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ABSTRACT

The study sought to produce an emulsion paint binder that will compensate for inadequacy found
in traditional polyvinyl acetate binder by optimizing with hydroxylated Guna seed oil (HGSO). Oil
was extracted mechanically from Guna seed, and subjected to chemical process of epoxidation to
open the carbon to carbon double bond ring for inclusion of hydroxyl group via hydroxylation
process. The product-polyol was optimized by copolymerised the HGSO with polyvinyl acetate in
series of blend to form a new copolymer binder. Fourier Transformation Infrared (FTIR) was used
to assess the chemical change in the chemical processes. The novel PVAc /HGSO copolymer binder
was optimised by introducing different concentration of HGSO into the copolymer matrix and
examine the crucial paint binder parameters such as density, water solubility, refractive index,
melting point, moisture absorptivity, gel time, viscosity, and turbidity. Comparing with permissible
value in coating industry, the blend ratio 80: 20 (80% of PVAc and 20% of HGSO) was adopted for
the formulation of PVAc/HGSO copolymer binder. The novel PVAc/HGSO copolymer binder
resist water excellently with a good optical property and better adhesiveness. Therefore, the novel
PVAC/HGSO copolymer binder can be used to formulate an emulsion paint.
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Introduction

Emulsion paints are widely used due to its environmental benign and easiness to deploy since
it is miscible with water to achieve numerous consistencies [1]. Therefore, it has gained wide
application which include both indoor and outdoor purposes for protection, beatification and
special purposes, and as the increasing surfaces to be pelt increases [2], so is the huge utilization
of an emulsion paint. Paint binder is crucial to overall performance of paint [3] because it is a
binding agent composed of polymer components suspended in a paint containing a solvent.
According to Ndibie et al [4], paint binder is responsible for polymeric crosslinking at the
drying process on application, which determine the adhensibility of the coating to the substrate.
Binders cohesively hold paint components together in the forming film.

Considering the wide range of all the emulsion paint binders (acrylic, Latex, etc), acrylic and
Latex binders have been used in formulation of emulsion paint. Apart from being expensive,
Dillion et al [5] reported that films of acrylic paints are specifically liable to absorb dust and
contaminants as a result of possible accumulation of surfactant on their soft surface. On the
other hand, Latex or Poly vinyl acetate (PVA) binder has the advantages of low-cost, fast curing
and less-toxic to handle. However, Learner [6] reported that PVA homopolymers are slightly
stiff and hard to form a continuous film from an emulsion, which require utilisation of large
quantity of solvent (water) to aid the flexibility of the polymer matrix during film formation,
and this usually reduces the quality of an emulsion paint. In addition to this, Gidigbi et al and
Gopalan [7, 8], reported that PVA binder is usually characterised with poor water resistance
and lustre, thereby aiding defection on application, and shorten the lifespan of an emulsion

paint when exposed to environmental factors including heat and moisture.

To cater for this inadequacies, few studies had attempted to put away PVA binder completely
by search for low-cost and readily alternative polymer. For instance, Osemeahon and Barminas
[9] assessed the use of urea formaldehyde and urea proparaldehyde copolymer composite,
while urea was known for abundant availability; surface hardness, tensile strength and good
water resistant, however , emission of formaldehyde from the surface of the paint has an
inimical to its usage due to the negative influence of formaldehyde emission on the
environment (Greenhouse effect and ozone formation at the lowest atmosphere) [10] .
Osemeahon and Archibong [11] investigated monomethylol Urea (MMU) as a possible binder
for emulsion paint. This showed some improved properties with lesser formaldehyde emission.

Nevertheless, low viscosity and low value for elongation at break discourage the usage, as low
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value of elongation at break of the binder connotes that paint made from such binder are liable
to crack easily on application.

