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Abstract Alkyd and styrenated alkyd resins based on fish
oil and their interesterifications with linseed oil were syn-
thesized. The various properties of fish oil, such as its
iodine value, acid value, saponification value and moisture
content were determined. The interesterification product of
fish oil and linseed oil can be used to partially replace the
commercially available linseed oil alkyd resin. Alkyd resin
and styrenated alkyd resin were modified with 2,2 dime-
thylolpropionic acid to introduce acid functionality and
then sequentially reacted with isophorone diisocyanate,
neutralized with amine, chain extended with ethylenedia-
mine and dispersed in water to form a polyurethane dis-
persion. The newly synthesized resins and polyurethane
dispersions were studied for coating properties such as
scratch hardness, adhesion, flexibility, impact, solvent and
chemical resistance. The polyurethane dispersions exhib-
ited superior coating properties to those of their respective
alkyds and styrenated alkyds.

Keywords Fish oil alkyd - Interesterification -
Oil modified polyurethane dispersion - Waterborne coating
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Alkyd resin

Polyurethane dispersion of styrenated alkyd
Polyurethane dispersion of alkyd resin
Linseed oil:Fish oil 100:0

Linseed oil:Fish oil 75:25

Linseed oil:Fish oil 50:50
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D Linseed oil:Fish oil 25:75

E Linseed oil:Fish oil 0:100

F* Alkyd resin based on linseed oil 100%

F?  Alkyd resin based on linseed oil:fish oil 75:25

F€  Alkyd resin based on linseed oil:fish oil 50:50

F®  Alkyd resin based on linseed oil:fish oil 25:75

F®  Alkyd resin based on fish oil 100%

S*  Polyurethane dispersion of styrenated alkyd based on
linseed oil 100%

S€  Polyurethane dispersion of styrenated alkyd based on
linseed oil:fish oil 50:50

S®  Polyurethane dispersion of styrenated alkyd based on
fish oil 100%

P* Polyurethane dispersion of alkyd resin based on
linseed oil 100%

PS  Polyurethane dispersion of alkyd resin based on
linseed oil:fish oil 50:50

P®  Polyurethane dispersion of alkyd resin based on fish
oil 100%

Introduction

The surface coating industry has been dominated by alkyd
resins for the last few decades due to their excellent gloss,
chemical resistance and fast drying. One of their major
drawbacks is the emission of high volatile organic compo-
nents (VOC) that pollute the ecological system, and hence
there is an increasing need to formulate coatings that have
zero VOC or to substitute solvents with water. Researchers
are engaged in using polymer chemistry to design a water
dispersible coating [1-3]. Recently, water dispersible
polyurethanes have been rapidly gaining importance,
mainly due to their easy processing as well as excellent
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chemical and physical properties, which can be tailored to
suit a very wide range of applications. Polyurethane dis-
persions (PUD) made from renewable resources have
gained considerable attention these days [4—6]. Renewable
resources are used for the production of surface coatings, as
petroleum products are costly and are likely to get
exhausted. Traditional seeds like linseed, soybean, coconut
and castor oils have been commercially used for synthesis.
Earlier work on the synthesis of alkyd resin and their
coating properties has been reported by Athawale et al. [7].
Marine products are also a renewable resource. Different
types of fish are available in the seas and oceans. Fish oil is a
by-product of the fisheries; it is more plentiful and cheaper
than soybean and linseed oils. Fish oil is derived from the
tissues of oily fish. The only drawback of fish oil is its fishy
odor. Sardines are abundantly available in the Karnataka
region of India; hence, there are many fisheries in this
region. Fish oil is recommended for a healthy diet because it
contains fatty acids, omega-3 i.e. 5,8,11,14,17-eicosapen-
taenoic acid (EPA, C20:5) and omega-6 4,7,10,13,16,19-
docosahexaenoic acid (DHA, C22:6) [7-11], and their
absence in a normal diet may cause various diseases, such
as coronary heart diseases, hypertension, cardiac arrhyth-
mias, diabetes, inadequate development of the nervous
system, and several inflammatory disorders [12, 13]. EPA
and DHA found in marine fish originate from the phyto-
plankton and seaweed that are the part of their food chain.
Variations in their fatty acid composition occur due to
fluctuations in the quality and amount of food available,
species, size, place, water temperature, feeding and seasons.
Little is known about the chemical composition of marine
fish oil at present. There may be about 25 individual fatty
acids [12, 13] present in fish oil, consisting of saturated and
unsaturated fatty acids. The physico-chemical properties
and fatty acid composition of fish and linseed oils are given
in Tables 1 and 2, respectively. In the present study, long oil
alkyd resins (oil length of 65%) based on fish oil and its
interesterification products with linseed oil in different
ratios were synthesized, and their coating properties were
characterized. Fish oil contains highly unsaturated acids, so
a careful choice of ingredients is essential to formulate
alkyd resin, as otherwise gelation may occur. Fish oil [14]
can be used to replace linseed oil, either completely or
partially, as it is cheaper than linseed oil.

