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ABSTRACT

Nowadays, efforts have been made to synthesize polymeric materials from bio-based natural
and renewable resources to reduce reliance on the petroleum-derived materials. Alkyd resins, having
ester linkages as the repeating units, developed from vegetable oils and are extensively used as a
surface coating material owing to their unique characteristics and easy availability at a comparatively
lower cost. Different vegetable oils as well as their fatty acids are utilized as the forerunners for the
syntheses of alkyds. Using different non-traditional and contemporary seed oils to develop alkyds
also enlightens on how to make useful use of these materials going to waste in every season and
also to augments the feedstock. Numerous states of art technological variations have been performed
unceasingly to improve the performances and augment the applications in different areas. In view
to reduce the environmental contamination waterborne, hyperbranched and high solid alkyds were
formulated. Furthermore, alkyd nanocomposites were developed by the incorporation of nanomaterials
in the alkyd and modified alkyd resins both. Such modifications synergistically improve the physico-
mechanical, physicochemical, anticorrosive and antimicrobial performances of the pristine polymeric
resin remarkably.
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INTRODUCTION which are classified as non-renewable resources 4.

Furthermore, escalating prices of petrochemicals

Significant efforts have been made in the  and different environmental issues make ethical

recent past to synthesize bio-based monomers, derive to direct the research and development
polymers, and other practicable materials in order towards greener approach and uses of bio-
to reduce the dependency on the petrochemicals, based natural and sustainable materials for the
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replacement of materials obtained from resources of
non-renewable origin in view to receive the ultimate
goal of sustainable development 7. Numerous
bio-based materials bestowed by the nature have
been utilizing extensively as the precursors for the
different valuable recipes for many decades such
as carbohydrates, cashew nut shell liquid (CNSL),
chitosan, lactic acid, wool fibre, proteins, lignin,
vegetable oil (VO) and several others 8°.

Amongst various natural renewable
resources VOs particularly those extracted from the
different seeds are largely utilized by the scientific
investigators owing to their physicochemical
characteristics such as viscosity, density, inbuilt
different functionalities for easy derivatizations to
transformed into numerous useful products''.
Furthermore, their easy availability throughout
the world, periodic renewability, eco-friendly
characteristics and ability to reduce toxicity and
other health related concerns'. Numerous VOs
in particular those from seeds of various plants
like linseed, soybean, Pongamia glabra, Annona
squamosa, castor, sunflower, Jatropha curcas and
many others largely used for the development of
various polymers. Common examples of bio-based
polymers derived from these renewable resources
are poly(ester)s, poly(urethane)s, poly(ester-amide)
s, poly(ether-amide)s, and epoxies and their modified
products in view of improving their resistance
characteristics in variable service environments.
These materials are largely used in different
industries, such as coatings, adhesives, laminating,
drug release system, tissue science, sustainable
products, bio-printing, and many other biomedical
and bioengineering applications'7.

Among them VO-based poly(ester)s
generally prepared by the poly(condensation) of the
diol derived from VOs and dibasic acids traditionally
known as alkyd resins and are amongst the early
developed polymeric resins. Synthesis of poly(ester)
s from bio-derived materials is more significant for
research and development as it widely used in our
daily life and attract considerable attraction due to
their beneficial physico-mechanical performances
and biodegradable characteristic as well'®9. Alkyd
resins have got prominent position in the many
industrial applications especially in the coatings,
owing to cost effectiveness, ease of application
and ability to protect the materials from different
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environmental attacks and also provide aesthetic
appealing'®. Furthermore, in view to improve the
versatility of the alkyd resins in various service
conditions and also to minimize the environmental
issues, different state-of-the-art modifications have
been performed 202!, In this communication efforts
have been made to overview the advances in VOs
based alkyd resins as well as different strategies
of modifications in view to envisage the further
developments in the line to dedicate the future
perspectives.

