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Abstract: Steel is one of materials that been used as a hull to
build a ship. Steel are well known as strong, easy to fabricate and
can withstand higher loading. Major problem for steel in
shipbuilding are corrosion and marine fouling. Antifouling paint
are applied at underwater hull paint to protect and slowing the
microorganism growth, plant and animal that attached to the ship
bottom hull. Important additive in antifouling paint known as
Tributyltin (TBT) was previously observed good efficiency in
prevent marine growth, however International Maritime
Organization (IMO), in 2008 banned the usage of TBT due to
abnormal growth of oyster shell. Thus, it is crucial to focuson an
environmentally friendly antifouling paint and additive. Rosin
modified paint is one of natural base of paint matrix that extract
from pine tree. Performance of rosin modified with commercial
biocide additive at various orientation are evaluate by referring to
standard testing method on antifouling panels in shallow
submergence. Rosin modified base observed good interaction with
primer and steel substrate. Rosin modified antifouling (AF)
coating for orientation 0°, 90° and 180° showslessthan 4% marine
growth after 30 days of immersion. AF coated at 0° and 90° -a
orientation observe efficient protection with no marine growth
occurred after 30 days of immersion.

Index Terms: antifouling; orientation; immersion; marine
growth; rosin modified
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[. INTRODUCTION

Ships has been used for hundreds of years as a mode of
transportation. Woods, fiberglass and steel are the most
common materialsthat being used to build aship. Mild steels
are widely in ship hull fabrication due to is strength and
established of fabrication process with consistent quality.
However, mild steel is detrimental to corrosion and
biof ouling growth that occur when metal react with seawater.
The biofouling growth increased hull surface roughness,
reduce speed, increase oil consumption thus frequent dry
docking needed [1] which lead increase in maintenance cost.
Earlier reported that decrease in marine growth results an
annual saving about $ 340K per DDG-51, or approximately
$19M over the entire DDG-51 class [2] thus highlight the
significant of understanding the antifouling paint
performance. Previous analysis revealed that for Arleigh
Burke DDG-51 ships, the estimated maintenance cost of the
hull fouling scheme (coating, cleaning for heavy dime
fouling stage) was $56 million annually [3]. Lead and copper
sheet were the first antifouling recorded applied on wooden
boats to prevent marine growth. Tributyltin (TBT) since 1960
was observed have better antifouling properties, however due
to abnormal growth of oyster shell [1] and leadsto high toxic
to the seawater, its usage are banned by International
Maritime Organization (IMO) in 2008. Since then,
development of antifouling coating are focusing towards
fouling release and self-polishing types[3]. Antifouling paint
are differentiated from the types of its matrix such as
biocides, insoluble and soluble matrix. Biocides matrix are
developed from triorganotin (TBT) derivatives due to their
wide range activity, no galvanic corrosion on aluminum hulls
and colorless. Common derivative biocide used are bis-oxide
(TBTO) and the fluoride (TBTF) which embedded in both
either soluble or insoluble matrix. These derivative biocides
are compatible with other biology compound, however
plasticizing affected the ratio of biocides used in the system.
It al so observed rapid weakening of matrix dueto insolublein
solvent and migrates to the surface of paint. Commercial
insoluble matrix paint such as vinyl, epoxy and acrylic
polymer are widely used due to its properties does not erode
in seawater, mechanically strong, resistance to oxidation and
longer lifetime duration (12-18 months) [4].
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Soluble matrix paint was developed to avoid loss of
efficiency in antifouling due to binder during immersion in
seawater. Soluble paint is basically developed form natural
source of rosin from pine tree (85-90%) and mixed with
compatibleresin.

Rosin based paint have high solubility due to its carboxyl
group react with sodium and potassium ion in seawater. The
high dissolution rate and brittleness of rosin are improved by
blending with plasticizer and co binder, thus improve
mechanical strength, film forming and acceptable dissolution
rate for duration of 6-month lifetimes. The usage of
rosin-based paint despite of its environmentally friendly have
a challenge to improve its depletion rate in precise and
adequate manner.

However, rosin-based paint observed minimum marine
growth at stationary periods and low speed voyage which
suggest suitable for near coastal vessel, shorter lifetime
protection and cheaper antifouling coating. The interaction
between marine growth and substrate required more
understanding on the cause-effect relationship [5]. The
current research highlighted on improvement of antifouling
to create future antifouling that led to the excellent concernin
cleanliness, ocean sustainability, less harmful and compelling
(fuel effectiveness and less CO, emission). The ship owner
faced difficultiesto find a coating system that have consistent
quality in various environment, condition and water quality.
Development of antifouling coating is crucial to produce
coating with less toxic and effective in varies condition,
substrate orientation and operational profile [6]. Antifouling
performance produce unpredicted properties due to factor of
seawater condition, location [7] and types of vessel [3]. Other
than that, coating performance aso varies in various
orientation due to varies chemical and physical activities on
the reaction surface between coating and mild steels [8].
Therefore, this research focused to evauate the effect of
various orientation of immersion (0° 90° and 180°) on
uncoated, primer coated and antifouling (AF) coated mild
steel surface immerse in seawater.

