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Abstract. Pongamia glabra seed oil (PGSO) — a non-
edible, non-drying oil; a sustainable resource has found
application as al kyds, epoxiesand polyesteramidesin paints
and coatings. Generally, PGSO based polymeric coatings
are obtained by curing at eevated temperature. Efforts
have been made to cure PGSO at room temperature by
simple route modification.

Self-cured Pongamia glabra oil based polyesteramide
(APGPEA) resin was synthesized by the reaction between
Pongamia glabra oil modified fatty amide diol (HEPGA)
with poly(styrene-co-maleic anhydride) (SMA). After
complete synthesis of APGPEA, phthalic anhydride
modified polyesteramide (APGPEAPH) was synthesized
in situ by a minor addition of phthalic anhydride (PA) to
APGPEA in order toimprove the performance of the latter.
The effect of the SMA and PA introduction on properties
of PGPEAPh film was also investigated. The physico-
chemical characteristics of both resins were obtained by
standard laboratory methods. The structural elucidation
of these resins was carried out by FT-IR, *H-NMR and
BC-NMR spectral techniques. The thermal behavior was
studied by TGA. Curing was studied by DSC and FT-IR
techniques. It was observed that APGPEA and APGPEAPh
resins significantly improvethe drying property in contrast
to the previously reported polyesteramides cured at high
temperature. Physico-mechanical and chemical/corrosion
resistance tests of APGPEAPH coatings showed that the
presence of phthalic anhydride in APGPEA enhanced the
physico-mechani cal and corrosion resi stance considerably.
The APGPEAPhresin appearstobea sustainable aspirant
biomaterial for anticorrosive surface coatings which may
substitute polymers obtained from petroleum, potentially
scarce resource.
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1. Introduction

Development of polymersfrom sustai nableresources
has attracted the attention of researchers, who have focused

on the use of readily available, inexpensive, biodegradable
and seasonally renewable raw materials that can reduce
dependence on petroleum and its negative impact on
environment [1]. Bio-based material ssuch as carbohydrates,
starch, proteins, vegetable oils, animal oils and fats are
currently being investigated as the alternative resources of
petro-based materials[2]. Vegetable oils and fatty acids are
abundantly available resources. Their use as starting
materials has numerous advantages including low toxicity,
inherent biodegradability and high purity [2, 3]. Extensive
work has been done to develop the bio-based polymers
using these raw materials as the main components [1, 2, 4,
5]. Vegetable oil isatriglyceride with numerous active sites
that help in the conversion of oils into useful polymeric
materials. Specific oils has specific physical and chemical
properties depending upon their fatty acid composition [5-
7]. It is observed that the degree of unsaturation influences
the ail physico-chemical and mechanical properties [5, 8,
9]. Depending ontheiodine values (1V, 1, mg/100 g sample)
and drying index (DI = % linoleic acid + 2 X % linolenic
acid), dils are divided into three groups: drying (IV > 130
and DI > 70), semi-drying (IV between 90 and 70, and DI
between 65 and 70) and non-drying(lV < 90 and DI < 65)
oils [5, 10, 11]. Generaly, drying and semi-drying cils are
used for the preparation of paints and coatings, since they
contain sufficient reactive unsaturated fatty acidsfor curing
with atmospheric oxidation [7, 8, 12-15]. Works reported
on nondrying oil based paint and coating applications are
very rare [8, 9, 15-17].

Pongamia glabra (common name Karanj of
Leguminaceae family; IV 87; DI 14.5) oil isanon-drying oil
(Fig. 1). Only asmall percentage (7 %) of itstotal production
has found application as soaps, leather tanning, lubricants,
medicines and crasdinkers. Although it has a good potential
for the synthesis of low molecular weight epoxies,
polyurethanes and polyesteramides, which have a scope as
antibacterial and anticorrosive coating materials [8, 9, 15-
19]. India produces ail rich Pongamia glabra seeds (30—
40 % oil content) twice a year, annua yield of seedsis being
over 150000 and that of ail is being 50000 tons. Out of this
only one forth is presently being utilized [20-22].
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Fig. 1. Structure of oil (a) and different fatty acids (b)
observed in Pongamia glabra seed oil

