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ABSTRACT

Emulsion paint, also known as water-based paint, is a type of paint that consists of small water
droplets suspended in a binder. The binder, typically made of acrylic or vinyl acetate polymers, acts
as a film-forming agent that holds the pigments and other additives together. Emulsion paint was
formulated from waste expanded polystyrene as a binder. The formulated emulsion paint which
underwent a three-staged process had a pH of 7.82, density of 1.31 g/cm3, the drying time was 15-
20 and 85-90 minutes for the set to touch and set to hard drying times respectively, viscosity of 10.4
Cp. The formulated paint exhibited good adhesion, tackiness, opacity, flexibility and stability
properties. The paint also possessed good resistance to blistering; which indicates that it has good
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external exposure resistance and thus; can perform well when exposed to environmental conditions
such as rain and sun. Effects of concentration on viscosity, density, melting point, refractive index,
moisture uptake, turbidity, elongation at break and water solubility were studied for the polystyrene
binder to ascertain for its suitability. Fourier transform infrared spectrophotometer was employed to
characterized the binder. This investigation revealed favourable properties of a conventional
emulsion paint inherent in the formulated polystyrene binder derived emulsion paint such as, drying

time, moisture uptake, water solubility.

Keywords: Binder; emulsion; polystyrene; paint; drying time.

1. INTRODUCTION

In the coatings industry, paint is a complex blend
of ingredients intended to give a decorative and
protective layer on a variety of surfaces.
Concrete, wood, metal, and other substrates can
be used as these surfaces. Industrial paints are
designed to endure severe weather conditions
and tight performance specifications [1]. For
thousands of years, paints have been an
essential component of human civilization,
providing both decoration and protection. Paints
are composed of a blend of several ingredients,
including pigments, binders, solvents, and
additives, which combine to form a long-lasting
and aesthetically beautiful layer. According to
Ngozi [2], they are extensively utilized in DIY
projects, construction, and many sectors.

The characteristics of paint, such as resistance
to external influences, adhesion, durability, and
color retention, are essential to understanding
how well it works. Paints are made to provide
resistance against chemicals, weathering, and
wear in addition to protecting and improving the
surface they are applied on [3].

Because of its remarkable qualities, polystyrene
—a synthetic polymer derived from styrene
monomers—finds extensive application across a
range of sectors. Using polystyrene as a binder
in various materials and goods is one important
usage for it. Polystyrene is a vital component in
many industries because it functions as a binder,
improving the cohesiveness and strength of
materials.

The construction sector is one where polystyrene
is used as a binder. Because polystyrene foam
boards have good thermal resistance, they are
frequently utilized as insulation materials.
According to Xiaoyang [4], the polystyrene in this
application serves as a binder, keeping the foam
cells together and giving the insulating panels
a structural framework. Polystyrene is a binder
used in building materials that contributes to
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increased energy efficiency and decreased heat
loss in structures. Furthermore, polystyrene is
also used in the production of composite
materials as a binder. Composite materials are
widely employed in the automotive, aerospace,
and marine industries to build lightweight, high-
strength components.

The mechanical characteristics of the composites
are improved due to the increased adhesion
between the reinforcing fibers caused by the
presence of polystyrene [5].

A common kind of water-based paint used in a
variety of situations, including commercial,
industrial, and residential ones, is emulsion paint.
It is made up of pigment particles scattered
throughout a polymer binder or aqueous
emulsion, resulting in a stable and user-friendly
paint mixture. Emulsion paints are a popular
option for a variety of surfaces due to their
adaptable qualities. Emulsion paint's outstanding
adherence to a variety of substrates is one of its
primary characteristics. Emulsion paint's polymer
binder creates a strong bond with surfaces to
produce a finish that is long-lasting and
resilient [6].

Emulsion paint's low volatile organic compound
(VOC) concentration is another noteworthy
feature. Volatile organic compounds (VOCs) are
dangerous substances that can escape into the
atmosphere when traditional solvent-based
paints dry and cure. Conversely, emulsion paints
are safer and more environmentally friendly for
interior use due to their low volatile organic
compound (VOC) levels [7]. Emulsion paint's
water-based composition also makes it simple to
use and clean up after. Emulsion paints are
diluted and washed with water, as opposed to
solvent-based paints; this simplifies the painting
process and lessens the need for hazardous
chemicals [6].