Experimental
Materials
Refined fish oil (FO) was procured from Jantha fishmeals,

Mangalore (India). Linseed oil (LO) was supplied by Go-
drej industries, Mumbai. All the chemicals used in the
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Table 1 The physicochemical properties of fish oil and linseed oil

Refined sardine fish oil Linseed oil

Odor Fishy Nil

Color Pale yellow Pale yellow
Iodine value 180.2 180

% Free acid 3.0 0.5
Saponification no. 190.0 175.0

% Unsaponified matter 0.9 0.8
Specific gravity 0.99 0.99

% Moisture content 0.02 0.01

Table 2 Fatty acid compositions of sardine fish and linseed oil

Refined sardine fish Linseed
oil® oil®
Saturated
C14 Myristic acid 17.00 -
C16 Palmitic acid 26.20 4.80
C18 Stearic acid 3.00 4.70
Total 46.20 9.50
Unsaturated
C16:1 Palmitoleic acid 18.20 -
C16:3 Hexadecatrienoic acid 2.56 -
C18:1 oleic acid 5.00 19.9
C18:2 Linoleic acid 5.20 15.9
C18:3 Linolenic acid 1.00 52.70
C20:3 Eicosatrienoic acid 2.00 -
C20:5 Eicosapentaenoic 10.20 -
acid-EPA
C22:6 Docosahexaenoic 4.20 -
acid- DHA

Others 5.70 2.0
Total unsaturated 53.80 90.00
Total 100.0 100.0

4 GC analysis of sardine fish oil
® Hui YH (1995) Baileys industrial oil and fat product [26]

present work were of AR grade. Glycerol, phthalic
anhydride, maleic anhydride, triethylamine, ethylene dia-
mine (EDA), N-methylpyrrolidone, di-fert-butyl peroxide
(DTBP), dibutyltin dilaurate (DBTL), were procured from
SD fine chemicals, Mumbai. Styrene (ST), 2,2 dimethy-
lolpropionic acid (DMPA), isophorone diisocyanate (IPDI)
were supplied by Fluka. Driers, such as lead octoate,
magnesium octoate, and cobalt octoate, were obtained from
Alpha Chemie in Mumbai, India.

Analysis of FO and LO

The physicochemical properties of FO and LO, such as
their color, specific gravity, % free acid, saponification
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value, moisture content and iodine values, were determined
according to standard methods [15] and presented in
Table 1.

Fatty Acid Compositions of Refined Sardine Fish Oil

Fatty acid methyl esters were prepared by a standard method
[15] and analyzed by gas chromatography using Agilent-
Technologies RT-2650 capillary column (30 m x 0.25 mm,
film thickness 0.20 pm). A sample of 1 pL was injected into
the capillary column. Nitrogen at a flow rate 1.0 mL/min
was used as the carrier gas. The oven and detector temper-
atures were set at 230 and 250 °C, respectively.

