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ABSTRACT

The maritime industry is one of the natural resources
management industries that uses steel as its fundamental
component. Much research and development have been
conducted to increase the quality and life span of the steel
used. ASTM A36 low-carbon steel is one of the steel variants
commonly used on offshore structures because of its
advantages. This research was conducted to achieve the
additional effect of nano-alumina of 0%, 1,5% and 3% in
the epoxy coating on adhesive strength, abrasive resistance
and corrosion rate prediction. At pull-off testing, the highest
adhesion strength was obtained at a mixed variation of 0%
with a value of 7,7022 MPa. At the abrasion resistance test,
the highest abrasion resistance was obtained at a mixed
variation of 3% with a value of 16.7 grams. The lowest value
of the corrosion rate prediction test was obtained on the
mixed variation of 1.5% with a value of 0.005410622 mph.
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1. INTRODUCTION

Steel is the main building block material used in the
maritime industry, including oil and gas. The widespread
use of steel is because steel has advantages in strength,
hardness, and ductility. Steel has a main component, iron, a
basic element, along with several other elements, such as
carbon—the carbon content in steel ranges from 0.2% to
2.1%. Based on the carbon content, steel is divided into three
levels: low-carbon, medium-carbon, and high-carbon. The
higher the carbon content in the steel, the harder the steel
will be, but the steel will be more brittle and decrease the
ductility [1].

Steel is a type of metal that is susceptible to corrosion.
Corrosion is a process of material damage caused by a
material reaction with its environment [2]. Corrosion cannot
be prevented, but the corrosion rate can be slowed down.

The corrosion rate can be slowed using cathodic protection,
inhibitors, or surface coating [3].

Coating application is commonly used for steel protection
with a large surface area in direct contact with a corrosive
environment. Coating is the coating of a surface using paint,
which mainly separates the object's surface and the
environment. Epoxy-type paint is widely used as a coating
because epoxy has high strength and modulus of elasticity,
can stick firmly, and has good chemical stability. However,
epoxy paint has several shortcomings, such as brittleness
and sensitivity to fine cracks, which can affect its physical
shape and reduce its toughness so that it can affect the
coating's performance in protecting steel.

Several types of nano and micro-sized particles have been
studied and tested to increase the quality of coatings, such
as Si02, Ti02, Zn0, Al203, and Fe203 [4]. This is because
these small particles have hard properties and can enter the
cavity of the paint, thus making the coating have novel
properties that can increase the quality of the coating [5].
However, these particles are non-organic material in the
coating, so their addition can result in a decrease in the
mechanical properties of the coating, which will affect the
bonds between the particles so that they can reduce the
adhesion value of the paint [6]. In an experiment conducted
by Chen Li et al. [6], the addition of nano-alumina to an
epoxy coating applied to carbon steel reduces the adhesion
strength but, at the same time, increases the wear resistance
of the coating. Experiments conducted by Wang et al. [7] by
adding nano-alumina to the polymer coating applied to low-
carbon steel were shown to be able to increase the abrasive
resistance of the coating. In another experiment, it was
found that adding nano-alumina to the epoxy coating
increased wear resistance compared with no additives, with
the best results at an addition of 0.25 wt% [8].

In another experiment, the application of an epoxy coating
to low carbon steel AISI 1020 with the addition of about 26
vol% alumina microparticles in the epoxy coating can
increase wear resistance and corrosion resistance due to the
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presence of alumina microparticles, which improve the
physical properties of the epoxy paint [9]. Experiments
conducted by Mohsen et al. [10] by adding several types of
micro and nanoparticles to the hot dip zinc coating found
that adding alumina nanoparticles can improve corrosion
resistance compared to no additives. This research will be
conducted on the effect of the nano-alumina composition on
the epoxy paint, which will be applied to ASTM A36 low-
carbon steel, to analyze the tested specimens' adhesion
strength, abrasion resistance and corrosion rate.

2. RESEARCH METHODOLOGY

2.1 Literature Study

Studies and literature collection were conducted regarding
adding nano-alumina to coatings, especially epoxy, as a
reference, a source of theory, and material for consideration
in the research.

2.2 Preparation of Tools and Materials

The material used in this experiment is ASTM A36 steel
plate size 50x50x10mm for abrasion testing, 120x60x10mm
for adhesion testing, and 40x20x10mm for corrosion rate
testing. The paint used was the JOTUN Penguard Primer-
Gray epoxy paint and nano-alumina with an average particle
size of 208.7 nm. The test specimens are named according
to the nano-alumina grade as follows:

Table 1. Naming of specimens
Addition of Nano Alumina 0%

1.50% 3%

Adhesion Test AdO Ad1l Ad3
Abrasion Test AbO Abl Ab3
Corrosion Rate Test LkO Lkl Lk3

2.3 Blasting Process

Before the coating process, the material's surface is first
cleaned of dirt through the dry abrasive blasting process. In
addition to cleaning the surface, the dry abrasive blasting
process also aims to provide a profile with a certain
roughness on the surface of the object so that the paint can
adhere to the surface of the material perfectly. The blasting
process in this experiment uses an abrasive material in the
form of steel grit G16 with a compressor pressure of 7 bar.
The cleanliness level of the blasted surface refers to the ISO
8501-1 [16] Sa 2.5 standard.