Vegetable Oil (VO)

The VOs have been playing significant
role in glorying the world for the ancient time in
different forms like in the form of coatings to protect
and redecorate the articles. Structurally VOs are
embedded with unsaturated and saturated fatty
acids of different chain length through triglyceride
linkage??. General structure of VO along with different
amenable active sites are illustrated in Fig. 1.
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Distinctive of fatty acids and their
relative availability in the VOs largely affect
the physicochemical properties. Presence of
unsaturation and nature of unsaturation both largely
influence the characteristics of VOs. The number
of unsaturation present in the VOs analytically
measured with the help of iodine value (IV) as
per standard reported methods?2. On the basis of
iodine value (1V), VOs are roughly divided into three
categories: drying oils (IV > 130), semi-drying oils

2032

(IV 90-130), and non-drying oils (IV < 90). Common
VOs along with their IV and major constituents' fatty
acids are given in Table 1 °16.202.23 " Apart from these
the fatty acids of many VOs are also have different
inbuilt functionalities such as hydroxyl group, oxirane
group, ester linkages, allylic, vinylic carbons and
many other specific groups. These functionalities
provide ample of amenable avenues for chemical
reactions and feasible derivatizations 2°24. Presence
of these reactive sites in the different VOs can be

Table 1: lodine values of different vegetable oils along with major fatty acids

S. No. Name of Vegetable Oil lodine value Major fatty acids

1. Castor oil 84-98 Ricinoleic acid

2. Cotton seed oil 130-140 Linoleic acid, Palmitic acid, Oleic acid
3. Jatrophacurcas seed oil 100-110 Oleic acid

3. Linseed oil 175-185 Linolenic acid, Oleic acid, Linoleic acid
4, Palm oil 75-85 Oleic acid, Palmitic acid

5. Pongamiaglabra seed oil 80-90 Oleic acid

6. Corn oil 120-130 Linoleic acid, Oleic acid, Palmitic acid
7. Soybean ol 125-135 Linoleic acid, Oleic acid

8. Sunflower oil 130-140 Linoleic, Oleic acid

7. Rapeseed oil 90-110 Oleic acid, Linoleic acid, Linolenic acid
8. Olive oil 78-90 Oleic acid, Palmitic acid

9. Rubber seed oil 137 Linolenic acid, Linoleic acid

easily identified qualitatively and quantitatively both
with the help of different analytical methods as well
as different spectral analyses 2.

VOs like soybean, castor, coconut,
sunflower and many other edible and non-edible
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of non-edible vegetable oil reduce the pressure on
stock of edible oil and providing the significant uses
of materials significantly born in the different part of
the world.

These acts also solve the problems of
waste disposal on the earth surface and prevent the
rotting away of different oilseeds in every session.
Utilization of VOs in the development of one of the
oldest polymer alkyd resins an useful raw material
in the coating and paint and related industries
3-4. Owing to comparatively reasonable material
they have found applications more than other
binders. Furthermore, their easy application under
variable environmental conditions, durability, drying
abilities, bending and flexibility of polymeric film,
impact resistance ability and resistance to different
environmental attack augment their versatility 5.
Later on, these properties were further improved
by different technical and chemical modifications.

Alkyds

A systematic scheme for the preparation
of alkyd resin is provided in Fig 2. Preparation of
poly(ester)s from renewable bio-based monomers
is more significant for research and development
as it is largely utilized in our everyday life and draw
the considerable attention owing to their beneficial
physic-chemical properties and biodegradable
characteristic as well.

On the basis of composition of VO and
polybasic acid commercially alkyds are grouped
into different categories such as short, medium and
long oil alkyds 2% 27. Short oil alkyd contains less
than 40% of VO and mainly used in combination
with other compatible polymers such amino resins
where crosslinking with hydroxyl groups of alkyds
with amino groups occurs on baking at suitable
temperature and time. Medium oil alkyds have about
40-60% VO content and are typically synthesized
from drying and semi-drying VOs, consequently
being suitable for both air-drying and baking
formulations. Long oil alkyds have more than 60%
VOs and mostly developed using drying oils like
linseed, sunflower, soybean etc. These alkyds have
reported suitable for both external and internal
applications owing to curing at ambient temperature.