Synthesis of Alkyd Resins

Several alkyd resins were synthesized with oil lengths of
65% using different ratios of fish oil, linseed oil, glycerol,
and phthalic anhydride, according to the formulations
given in Table 3. All the alkyd samples were formulated
close to alkyd constant 1.00. A resin reactor equipped with
a thermometer, mechanical stirrer, Dean-Stark apparatus
(Fig. 1) [16] and nitrogen inlet was charged with oil and
glycerol in the mole ratio 1:3, and calcium octoate was
used as a catalyst (0.01% w/w based on oil). The temper-
ature was slowly raised to 240 °C and maintained until the
monoglycerides were formed. The formation of monogly-
cerides were checked by testing the solubility in methanol.
A clear and homogeneous solution was obtained when the
reaction mixture and pure methanol were taken in a 1:3
ratio, indicating the formation of monoglycerides. After the
formation of monoglycerides was confirmed, the temper-
ature was brought down to 120 °C, and the required
amounts of phthalic anhydride, maleic anhydride and

Table 3 Composition of long oil alkyd resins

Ingredients Weight (g)

pAa B EC EP EE
Linseed oil 110 82.5 55 27.5 -
Fish oil - 27.5 55 82.5 110
Glycerol 28.2 28.2 28.2 28.2 28.2
Phthalic anhydride 59 59 59 59 59
Maleic anhydride 1.23 1.23 1.23 1.23 1.23
Xylene 80 80 80 80 80
Solid content % 692  69.3 689 699 69.9

Acid value mg KOH/g 8.34 9.4 8.0 9.68 7.79

Hydroxyl value” 36.02 349 359 343 36.8

? LO alkyd using commercial sample formulation

° Hydroxyl value determine as per reference [13]
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Fig. 1 Schematic of a laboratory reactor for alkyd synthesis

glycerol were added. The batch was further processed
[16, 17] at 220 °C for 8-10 h; water was condensed and
collected in a Dean-Stark apparatus. The reaction contin-
ued until the acid value decreased below 10 mg KOH g~ .

The reaction scheme is shown in Fig. 2.
Grafting of Alkyd Resin

A three-necked round-bottom flask equipped with a ther-
mometer, condenser, and mechanical stirrer was used to
carry out the reaction. Alkyd resin was placed in the
reactor, and styrene [17, 18] was added drop-wise from a
dropping funnel over a period of 2.5 h at 130-135 °C.
DTBP was used as the catalyst (0.1% of the weight of
styrene) and heating was further continued for 0.5 h to
ensure the complete reaction of the styrene.

Synthesis of Polyurethane Dispersions (PUDs)

Alkyd resin and grafted resin were separately reacted
with a known quantity of DMPA to achieve acid func-
tionality. The reaction was carried out at 70 °C for 1 h
using DBTL as a catalyst, and N-methylpyrrolidone was
used as the solvent. The resin mixtures were cooled to
40 °C, and the required quantity of IPDI [18, 19] was
added drop-wise from a dropping funnel over a period of
2 h. The temperature was then raised to 60 °C, and each
resin mixture was neutralized with triethylamine and
maintained at this temperature for an additional 1 h. The
product mixtures were transferred into stainless steel
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Fig. 2 Reaction scheme

0]
of alkyd resin Il
H,C———COR'
o}
Il
H COR'
0]
Il
H,C COR'
FISH OIL
1]
H,C—COR'

HC——OH | HC——

H,C———OH

Monoglyceride

0
i
H, COR H,G— OH
o
i
H COR H OH
0
COR
LINSEED OIL GLYCEROL

interesterification

o) 0}
1l 11
H,c— COR  HC————COR  HC OH
o) O
I \
COR! HC OH —’— HC*&OR
fe) )
s Bor e dor
Ha OH HoC 2

other possible isomers
H,C————OH

o+ ©\C/ T o

Diglyceride l

Maleic anhydride

R' = unsaturated fatty acid chain of fish oil

beakers equipped with high-speed stirrers. The chain
extender ethylenediamine and deionized water (about
70% of solid content) were added over 0.5 h under high
speed stirring. Each mixture turned into a highly viscous,
white opaque liquid at first; however, on further addition
of water, the viscosity of the mixture decreased, and thus
two polyurethane dispersions (Table 4) of ~30% solids
were separately obtained. The reaction scheme is shown
in Fig. 3.
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Characterization
FTIR

IR spectra of fish oil alkyd resin and polyurethane disper-
sion were recorded using a Perkin Elmer instrument
(spectrum one) in the range of 600-4,000 cm™'. Resin and
PUD were dissolved in carbon tetrachloride and placed on
KBr pellets to record their IR spectra.
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IH NMR

1H-NMR spectra of refined fish oil, its alkyd resin and LO:
FO (50:50) were recorded using a Bruker 300 MHz NMR
spectrophotometer at ambient temperature. Deuterated
carbon tetrachloride was used as the solvent.