Igbal et al [12] copolymerised urea formaldehyde with a composite of polyvinyl acetate and
butyl acrylate. While viscosity and refractive index with good density of the copolymer binder
were achieved, zero emission of formaldehyde was not achieved in the study. lbrahim et al [13]
copolymerised modified Natural Rubber Latex with Polyvinyl Acetate to formulate a
copolymer binder. Although, the binder showed better adhesion and low moisture absorptivity
against the drawback of polyvinyl acetate binder, but the process of modified rubber latex
added to the cost of production, as rubber latex is a commercial commodity, thereby attracted

extra cost.

In view of this, this study will utilise oil from waste material such as guna seed to optimise
polyvinyl acetate binder, inorder to generate novel copolymer binder that will cater for
deficiency in conventional polyvinyl acetate binder and also to find means of converting waste

into useful and environmental-friendly feedstock for industrial application.

Materials and Methods
Materials

Guna seed, Polyvinyl acetate PVAc, Formic acid, ethanol acid, Conc. H2SO4, Hydrogen
peroxide, Isopropanol, Methanol (of all analytical grade were obtained). Measuring cylinder,
Desiccator, Oven, Viscometer, Turbidity meter, Reflux condenser, Hot water bath, Separating

funnel.
Methods
Extraction, Epoxidation and Hydroxylation

The extraction of the oil from Guna seed oil was carried out mechanically using the method
described by [14, 15]. Subsegently, the extracted oil was subjected to epoxidation chemical
process according to the method described by [7, 16]. Hydroxylation procedure was done on

the epoxidised Guna seed oil, using the approach described by [17, 18].

Copolymerisation of Hydroxylated Guna Seed oil with PVAc
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The PVAC/HGSO copolymer was prepared by carried out several blend of PVAc: HGSO
as follow- 100:0, 90:10, 80:20, 70:30, 60:40, 50:50 to form novel PVAc/HGSO copolymer
binder according to the method described by [3, 7, 17].

Characterisation of the various ratio of the blend PVAc/HGSO copolymer binder
Assessment of Solubility, Viscosity and Refractive Index

The Solubility of the binders in water was determined by mixing 1ml of the binder with
5ml of distilled water at room temperature (30°C) [7]. Viscosity and refractive index were

carried out according to method described by [16].
Assessment of Turbidity, Density and Melting Point

The turbidity was carried out according to the procedure described by [11], while density

and melting point assessment were done according to method described by [14, 18].
Assessment of Gel time and Moisture absorptivity

Gel time was assessed via the method described by [19], while elongation at break and

moisture absorptivity were assessed according to the procedure described by [11, 12].
Results and Discussion
Fourier Transformation Infrared Interpretation

According to Igbal et al [12], FTIR spectrophotometry is a crucial tool for studying and
identifying functional groups and bonding in chemical interactions in structures. Figure 1
revealed the FTIR of Guna seed oil. Absorption at 3393.31 cm signified presence of hydroxyl
group. The doublet of the - CHsz and - CH; anti-symmetric stretching vibration at 2926.0cm™
and 2855.1 cm ™! were also detected. Absorption at 1648.09 cm™ connotes presence of -C=C—
which is the site for further chemical interaction [20]. Dual absorption at 1459.07 and 1374.77
cm represented —-CH>—CHs— respectively [20].

Figure 2 depicts FTIR spectra of epoxidised guna seed oil. Dual absorption at 2953.90 and
2924.72 Absorption at 2724.55 cm™  denotes C=0 of carboxylic acid [21]. Absorption at
1648.09 cm™ which was previously observed in Guna seed oil has disappeared in epoxidised

Guna seed oil, which means the —C=C— has been utilised into converting to oxirane.
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Appearance of peak at 1749.30 cm™ in epoxidised seed oil connotes CHO stretching of
aldehyde. This is to proof that the —.C=C— has been converted to CHO.

The appearance of peak (Figure 3) at 3648.47 connotes O-H poly hydroxyl group [20]. This is
to attest to the presence of polyol in the compound. Presence of 1749.31 still showing feasibility
of not having 100% conversion of epoxidised oil to hydroxylated oil. Absorption at 2724.55
-1

cm in hydroxylated oil still connotes C=0 of carboxylic acid that’s characterised of

triglycerides of plant oil [21].

