%),
Mn (1.45%),
P (0.03%),
S (0.02%)

Base material for test specimens

Steel grit G25

Hardness: 50 HRC; density: 7.6 g/cm?

Abrasive material for Group A sandblasting

Aluminum oxide G20

Hardness: 9 Mohs; composition: Al,O3

Abrasive material for Group B sandblasting

(295%)
Silica sand Hardness: 7 Mogzéﬁf::'c'e shape: sub- Abrasive material for Group C sandblasting
Sandblasting Operating pressure: 8 bar; sandpot . .
machine capacity: 100 Ibs Surface preparation of specimens

HGN 31/8 cutting
machine

Capacity: 8x3100 mm; power: 11 kW

Cutting SS400 plates into 80x80%2 mm specimens

Surface profile
gauge

Range: 0-1000 ym; accuracy: 2 ym
(Elcometer 123)

Measuring surface roughness post-sandblasting

Corrtest potentiostat

Scan rate: 10 mV/s; electrode: SCE
(reference)

Electrochemical corrosion rate testing

Spraygun

Application of epoxy primer coating at a 1:3:1 ratio
(primer:epoxy:thinner)

3.5% HCI solution

Volume: 500 ml; concentration: 3.5%

Corrosive medium for electrochemical testing

Graduated cylinder

Measuring volumes of coating solutions and electrolytes

Figure 1. Cutting (a) and naming speciments (b)

each specimen group with a constant duration of
30 seconds per specimen. This process aimed to:
(1) remove surface oxides and contaminants, (2)
create a uniform roughness profile, and (3) en-
hance coating adhesion. Following sandblasting,
abrasive residue was removed using compressed
air prior to further testing (Figure 2b).

Surface roughness testing

Surface roughness was evaluated using the
arithmetic mean roughness parameter (Ra),

which represents the average deviation of sur-
face peaks and valleys from the mean line. Sur-
face roughness measurement was performed
using an Elcometer 123 surface profile gauge
in accordance with the ASME B46.1 standard.
The instrument was calibrated beforehand us-
ing a glass substrate prior to measurement. For
each specimen, three measurements were taken
at distinct locations (center and two diagonal
points) to obtain the average surface roughness
value (Ra). The testing procedure included: (1)
placement of the specimen on a flat surface, (2)
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activation of the instrument with needle contact
against the surface, (3) recording of the value
once the needle stabilized, and (4) post-mea-
surement calibration verification.

Data analysis

Data analysis was conducted using SPSS
software. Surface roughness data were statisti-
cally analyzed to compare the effects of each
abrasive material. Corrosion rates were calcu-
lated using the Tafel method derived from polar-
ization curves. The correlation between surface
roughness and corrosion rates was evaluated for
all three types of abrasive materials.

RESULT AND DISCUSSION

Surface roughness

The analysis revealed significant variations in
surface roughness (Ra) across SS400 steel speci-
mens treated with distinct abrasive materials, as
shown in the graphical results (Figure 3).

The results demonstrate that abrasive mate-
rial selection has a decisive influence on surface
roughness development in SS400 mild steel.
Steel grit generated the highest surface roughness
(62.08 um), nearly three times greater than silica
sand (22.7 um), with aluminum oxide producing
an intermediate effect (41.79 um). This outcome
is consistent with the intrinsic hardness and an-
gular morphology of the abrasive particles: steel
grit, being dense and sharp-edged, induces deeper
micro-valleys and higher peaks, while silica sand,
with its lower hardness and rounded geometry,
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Figure 2. Sandblasting (a) and surface cleaning ceck (b)

results in less pronounced topographic features.
These findings corroborate earlier reports that
particle hardness and angularity strongly deter-
mine the intensity of surface modification during
blasting processes [15,16].