Acid Values and Viscosities of Alkyd Resins

Acid values of the alkyd resins and their viscosities were
determined by ASTM Method D 465 and ASTM Method D
1200 using a B4 Ford cup, respectively.

Film Preparation

Mild steel panels (24 gauge, 6 x 4 inch) were coated after
being thoroughly cleared of scales by rubbing with emery
paper followed by cleaning with acetone as per ASTM D
609-00.

The newly synthesized resin samples were mixed with a
combination of different driers (containing cobalt octoate
0.05%, lead octoate 0.2% and magnesium octoate 0.05%.
w/w of the resin) and coated onto the mild steel panels,
using a bar coater (“sheen” make) of 50 microns. The
coated samples were studied at 29 °C in 60% humidity for
surface and hard drying times as per ASTM D 1640-03.
The alkyd resins were allowed to dry at room temperature
for a week, and the PUDs were dried at 100 °C for 24 h, to
ensure the complete maturation of films before testing.

Pencil Hardness

A relative measurement of hardness was achieved by rating
the hardness of lead pencils as per ASTM D3363-92a.

Scratch Hardness
The scratch hardness was measured using a scratch hard-

ness tester with a hemispherical hardened steel needle point
of 1-mm diameter, according to ASTM D 5178.

Table 4 Composition of styrenated alkyds and polyurethane

dispersions
Ingredients Weight (g)

PAPSPE SYSCUSE
Alkyd resin (70%) 36 36
Styrene 00 10
DMPA 3.6 3.6
IPDI 52 52
TEA 0.9 0.9
Water (added under high speed dispersion) 75 75

Adhesion

A cross-cut adhesion test was performed as per ASTM
D-3359-2002. The samples were coated onto mild steel
panels and cut into squares of 1 x 1 mm using a
crosshatch tester (“sheen make”). Adhesive tape was
applied on the cross-cut section, firmly rubbed with a
fingertip and removed after 1 min. The number of
squares left intact gives a measure of the adhesion of the
sample.

Adhesion (%)
_ Number of squares intact in the tape applied area

~ Total Number of squares in the tape applied area

Flexibility

This property is related to the elongation and can be
measured by the conical mandrel (1/4”), as per ASTM D
522-939. To check flexibility, samples coated onto tin
plates were tested using a conical mandrel and examined
visually for cracks in the film.

Impact Resistance

The impact resistance was measured using a falling weight
type impact tester (Komal Scientific, Mumbai, India), as
per ASTM D2794.

Water Resistance

Glass panels coated with the samples were allowed to
completely dry and cure at 100 °C for 24 h. Wax was
applied to the edges of the glass panels to restrain the
migration of water under the film from the open ends. The
panels after being dipped in water were examined for
changes in appearance after 24 h.

Acid/Alkali Resistance

Glass panels coated with the samples were dipped in
2% w/w sulfuric acid solution and 2% w/w sodium
hydroxide, respectively, and the changes in the appearance
of the films were noted after 24 h.

Salt Water Resistance
Coated mild steel panels were dipped in 5% w/w sodium

chloride solution, and the changes in the appearance of the
films were noted after 24 h.
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Fig. 3 Reaction scheme
of styrenated polyurethane
dispersion
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Solvent Resistance

The solvent resistance was carried out as per the “Double
Rubs” method (ASTM D 1308) by soaking the cotton in a
solvent and rubbing it back and forth on a coated film until
the film was detached from the surface. The solvents used
were acetone and methyl ethyl ketone (MEK). The number
of rubs that the coated film withstood was noted as the
solvent resistance.