The research objective is to investigate the
feasibility and effectiveness of using waste
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expanded polystyrene (EPS) as a binder in the
formulation of emulsion paint. This objective aims
to explore and evaluate the potential of EPS, a
commonly discarded material, as a sustainable
alternative to traditional binders used in emulsion
paints. The specific research goals include:
characterizing the physical and chemical
properties of waste EPS to determine its
suitability as a binder in emulsion paint
formulation, evaluating the adhesion, durability,
and performance of emulsion paints formulated
with waste EPS.

2. MATERIALS AND METHODS

2.1 Materials

Waste expanded polystyrene was obtained from
dustbin in Sangere Adamawa State, Nigeria, the
following reagents and apparatus were
employed; gasoline, density bottle, weighing
balance, Stuart melting point machine (Model
SMP 10), Memmert desiccator, pH meter,
Turbidity meter, graduated glass micro syringe.
Reagents employed for the EPS emulsion paint
formulation were purchased from local paint
sellers in small volumes; calgon, genepour,
bermocoll, troystan, nicofoam, dispersant, kaolin,
butanol, ammonia, CaCOs, drier.

2.2 Methods
2.2.1 Preparation of EPS binder solution

With a small tweak, the Abdul-Karim and Al
method were applied [8], with gasoline serving as
the solvent. Known weights of EPS 5g, 10g, 159,
29, and 25g were dissolved in a fixed volume
(100ml) of gasoline to formulate the EPS binder
solution, which was then agitated for 45 minutes
at 30 °C.

2.3 Characterization of the EPS Binder

2.3.1 Viscosity determination of the EPS
binder

The Osemeahon and Barminas method [9] was
utilized to assess the viscosity of the resin. For
the measurement, a 100ml graduated glass
micro syringe manufactured by Phywe was
utilized. A 20 % (w/v) sucrose solution with a
viscosity of 2.0 mPa.S at 30 °C was used to
standardize the device. At 30 °C, the viscosity of
the EPS was compared to that of the
conventional sucrose solution. For every sample,
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three readings were obtained, and the average of
the results was determined.

2.3.2 Density determination of the EPS binder

The density of the EPS binder was calculated
using the method enumerated by [10]. By
weighing each resin within a density bottle with a
weighing balance, the densities of the various
resins were ascertained. The mass volume
relationship was used to calculate the density.
For every sample, three readings were obtained,
and the average value was determined.

2.3.3 Melting point determination of the EPS
binder

Melting points of each resins of the binders were
determined by wusing Stuart melting point
machine (Model SMP 10). Triplicate
determinations were made and average value
was taken [7,10].

2.3.4 Refractive index determination of the
EPS binder

The refractive index of the resin was determined
by using Abbe refractometer [10]. Three readings
were taken for each sample and average value
was determined.

2.3.5 Moisture uptake determination of the
EPS binder

Memmert desiccators were used to measure how
much moisture was absorbed by various resin
films. Three grams of various samples were
added to desiccators that held one gram of
sodium chloride in a saturated solution. Every
sample's moist weight was tracked until it
reached its maximum weight. [10,11] identified
the moisture uptake by resin by taking the
difference between the wet weight and dry
weight.

2.3.6 Turbidity determination of the EPS
binder

Turbidity of the binders were measured using
Labtech Turbidity meter (Model AVI-654). The
results of each of the samples were reported in
NTU. Triplicates determinations were made and
average value was calculated [10].

2.3.7 Elongation at break determination of
the EPS binder

Utilizing an Intron Tensile machine based on
ASTEMD 638, the elongation at break was
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determined. The binder film, measuring 5 cm in
length, 2 cm in width, and 0.2 cm in thickness,
was fully loaded with 150g for each sample and
clamped onto a stand. All samples underwent
three runs, and the average elongation was
calculated as a percentage [10].