Increased surface roughness is widely rec-
ognized as a prerequisite for enhancing coating
adhesion and corrosion resistance. Okokpujie et
al. demonstrated that corrosion protection per-
formance significantly improves when roughness
values exceed 30—40 um, owing to mechanical
interlocking and improved wettability between
coating and substrate [17]. The present results
show that steel grit, with Ra above 60 um, sur-
passes this critical threshold, suggesting superior
long-term protective performance. This observa-
tion aligns with recent work found that grit blast-
ing not only improved microhardness but also
markedly reduced corrosion current densities in
Ni-W/SiC nanocomposite coatings [18,19]. Con-
versely, the relatively low roughness produced
by silica sand may compromise coating adhesion
and accelerate localized corrosion under aggres-
sive tropical conditions.

Despite these advantages, the possibility of
abrasive residue embedding remains a practi-
cal concern. Alumina or steel particle embed-
ment can alter surface chemistry and create gal-
vanic micro-cells, influencing corrosion kinetics
[20,21]. While the results clearly identify steel
grit as the most effective abrasive in terms of
surface roughening, further investigation into
potential contamination effects is warranted,
particularly for tropical railway applications
where cyclic wet dry exposure intensifies elec-
trochemical degradation. Overall, these findings
contribute novel insight by establishing a direct
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Figure 3. Surface rougness average

and quantifiable relationship between abrasive
induced surface morphology and corrosion re-
sistance, extending the applicability of surface
engineering strategies to infrastructure mainte-
nance in tropical environments.

Corrosion rate

Based on the corrosion rate test results using
the electrochemical method, a normality test was
conducted (Table 2).

Figure 4 depicts the corrosion rate of SS400
mild steel specimens treated with different abra-
sive materials. The corrosion rates are clearly dif-
ferentiated: silica sand resulted in the highest rate
at 5.39 £ 0.12 x 10* mm/year, aluminum oxide
significantly lowered it to 1.45 £ 0.14 x 10™* mm/
year, and steel grit achieved the lowest rate of 0.14
+0.01 x 10™* mm/year. These findings highlight a

Table 2. Normality test of corrosion rate

strong dependence of corrosion performance on
the type of abrasive used during surface treatment,
with steel grit markedly outperforming both silica
sand and aluminum oxide in mitigating corrosion
in the simulated tropical railway environment.
The observed gradient in corrosion rates high-
est with silica sand, intermediate with aluminum
oxide, and lowest with steel grit aligns with es-
tablished understanding of how surface roughness
and morphology affect electrochemical behavior.
Rougher surfaces can enhance coating adhesion
and reduce dissolution; however, excessively
rough or irregular profiles may trap corrosive
agents and compromise protection. Notably, that
abrasive blasting which increases surface rough-
ness also significantly improves corrosion resis-
tance in carbon steel substrates, corroborating our
finding that steel grit, which produces the roughest
surface, yields the lowest corrosion rates [22, 23].

Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Parameter
Statistic df Sig. Statistic df Sig.
Silica sand 0.274 6 0.178 0.853 6 0.166
Aluminium oxide 0.309 6 0.075 0.851 6 0.159
Steel grit 0.211 6 0.200 0.865 6 0.208

Note: * This is a lower bound of the true significance, a — Lilliefors significance correction.
The normality test results for corrosion rates revealed that the Shapiro-Wilk significance values in the Sig. column
exceeded 0.05. This indicates that the data followed a normal distribution. Following the normality test, the

experimental results were obtained as shown in Figure 4.
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Figure 4. Corrosion rate

Moreover, Sandblasting with quartz or silica
has sometimes shown detrimental effects on cor-
rosion resistance. For instance, that S235JR steel
sandblasted with quartz exhibited significantly
increased roughness and reduced corrosion re-
sistance compared to non-sandblasted specimens
[24, 25]. This behavior mirrors our results, where
silica sand treatment yielded the highest corro-
sion rate. On the contrary, aluminum oxide pro-
vided moderate control over surface roughness
and delivered substantially better corrosion per-
formance, though still inferior to steel grit.

These findings suggest that the superior per-
formance of steel grit stems from its ability to
generate a surface profile conducive to robust
mechanical interlocking of protective coatings,
while avoiding the excessive destabilization seen
with silica sand. Nonetheless, potential embed-
ding of abrasive residues, particularly from me-
tallic grit, must be considered as it can act as
localized corrosion initiators or disrupt passiv-
ation behavior [26, 27]. Future work should thus
evaluate the long-term stability of grit-blasted
surfaces and explore post-treatment cleaning or
passivation strategies to mitigate any negative ef-
fects from embedded particles. The relationship
between surface roughness and corrosion rate is
illustrated in the following figure (Figure 5).