2.4 Roughness Measurement

After the inspection and the material's surface has met the
level of cleanliness of Sa 2.5, the next step is to measure the
roughness value. Roughness measurements were carried out
according to ASTM D4417 standard [17]. The roughness
value is obtained using a roughness meter, where the
roughness test will be carried out by measuring three
different points on the surface of the material to get the
average value of the surface roughness of the material.

2.5 Coating Process

After the surface preparation and inspection have passed, the
coating process will be carried out. The method of applying
coatings in this study is air spray painting. In the paint
products used in this study, the ratio of the base component
to the curing agent is 4 1 by volume. Epoxy paint is given a
mixture of nano-alumina with variations of 0%, 1.5% and
3% of the total paint volume with the following ratio:

Table 2. Coating composition

Presentation of Composition
Nano-Alumina Nano-alumina Paint (ml)
(ml)
0% 0 100
1.50% 15 98.5
3% 3 97

2.6 Coating Thickness Measurement
Measuring wet film thickness is the process of measuring
the thickness of the paint immediately after it is applied to
the surface of an object, which aims to estimate the thickness
of the paint after experiencing the drying process. WFT
measurement uses a wet film comb according to ASTM
D4414 standard [18]. After the coating layer is declared to
have dried completely (cured for service) as stated on the
TDS, which is 7 days at 23 C, the next step is to measure the
dry film thickness using a coating thickness gauge.
Measurements were made according to the ASTM B499
standard [19].

Measurements are made by measuring three points on the
material's surface to get the material's average dry film
thickness.

2.7 Adhesion Strength Testing

The adhesion strength test was carried out under the ASTM
D4541 standard. The test was carried out using a portable
adhesive tester. This tool works by attaching the dolly using
epoxy Araldite type adhesive at three different points on the
material; then, the dolly is allowed to dry at room
temperature for 24 hours. After making sure it dries, the
remaining glue around the dolly is removed first using the
crop, then removing the dolly from the material's surface
using a portable adhesive tester.
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2.8 Abrasion Resistance Testing

The abrasion resistance test is carried out to determine the
resistance of the coating layer to damage due to abrasion.
The tests were conducted according to the ASTM D4060
standard [20]. The calculation method used is weight loss,
which is achieved by observing changes in the weight of the
specimen before and after testing. The grinding wheel used
in the test measures 120 grit, with an engine speed of 170
rpm. The specimen was subjected to a load of 1000 g, and
the abrasion test was carried out for 4 seconds.

2.9 Corrosion Rate Prediction Test

Corrosion rate testing was carried out using the three-
electrode cell method, which refers to the ASTM G102
standard. The test uses a potentiostat as a current source
connected to the CS Studio 5 software as a response receiver
to the current flowing in the specimen. The solution used as
a corrosive medium was NaCl, with a concentration of
3.5%.

3. RESULT ANALYSIS AND DISCUSSION
3.1 Adhesion Test Results

Table 3. Adhesion test results

Speci  Nano  Adhesio Cohesion (%) Glue Failure (%)  Ave

men - n (%) rag
Code alum 1 2 3 1 2 3 1 2 3 e
ina Tot
(%) al
AdOa 0 0 0 0 25 7 0 75 93 100 7.7
AdOb 0 0 0 O 9 70 93 91 30 7
AdOc 0 0 0O 0O 85 9%6 91 15 4 9

Adla 15 0 0 0 6 3 2 94 97 98 7.35

Adlb 15 0 0 0 9 70 90 6 30 10

Adlc 15 0 0 0 89 100 99 11 0 1
Ad3a 3 0 00 3 8 0 100 97 92 538
Ad3b 3 0 00 5 6 5 95 94 95
Ad3c 3 0 0 0
Adhesion

—

Adhesion (Mpa)

150%
Nano Alumina Presentation (%)

Figure 2. Graph of adhesion test results

From the graph and table of the results of the pull-off test
above, it can be concluded that quantitatively, there is no
adhesive failure (failure of the bond between the paint and
the steel surface). However, the failure is in the form of
cohesive and glue failures. This indicates good mechanical
interlocking between the paint and the steel surface due to a
good surface preparation process, which is under the
standards. In terms of quality, the adhesion value of the
coating decreases with the addition of the nano-alumina
composition because the presence of additional pigments in
the coating can cause pigment coagulation, thus reducing the
adhesion value [21]. This is also consistent with research
conducted by Hesselbach et al. [22], who stated that more
pigment added to the coating can reduce the adhesion value.