2.3.8 Water solubility determination of the
EPS binder

To find EPS's water solubility, 2 milliliters of the
resin were mixed with the necessary 20 milliliters
of distilled water. According to Osemeahon and
Dimas [7], the transparency or cloudiness of the
samples indicated whether they were soluble or
insoluble in water.

2.4 Formulation of EPS Modified Paint

Basically, emulsion paint was formulated in
respect to the method reported by Fadawa,
[12,13]. The method splits the production
process into three main stages as follows:

2.4.1 First stage

At the first stage, additives such as dispersants,
defoamer, thickener, anti-skin, drier, wetting
agents, stabilizer, pH adjuster and preservatives
were added. The basic purpose of this stage is to

provide a favourable environment for wetting and
dispersion of particles. A volume of 185 ml of
distilled water was introduced into a litter mixing
tank and the overhead stirrers switched on after
the addition of 12.7g of the additives as shown in
Table 1. This mixture was stirred using a high-
speed stirrer for 15 minutes.

2.4.2 Second stage

In the second stage, also known as “mill base”,
pigments and extenders were dispersed in the
mills. Immediately after dispersion, the stirrer
speed in the mill base stage was increased to a
very high speed and the mixture was stirred for
another 15 minutes. In mill base, binder was not
added to avoid its structural deformation under
high mechanical forces.

2.4.3 Third stage

Finally, binder plus the rest of the additives used
in the first stage were mixed with 15ml of water.
This stage is called “Letdown”. In this stage, the
mixture was stirred at moderate speed for
another 15 minutes. Energy losses in the mill
based were minimized by adding thickeners
before the dispersion stage of the production
process. The details of the formulations are
presented in Table 1 below.

Table 1. Emulsion paint formulation recipe

Stage Reagents Quantity of EPS (g)
Water 185
Anti-foam 0.2
Drier 0.2
Calgon 1.16
Genepour 1.16
First Bermocoll 2.5
Troystan 1.14
Dispersant 0.2
Butanol 5
Ammonia 0.54
TiO2 50
Alx(SiO)s 11.2
Na>COs 0.58
Kaolin 2.52
Mill base CaCOs 123
Binder 200
Water 15
Dispersant 0.2
Letdown Nicofoam 0.2
Anti-skinning agent 0.2
Total 500
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2.5 Characterization of the Formulated
Emulsion Paint

2.5.1 Ph determination of the emulsion paint

A pH meter was used to measure the paint
samples' pH. To get the reading, the electrode
was dipped into paint samples [10]. After
standardizing the electrode's pH with a buffer
solution at pH 7, distillated water was used to
rinse it.

2.5.2 Adhesion test of the emulsion paint

On a metal panel, a coat of paint film was applied
using a film applicator, and it was left to dry for
48 hours. A sharp nail was used to draw two sets
of lines on the paint film, one of which crossed
over the other perpendicularly. Using the thumb,
firmly push an adhesive tape over the entire
perpendicular line interaction. After being forced
to release its ends, the sticky tape was taken off
the panel. Poor adherence was indicated by the
removal of more than 50% of the paint film's
square lines. For every sample, a triplicate
determination was performed at 27 °C, and the
average value was noted [10,14].

2.5.3 Resistance to blistering of the emulsion
paint

The method used to measure resistance to
blistering was applying an undiluted paint sample
with an applicator to a glass panel to provide a
wet film thickness, then letting it dry for a full day.
Two milliliters of distilled water were applied to
the film in the shape of circular droEPS at the
conclusion of this time. Poor water resistance
was indicated by the occurrence of blistering,
wrinkling, swelling, or cracking within 30 minutes.
Each sample's three duplicate determinations
made up the quality evaluation record [10]

2.5.4 Viscosity measurement of the emulsion
paint

500ml of each of the paint produced was used to
determine their viscosity. This was carried out by
using BROOKFIELD DV-E Viscometer, model
(LVDE) the result obtained was calculated using
standard [10,15].

2.5.5 Opacity test of the emulsion paint
The approach outlined by Osemeahon and

Barminas [9] was employed to determine the
paint samples' opacity test. Yellow paint was
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used as a primer on the ceiling board, and it was
allowed to air dry. In a beaker, 25 milliliters of the
various paint formulations were added. To
prevent the brush from absorbing too much paint,
the brush to be used was dipped into the paint
sample before being dipped into the 25ml paint in
a beaker. The ceiling board was then painted,
and the area of the painted surface was
measured to determine the paint's opacity.