Numerous drying as well as semi-drying
oils like castor, coconut, soybean, sunflower,
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linseed and many others are commercially used
in the formulation of oil-based poly(ester)s 262, In
addition to these many non-conventional VOs for
example rubber seed, orange seed, Jatropha curcas,
Albiziabenth, Pongamia glabra, Annona squamosa,
tomato seed oil, melon seed oils and many others
are spotted by the different scientific workers for the
formulation of different alkyd resin in view to augment
the spectrum of raw materials which ultimately arrest
the escalating prices of the final product %2526, 30-32.

Short, medium, and long oil alkyd resins of
Citrullus colocynthis seed oil (CCSO) comparatively
richer in linoleic acid, as a renewable material
were formulated utilizing oil, glycerol and phthalic
anhydride in various ratios. Furthermore, Prunus
mahaleb seed oil (PMSO), having conjugated fatty
acid, was mixed with CCSO in various ratios in
view of investigating the impact of PMSO on the
characteristics of polymeric films. On the basis of
different critical analyses authors reported that
CCSO has promised to use as an useful raw material
for application of surface coatings®.

Formulations of alkyd resins from
rubber seed oil with variable composition of
reacting materials (varying oil lengths) and their
characterizations, emphasizing to molecular weight
were performed using monoglyceride method.
Polymeric resins' performances pointedly depend on
average molecular weight (Mav) as well as molecular
weight distribution (MWD) 34. Properties of alkyd
resins as binder is reported to best at a particular
molecular size as it largely affects the storage
stabilities and solubility in the various solvents.

Therefore, it is desired to chemist to
optimize the ratios of alkyd components as well
as reaction conditions like temperature, pressure,
heating rate and other required parameters through
many trial experiments for the new non-traditional
vegetable oils as they are attached with different fatty
acids in different compositions prior to commercial
productions'3* Among different parameters
determination of acid values periodically is an
useful method to monitor the formation of required
products and poly(condensation) as well?. Aigbodion
et al. (2001) has been reported for rubber seed
oil (RSO) alkyd resin developed by using glycerol
(polyol) and phthalic anhydride (polybasic acid)
50 % oil is optimal34. Hemp oil based alkyd resin
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synthesised and characterised and then used as
high performance road marking pints. It has been
reported that developed resin has promises for low
VOC and eco-friendly 35.

Alkyd resins are generally synthesized
from about 90% bio-based components, which
include vegetable oils or their fatty acids and polyols
such as glycerol and pentaerythritol received
from biofuel production as well from agro-waste,
excluding poly(acid) parts such as phthalic acid,
isophthalic acid, maleic acid, adipic acid, and many
others. In view to overcome these, numerous bio-
based polyacids have been used to partially or fully
replace the traditional polyacids of petrochemical
components. Hulsbosch et al. (2018) reported that
abundantly available glutamic acid, a non-essential
amino acid, and its N-alkyl and N-acyl derivatives
are appropriate for producing alkyd resins when
combined with traditional aromatic polyacids®®.
Bio-based alkyd resins of soybean oil and linseed
oil with furan-2,5-dicarboxylic acid obtained from
dehydration of hexoaldaric acid or oxidation of
5-hydroxymethyl furfural.

In this monoglycerides of these oils
undergo poly(condensation) reaction with furan-
2,5-dicarboxylic acid diester in varying ratios at high
temperature to obtained bio-based alkyds. Formation
of repeating ester moieties was confirmed by FTIR
and NMR spectral analyses. It has been reported
on the basis of gel permeation chromatography
and rheology that molecular weight of the polymeric
resin increases on increasing the relative amount
of furan-2,5-dicarboxylic acid diester®”. Alkyd resins
of sunflower oil and linseed oil along with glycerol
pentaerithritol as polyols and 2,5-furandicarboxalic
acid as a poly basic acid were successfully
developed. The developed alkyd resins were
characterised by physic-chemical analyses as per
standard reported method. The molecular structures
were ascertained by FTIR and NMR spectral
analyses. It has been reported that these resins show
good thermal stability and outstanding adhesion.
These result envisage the resulting polymer is
suitable for indoor coatings38. Replacement of non-
renewable poly(basic) acid with bio-based resources
in view to produce alkyds for more sustainable and
friendly to environment and their effect on the final
products have been reported®.
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Modified Alkyds

In view to make these polymers to more useful and
friendlier to the environment as well, numerous
modifications were made either through pre-
polymerization or post polymerization.