Figure 4 depicts FTIR spectra of Polyvinyl acetate (PVAc). Absorption at 3509.06 cm™
represents the presence of O-H intermolecular stretching vibration, dual absorption at 2825.09
cm* and 2855.01 cm ™ connotes the presence of alkene - CHz and - CH; stretching vibration.
C=0 stretching vibration associated with acetate groups was detected at a 1729.09cm™* band
[21]. Intense peaks at 1494.07 cm™* and 1435.0 cm™ was due to the —CH, and —CHs bending
vibration [7]. The wavelengths absorption at 735.80 and 700.70 cm™! was due to the
characteristic C-O-C stretching vibration of acetate [20]. Figure 5 shows the FTIR spectra of
the novel PVAC/HGSO copolymer binder. The doublet absorption at 3447.8 cm™signified O-
H bonding of intermolecular origin. This may be due to the bond interaction of hydroxylated
guna seed oil with polyvinyl acetate. The vinyl =C-H stretching was also detected at 3026.6cm"
1band [21]. The absorption at 2855.1cm™and 2922cm™ are associated with of C-H stretches
of alkane. The 1733.20 cm™* absorption was associated with C = O stretching of saturated ester.
The bands at 1460.1cm™ and 1371.7cm™ correspond to the characteristics of C-H of alkane

bending vibration, and the band at 1162.9 cm™ was attributed to the C-O bond stretching of the

acetate.
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Figure 1: FTIR Spectra of Guna seed oil
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Figure 2: FTIR Spectra of Epoxidised Guna seed oil
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Figure 5: FTIR spectra of the novel PVAc/HGSO copolymer binder
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Physical properties of the novel PVAc/HGSO copolymer binder

i The influence of various HGSO concentration on the solubility of
PVAC/HGSO Binder

The influence of various concentration of Hydroxylated Guna Seed oil (HGSO) analysis
showed that, as the concentration of HGSO increases, the hydrophobicity of the PVAc/HGSO
increases. This is due to the increases in lipophilic properties of PVAc/HGSO polymer matrix.
The result (Table 1) showed that at 10, 20, 30 and 40% concentration of HGSO, the novel
PVAC/HGSO copolymer binder is soluble. This is due to the fact that the hydrophilic polymer
in the copolymer — PVAc is in higher concentration than hydrophilic polymer-HGSO. At the
50% concentration of HGSO, the binder becomes partially soluble due to the equivalent

concentration of both polymers in the copolymer matrix.

According to [16], water solubility is a crucial factor in the consideration of any binder as a
binder for emulsion paint formulation. It determines the suitability of a binder to form

emulsion.

Table 1: The influence of various HGSO concentration on the solubility of PVAc/HGSO Binder

HGSO
concentration (%)  Water solubility
0 (PVACc only) Soluble
10 Soluble
20 Soluble
30 Soluble
40 Soluble
50 Partially soluble

ii. The influence of various concentration of HGSO on the viscosity of
PVAC/HGSO

The influence of various concentration of HGSO on the viscosity of novel PVAc/HGSO

copolymer binder (figure 6) indicated a sharp decrease in viscosity of the copolymer binder at

10, 20, and 30% concentration of HGSO, and a steady decrease at 40% and 50% of the

concentration of HGSO. This is due to the increase in soft segment of the copolymer matrix

[16]. Viscosity dimension assess the delicate parameter of a binder such as changes in colour,

density, stability, solids, content and molecular weight [7].
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Figure 6: The influence of HGSO concentration on the viscosity of PVAC/HGSO binder

iii. The influence of the varied concentration of HGSO on the Refractive Index of
PVACc/HGSO Binder

The influence of varied concentration of HGSO on the refractive index novel PVAc/HGSO
copolymer binder (figure 7) revealed that the refractive index of the copolymer increases as the
concentration of HGSO increases. This may be as a result of the ability of the HGSO to impart
sheeness parameter on the copolymer matrix, as HGSO contains higher quantity of sheeness.
According to [22], this behaviour may be as a result of variation of the crystallinity of the
system with increment in concentration of HGSO resulting to higher crystallinity in
PVAC/HGSO binder. Gloss is a necessary coating property when the purposes is for surface
aesthetic or decoration. The refractive index of a binder is a crucial factor in the ultimate gloss
property of the paint formulation [7].
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Figure 7: The influence of HGSO concentration on the Refractive Index of PVAc/HGSO binder.
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iv. The influence of varied concentration of HGSO on the turbidity of novel
PVACc/HGSO copolymer binder.