Earlier PGSO was utilized in the synthesis of high
temperature cured Pongamia glabra oil polyesteramide
(PGPEA), vinylated PGPEA (VPGPEA) and alumina
incorporated PGPEA (AI-PGPEA) [10, 16-18]. Synthesis
of this polyesteramide required higher temperatures (418—
433 K) and products were used as baked coating materials
[16, 18, 23]. The VPGPEA and Al-PGPEA exhibit alower
baked curing temperature and better physico-mechanical
properties. However, the high temperature curing invol ved
higher energy consumption aswell asa multi-stage process
[17, 23].

To overcome the high temperature curing, we
attempted the synthesis and characterization of room
temperature self-cured Pongamia glabra oil based
polyesteramides (A PGPEA and APGPEAPH). APGPEA was
synthesized via the reaction of Pongamia glabra oil
modified fatty amide diol (HEPGA) with poly(styrene-co-
maleic anhydride) (SMA) copolymer [22], while
APGPEAPhwas synthesized by minor inclusion of phthalic
anhydride (PA) in the APGPEA. Latter resin was
synthesized to investigate the effect of PA on film
properties of APGPEA, since PA based resins show good
solubility and good film forming property [23]. The
structure of the newly developed room temperature cured
polyesteramides (APGPEA and APGPEAPh) was
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confirmed by FT-IR, *H-NMR and ®C-NMR spectral
analysis. Thethermal stability was studied using TGA and
DSC techniques. The physico-chemical, mechanical and
chemical/corrosion resistance studies were analyzed by
standard |aboratory methods. The above mentioned
properties of APGPEA and APGPEAPH coatings were
compared with each other and with those of baked virgin
PGPEA coatings, aswell asambient cured linseed oil based
polyesteramide (ALPEA) [17, 23, 24]. The APGPEA
coatings show better performance than the reported baked
virgin PGPEA coatings, comparing with ALPEA. The
APGPEAPh resin has been found to show better
performance than APGPEA.

2. Experimental

2.1. Materials

Oil was extracted from Pongamia glabra seeds
(PGO) (procured from local market, New Delhi, India)
through a Soxhlet apparatus, using petroleum ether (boiling
range 333-353 K) as a solvent. The compositions of
different fatty acids forming the oil were determined by
GC (111/8 s.s. column. FID detector, Fig. 1) [17]. Sodium
methoxide and xylene (Merck, India), diethanolamine and
phthalic anhydride (S.D Fine Chemicals, India) were of
anal ytical grade along with the SMA copolymer anAldrich
product with an average molecular weight of 1600 Da.

2.2. Synthesis of HEPGA and PGPEA

HEPGA and PGPEA were prepared by reported
methods [16].

2.3. Synthesis of APGPEA and APGPEAPh

APGPEA was synthesized by reaction between
HEPGA and SMA copolymer in molar ratio 1:0.084.
HEPGA wasloaded inafour necked conical flask equipped
with Dean-Stark trap, nitrogen inlet tube, thermometer
and mechanical stirrer, then heated at 373+378 K under
continuous stirring in nitrogen atmosphere. SMA
copolymer was added in the presence of acid catalyst
over a period of 30 min. After the complete addition of
SMA copolymer, the temperature was raised to
413+418 K and 10 % v/w xylenewas further added which
formed an azeotropic solvent. Acid value and thin layer
chromatography (TLC) were used to monitor the progress
of the reaction. Thereactionwas carried out till the product
has the desired acid value. The reaction was stopped at
this point, the products were cooled and xylene was
removed from the resin in a rotary vacuum evaporator
under reduced pressure to obtain highly viscous APGPEA
resins. Their characteristics are following:

FT-IR (cnm?): 3400 (broad, —OH), 3050 (v, ArC=C—
H), 3008 (v, C=C—H), 2926 (v, —CH,asym), 2853.9 (v, —
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CH,sym), 1735 (v, > C=0 ester), 1592, 1512, 750, 702
(v and bending, Ar—-C=C), 1635 (> C=0, amide), 1454 (o,
C—N), 1250 (v, C-C(=0)-0-C).