Il. METHODOLOGY

Surface profile of Sa 2.5 were prepared by blast of A36
mild steel surface area of 1625 m? with garnet abrasive and
coated with coating layer primer and antifouling by referring
to ASTM 3623 — 78a [9] of paint. Coated sample were
prepared by both coated with four layer of primer and 2 layer
of commercia antifouling 2% additive in rosin modified
matrix. All mild steels sample were immersed in seawater
with various orientation 0° 90° and 180° by referring to
exposure of ship hull in the seawater. Six panels of uncoated
and coated (primer and antifouling) with various orientation
asin Figure 1 wereimmersed in Sungai Dinding seawater for
30 days. Data of dried film thickness, percentage of weight
change and percentage of marine growth are collected and
further evaluate using regression analysis method.
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Fig. 1 Orientation of mild steel samplesat 0°, 90° and 180°
for sample of uncoated, primer coating and antifouling
coating

[1l. RESULTSAND DISCUSSION

Figure 2(a), 2(b) and 2(c) shows the percentage of weight
change and temperature, the percentage of marine growth and
pH change and percentage of dry film thickness (DFT)
change of mild steel at varies orientation of uncoated 0/180°,
uncoated 90°, primer 0/180°, primer 90°, antifouling (AF)
0/180° and antifouling (AF) 90°. The temperature of
environment fluctuating from 31° to 36° C throughout 30
days of seawater immersion. Uncoated mild steel at
orientation 90° and 180° observed the decreasing weight
change compare to all samples due to loss metal thickness
through corrosion. Uncoated mild steel immersed at
horizontal position observed less percentage of weight
change compare to vertica position. Meanwhile primer
coated mild steel at both orientation of 90° and 180° observed
increased percentage weight change compared to al samples.
However, at vertical position observed maximum percentage
weight change in primer coated mild steel due to reaction
with seawater waves and environment. AF coated mild steel
observed decreased trend of percentage weigh change in
medium range compared to both uncoated and primer coated
mild steels. Sample at horizontal position observed high
percentage weight change in both uncoated and AF coated
sample.

Figure 2(b) shows AF coated mild steels at position 0° and
90°-a observed no animal marine growth, meanwhile mild
steels at position 180° and 90°-b observed percentage marine
growth at 1.45 % and 3.87 % respectively. Uncoated mild
steels observed high percentage of marine growth for both
90°-a and 90°-b with 17.9 % and 19.35 % respectively in
vertical position. Meanwhile in horizontal position uncoated
mild steels observed higher growth at position 180° (16.93%)
compared to at 0° (7.25%) position. Uncoated mild steels
show medium marine growth of lessthan 20% for all samples
due to no organic coating which can attract marine growth,
however percentage of corrosion were high. Primer coated
mild steels observed highest percentage marine growth
compared to al samples with 16.93%, 87.09%., 50.80% and
98.22% for primer 0°, 180°, 90° -a and 90° -b respectively due
to high organic source. Primer coated at horizontal 0 °© shows
the lowest percentage marine growth in al primer coated due
to less exposure to the sun lead to lower temperature and less
oxygen condition.
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Figure 2(c) shows AF coated mild steels observed lower
percentage of DFT change compared to primer coated only.
AF coated mild steel observed DFT changed at 0° position
dlightly higher compared to 180° position. Primer coated mild
steel observed high percentage DFT changed due to reaction
with environment and no antifouling properties. Primer
coated at horizontal position 180° facing to the sun observed
maximum change compared to all primer coated sample. AF
coated mild steel observed moderate percentage weight
change, small percentage of marine growth and percentage
DFT change. Uncoated mild
steel observed decrease percentage weight change and
moderate percentage marine growth due to loss of its
thickness to corrosion which lead to decreased area for
marine growth to adhere.

