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ABSTRACT

The use of coatings has been discovered and introduced to
protect the surfaces of any metals used as the piping on plant
surfaces. Piping in plant surfaces are exposed to imbalance
surroundings and conditions for its lifetime. Basically, surface
coating is made up from chemical composition lead to the
bigger problem in the future when being installed at the
process site undergo chemical changes under environmental
conditions and the transformation piping may be more toxic
and carcinogenic than the parent molecule. The
badly-behaved of toxic effluent discharge by synthetic coating
can be counter by using natural coating thus creating more
eco-friendly coating surfaces. The study presents the
superhydrophobic coating based on dragon fruit (Hylocereus
polyrhizus) pigments was formulated and synthesized with
different weight by weight (%wt/wt) concentration of 0.2, 0.4,
0.6 and 0.8 and it consists of three phases to form
superhydrophobic coating. The superhydrophobic was
successfully provide higher water droplet test (ASTM
D5946-04) with concentration of 0.6 (%wt/wt) which is up to
155.78°. It also reveals the optimum scratch resistance test up
to concentration of 0.6 (%wt/wt) the most decent toward
scratch resistance of the surfaces..
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1. INTRODUCTION

The use of coatings has been discovered and introduced to
protect the surfaces of any metals used as the piping on plant
surfaces. The selection of coating materials should be suited
for the designated use and shall be chosen after an evaluation
of all relevant facets such as corrosion protective properties
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[1], health[[2], safety[3] and environment [4] properties
requirements related to application conditions, equipment and
personnel and also the availability and economics of coating
materials[1].

The motivation of this study is to use dragon fruit as the
natural pigment due to its eco-friendly which is completely
safe to the environment and non-hazardous to the
surroundings. When it comes to natural based, it is totally
chemical free because it is made up from natural ingredients.
The use of dragon fruit as natural pigment to develop
superhydrophobic coating will produce cost effective and
energy saving. The colouring properties are important in
determining the application efficiency and hence
economics[2]. The extraction of pigment from natural based
of dragon fruit into surface coating.

The purple colour from dragon fruit (Hylocereus polyrhizus)
pigment extracted give the coating colours that is used to
differentiate between each working pipe on the process plant.
It functions as one of the security measures to avoid any
misunderstanding, potential hazards and accidents[3]. The
large and various amount of equipment and piping in the plant
site requires a system to be used to identify and distinguish
between each operating piping to eliminate any chances of
hazards and accidents hence reducing operational errors[4].
This research has resulted in the effects of superhydrophobic
coating based on dragon fruits pigment for piping surfaces
was revealed the good performance in term of scratch
resistance, water droplet test and adhesion test that may help
in reduce the health effects of toxic exposure.

2. RELATED WORKS

Priatni and Pradita (2015) studied about the red dragon fruit
pigment. Dragon fruit (Hylocereus polyrhizus) is one of the
tropical fruits under the cactus family, Cactaceae. The peels of
red dragon fruit are the potential sources of Betacyanin which
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responsible for the red-violet colour. These pigments are also
water-soluble and localized in vacuole as bis-anions[5]. The
Betacyanin pigments are soluble in water compared to in
non-polar solvent that helps in extraction and separation
processes of the pigment. The deep purple colour (Betalains)
made up from red pigment (Betacyanin) and yellow pigment
(Betaxhanthins). The chemical structure of Betacyanin is
more soluble in water than in non-polar solvents. The stability
of Betacyanin from red dragon fruit peels which is extracted
by methanol and water was presented kept in room
temperature for 5 hours in Fig.1. The analysis of Betacyanin
can be deduced from their chromatographic behaviour, and
corroborative data may be retrieved from the analysis of their
absorption spectra[6]. This data was proven that there is
possibility use dragon fruit pigment into coating applications.

Superhydrophobic coating is a nanoscopic surface layer that
has extremely high water repellency. Any kind of water
droplet will bead up and bounce off the surface layer of the
coating in its original shape. Superhydrophabic is well known
for its self-cleaning properties. In superhydrophaobic surface,
the surface morphology plays a crucial role effecting
wettability. Roughening a surface can not only enhance its
hydrophobicity due to the increase in the solid-liquid
interface[7], but also when air can be trapped on a rough
surface between the surface and the liquid droplet. Since air is
an absolutely hydrophobic material with a contact angle of
180°, this air trapping will amplify surface hydrophaobicity[8].
The superhydrophobic coating has its own properties such as
self-cleaning properties, UV resistance and corrosion
protection.
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Figure 1: The stability of Betacyanin from red dragon fruit
peels (peels M: extract in methanol, peels W: extract in
distilled water)[6]