'H-NMR (CDCl,, ppm): d=7.33-7.15 (styrenering
proton), 5.3 (CH=CH), 4.21 {CH,-O-C(=0)-}, 3.855
(CH~N), 3.49 (CH,~OH), 2.7-2.6 (-CH of maleic
anhydride), 2.30-2.26 { CH~C(=0)-N-}, 2.26-2.24
(—CH of styrene), 2.1 (CH,-CH=CH), 1.25-1.35 (fatty
acid chain CH,), 1.12 (-CH, of styrene), 0.88 (-CH,).

BC-NMR (CDCI,, ppm): d = 144.5 (quaternary
carbon of styrene), 130-127.7(-C=C~; ol€finic carbon),
127.6, 126.66 and 125.8 (other styrene ring carbon), 96
{CH-O-C(=0)-}, 59.376 (CH,-OH), 4740 (CH,N as
well as CH, and CH of SMA), 33.69 { CH_—C(=0)-N-},
29 (CH, fatty acid chain), 24.8 [CH,CH,C(=0)-N], 27.2
(CH~C=C-).

After complete addition of SMA copolymer and at
desired acid value the reaction temperature was allowed
to come down to about 373378 K. PA (0.135, 0.3276
and 0.504 moles) was then added during 15 minutes. The
temperature was then raised to 423+418 K for the post-
polymerization. The progress of the reaction was again
monitored by TLC and acid value. At desired acid value
the reaction product was allowed to cool down. Xylene
was then removed as described previously to obtain
APGPEAPH-6, APGPEAPH-12, and APGPEAPh-18resins
designated respectively for 0.135 moles, 0.3276 moles
and 0.504 moles addition of PA.

FT-IR (cnm): 3400 (broad, —~OH), 3050 (v, ArC=C—H),
3008 (v, C=C-H), 2926 (v, —CH,asym), 2853.9 (v,
—CH, sym), 1730 (v, > C=0 ester), 1592, 1512, 750, 702
(v and bending, Ar—-C=C), 1635 (> C=0, amide), 1454
(v, C-N), 1250 (v, C-C(=0)-0-C).

'H-NMR (CDCl,, ppm): d=7.33-7.15(styrenering
proton), 7.15-6.9 (phthalic ring proton), 4.48 {CH -
OC(=0)-Ar}, 4.21 {CH-O-C(=0)-}, 3.855 (CH,—N),
3.49 (CH,-OH), 2.7-2.6 (-CH of maleicanhydride), 2.30-
2.26 { CH,~C(=0)-N-}, 2.26-2.24 (—CH of styrene), 1.12
(—CH, of styrene).

B C-NMR (CDCI,, ppm): d = 144.5 (quaternary
carbon of styrene), 131.8 (quaternary carbon of phthalic
ring), 133.7, 132.7, 130.1 and 129.7 (other phthalic ring

carbon), 130-127.7(—C=C—; olefinic carbon), 127.6,
126.66 and 125.8 (other styrene ring carbon), 96
{CH-O-C(=0)-}, 59.376 (CH,-OH), 4740 (CH,N as
well as CH, and CH of SMA), 33.69 { CH_~C(=0)-N-},
32-30 (CH, fatty acid chain).

2.4. Test Methods

FT-IR, *H-NMR, and ¥*C-NMR were used for the
characterization of chemical structures. FT-IR spectra of
synthesized resins were taken on Perkin-Elmer 1750
FT-IR spectrophotometer (Perkin Elmer Instruments,
Norwalk, CT) using a NaCl cell. *H-NMR and *C-NMR
spectra were recorded on JEOL GSX 300MHz FX-1000
spectrometer using deuterated chloroform as a solvent,
and tetramethylsilane (TMS) as an internal standard. The
thermo gravimetric analysis (TGA) was done with the
help of thermo gravimetric analyzer TA-51 (T.A.
Instruments U.S.A.) at 293 K/minin nitrogen atmosphere.
Differential scanning calorimetric (DSC) analysiswas done
by Dupont 910 model at 283 K/min in nitrogen
atmosphere. Solubility of theseresinsweretested invarious
polar and non-polar solvents by taking 25 mg of each
resinin 5 ml of different solventsin a closed test tube and
set aside for a day. lodine value, hydroxyl value,
saponification value, inherent viscosity, specific gravity
and refractive index were determined by standard
laboratory methods (Table 1).