Results and Discussion
Fish oil contains a high percentage of unsaturated and
saturated fatty acid. Its iodine value is almost equal to

that of linseed oil, and it can therefore be used in the
synthesis of long oil alkyd coatings, provided its
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Polyurethane dispersion

obnoxious fish odor can be eliminated. A series of long
oil alkyd resins were prepared using refined sardine fish
oil, linseed oil and different ratios of refined fish oil (FO)
and its interesterification with linseed oil (LO). Surpris-
ingly, the fishy odor was significantly diminished at a
LO:FO ratio (50:50) in the synthesis of alkyd resin. The
processing parameters, such as acid values and viscosities,
were determined for all alkyd resins, but only the repre-
sentative samples of linseed oil and linseed oil: fish oil
(50:50) alkyd resins are presented in Table 5. No signif-
icant change was observed in the acid values or viscosi-
ties between these two resins. It can be observed that the
acid value decreases as the reaction proceeds over a
period of time. The reaction was stopped when the acid
value dropped below 10. The viscosity of each of the
resins increased exponentially with the progress of the
reaction.
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Table 5 Processing parameters, acid values and viscosities of resins

Time (h) Acid value mg KOH/g Viscosity (s)

Linseed long oil alkyd resin

4 38.2 16
5 28.2 32
6 222 44
7 19.2 56
8 14.2 70
9 11.2 99
10 8.34 140
Interesterification of fish and linseed (50:50) long oil alkyd
4 33.7 17
5 29.9 27
6 22.6 35
7 18.6 49
8 13.5 68
9 10.2 98
10 8.0 125
FTIR

The IR spectra of FO alkyd and PUD of FO alkyd are shown
in Fig. 4. The bands at 2,925 and 2,854 cm ™" actually cor-
respond to asymmetric and symmetric stretching of C-H,
respectively, both from CH, and CH;. The C—H stretching of
>CH is clearly seen at about 3,000 cm™', which is a clear
indication of unsaturation. The formation of urethane was

Fig. 4 IR spectra of a fish oil
alkyd, b fish oil PUD

% T

PUD of FO alkyd resin

FO alkyd resin

confirmed by the presence of a band at 3,408 cm ™! due to the
NH group [4, 11]. The band at 1,730 cm™! corresponds to
C = O stretching from the ester and carboxylic acid groups
of the FO alkyd and its PUD. The absence of bands in the
range of 2,000-2,300 cm~ ! shows that all the diisocyanate
groups have reacted completely during polymerization to
form urethane linkages and amide groups.

"H-NMR spectroscopy

Figure 5a, b, ¢ show the IH-NMR spectra of refined sar-
dine fish oil, its alkyd resin and its LO:FO (50:50) inter-
esterification product. The signal assignments are listed in
Table 6. The peak at 6 0.84-0.91 ppm corresponds to all
fatty acids (FA) except -3 FA. The huge peak at 6 1.20-
1.35 ppm originates from the fatty acids (FA) except EPA
and DHA. The peaks in the range of ¢ 2.73-2.77 ppm
correspond to polyunsaturated fatty acids [20-23]. The
acylglycerol with one proton appear to overlap with the
olefinic signal at about § 5.25 ppm; on the other hand, the
signals of the four protons for the two acylglycerol-
CH,0OCOR units appear at ¢ 4.1 and 4.3 ppm, respectively.
The middle range of the proton spectra (6 3.3-6.6 ppm)
contains the peaks due to vinyl proton of fatty acids (FA)
incorporated in the alkyd resins (6 5.3), and the protons
neighboring the hydroxyl or ester groups. The peaks in the
range of 6 7.2-7.7 ppm correspond to aromatic protons
originating from phthalic and maleic ester fragments of the
alkyd resin [24, 25].
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Table 6 Signals present in