Primer coated mild steel observed significant percentage
weight change, marine growth and DFT changed due to no
antifouling properties, thus provide nutritious base for marine
growth to adhere thus lead to increase in weight and dry film
thickness. Samples position at vertical position 90°-b
observed high marine growth in all samplesthusleadsto high
percentage in weight changed. Meanwhile in horizontal
position at 180° observed higher growth compared to 0°.
Other researcher used different system of antifouling
reported dlightly contra reported from our finding that
inclinations of 0° and 90°, observed homogeneous marine
growth however in sample at paralel position with hull
bottom 180° shows no marine growth after 28 days of
immersion [8].

Table 1 shows the summary of regression analysis
conducted to uncoated and coated mild steels immersed in
various orientation position 0°, 90° and 180°. The analysis
supported the finding in al characterization. Coated mild
steel at immersed at position 90°%a and 0° shows high
significant with no marine growth due to effectiveness of
antifouling protection on the mild steels structure. The lower
significant value on percentage weight change of antifouling
and primer coated were due to the change not only depending
on time but aso other factor such as salinity, pH and
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temperature. Other than that, coated mild steels either primer
or AF coated experience weight change due to corrosion and
marine growth which is depending on the seawater condition
and position. Regression analysis shows significant value in
all pvauethat lessthan 0.005. The R -square al so shows high
fitting percentage to the linear model.
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Fig. 2 Uncoated and coated mild steelsimmerse at varies
orientation (uncoated 0/180° uncoated 90°, primer
0/180°, primer 90°, antifouling (AF) 0/180° and
antifouling (AF) 90. (a) Per centage weight change and
temperature; (b) Percentage of marine growth and pH
change; (c) Percentagedry film thickness (DFT) change.

Table. 1 Regression analysis for uncoated and coated mild steel immersed in various orientation position 0°, 90° and

180°
Types p- R- Coefficient Linear Equation
value square Correlation
% Uncoated 90 °© 0.0011  [90% -0.9491 y =-0.2614x — 0.1144
weight
change Primer 90 ° 0.0358 |62% 0.7867 y = 0.0239x — 0.2875
AF90° 0.4487 |12% -0.3449 y =-0.00375x — 0.12597
Uncoated 180 ° 0.0062 |80% -0.8968 y =-0.0241x — 0.1156
Primer 180 ° 0.3304 [19% 0.4341 y = 0.006x — 0.0732
AF180° 0.8148 |1% -0.1098 y =-0.0011x — 0.1077
%  Marine|Uncoated 90° 0.0017 |88% 0.939 y = 0.5598x — 2.5239
Growth
Uncoated 90°-b 0.0052 |82% 0.9039 y = 0.5563x — 1.9886
Uncoated 0 © 0.0018 (88% 0.9372 y = 0.3004x — 0.4311
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Uncoated 180 © 0.0001  |96% 0.9808 y = 0.5908x — 1.9532
Primer 90°a 0.0003 |94% 0.9704 y = 1.9802x — 4.4061
Primer 90° -b 0.0007  (92% 0.9578 y = 3.7395x — 14.0682
Primer 0 ° 0.0001  |96% 0.9791 y = 0.6358x — 0.9696
Primer 180 ° 0.0002  |95% 0.9745 y = 3.2653x — 2.585
AF90°-a - 100% - -
AF90°°-b 0.0017 |88% 0.9394 y = 0.1624x — 0.6396
AF 180° 0.0010  |90% 0.9502 y = 0.0586x — 0.2596
% DFT Primer 90° -a 0.0030 |85% 0.9235 y = 1.5822x — 0.9651
Primer 90 °-b 0.0002  [95% 0.9766 y =1.7011x — 2.4933
Primer 0 ° 0.0009 |91% 0.9540 y = 1.1398x — 2.1593
Primer 180 ° 0.0036  84% 0.9173 y = 1.8978x — 3.8907
AF90°-a 0.0042  |83% 0.9122 y =0.8273x — 1.0810
AF90°-b 0.0119 |75% 0.8650 y = 0.8545x — 1.5334
AFO0° 0.0082 |78% 0.8846 y =0.9291x + 1.8815
AF 180° 0.0131 |74% 0.8597 y = 0.7851x — 2.2867

I'V. CONCLUSION

Uncoated mild steel, primer coated mild steel and AF
coated mild steel observed high percentage of marine growth
and weight change at vertical position 90°-b. AF coated mild
steel observed decreasein weight change and no animal types
marine growth in the position of 0° and 90°-a, meanwhile AF
coated mild steel at both position 180° and 90° b observed
percentage marine growth lower than 4 %. Thus, concluded
that vertical position at sample facing direct to the sun, more
current have better protection from marine growth. This
finding gives information of the static immersion condition
performance of mild steel, thus suggestion within 30 days,
applies to any vessel should have voyage route in order to
enhancethe servicelife of aship especialy on vertical hull of
ship on starboard side.
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