Nimittrakoolchai and  Supothina  (2008) studied the
anti-adhesion  and  self-cleaning  properties of a
superhydrophobic film by applying red powder and dust onto
it. The superhydrophobic coating was prepared by the
deposition of a polyelectrolyte film on a glass substrate,
followed by etching in HCI solution to roughen the surface,
and by the deposition of SiO, nanoparticles onto the etched
film. They showed that much of the red powder was still
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spread on the uncoated surface after cleaning with water
droplets as compared to the superhydrophobic surface, which
was much cleaner[9]. In a natural environment, surfaces get
contaminated very easily and frequently. Cleaning them is
time consuming and costly. Therefore, superhydrophobic
coating is developed and improvised from time to time to
enhance the characteristics. The physical reason of
self-cleaning is the joint action of small adhesion of dust
particles to the surface and high capillary force acting on the
dust particles at water drop-air interface. These properties
arise from the combination of the low interfacial energy and
their rough surfaces. This combination leads to apparent water
contact angles (WCAs) larger than 140° with low sliding
angles and the self-cleaning effect as shown in Figure 2[10].
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Figure 2: Water droplets rolling off substrates with a normal
hydrophobic surface (left) and a self-cleaning
superhydrophobic surface (right) through dust particles™

3. METHODOLOGY

The pigment was prepared by extracting the pigment from the
pulp of the dragon fruit. The pulp was blended and the
pigment was filtered to obtain the raw pigment. The pigment
is then divided into four different concentrations which is 0.2,
0.4, 0.6 and 0.8 weight by weight (wt/wt) of concentration as
shown in Figure 3. Different ratio of water was added to each
percentage of dragon fruit pigment concentration as shown in
Table 1.

The preparation of superhydrophobic coating is done by
preparing solution of components for the coating. In this
study, solvent and hardener are used to prepare the mixture of
the coating. The ratio of solvent to hardener used in this study
is 250 ml: 12.5 ml. The solvent and hardener are then mixed
together in a beaker and then is stirred by using magnetic
stirrer to ensure both solutions are well mixed[11].
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Figure 3: The filtration process of dragon fruits

Table 1: The pigment ratio

No. Dragon fruit pigment Water
1 20ml 80ml
2 40ml 80ml
3 60ml 80ml
4 80ml 80ml

The pigment was applied to the stainless-steel plate by using a
paint brush. First stage, the 3 layers of different concentration
of pigment was applied on the substrate and then continues for
6 layers and 9 layers of pigment as shown in Figure 4. The
purpose of the method is to differentiate and distinguish
between each layer of dragon fruit concentration. The sample
was left dried for a day before superhydrophobic coating
mixture is applied on top of the pigment coating.

The superhydrophobic coating mixture is applied to the plate
that has been coated with dragon fruit pigment by using spray
gun. The process of coating takes place in the fume chamber
for safety measurements. The method of applying
superhydrophobic coating is by using spraying techniques to
determine the smooth surface coating on the substrate. It has
three stages where the first stage is spraying the mixture for 3
layers to all the samples, and then continue with another 3
layers for 6-layer samples and lastly another 3 layers for
nine-layer samples. The coating is left to completely dry for
three days before conducting any test on the samples.
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Figure 4: The different concentration of Hylbcus
polyrhizus pigment
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4. RESULTS AND DISCUSSIONS

The water contact angle for water droplet test according to
ASTM 5946-04 for superhydrophobic coating should be in
between 140° to 175°. If the water contact angle is less than
the desired wvalue, it cannot be considered as
superhydrophobic. Therefore, the samples can be considered
as superhydrophobic coating as the contact angles obtained
are in between range 140° and 170° The contact angle for
every sample for all Hylocereus polyrhizus concentration for
3 layers, 6 layers and 9 layers are shown in Table 2.

From the table, the water contact angle was obtained for
superhydrophobic coating is between range 135° and 156°.
The higher water contact angle test for the layers is in range
140 degrees and 144 degrees. The lower water contact angle is
135° which is 0.2wt/wt of Hylocereus polyrhizus pigment
concentration with 9 layer of substrate and the highest water
contacnt angle is 156° which is 0.6wt/wt of Hylocereus
polyrhizus pigment concentration with 6 layers of substrate. It
is clear that angle of contact is vary from one and another and
the comparison is as shown in Figure 5.