2.5.6 Drying time of the emulsion paint

By employing Osemeahon method [7], the paint
samples' drying times were assessed. Every 25-
milliliter paint sample was formulated was
applied to a ceiling board that had been primed
with yellow paint and allowed to cure at room
temperature. The drying times of each sample
were recorded using a stopwatch.

2.5.7 Dry to touch and dry to hard test of the
emulsion paint

The paint sample's dry test was assessed using
the methodology described by Kalu [10]. Using a
brush, each paint sample was applied to a ceiling
board that had been primed with yellow paint,
and it was left to dry. Dry to hard was measured
when the paint film resisted finger prints, and dry
to touch was measured when the paint could no
longer cling to the finger.

2.5.8 Flexibility test of the emulsion paint

Using a paint applicator, paint samples were
applied to the aluminum panel mix. For seven
days, the paint sample's film was left to dry at
ambient temperature (27°C). It took one to two
seconds for the film panel to be smoothly bent
through 1800. After being put back in its original
condition, the panel was checked for adhesion
loss and cracking and any break or loss of
adhesion suggested rigidity or brittleness [16].

2.5.9 Tackiness of the emulsion paint

This was also determined on the film of each of
the paints formulated by hand feeling to find out if
the paint is sticky or not. Stickiness of a dried film
indicates that the film is tacky [10].

2.5.10 Stability test of the emulsion paint

The paint samples were completely sealed in a
container and keep at room temperature (27°C)
for 2 months. At the end of this incubation period,
the various paint samples were re-examined for
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any change in viscosity or coagulation of the
emulsion paint. Absence of coagulation or any
change in viscosity was regarded as “pass” [10].

2.5.11 Instrumentation

The film composition of the EPS binder was
confirmed by FTIR spectroscopy. The prepared
thin films were examined using Attenuated Total
Reflection FTIR (ATR-FTIR) technique. They
were scanned at a resolution of 4 cm-1 with 16
scans over wavenumber region peaks of IR
transmission spectra of 400 — 4000 cm-1 using
FTIR spectrophotometer (Perkin Elmer, USA).

3 RESULTS AND DISCUSSION

3.1 In-situ characterization of the EPS
binder

3.1.1 Effect of concentration on the viscosity
of EPS binder

As shown in Fig. 1, the viscosity of EPS fell
between 0-5%. Then viscosity increases
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gradually with increase in EPS concentrations,
between 20-25%, there is sharp increase of
viscosities. This may be attributed to the increase
in molecular weight and the degree of
polymerization due to crosslinking interactions
between the resins macromolecules [7] being the
base component, the viscosity of the binder is
very important in the effects of paint factors such
as sagging, leveling, flow rate, adhesion et cetra.

3.1.2 Effect of Concentration on the density
of EPS binder

Fig. 2 shows the effect of concentration on the
density of EPS binder. It can be seen that the
density of the binder increases gradually with the
increase of binder concentrations. This may be
due to the increase of binder concentration [17].
The density of the paint binder has a profound
influence factors such as brushability, leveling,
sagging, dispersion and stability of pigment, and
can also be used to determine the critical
pigment volume concentration, spreading
capacity and consistency of the paint [13].
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Fig. 1. Variation of EPS binder concentrations with viscosity
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Fig. 2. Variation of EPS binder concentrations with turbidity
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3.1.3 Effect of Concentration on the melting
point of EPS binder

Fig. 3 shows decrease in the melting point of the
binders as the amount of EPS increases. The
melting point of EPS binder rose sharply
between 0-5% concentration. Decreasing melting
point indicate decreasing hardness and
increasing flexibility of the binder [13]

3.1.4 Effect of concentration on the refractive
index of EPS binder

Fig. 4 shows that as the EPS binder
concentration is increased, the refractive indices
also increase. These may be due to increasing
discontinuities in the molecular structure of the
blends. It may also be attributed to a possible
rise in crosslinking density as the concentration
of the EPS increases [13]. Gloss which is a
gualitative property of paint has been reported to
be a function of refractive index [10]. And the
binder plays a vital role in the exhibition of this

property.