2.5. Preparation of Coatings

The coatings were prepared by brush technique
usi ng sol ution containing 60 % resin inxylene and applied
on mild steel strips. The strips were polished on various
grade of silicon carbide papers and then washed with water
and degreased with alcohol and carbon tetrachloride. They
were dried under vacuum for several hours. The standard
stripsof 30" 10" 1 mm size were placed in 3 inch diameter
porcelain dishes for chemical resistance test in water, acid
(5 wt % HCI), alkali (5wt %) and xylene solvent. The
stripsof 70" 25" 1 mm size were taken to eval uate coating
physico-mechanical properties, such as scratch hardness
(BS3900), bending (ASTM D3281-84), impact resistance

Table 1
Physico-chemical char acteristics of PGPEA, APGPEA and APGPEAPhH
. Hydroxyl Saponification lodine Spegi fic Refractive I.nhert.ant
Resin code value. % value, value, gravity, index viscosity,
' mg KOH/g gl,/100g g/ml di/g

PGPEA 5.08 106.00 28.00 1.0120 1524 0.714
APGPEA 2.00 60.00 16.54 1.0492 1.598 0.792
APGPEAPhO-6 0.77 60.14 10.52 1.0520 1.609 0.806
APGPEAPO-12 1.08 60.18 12.82 1.0499 1.606 0.801
APGPEAPH-18 1.50 60.20 15.44 1.0494 1.604 0.796
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Table 2
Physico-mechanical and corrosion/chemical resistance properties of PGPEA, APGPEA and
APGPEAPh coatings

Chemical resistance
. I mpact NaCl
. D_r ying | Scratch resisrt)ance Gloss Bending [ H,O | NaOH HCl (35
Resin code time, | hardness, at . (2 %) Xylene
min Kg | PBSS | g5 | VBINCh |10 1 (BY%) | Tyt | %) 0 e
Ib/in days 2h days 10
days
PGPEA" 6° 35 100 90° | passes e a o d° d
APGPEA 30 3.0 150 66 passes b f e c f
APGPEAPHh-6 15 32 150 70 passes f c f f f
APGPEAPHh-12 16 33 150 69 passes f a c d f
APGPEAPHK-18 20 35 150 68 passes d a c d f

Notes: a— film was completely removed; b —loss in gloss; ¢ — slight loss in gloss and adhesion; d — slight lossin gloss;
e — colour change; f — unaffected and slight loss in adhesion.
1 — baked at 483 K for 20 min; 2 — after 6 days; ® — at 60°; 4 — after 1 h; 5 — after 48 h and © — after 2 h.
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Scheme 1. Synthesis of self-cured Pongamia glabra oil based polyesteramide, R = alkyl chain

(1S:101 part 5/Sec.3, 1988) and specular gloss at 45° by 3 Results and Discussion
gloss meter (model RSPT 20; Digital Instrument, Santa

Barbara, CA). The thickness of the coating was between 3 1. Synthesis

75-100 um as measured by Elcometer (Model 345;

Elcometer Instrument, Manchester, UK). Salt spray test Flow charts of the synthesis of APGPEA and
(ASTM B177-94) in 3.5 wt % NaCl solution was also APGPEAPh are given in Scheme 1 and their probable
carried out for a period of 10 daysin a salt mist chamber. ~ reaction mechanisms are shown in Scheme 2. 1tis clear
Coatings were self-cured/dried at room temperature;  from Scheme 1 that APGPEA was obtained simply by the
curing/drying time is given in Table 2. reaction between HEPGA and SMA in the presence of
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Scheme 2. Reaction mechanisms involved acid-catalyzed nucleophilic acyl substitution
(addition and elimination)

acid as a catalyst, while APGPEAPH was synthesized in
situ by addition of PA into APGPEA in the presence of an
acid. The mechanism (Scheme 2) involved in these
reactions is acid catalyzed nucleophilic acyl substitution.
The presence of acid in this reaction facilitates the
substitution of nucleophile at a carbonyl carbon of an acid
group [25].