Superhydrophobic surfaces possessing high advancing water
contact angle (WCA) and lower water contact angle hysteresis
have concerned because their water-repellent and
self-cleaning properties and possible for everyday
applications ranging from biotechnology to self-cleaning
commodity materials. The superhydrophobic coating gives
unique characteristics to the coated surface which is when
water dropped onto the surface, it shattered into particles and
the rolled off from the surface[12].
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Figure 5 : The average of water contact angle for the samples

Figure 6 shows the superhydrophobic coating bears a good
scratch resistance. For 0.2wt/wt of Hylocereus polyrhizus
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pigment concentration with three layers of substrate, it started
to scratch from 3H of pencil hardness, for the six layers of
substrate, of scratch begin from 4H of pencil hardness and for
nine layers of substrate, it only scratch for 5H of pencil
hardness. For 0.4, 0.6 and 0.8wt/wt of Hylocereus polyrhizus
concentration for three layers, the scratch resistance is the
same which is for 4H of pencil hardness. For 6 layer of
substrate, 0.2 and O0.4wt/wt of Hylocereus polyrhizus
concentration has the same scratch endurance which is for 4H
of pencil hardness. 0.6wt/wt and 0.8wt/wt of Hylocereus
polyrhizus concentration scratch resistance is slightly better
than 0.2 and 0.4 wt/wt of Hylocereus polyrhizus concentration
which is it begin to scratch from 5H of pencil hardness.

For nine layers of substrate, the scratch resistance for 0.2 and
0.4wt/wt is the same and for 0.6wt/wt, it only began to scratch
from 5H. The 0.8wt/wt of Hylocereus polyrhizus
concentration of superhydrophobic coating is supreme for the
scratch resistance test. This scratch resistance test, the
different concentration of dragon fruit pigment was affected
the performances of the coating. It is shows that the
superhydrophobic coating does not scratch until the substrate
reaches its yield point, and even then, the coating remains
bonded to the surface [13]. The superhydrophobic coating
reached it limits when it was scratch by using pencil hardness
of 4H and above.
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Figure 6: Scratch resistance test for each layer of 0.2, 0.4, 0.6
and 0.8wt/wt of Hylocereus polyrhizus pigment.

The result for adhesion resistance test is shown in Table 3.
Flaking occurred poorly for samples with 3 layers of
superhydrophobic coating. Flaking rate for 3 layers of 80%
Hylocereus polyrhizus pigment concentration is the highest
with more than 65% of coating detached from the substrate.
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Table 3: Water droplet test results of different
concentration and layer of coating surfaces in carbon steel

surfaces
Hylocereus
polyrhizus
pigment 3 Layer | 6 Layer | 9 Layer
concentration
0=142°| 6=139°| 6=136°
-
0.2 wt/wt ‘
{ < ,
tig 0E L
0=147°| 6=142° | 06=141°
0.4 wt/wt '
%'}
i
0=144°
0.6 wt/wt
0=139°
0.8 wt/wt :
Hil
——

This is because the concentration of Hylocereus polyrhizus
pigment is thicker than the other concentration; it binds with
superhydrophobic coating tightly and resulting in the
detachment of the coating with the highest percentage. For 6
layers of Hylocereus polyrhizus pigment, the flaking was
occurred with the highest rate of flaking at 3B which is only
5% to 15% area from the lattice. For 0.6 and 0.8 wt/wt of
Hylocereus polyrhizus concentrations yield the same result
which there is no flaking at the surface. The result obtained
was analysed and the comparison is shown in Fig.7. The
optimum result was obtained from the adhesion test for 9
layers of coating which is there is no flaking for all the
samples with different concentration of Hylocereus
polyrhizus. This is due to the higher viscosity inhibits settling
and flocculation of the Hylocereus polyrhizus pigments on the
substrate [14]. Table 4 shows flaking in supoerhydrophobic
coating with different layer of 3, 6 and 9 layers.
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Figure 7 : The average flaking range of adhesion test result

Table 4: Flaking in supoerhydrophobic coating with different
layer of 3, 6 and 9 layers.

Betalain Classification (B)
Layer | concentratio
n Testl | Test2 Test 3

0.2 wt/wt 4B 3B 4B

0.4 wt/wt 4B 4B 5B
3 Layer

0.6 wt/wt 5B 5B 5B

0.8 wt/wt 0B 2B 2B

0.2 wt/wt 3B 4B 4B

0.4 wt/wt 4B 5B 5B
6 Layer

0.6 wt/wt 5B 5B 5B

0.8 wt/wt 5B 5B 5B

0.2 wt/wt 5B 5B 5B

0.4 wt/wt 5B 5B 5B
9 Layer

0.6 wt/wt 5B 5B 5B

0.8 wt/wt 5B 5B 5B

5. CONCLUSION

In conclusion, the water contact angle results show favorable
to the self-cleaning purposes for superhydrophaobicity which
is in range between 140° to 156° up to 0.4% wt/wt of
concentrations. Regarding to scratch resistance test, the 0.6
and 0.8 wt/wt of Hylocereus polyrhizus concentrations yield
no flaking at the surface up to 9 layers. This is due to the layer
of dragon fruit pigment has proper mixing of
multi-component coatings between matrix pigment and epoxy
resin that resulted in the effects of superhydrophobic coating
based on dragon fruits pigment for piping surfaces was
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revealed the good performance. It also gives an alternative to
reduce toxic coating and help in reduce the health effects of
toxic exposure
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