3.1.5 Effect of concentration on the moisture
uptake of EPS binder

Fig. 5 shows the reduction in moisture uptake of
the EPS binder with the increase of binder
concentrations. The moisture uptake of EPS
rises between 0-5%, decreased from 5-25%, and
flat out between 20-25% concentrations. These
behaviors can be associated with the decrease in
the amount of EPS binder [13]. Moisture uptake
in polymeric materials is very crucial on both
physical and structural levels. In synthetic resins
used as binders, it is responsible for blistering,
alligatoring, brooming of paint film. It also affects
the mechanical properties of paint in a way that
might lead to paint’s failure [10,13].

3.1.6 Effect of concentration on the turbidity
of EPS binder

Fig. 6 shows the effect of EPS concentration on
the turbidity of each of the solution. It can be
observed that there was initial sharp fallen of
turbidity of EPS binder. The turbidity increased
gradually with rapid rise of the turbidity of EPS
between 15-20% concentrations. This may be
due to the progressive increase of EPS
concentrations. The particles in the solutions
absorbed and refract light. As the concentrations
increases, the solutions become denser, less
light passes through the solutions at higher
concentration [9]. Turbidity in addition to the
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pigment is a factor that enhances the opacity of
the paint films [13]

3.1.7 Effect of concentration on the
elongation at break of EPS binder

Fig. 7 shows the decrease in Elongation at break
of EPS binder between 0-5% and the gradual
increase in Elongation at break between 5-25%
concentrations. This implies that an increase in
concentration improves the ductility of the film
which allows for large deformation or large
extension [7].

3.1.8 Effect of concentration water
solubility of EPS binder

on

As presented in Table 2, the EPS binder was
soluble in water up to 15% concentration and
above 15%, the solution became insoluble in
water. This hydrophobic behavior is expected as
the amount of the hydrophobic EPS resins
increases in the matrix. It could also be attributed
to the high molecular weight of EPS binder.
Resin solubility or dispersibility is an important
factor in the resin’s acceptability as a binder for
emulsion paint formulation [13].

3.1.9 FT-IR characterization of the EPS binder

In EPS Spectrum whose major peaks have been
displayed in Table 3, peaks corresponding to —
OH hydroxyl group was observed at 3824.5/cm.
Similar bands were observed by [10] for
Sesamum indicum seed oil (SISO), Egbuna and
Aninwede [18] and Khalid [19] for the Jordan
valley tomato oil alkyd resin. The medium peaks
found at 2905.8/cm and 2869.4/cm suggest for
the presence of an alkane C-H stretching in the
EPS binder, similar observations were found and
reported by Kalu [10], and Khalid [19]. The less
intense peak at 2633.5/cm suggests the
presence of an asymmetric stretch of the
carbonyl grouEPS present in the EPS binder
[10], similar observations were reported by
Ezugwu [20] for Albizia lebbeck oil modified alkyd
resin. Peaks due —-C=O carbonyl group was
observed at 2266.5/cm. Kalu [10] also observed
similar peak at 2290.18/cm in SISO and similar
observations were recorded by Egbuna and
Aninwede [18] for castor/soybean seed oil alkyd
resin blend and Onukwli [15]. The medium peak
found at 1445.6/cm for EPS binder suggest the
presence of a —CH bending of the methyl
grouEPS, similar observations were reported by
Kalu [10] whose SISO displayed at 1454.38/cm,
Isaac [21] and Ezugwu [20] also had similar
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observations. The medium peak at 1773.5/cm
suggests the presence of a carbonyl group which
could be attributed to an aromatic ester C-O
stretch present in the EPS binder [10], similar
observations were reported by Akpan [22] for
castor seed oil alkyd resin samples and Uzoh
[23] reported similar observation. The weak
bands at 1639.2/cm suggests for the presence of
a C=C stretching for aromatics in the EPS
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binder, similar observations were reported by
Kalu [10] whose SISO gave peak at 1652.60/cm.
Khalid [19] and Akpan [22] also reported similar
observations. Some in-plane and out-plane
stretching vibrations were recorded at 727.8/cm
which suggests for the presence of the —CH:
rocking modes in the EPS binder [10], similar
observations were reported by Akpan [22] and
Kalu [10].
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Fig. 3. Variation of EPS binder concentrations with melting point
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Table 2. Water solubility of EPS binder