Most of strategically art of modifications
were made accomplished through the terminal
groups of polymeric chain and in-built functionalities
of daggling chain of fatty acids (Fig. 3). Modifications
with acrylic monomers especially those categorized
as hard monomer extensively used to confer the
resistivity towards scratch 3% 4. Alkyd resins of linseed
oil and sunflower oil along with recycled polyethylene
terephthalate (PET) using pentaerytheritol and
glycerol in view to provide suitable application to
post-consumer PET. Recycling of PET is a partial
solution of not only the solid waste management but
also provide viable solution to the conservation of raw
petrochemical products. The curing performances
and other properties of the developed resins were
investigated. The results especially salt spray and
cathodic disbondment showed the strong adhesion
of alkyd coatings using PET and steel substrate *'.
In another report novel aldehyde-alkyd systems
containing waste PET has been developed.
Furthermore, aldehyde resin incorporated in both
PET based alkyd resins and the reference alkyd
without PET to produce the modified alkyd resins.
It has been reported that the coating performances
in different environments and thermal resistance
performance of PET-based alkyd films were
comparatively somewhat better than their reference
counterparts. In addition to these in-situ aldehyde
modification further improved the resistance to
alkali, thermal stability and also minimize the
loss in gloss in the PET-based alkyds*2. Tung oil
having a-eleosteric acid as a major fatty acid,
which have inbuilt conjugated system used for the
synthesis of acrylated resin, by reacting isobornyl
acrylate (IBOA), phthalic anhydride and glycerol.
Amalgamation of IBOA in the developed polymeric
resin was confirmed by the different physicochemical
analytical techniques and FTIR, NMR spectral
analyses. It has been reported that addition of IBOA
augments the physic-mechanical performances and
hydrophobicity of alkyd resins significantly. This
is reasonably due to amalgamation of hexacyclic
system in the polymeric resin which hindered the
free movement of dangling hydrocarbon chain.
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Furthermore, improvement in thermal stability of
the polymeric film was observed, reasonably due
to generation of cyclohexene, naturally known for
higher stability 3.

Alkyd resins of RSO, soybean oil and their
blends in various ratios were prepared. It has been
reported that viscosity is comparatively lower for
soybean oil derived alkyds and blended oil based
alkyds where soybean oil content is comparatively
higher**. In another report alkyd resins were
prepared from blends of RSO and linseed oils in
different proportions by monoglyceride process via
phthalic anhydride as polybasic acid. It has been
claimed that with the increase of linseed oil part in
the blend systems, increase in IV occurs without
significant compromise in darkening. Increasing
the linseed oil ratio increases the unsaturation in
the polymer system, which ultimately reduces the
drying time. From these investigations it is clear that
mixing of RSO with other VOs of high unsaturation is
an extra valuable for formulation of alkyd resins45.

Waterborne alkyds

Waterborne (WB) coating systems, where
water is mainly used as a solvent or where about
80% water component with low quantity of other
solvents such as glycol ethers is employed. These
are termed as water-dispersible/colloidal, water-
soluble/water-reducible and emulsion. In these
systems generally, hydrophilic group introduces
in the fatty acid chain of the polymers (Fig. 3). WB
coating materials are friendly to handle, friendly to
human beings, reduces the environmental issues
and economical burden as well's 46, Many WB
alkyds using different vegetable oils and fatty acids
have been developed for mitigating the organic
solvents. Maleinized and fumarized RSO based
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alkyd emulsions were developed by reacting RSO
with maleic anhydride and fumaric acid in capricious
ratios. Maleinized and fumarized RSO changed to
respective monoglycerides on reaction with glycerol,
which was reacted with phthalic anhydride to
obtained alkyd resins followed by neutralization with
triethylamine in view to make them to water soluble.
The newly formulated alkyd resins reported for
lesser volatile organic component in comparison to
traditional solvent based alkyds. The performances
of the polymeric films reported to show good
protection performances in acids, brine and water 4.