The influence of varied concentration of HGSO on the turbidity of novel PVAc/HGSO
copolymer binder (Figure 8) revealed established that the turbidity of the novel copolymer
binder decreases with increases in the concentration of HGSO. Turbidity measures light
scattering. The increase in the concentration of HGSO in the PVAc/HGSO copolymer matrix
causes it to be homogenous system, thereby reducing the light scattering effects. [7] revealed
that HGSO reduces the suspended matter in PVAc, causing the particles to be relatively small
and uniformly distributed. This is major reason behind decrease in light scattering of the
copolymer matrix. The turbidity of the system is used to assess the degree of inter chain cross-
linking in the polymer [23, 24].
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Figure 8: Effect of HGSO concentration on the turbidity value of PVAc/HGSO binder

V. The influence of varied HGSO concentration on the melting point of novel
PVAC/HGSO copolymer binder

The influence of varied concentration of HGSO concentration on the melting point of a novel

PVAC/HGSO copolymer binder (figure 9) revealed that the melting point of the copolymer

matrix decrease steadily from 0% to 30%, slightly increase at 40% and decrease at 50%. This

behavior is attributed to contributing factors arises from differences in melting points of the

two polymers [17] as the soft segment of the copolymer increases. [25] suggested that the

deportment maybe attributed to increase in flexibility of copolymer matrix, as concentration of
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HGSO increases, which resulted to increase in molecular mobility of the PVAc/HGSO
copolymer matrix. The melting point measures the flexibility and the brittlity of a paint binder.

It also determines the thermal resistance of a binder.
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Figure 9: Effect of HGSO concentration on the melting point of PVAc/HGSO binder.

Vi, The influence of varied concentration of HGSO on the density of novel
PVACc/HGSO copolymer binder

The influence of varied concentration of HGSO on the density of novel PVAc/HGSO

copolymer binder (Figure 10) revealed that the density of the copolymer steadily decreases as

the concentration of HGSO increases. This is due to the fact that HGSO is less dense, therefore,

increases in HGSO will cause the density of the PVAc/HGSO copolymer to fall. [26] predicted

that this behavior may be due to increasing in the quantity of soft segment, as physical

properties of polymer depend on chain length and content of soft and hard segments.

This finding is similar to the findings of Gidigbi et al., 2019 [7] when polyvinyl acetate was

copolymerised with Hydroxylated avocado seed oil.

The density of a paint binder determines crucial factors such as paint flow-ability, pigment

dispersion, easy brush application, sagging and levelling [27].
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Figure 10 The influence of HGSO concentration on the density HGSO/PVA binder

vii.  The influence of varied concentration of HGSO on the moisture absorptivity
PVAc/HGSO copolymer binder

The influence of varied concentration of HGSO on the moisture absorptivity of PVAc/HGSO
copolymer binder (figure 11) revealed that moisture absorptivity of PVAc/HGSO copolymer
binder decreases as the concentration of HGSO increases in the copolymer matrix. This is due
to the hydrophobicity nature of HGSO. The copolymer binder becomes more hydrophobic as
the concentration of HGSO increases. This important feature has addressed the inadequacy
found in traditional PVAc binder which is high water absorptivity [7]. [28] reported that water
(moisture) has a negative influence on the thermo-mechanical; adhesion and chemical

properties of paint, is responsible for defects such as blistering, cracking in paint.
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Figure 11: The influence of HGSO concentration on the moisture absorptivity of PVAC/HGSO
binder.

viii.  The influence of varied concentration of HGSO on the Gel time of
PVACc/HGSO binder
The influence of varied concentration of HGSO on the Gel time of PVAc/HGSO binder (Figure
12) revealed an increase in Gel time of the PVAc/HGSO copolymer binder, as the
concentration of HGSO increases. HGSO has a high molecular weight which prolong the gel
time. Increasing in HGSO in the PVAc/HGSO copolymer binder resulted to high molecular
weight of the copolymer, which tends to prolong gel time [11].