TH-NMR spectra of fish oil and Chemical (ppm) Assignment Compound
alkyd resins and their 0.84-0.91 —CH;4 All fatty acids (FA) except »-3 FA
assignment
0.95-1.0 —CH, -3 FA
1.20-1.35 —(CHy), All fatty acids (FA) except EPA and DHA
1.59 —(CH,),—CH,—COOH All fatty acids (FA) except DHA
1.98-2.15 (CH,),—CH = CH Unsaturated FA
2.27-2.32 —CH,~COOH All fatty acids (FA) except DHA
2.73-2.77 =CH-CH,-CH= Polyunsaturated FA
4.00-4.17 —CH,-O-CO- o position in glycerol
4.27-4.32 —CH = CH- Olefinic (FA chain)
5.26-5.37 —CH-0-CO- p position in glycerol
7.2-7.7 Aromatic protons of phthalic
and maleic ester
Table 7 Characteristics of alkyds and polyurethane dispersions
Alkyd/PUD FA F® F¢ FP FE pA sA Pt SE p¢ s¢
Coating characteristics
Drying time (h)
Tack free 5 5 5 18 48 - - - - - -
Hard dry 18 18 18 48 64 - - - - - -
Pencil hardness 4H 4H 3H 3H 2H 5H 6H SH 6H 5H 6H
Scratch hardness (g) 1500 1400 1200 1000 900 1850 2000+ 1900 2000+ 1900 2000+
Adhesion 100% 100% 100% 80% 80% 100% 100% 100% 100% 100% 100%
Flexibility Passes Passes Passes Passes Passes Passes Passes Passes Passes Passes Passes
Impact resistance®
Direct 50 50 50 37.5 37.5 75 75 75 75 75 75
Reverse 50 50 50 37.5 37.5 75 75 75 75 75 75
Chemical resistance
Water NE NE NE SB SB NE NE NE NE NE NE
Alkali FR FR FR FR FR VSB VSB VSB VSB VSB VSB
Acid NE NE NE SB SB NE NE NE NE NE NE
Salt HSB HSB NE SB SB SB SB SB SB SB SB
Solvent resistance
Acetone Rub 100 100 100 100 100 50 50 50 50 50 50
MEK Rub 75 50 75 75 50 90 50 80 60 78 50

NE no effect, VSB very slightly blushed, SB slightly blushed, HSB highly blushed, FR film removed

* The values are arrived at by multiplying weight of indenter in Ibs (6.25 lbs) with the maximum height in inches from where indenter falls

without any visible damage of film
Drying Properties of Alkyds

Drying properties, such as surface and hard dry times, of
different interesterification products (IP) of FO: LO alkyd
resins are presented in Table 7. It has been observed that
the drying time of the FO alkyd alone is very long when
compared to its IP with LO. The drying time is reduced
with the increase in LO content in the IP ratio. The drying
of an alkyd resin depends on the amount of linolenic and
linoleic acid present in the oil [10, 13]. Fish oil contains
only linoleic acid, which is a semi-drying acid, so it dries

very slowly. The increase in LO contents in IP increases
the linolenic acid component, which facilitates fast drying
and hence reduces the drying time. At an optimum ratio of
LO:FO (50:50), the drying time was almost equal to that of
the linseed oil alkyd alone.

Pencil Hardness
The pencil hardness increased with increasing LO content

in the LO:FO alkyd ratio, (Table 7). Among all the resins,
the 100% FO alkyd showed the least pencil hardness. This
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may be due to the low percentage of linoleic acid present in
fish oil. Linseed oil contains higher percentages of both
linoleic and linolenic acid [11] which contributes to
crosslinking and drying, hence, increased LO content
increases the hardness. However, the pencil hardness for
50:50 and 25:75 composition of LO: FO was constant. The
maximum pencil hardness was observed at 75:25 LO:FO
and 100% LO alkyd. All the styrenated PUDs showed
excellent hardness compared to PUDs based on alkyds and
their interesterification products.

Scratch Hardness

Table 7 lists the scratch hardness comparison data of the
tested alkyd resins and PUDs. The FO alkyd alone shows
the least scratch hardness. Hardness increased with
increasing LO content in the FO:LO alkyd resin. The
minimal hardness of the FO alkyd alone may be because
of the highly unsaturated fatty acids present in fish oil,
which favor short crosslinks. There are two different
crosslinkings [11, 13] that influence hardness, (1) due to
the double bonds within unsaturated fatty acids in fish oil,
which lead to short crosslinks; (2) due to the double
bonds of the unsaturated fatty acids of fish oil on inter-
action with linseed oil, which decrease the short cross-
links. However, the primary reason for the better drying
and hardness of IP could be the higher amounts of lino-
leic and linolenic acids present in LO [13]. The scratch
hardness was found to decrease in the order of styrenated
PUD of LO > PUD of LO > LO alkyd. A similar trend
was observed for FO and LO:FO (50:50) alkyds when
converted to their PUDs and styrenated PUDs, respec-
tively. This indicates that styrenation improves the hard-
ness of resins.