EPS Concentration Solubility

59 Soluble

10g Soluble

15¢g Partially soluble
20g Insoluble

259 Insoluble
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3.1.10 Physic-mechanical properties of the
formulated EPS emulsion paint

The physic-mechanical properties of the
formulated EPS Paint have been highlighted in
Table 4. It was observed that the pH of the
EPS emulsion paint was in the permissible
range of 7 to 9 stipulated by NIS [24]having a
value of 7.98 and SON [25] whose limits are 7 to
8.5, the pH was investigated under ambient
temperature, similar observations were made by
Kalu [10], who had a pH of 7.82 for a Sesamum
indicum semi-gloss paint formulation. The effect
of pH in paints can be significant and can
influence various aspects of their performance.
The pH level of a paint can impact its color
stability, adhesion, drying time, corrosion
resistance, and overall durability [10].
Furthermore, the pH of paint can affect the
stability and compatibility of different components
within the formulation. Extreme pH levels, either

too acidic or too alkaline, can lead to the
degradation of binders, resins, or other
components, resulting in reduced adhesion,

cracking, or peeling [26]. The density of EPS
paint formulated is 1.34g/cm3. The density of the
formulated EPS paint falls within the standard
stipulated by SON [25] in the range 1-12g/cm?3
which indicate that the binder possesses better
coverage ability, which is the ability to cover or

hide the underlying surface. Paints with higher
densities typically have more pigments, fillers, or
solids within the formulation, allowing for better
hiding power and coverage on the surface [10].
Similar results were achieved by Kalu [10] with a
density of 1.31g/cm3, Oladipo [14] who had a
density of 1.01 g/cm3. Additionally, density can
affect the drying time of paints. Higher density
paints can take longer to dry due to their thicker
consistency, while lower density paints may dry
more quickly [10]. The viscosity of the formulated
EPS emulsion paint was found to be moderate
and lower with a value of 10.04 Cp (Centi poise)
when compared to results by Aigbodion [27] who
obtained a viscosity 4.89 Cp for rubber seed oil
as a binder and Oladipo [14]Jwho obtained 130
Cp for wild olive oil as a binder. The obtained
value was slightly higher than the standard
stipulated by SON [25] of 6 to 15 Cp but, was
found to be in the range 22 to 150 Cp stipulated
by NIS [24]. It has been suggested that High-
viscosity paints tend to be thicker and more
difficult to spread, requiring more effort to
achieve an even application. Higher viscosity
paints take longer to dry because the thicker
consistency slows down the evaporation of
solvents or water present in the paint formulation.
Conversely, lower viscosity paints tend to dry
more quickly due to the faster evaporation of
solvents [10]

Table 3. FT-IR spectral analysis of EPS binder

S/n Peaks (cm-1) Functional group assignment
1 38245 —OH, hydroxyl group
2 2905.8 Alkane C-H stretching
3 2869.4 Alkane C-H stretching
4 2633.5 Asymmetric stretch of the carbonyl grouEPS
5 2266.5 —C=0, carbonyl group stretch
6 1639.2 C=C, stretching for aromatics
7 1445.6 —CH, bending of the methyl grouEPS
8 1173.5 Aromatic ester C-O stretch
9 727.8 —CHoz, rocking modes

Table 4. Properties of EPS Paint in Comparison with the SON Standard
Properties EPS SON standard
pH 7.98 7-8.5
Density 1.34 1-12
Viscosity 104 6-15
Touch dry 20-25 20
Hard dry 85-95 120
Opacity Pass Pass
Blistering Pass Pass
Tackiness Pass Pass
Flexibility Pass Pass
Adhesion Pass Pass
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Table 5. Water solubility of EPS binder