For APGPEA synthesis the optimum mole ratio of
HEPGA and SMA copolymer was investigated [24]. The
resin showed higher yield when the PEPGA to SMA ratio

was higher. Therefore the reaction was carried out at
HEPGA to SMA copolymer ratio 1:0.084.

3.2. Solubility

The test for solubility behavior of APGPEA and
APGPEAPh resins has been carried out with various
solvents, viz. xylene, toluene, chloroform, carbon
tetrachloride, diethyl ether, petroleum ether, acetone,
ethanol, methanol, dimethylsulfoxide (DMSO),
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dimethylformamide (DMF). The resins showed 80—
100 % solubility in xylene, toluene, chloroform, carbon
tetrachloride, ether, acetone, DM SO and DMF. However,
only 2040 % solubility was found for the rest of the
sol vents. The solubility behavior of resin can be correlated
to the presence of long fatty acid hydrocarbon chains.

3.3. Spectral Analysis

In IR spectral analysis, the appearance of
characteristic bands of amide and ester moieties confirmed
the presence of ester and amide linkages in the same
polymeric chain [23, 24, 26]. Shifting of 20.5 cm™
(C-C(=0)-0O str.), 5.7 cnt* (C—N str.), 20 cnr? (—OH;
broad) and 30 cn? (ArC=C-H str) was observed in the
formation of APGPEAPh from those of APGPEA.
In TH-NMR and “C-NMR spectra the appearance of
characteristic bands of amide and ester also confirmed the
esterification reaction between HEPGA and SM A copolymer
resultingin theformation of APGPEA, aswell asthereaction
of latter one with PA to form APGPEAPH. A sharp peak
withhighintensity appeared at d=96 ppmfor —CH, attached
to -OC=0 of maleic anhydride group of the copolymer
[22-24]. The additional peaks in aromatic region, the peak
associated to CH, attached to—OCOAr in 'H-NMR and *C-
NMR spectra, also a new peak of C=0 of ester group in
BC-NMR spectrawereal so observed in APGPEAPH, which
confirmed the incorporation of PA in APGPEA [23].

3.4. Physico-Chemical Characterization

Physico-chemical characterization data of APGPEA
and APGPEAPHh resins summarized in Table 1 indicate the
decreasein hydroxyl value, saponification value andiodine
value aswell as the increase in specific gravity, refractive
index and inherent viscosity fromAPGPEA to APGPEAPh.
The opposite trend of aforementioned values is also
observed from APGPEAPH-6 to APGPEAPHh-18. The
above mentioned behavior confirms the reaction between
HEPGA and SM A aswell asthereaction between APGPEA
and PA.