Figure 5 shows the correlation between aver-
age surface roughness (Ra) and corrosion rate of
SS400 mild steel treated with different abrasive
materials. The data reveal a strong negative linear
relationship, expressed by the regression equation
y =—6.8867x + 58.213 with a high coefficient of
determination (R? = 0.9132). This indicates that
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approximately 91% of the variation in surface
roughness can be explained by changes in corro-
sion rate. In other words, specimens with higher
surface roughness consistently exhibited lower
corrosion rates, whereas smoother surfaces cor-
related with accelerated degradation.

The strong inverse relationship between sur-
face roughness and corrosion rate confirms the
critical role of surface morphology in influencing
electrochemical performance. Increased rough-
ness enhances the mechanical interlocking of pro-
tective coatings and improves surface wettability,
thereby reducing the likelihood of coating delami-
nation and corrosion initiation. This phenomenon
is consistent that corrosion protection improves
significantly when roughness surpasses a critical
threshold (3040 pum), enabling coatings to an-
chor more effectively to the substrate [28, 29].

The present results further align that grit-
blasted steel surfaces with higher Ra values ex-
hibited superior corrosion resistance compared to
smoother substrates, due to increased microtopo-
graphic anchoring sites that restricted electrolyte
penetration [30, 31]. Similarly, that rougher sur-
faces produced by steel grit blasting significantly
outperformed quartz-sand-blasted specimens in
terms of corrosion resistance, underlining the
importance of abrasive type in achieving optimal
surface profiles [32, 33].

However, while higher roughness generally
improves adhesion, excessively rough or con-
taminated surfaces may trap corrosive residues or
abrasive particles, potentially initiating localized
corrosion. Embedded abrasive fragments can al-
ter local electrochemical behavior, sometimes
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Figure 5. Correlation of surface roughness and corrosion rate

counteracting the protective benefits of increased
roughness [34, 35]. Therefore, the nearly linear
correlation observed here underscores the domi-
nant effect of roughness in the current study, but
also suggests that future work should investigate
the long-term stability of these surfaces under
tropical cyclic wet dry exposures.

CONCLUSIONS

Based on the research results and analysis, the
following conclusions are drawn:

1. Surface roughness testing on SS400 carbody
specimens revealed that steel grit produced
the highest surface roughness (62.08 um), fol-
lowed by aluminum oxide (41.79 pum), with
silica sand yielding the lowest value (22.7 um).

. Electrochemical corrosion rate testing demon-
strated that steel grit exhibited the lowest cor-
rosion rate (0.14 = 0.01 x 10~* mm/y), indicat-
ing superior corrosion resistance compared to
aluminum oxide (1.45£0.14 x 10* mm/y) and
silica sand (5.39 £ 0.12 x 10™* mm/y).

. Steel grit is the most effective abrasive material
for inhibiting corrosion in SS400 steel. Sand-
blasting with steel grit generated the highest
surface roughness, resulting in superior coat-
ing adhesion and the lowest corrosion rate.
In contrast, silica sand produced the weakest
coating adhesion and highest corrosion rate.

Beyond these technical findings, this study
contributes new scientific understanding by

demonstrating a direct and quantifiable relation-
ship between surface roughness and corrosion
resistance under tropical exposure. The integra-
tion of profilometric and electrochemical methods
within one framework represents a methodologi-
cal advancement over earlier works that treated
these aspects independently. The novelty of the
study lies in bridging the gap between surface en-
gineering and corrosion science, while providing
evidence-based insights specific to tropical rail-
way environments where cyclic wet dry condi-
tions accelerate steel degradation. These outcomes
not only enrich the fundamental literature on cor-
rosion science but also deliver practical guidance
for optimizing abrasive selection in railway main-
tenance, aligning with the broader goals of sus-
tainable infrastructure management.
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