Flexibility/Adhesion Test

All the samples of alkyds and PUDs passed the flexibility
test and showed no cracks in the bent films. This is mainly
due to the good flexibility of the films, which is the char-
acteristic feature of both PUDs and alkyds. It can be seen
from Table 7 that the fish oil alkyd (100%) and LO:FO
(25:75) were inferior in adhesion, while all the other in-
teresterification products of LO: FO, LO alkyd and PUDs
displayed 100% adhesion.

Impact Resistance

The impact resistance of alkyd resins increased with the
increase in LO content (Table 7). The composition of the
100% FO and LO:FO (25:75) alkyds showed the lowest
impact resistance. The highest impact resistance was
shown by the LO:FO (50:50) alkyd. There was no increase
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in impact resistance with LO content in the LO:FO alkyd
above 50%. All the styrenated and interesterification
products of PUDs showed the highest impact resistance.

Chemical Resistance

All alkyd resins exhibited excellent resistance to acid, salt,
and water; however, all films were completely removed
when immersed in an alkali solution (Table 7). However,
PUDs based on alkyd and styrenated alkyd showed fairly
good resistance to acid, alkali and salt.

Solvent Resistance

The acetone resistances of all PUDs samples were slightly
inferior to their respective alkyd resins. This may be due to
the presence of acid functionality in the polymer network
which makes the PUDs hydrophilic in nature (Table 7). All
PUDs were slightly better in MEK resistance; however, in
the case of styrenated PUDs, except styrenated fish oil
(100%) PUD, the other compositions were inferior to their
respective alkyd resins.

Conclusions

It can be concluded from the present study that the costlier
linseed oil used for making long oil alkyds may be partially
replaced by fish oil, a cheap marine resource. Except for
pencil and scratch hardness, all the other coating perfor-
mance properties of the interesterification product of fish oil
and linseed oil (50:50) alkyd were similar to those of a
standard linseed oil alkyd resin. Polyurethane dispersion of
FO alkyd resins exhibited excellent adhesion, impact, flex-
ibility, and chemical resistance, despite the fact that the
coating properties of the FO alkyd by itself are not very
good. Hence, fish oil may be used to formulate a VOC
compliant coating. Polyurethane dispersions of FO:LO
(50:50), as well as of styrenated fish oil, exhibited superior
coating properties to those of their alkyd resins, respectively.

References

1. Home I (2006) Advance in the science and technology of paints,
inks and related coatings. Surf Coat Int Part B Coat Trans
B4(89):269-380

2. Gunduz G, Idlibi Y, Akovali G (2002) Oil modified and water-
borne polyurethane resin. J Coat Technol 931:59-62

3. Narine SS, Kong X, Bouzidi L (2007) Physical properties of
polyurethane produced polyols from seed oils. I. Elastomers.
J Am Oil Chem Soc 84:55-63

4. Kabasakal OS, Guner FS, Arslan A, Ergan A, Erciyles AT,
Yagacli Y (1996) Use of castor oil in the preparation of various
oil based binders. J Coat Technol 860:57-62



J Am Oil Chem Soc (2010) 87:1035-1045

1045

5.

10.

11.

12.

13.

14.

Patel A, Patel C, Patel MG, Patel M, Dighe A (2010) Fatty acid
modified polyurethane dispersion for surface coatings: effect of
fatty acid content and ionic Content. Prog Org Coat 67 3:255-263

. Dutta S, Karak N, Jana T (2009) Evaluation of Mesua ferrea L.

seed oil Modified polyurethane dispersion paint. Prog Org Coat,
65 1:131-135

. Bhabhe MD, Athawale VD (1997) Chemoenzymatic synthesis of

oil-modified acrylic monomers as reactive diluents for high solids
coatings. Prog Org Coat 30:207-211

. Torres CF, Vazquez L, Francisco JS, Guillermo R (2007) An

efficient methodology for preparation of alkoxyglycerols rich in
linoleic acid and eicosapentaenoic acid. J Am Oil Chem Soc
84:443-448

. Guill-Guerrero JI, Lopez-Martinez JC, Rincon-Cervera MA,

Campra-Madrid P (2007) One step extraction and concentration
of polyunsaturated fatty acids from fish liver. J] Am Oil Chem Soc
84:357-361