3.5. Self-Curing/Drying of Films

The PGPEA coating cured in 6 days at room
temperature and in 20 min when baked at 493 K/20 min.
Thecoating of APGPEA and APGPEA Ph resinswerefound
to be self-cured/dried at room temperature within 3015
min. It is observed that the fast curing/drying of the film
of these resins (APGPEA and APGPEAPh) is due to the
presence of SMA. Both styrene and maleic anhydride are
known to facilitate self-curing/drying of the resin at room
temperature[23, 24]. The curing/drying time increases
after addition of 6-18 % PA. APGPEA-6 and APGPEA-
12 have lower curing/drying time in comparison with
APGPEA-18 correlated to higher SMA copolymer content.
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As a result, they have a higher molar mass. The higher
molar mass of APGPEAPh-6 compared to APGPEA is
attributed to the presence of phthalic anhydride. The higher
copolymer content as well as the presence of phthalic
anhydride provides a reasonably longer chain length and a
higher crosslink density for the resins through
condensation polymerization. The resin becomes denser
and more compact conferring rapid self-curing tendency
to the resin. The curing/drying time for APGPEAPH-18
and APGPEA was found to be the same while those for
APGPEAPHh-12 and APGPEAPH-6 were lower (Table 2).
This fact confirms that the amount of copolymer directly
influences the curing/drying properties of the resins. The
presence of copolymer aswell as phthalic anhydride causes
entanglement of the chains through the condensation
polymerization. Further this increases the efficiency of
film formation and reduces the drying time. The coating
specimens were refluxed in CHCI, or THF for 12 h to
dissolve and extract any soluble component. No soluble
fractions were detected in the treated solvent suggesting
that the crosslinking reaction had occurred in the resins
which had made the cured resins insoluble. Fig. 2 shows
FT-IR spectra of the resin before and after curing/drying
of film. The resin had characteristic peak at 3400 cnt!
and 3008 cnT* ascribed to —OH str and C=C—H str. After
curing/drying of the film the peak of —OH completely
disappeared while C=C —H peak at 3008 cm™ still
appeared. This can be correlated to curing of the film
obtained through the reaction between —-OH and -COOH
groups. It also confirms that the double bonds in the resin
are not involved in curing process. The broadening and
shifting of ester C=0 peaks are also observed confirming
the hydrogen bonding [26]. This observation shows that
drying of the film involves 2 steps (Fig. 3). 1% step is the
evaporation of solvent that causes chain entanglement
(physical process) that |eadsto dry-to-touch of the coating.
2" step involves esterification reaction that occurs between
free —OH groups of one chain and free —COOH groups of
another chain or between these groups within a chain.
This is due to the increased reactivity of each free group
after evaporation of a solvent. Along with these two steps
an important el ectrostatic process of interaction also takes
place through hydrogen bonding shown in Fig 3. Both
intermolecular and intermolecular hydrogen bonds are
involved[27].

3.6. Coating Properties

The coating property resulting in APGPEA,
APGPEAPH-6 to APGPEAPH-18 are summarized in Table
2. Remarkable change in the film properties of the resin
was observed with minor inclusion of PA in APGPEA resin.
The coatings have been found to be self-cured/dried at
room temperature. The coating of APGPEA and all
compositions of APGPEAPH passed 1/8 inch conical
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mandrel bend test and 150 Ib/inch impact resistance test.
Thesevalues are comparableto AL PEA coatings, but show
considerable improvement compared to PGPEA coatings
(100 Ibfinch, bend test passed). The coatings were found
to have higher gloss values in comparison with PGPEA
whilethey were almost the same to compare with ALPEA.
The reason may be SMA content and fatty acid chains
[24]. Gloss value increased after loading of 6 wt % PA.
The further addition of PA caused reduction of glossval ue.
It is attributed to the decrease of SMA content. Scratch
hardness value of APGPEA was found to be lower in
comparison with the baked PGPEA. Higher value of
PGPEA was obtained due to the thermal curing of double
bonds [16]. The addition of PA to APGPEA leads to the
increase of scratch hardness. It is correlated to the
enhanced crosslinked structure of the resin. Scratch
hardness of APGPEA and APGPEAPh is higher than
ALPEA and comparableto that of baked PGPEA. Linseed
oil polyesteramide having higher linolenic acid (46 %) and
lower oleic acid (22 %) yields more rigid films due to
higher crosslinking between the chains through
autoxidation. Contrary to this Pongamia glabra oil based
polyesteramides possess oleic acid (71 %) which is
insufficient for autoxidation and resultant crosslinking.
Therefore these films are uniform and strain free[9, 17,
14, 28].

Chemical resistance of APGPEA was found to be
higher in comparison with PGPEA coatings and
comparable to ALPEA coatings [17, 24]. After 6 wt %
loading of PA, alkali resistance decreaseswhile water, acid,
xylene and NaCl resistance increases. The APGPEAPHh
coatings are more corrosion resistant especially in water,
NaCl (3.5 wt %) and acid (2 wt %) but have lower alkali
(5 wt %) resistance than APGPEA coatings. It is observed
that beyond 6 wt % loading of PA in the resin, chemical
resistance decreases in all corrosive mediums except
xylene. The lower alkali resistance is correlated to the
amount increase of the ester groups that are easily
hydrolysable [27, 28]. Best chemical resistance of
APGPEAPh-6 was obtained because of the smaller amount
of PA, aswell asan optimumamount of SMA that provides
a uniform and firmly adhered coating on the surface of
the substrate which prevents the ingress of corrosive ions.