[7] explained that gel time enable paint formulator to determine the optimum storage period of

a binder before its utilization for paint production.

400
350

0 10 20 30 40 50
Hydroxylated Avocado seed oil concentration (%)
Figure 12: The influence of HGSO concentration on the Gel time of PVAc/HGSO binder.
Summary of the novel PVAc/HGSO copolymer Binder

Having examine the various value and compared with acceptable value in coating industry,
PVAC/HGSO 80:20 blend (80% PVAc and 20% HGSO) was chosen to be the ratio for the
PVAC/HGSO copolymer binder

Table 2: Comparison of physical properties of PVAc and PVAc /HGSO binder

Parameters PVACc PVAc /HGSO Acceptable Level in the coating industry
Osemeahon et al., [22].

Density (g/cm3) 1.211 1.091 1.07 (min.)

Refractive index 1.400 1.419 1.4000 (min.)

Moisture uptake (%) 0.409 0.221 3.10 (max.)

Viscosity (Mpa.s) 33.87 23.52 3.11- 38.00

Turbidity (NTU) 1639 1621 -
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Gel time (Min) 152 250 -
Melting point (°C) 179 162 200(max.)
Solubility Soluble Soluble Soluble
Table 3: compared the value of some of physico-chemical properties of PVAc/HGSO copolymer
Physical
property
Viscosit| Refracti| Densit Moistur |Elongatio|Formaldehy
Type of binder y ve y |Melting e n de Literature
point | uptake | at break | emission
(mpa. s)| Index |(glem®)| (°C) | (%) (%) (ppm)
PVAC/HGSO 2352 | 1400 |1.091| 162 0.221 391 ND This study
Osemeahon and
UF/PE 32.60 | 1432 |1.3362| 130 | 0.0080 | 250.0 0.0142  |Archibong [29]
Palmoil/Alkyd 499 ND |0.929| ND ND ND ND Mohialdeen [30]
Osemeahon and Dimas
TMU/PS 19.70 | 1.425 | 1.099 | 262 1.01 425 ND [31]
HASO/PVAC 2411 | 1.428 | 1.098 | 169 0.137 418 ND Gidigbi et al., [7]
Muhammad and Yelwa
HNSO/PVA 1431 | 1311 | 176 1.14 414 ND [14]
UF/PVA 258 | 1.371 | 1.117| 220 | 0.04 1.9% |lgbal et al [12]
MMU 6.0 1.423 | 1.15 240 0.018 30 0.0004 |Archibong et al [32]

binder with other copolymer binders in the literature.

ND means Not Detected

Conclusion

The research successfully synthesized a novel PVAc /HGSO copolymer binder from traditional
Polyvinyl acetate (PVAc) binder and Hydroxylated Guna Seed Oil (HGSO). The synthesized

novel PVAc /HGSO copolymer was characterised and optimised for better performance by

assessing the influence of varied concentration of HGSO on crucial paint binder parameters

such as density, viscosity, melting point, gel time, water solubility, moisture absorptivity,

Refractive index, and turbidity. The better blend choose for the formulation of this copolymer

is 80% PVAc and 20% HGSO because all the values are aligned with acceptable value in

coating industry. The synthesized PVAc /HGSO copolymer binder has improved properties

such as excellent water resistant and better consistency which are drawback in traditional

polyvinyl acetate binder. Therefore, the novel PVAc /HGSO copolymer binder can replace the

traditional polyvinyl acetate in the formulation of emulsion (water-based) paint.
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