The waste PET was glycolyzed by
neopentyl glycol (NPG) and zinc acetate(catalyst).
Glycolyzed PET, tall oil fatty acid and triethanolamine
as a neutralizing agent were utilized for preparation
of cost-effective and friendly to environment bio-
based waterborne alkyd resins. Finally, waterborne
alkyd-amino baking coating systems were developed
by using waterborne alkyds having waste PET
and amino resin (melamine formaldehyde resin).
The developed PET based waterborne alkyd-
amino baking films were reported for good physic-
mechanical and chemical resistance performances.
Furthermore, these systems show comparatively
better alkali and organic solvent resistance
performances. These investigations reveals that
utilization of waste PET in water-based coatings,
opens a fascinating process for environment friendly
and systematic disposal of waste PET*.

Castor oil based waterborne alkyd resin
have been developed through monoglyceride
method and phthalic acid (polyacid) followed by
neutralization with triethylamine which was further
treated with butylated melamine formaldehyde.
The system reported to show comparatively better
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Fig. 3: Reaction scheme for the modified alkyds
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performances in terms of physic-mechanical and
resistance to chemical in various environmental
conditions, particularly in basics*.

Alkyd Nanocomposites

The performances of the both alkyd resins
as well as different modified alkyd resins further
augmented remarkably by incorporation of nano-
sized materials owing to unique characteristics
of the later materials such as high surface area
to volume ratio, small sizes with high densities
and high functionality per unit space %%'. Alkyd
nanocomposites reported to show good physic-
mechanical, resistance to chemicals, resistance
to corrosion, antimicrobial performances and
resistance to fouling and thermal stability®: 52,

Alkyd resin-based nanocomposite coatings
having variable amount of SiO, and TiO, nanoparticles
(2-wt.% and 4-wt.%) were developed through
solvent casting process. The developed coatings
were evaluated for different physico-mechanical,
chemical resistance and thermal properties. The
incorporation of nanoparticles both silicon oxide
and titanium oxide, contributed to the shifting of the
characteristic thermal parameters glass transition
temperature (Tg), curing reaction temperature (Tr)
comparatively to the lower side, portentous improve
the flexibility of the coating of nanocomposites.
The remarkable Tr shifting towards the lower
temperatures in case of nanocomposite structures
due to the catalytic effect of the nanoparticles in the
polymeric systems, consequently an improvement
in curing®®. Significant shifting in Tg was reported
in alkyd resin having 4-wt % of TiO, nanoparticles,
which is also lower in comparison to the Tg of alkyd
resin having SiO, in equal proportion. Furthermore,
it has been reported that better abrasion resistance
was observed in case of nanocomposite coatings
having SiO, nanoparticles in compression to TiO,
nanocomposites®s.

Alkyd resin of palm oil was developed via
glyceride process and catalysed by SrO/Sr(OH),
nanoparticles. Taking the acid value periodically use
to monitor the degree of polymerization as well as
poly(esterification) reactions. It has been claimed
that well-dispersion of nano-particles in the reaction
mixture which results a durable suspension, and
hence augmentation in the reaction rate for both
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alcoholysis as well as poly(esterification) process.
The antimicrobial activities of SrO/Sr(OH), based
alkyd resins were studied using inhibition zone
investigations. It has been envisaged that SrO/
Sr(OH), nanoparticles hindered the bacterial
metabolism®*.

Effect of nano-ZnO in the different
ratios on the silicon-modified waterborne alkyd
coatings especially physico-mechanical and
thermal stability characteristic was studied by
Dhoke et al (2009)%. Silicon-modified alkyd-
based waterborne coatings were formulated using
hexamethylmethoxymelamine (HMMM) as a cross-
linking agent and paratoluenesulphonic acid (p-TSA)
as a catalyst.