3.7. Thermal Analysis

Fig. 4 shows the TGA thermograms of PGPEA,
APGPEA and APGPEAPH-6 which reveal sthat the thermal
stability of APGPEA and APGPEAPH-6 polymers is
comparable to each other while they have higher thermal
stability than PGPEA. The 10 wt % loss for PGPEA is
observed at 508 K, while in case of APGPEA and
APGPEAPhH-6 — at 558 K. This weight loss can be
correlated to moisture and entrapped solvent. The
50 wt % loss is observed at 643, 658 and 673 K while

Fahmina Zafar et al.

80 wt % losses — at 688, 753 and 823 K for PGPEA,
APGPEA and APGPEAPh-6 respectively. DSC
thermograms of PGPEA, APGPEA and APGPEAPhH-6
resins show endothermic peaks at 453, 448 and 428 K
respectively (Fig. 5). At this temperature no weight loss
is observed in the TGA thermogram of the same sample.
These temperatures can therefore be correlated to the
melting temperatures (T ) of these resins. The T_ of
APGPEAPH-6 was found to be lower than that of PGPEA
[17] and APGPEA. This can occur due to the increase in
the pendant fatty acid chains in the resin. The fatty acids
chains are known to impart flexibility to the polymer[29].
DSC thermogram also shows the initial decomposition
event at temperature around 473 K in PGPEA and at
503 K in APGPEA and APGPEAPhH-6. This matches with
the initial decomposition temperature observed in TGA
thermogram.
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4. Conclusions

The present study reveals that coating of
APGPEAPh resin exhibits room temperature self-curing
along with enhanced physico-mechanical, thermal and
corrosion resistance properties compared to those of
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APGPEA coatings. It is also observed that the
APGPEAPH-6 resin shows noticeable increase of
aforementioned properties. APGPEAPHh-6 coatings were
found to be thermally stable up to 503 K. By synthesis cured
at room temperature APGPEA Ph, we have an opportunity to
convert non-drying cils to room temperature self-cured
polymeric materials for eco-friendly protective coatings.
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CAMOCTPYKTYPYIOUMI [TIOJIIMEP
3 HEBUCUXAIOYOI OJIUBU

Anomauyin. Hexapuoea, nesucuxaioua oiuea Pongamia
glabra (I11°0) 3naxodume 3acmocyeanns 0 00epicants aikiois,
enokcudie i noniecmepamioie, sIKi GUKOPUCIOBYIOMbCS NPU
eupoonuymei ¢apo i nokpummis. Camocmpykmypyioua
noniecmepamiona cmona Ha ocuosi I1I'O 6yna cunmeszosana 3a
peaxyieto I1I'O, moougixoeanoi s’cupHum amioHum 0ionom, 3
NONIKONONIMEPOM HA OCHOBL CMUPONY | MANeiH08020 aniopudy.
CuHnme308aH0 Maxoic noxiecmepamio, MooupiKosanuii pmaiesum
aneiopudom. [list 000x cMON CMAHOAPMHUMU MEMOOAMU BUSHAUEHO
ix @izuko-ximiuni xapaxmepucmuku 3 euxopucmauusim DPyp’e-
cnexkmpockonii, *H-AMP i “BC-AMP. Bcmanoeieno, wo
CUHME306AHI CMOIU MAOMb KPAW 61ACMUBOCMI NOPIGHAHO 3
nosiecmepamioamul, 3ameepOHceHUMU NPU BUCOKUX MeMNEPaAmypax.
Iloxasano, wo npucymuicme ¢pmaneeoco anziopuody 3HAUHO
noKpawye Qizuko-mexaniuni i Kopo3ilHi 61acCmMueoCcmi NOKpUmMb.

Kniouosi cnosa: onusa Pongamia glabra, noriecmepamio,
MEXaHIYHI ma MmepMiuHi 61acmueocmi, NOKpUmMms;, Kopo3is.