EPS Concentration Solubility
5¢ Soluble
10g Soluble
15¢g Partially soluble
20g Insoluble
259 Insoluble
The dry to touch of EPS emulsion paint was are related to the long-term durability and

20-25 minutes while hard-to dry was 85-95
minutes respectively, which is in conformity with
the standard stipulated by SON [25] of values 20
minutes for dry to touch and 120 minutes for hard
to dry. Similar drying times were obtained by
Aigbodion [27] whose values were in the range
25 to 35 and 80 to 85 minutes for dry to touch
and dry to hard respectively; Kalu [10] had
values of 15 to 20 and 85 to 90 minutes for a 40
% alkyd resin, 20 to 25 and 90 to 95 minutes for
a 60 % alkyd resin and 25 to 30 for dry to touch
and 95 to 100 minutes for dry to hard
respectively. The touch-dry time is the period at
which the particles mixed and sticking together
as the solvent evaporates, while hard-dry is the
period of optimum sticking and cohesion of the
film to a desired stage, further coat can be
satisfactorily applied [9]. The formulated EPS
emulsion paint sample exhibited touch to dry and
hard to dry times within permissible ranges. The
opacity test of the formulated paint was carried
out in the laboratory with the aid of ceiling board
and brush. The opacity result of EPS formulated
paint was recorded as pass. This indicated that
the EPS binders was good for the formulation.
The paints samples produced passed the opacity
test, indicating the ability to stabilize pigment
dispersion [10]. The EPS paint formulated
exhibited a good blistering resistance as there
was no blistering, wrinkling, swelling or cracking
within a period of 30 minutes after addition of
distilled water in the form of circular drop. This is
an indication that these paints can be used for
both interior and exterior decoration [25].

As shown in Table 4, the EPS paints sample
exhibited good adhesion as it was tested using
an adhesion tape [7]. It has been suggested that
the quality and durability of a coating is related to
it adhesion [10]. The EPS paint formulated was
observed to be sticky when felt with hand after
12 minutes of application. This indicated that the
binders are of high viscosity and adhesion
property which make it very good for emulsion
paint formulation [9]. The formulated EPS
emulsion paint exhibited good flexibility
characteristics, the effect of flexibility in paints is
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performance of the painted surface. A paint film
that is too rigid may crack or flake when
subjected to movement or changes in
temperature, while a paint film that is too flexible
may lack adhesion and may be prone to sagging
or deformation [10]. The EPS paint sample
exhibited good flexibility as it withstood the
bending force applied to them without deforming
or broken after bending of the metal panel with
the film smoothly through 180° [9]. This
characteristic makes these paints suitable in their
flexibility consideration as there was no cracking
or loss of adhesion [12]. The EPS paint samples
showed absence of coagulation or any change in
viscosity and was recorded as “pass” [16]. This is
indicative of its stability over a two months
period.

As presented in Table 5, the EPS binder is
soluble in water up to 15% concentration and
above 15%, the solution becomes insoluble in
water. This hydrophobic behavior is expected as
the amount of the hydrophobic EPS
chemical species increases in the matrix [28]. It
could also be attributed to the high molecular
weight of EPS binder. Resin solubility or
dispersibility is an important factor in the resin’s
acceptability as a binder for emulsion paint
formulation [13]

4. CONCLUSION

The suitability of polystyrene in the formulation of
emulsion  paint was investigated. The
characterization of the EPS binder indicated
good moisture uptake, elongation at break, water
solubility, turbidity and refractive index which are
comparable other conventional binders.

The formulated EPS emulsion paint exhibited
good drying times of 15-20 and 85-90 minutes for
set to touch and set to hard drying times
respectively. The EPS binder optimization also
revealed its suitability for the emulsion paint
formulation, possessing good concentration
variations with viscosity, melting point, moisture
uptake, turbidity, to mention but a few.
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It can be concluded that the EPS paint met with
the requirements by the coating industry
according to already established standards by
SON and NIS. In working towards an
environmentally friendly society waste plastic
was successfully converted as binder for
emulsion paint formulation which should
encouraged the conversion or recycling of waste
in our environment. It can also increase the
guantity of emulsion paints in the market and
lower its price.
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