3.2 Abrasion Resistance Test Results

Table 4. Abrasion resistance test results

Specimen  Testing  Starting Final Weight  Average
Code Time Weight  Weight Loss / Total

(s) (mg) (mg) L (mg) (mg)
Adoa 4 203010 202940 70 63.3
Adob 4 194680 194610 70
Adoc 4 172880 172830 50
Adla 4 196250 196220 30 30
Ad1b 4 193810 193780 30
Adlc 4 210520 210490 30
Ad3a 4 199590 199570 20 16.7
Ad3b 4 182020 182010 10
Ad3c 4 201360 201340 20

Average of Abrasion Test
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Figure 3. Graph of abrasion resistance test results

From the graph and table of the abrasion test results above,
it can be concluded that the more nano-alumina levels are
added to the coating, the weight loss is decreased gradually,
which indicates that the abrasion resistance of the coating
will be better. Stated that adding a nano-alumina
composition increased the abrasion resistance of the coating.
Another experiment conducted by Yousri et al. (2017) also

®
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concluded that adding nano-alumina to an epoxy coating
increases wear resistance compared to no additives, with the
best results at an addition of 0.25 wt%. In another study,
adding alumina nanoparticles increased the abrasion
resistance of coatings compared to no additives [23].
Research conducted by Kurahatti et al. (2014) [24] also
concluded that adding nano-alumina increases the abrasion
resistance of the coating compared to no additives due to the
addition of hard ceramic particles. Similar results were
obtained by research conducted by Ai et al. (2015) [25],
which stated that the addition of nano-alumina particles
could reduce the wear rate of the epoxy coating by 5 times
with an additional 3% due to the high hardness of the nano-
alumina particles.

3.3 Corrosion Rate Prediction Test Results

From the table and graph below, it can be concluded that the
nano-alumina content affects the corrosion rate of the
material. Adding nano-alumina as much as 1.5% can reduce

the value of the corrosion rate compared to without additives.

However, the effectiveness was reduced with the addition of
nano-alumina content by 3%.
Table 5. Corrosion rate prediction test results

Specimen Rate of Potential Corrosion Average
Code Nano V) Rate (mmpy)  Total (mg)
Alumina
(%)
AdOa 0 -0.38969 0.00049 0.0139
AdOb 0 -0.3734 0.00981
AdOc 0 -0.50693 0.01439
Adla 15 -0.40182 0.0017 0.00541
Adlb 15 -0.37586 0.00011
Adlc 15 -0.2707 0.00002
Ad3a 3 -0.38557 0.0153 0.00694
Ad3b 3 -0.33654 0.00515
Ad3c 3 -0.31667 0.00037

Corrosion Rate
0.016
0.014

0.012

0.008

0.006 Ne—

Corrosion Rate (mmpy)
o
=2

0.004

0.002

0% 1.50% 3%
Nano Alumina Presentation (%)
Figure 4. Graph of corrosion rate prediction test results

This is under the research conducted by Chen et al. [26],
who stated that adding nano-alumina content to the coating
can increase the material's corrosion resistance compared to

without additives. Other studies have also concluded that
adding nano-alumina can reduce the corrosion rate because
the addition of small nano-alumina forms a protective layer
that enters the gaps of the coating, thereby inhibiting
corrosion [27]. Experiments conducted by Mohsen et al.
(2016) also concluded that adding alumina nanoparticles can
improve corrosion resistance compared to no additives.
However, too many nanoparticles will cause agglomeration
so that the nanoparticles do not disperse well on the surface
and eventually form active site formations, which can
reduce the corrosion resistance of the coating layer [28].

4. CONCLUSIONS

Based on the analysis and discussion carried out in the
previous chapter regarding the effect of variations in the
composition of nano-alumina on the epoxy coating applied
to the ASTM A36 steel plate, a conclusion is obtained that
answers the problem formulation in this study. Some of
these conclusions include:

1. From the adhesion test carried out using the pull-off
method, the highest average adhesion value of the specimen
with a variation of nano-alumina content is 0%, with a value
of 7,7022 MPa. Meanwhile, the smallest average adhesion
value was obtained in specimens with a variation of nano-
alumina content of 3% with a value of 5,381 MPa, so it can
be concluded that the more the addition of nano-alumina to
the epoxy coating can reduce the adhesion value of the
coating.

2. From the abrasive resistance test carried out using the
abrasion Taber, the largest average abrasive resistance value
was found in the specimen with a variation of nano-alumina
content of 3% with a weight loss value of 16.7 grams. As for
the average value of the smallest abrasive resistance
obtained in specimens with variations in nano-alumina
levels as much as 0% with a weight loss value of 63.3 grams,
it can be concluded that the more addition of nano-alumina
to the epoxy coating can increase the abrasive resistance of
the coating.

3. From the predictive test of the corrosion rate carried out
using the Three Electrode Cell method integrated with CS
Studio 5 software, the average value of the lowest corrosion
rate prediction in the specimen with a variation of nano-
alumina content was 1.5% with a value of 0.005410622 mph.
At the same time, the highest average predictive value of
corrosion rate was obtained in specimens with a variation of
nano-alumina content as much as 0% with a value of
0.013950662 empty, so it can be concluded that adding
nano-alumina content to the epoxy coating can reduce the
corrosion rate compared to without additives.
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