It has been reported that coatings obtained
show synergistically improved performances
especially thermal and mechanical properties
with respect to pristine silicon modified alkyd
resins®®. Alam et al (2009) have synthesized the
nanoferite/alkyd nano-composite and reported to
show improved performances in comparison to
traditional alkyd resins *57. Alkyd resin combined
with a range of additives, including gamma-
aminopropyltriethoxysilane (KH550), HMMM, and
nano-silica, followed by its incorporation into an
acrylic resin emulsion.

The resulting systems were applied on
the tinplate and bamboo samples to investigate
performances and reported to marked augmentation
in adhesion strength, scratch resistance as well as
decrease in absorption. This improvement was due
to formation of multi-dimensional network structure
obtain from the synergistic effect of alkyd resin,
acrylic resin and the modifiers, which was supported
by the DSC and FTIR analyses %8.

Chitosan a biopolymer, obtained from the
waste shrimp shells and utilized for development
of nanocomposite-based alkyd nanocoating along
with synthesized ZnO and TiO, in view to overcome
the problem of marine biofouling and durability of
marine vessels and structures. Alkyd resin-based
nano-paints of these nanocomposites were applied
on mild steel coupons for the investigation of different
physicochemical analyses. Based on mesocosm
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experiments and field exposure studies, it has been
reported that there is a significant decrease in both
microfouling and macrofouling on the surfaces
painted with chitosan/TiO,/ZnO%. Modification of
alkyd resin of sunflower oil fatty acid developed by
partial replacement of monoglyceride with salicylic
diethanol amine.

The formation of different functional moieties was
confirmed by FTIR and 1THNMR spectroscopies.
Furthermore, green nano-biosynthesis method was
employed to formulate ZnO and CuO/Zno followed by
incorporation in modified alkyd resin to develop alkyd
nano-composite. The developed nano-composite
were characterized by TGA and SEM. The salicylic
diethanol amine modified alkyd nano-composites
show better film performances and protect the steel
effectively from corrosion®°.
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Fig. 4. Scheme for the alkyd nanocomposites

TiO, dispersed hyperbranched polyester
of castor oil were developed and subsequently
modified with poly(melamine-co-formaldehyde)
isobutylated. The developed nano-composites
were characterized as per standard techniques to
investigate the molecular structure and degree of
branching. The coating performances of the resulting
nanocomposites were found to remarkably improved
owing to convoluted diffusion channel which prevent
the passage of corrosive ions and water by the
synergistic effect of nanoparticles and s-triazene
rings®'.

CONCLUSION

Alkyd resins are one of the oldest polymeric
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resin derived from the VOs largely used as the
coating materials to protect the various articles from
the different environmental attacks and also provide
them aesthetic appearance. Due to the presence of
repeating ester moieties these are biodegradable
in nature. Numerous vegetables both edible and
non-edible, polybasic acids and polyols have been
reported to use for the syntheses of different types
of alkyds. Performances of the resins mainly depend
on the fatty acid composition of the VOs, polybasic
acids, polyols.

In view to make the polymeric resins more
eco-friendly, practicable and useful several amenable
modifications have been performed. Efforts have
been made to reduce the volatile organic solvent
in manufacturing as well as in applications high
solids, hyperbranched and waterborne alkyds were
developed. Incorporation of nano-materials in the
alkyd matrixes have been found to remarkably
improve the thermal stability, antimicrobial activities,
physico-mechanical and chemical resistance
performances. In addition to these utilizations of
non-traditional and nonconventional seed oils
significantly going to waste in every session and
their blends with other seed oils in the formulation
of alkyd resin also discussed which ultimately
increases the feed stock. Performances of different
modified alkyd resins have found useful in different
areas. Modification is the continuous process of
scientific development; additional advancement
is always required particularly in the direction
towards environmental legislations. Formulation
of environment friendly alkyd nano-composites by
incorporation various nanomaterials in the water-
based alkyds has prospective of synergistically
improved performances.
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