Ackman RG, Ratnayake WMN, Olsson B (1988) The basic fatty
acid composition of Atlantic fish oil: potential similarities useful
for enrichment of polyunsaturated fatty acids by urea complex-
ation. J Am Oil Chem Soc 65:136-138

Gunduz G, Khalid AH, Mecidoglu A, Aras L (2004) Water-borne
and air-drying oil based resins. Prog Org Coat 49:259-269
Visentainer JV, Maximiliano DN, Patricia DC, Vanessa VA,
Claudio CO, Oliveira-Desouza NE (2007) Lipid content and fatty
acid composition of 15 Marine fish species from the southeast
coast of Brazil. ] Am Oil Chem Soc 84:543-547

Derksen JTP, Cuperus F, Kolster P (1996) Renewable resources
in coating technology, review. Prog Org Coat 27:45-53

Globe fish website for the trade analysis http://72.14.235.132/
search?q=cache:HDo7TW_AlsMJ:www.globefish.org/ filedown
the price was USD/Metric ton 665 in 2002

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Paquot C (1979) Standard methods for the analysis of oils, fats
and derivatives, 6th edn. [IUPAC, Pergamon Press, New York
Oldring PKT (1987) A manual for resins for surface coatings. In:
Hayward G (ed) 2nd edn. SITA Technology, UK

Bhatt HA, Tagdiwala PV (1970) Studies in fish oil alkyd Paint-
India 2:6-7

Levine E, Kuzma EJ (1979) Polyacrylate-modified water-borne
alkyd. J Coat Technol 51:35-48

Erciyes AT, Ekral FS, Kabasakal OS (1992) Investigation of
urethane oils based on Ecballium Elaterium and P. Mahaleb seed
oils. J Coat Technol 851:61-64

Aigbondion Al, Bakare OI (2005) Rubber seed oil quality
assessment and authentication. ] Am Oil Chem Soc 82:465-469
Gunstone FD (2004) The chemistry of oils and fats: sources,
composition, properties and uses. Blackwell, Oxford, pp 257-280
Gunstone FD (1994) The lipids-hand book, In: Harwood JL,
Pardly FB (eds) 2nd edn. Chapman & Hall, New York, pp 319-
580

Masoum S, Jalali-Heravi M, Malabat C, Rutledge DN, Guillou G,
Rezzi S (2007) Application of support vector machine to 1H
NMR data of fish oils: methodology for the confirmation of wild
and farmed salmon and their origins. Anal Bioanal Chem
387:1499-1510

Spyros A (2003) Characterization of unsaturated polyester and
alkyd resins using one and two dimensional NMR spectroscopy. J
Appl Polym Sci 88:1881-1888

Rybicky J (1979) Fast determination of fatty acids in oil utilizing
resins by NMR Spectroscopy. J Appl Polym Sci 23:25-38

Hui YH (1995) Baileys industrial oil and fat products, 5th edn.
Wiley, London

&) Springer AOCS &


http://72.14.235.132/search?q=cache:HDo7TW_AlsMJ:www.globefish.org/
http://72.14.235.132/search?q=cache:HDo7TW_AlsMJ:www.globefish.org/

	Polyurethane Dispersions Based on Interesterification Product of Fish and Linseed Oil
	Abstract
	Introduction
	Experimental
	Materials
	Analysis of FO and LO
	Fatty Acid Compositions of Refined Sardine Fish Oil
	Synthesis of Alkyd Resins
	Grafting of Alkyd Resin
	Synthesis of Polyurethane Dispersions (PUDs)

	Characterization
	FTIR
	1H NMR
	Acid Values and Viscosities of Alkyd Resins
	Film Preparation
	Pencil Hardness
	Scratch Hardness
	Adhesion
	Flexibility
	Impact Resistance
	Water Resistance
	Acid/Alkali Resistance
	Salt Water Resistance
	Solvent Resistance

	Results and Discussion
	FTIR
	1H-NMR spectroscopy
	Drying Properties of Alkyds
	Pencil Hardness
	Scratch Hardness
	Flexibility/Adhesion Test
	Impact Resistance
	Chemical Resistance
	Solvent Resistance

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


