
Research Paper

Esters of calendula oil and tung oil as reactive diluents for
alkyd resins
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A simple protocol for the transesterification of highly unsaturated vegetable oils such as calendula oil and
tung oil, catalyzed by sodium methoxide, is described. Calendula oil contained about 59–65% of calendic
acid (8,10-trans,12-cis-octadecatrienoic acid) (1a), and tung oil about 84% of a-eleostearic acid (9-
cis,11,13-trans-octadecatrienoic acid) (2a). Transesterifications of calendula oil with alcohols such as
methanol, ethanol, and isopropanol give the respective calendula oil esters, which were tested as reactive
diluents for alkyd resins in coating formulations. Especially ethyl and isopropyl calendula oil esters showed
good properties, including low viscosity and good drying performance. Furthermore, a shortening of the
drying time of about 35–40% compared to conventionally prepared formulations was achieved. Analo-
gously, the respective esters of tung oil were synthesized and used as reactive diluent.
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1 Introduction

Due to the serious problem of emissions of volatile organic
chemicals (VOC) into the atmosphere, the development of
products of the chemical industry that can be processed with
reduced amounts of organic solvents, or even without sol-
vents, is a great challenge [1]. At present, it is estimated that
the use of organic solvents mainly in the processing industry
makes up more than half of the total emissions in Germany.
Germany has to reduce the VOC emissions by about
350,000 t/a. The main emissions are caused in coating, print-
ing inks, and adhesive processing [2].

Alkyd resins are basic materials in the coating processing
and used as binders to form a tough, continuous film [3]. The
global production amounts to about 1 Mio t/a. Alkyd resins
are polyesters produced by condensation polymerization of
three types of monomers: polyols, polybasic acids and fatty
acids or triacylglycerols. The triacylglycerols used are mostly
drying plant oils, e.g. linseed oil [4]. The choice and amount of

the oil in the alkyd resin determines the drying rate and the
solubility of the polymer in organic solvents. Alkyd resins are
viscous, tacky materials that are difficult to handle. Most
often, these handling problems are overcome by dissolving the
resins in organic solvents, which evaporate into the atmos-
phere as VOC, giving rise to regulations. This is a most
important problem with alkyd resins as binders. In Germany,
the coating processing is the most important VOC emitter.

The development of products in the coating processing
that can be processed without the use and emission of VOC
would be an important contribution to sustainable develop-
ment. This contribution would be increased if these products
could be produced from renewable raw materials [5, 6]. There
are already some examples for VOC-reduced coatings, such as
high-solid coatings, water-diluted coatings [3], powder coat-
ings, and radiation-hardening coating systems [7].

A patent by DSM describes a resin composition contain-
ing an alkyd resin and a reactive diluent. The reactive diluent
is an alkyl ester – preferentially a methyl ester derived from the
acid of an unsaturated vegetable oil such as tung oil or calen-
dula oil serving as a solvent – and is incorporated into the film
while curing [8].

Already in 1987, calendula was proposed as new oil crop
for the chemical industry [9]. In the EU project entitled
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“Calendula as Agronomic Raw Material for Industrial Appli-
cations” (CARMINA), the cultivation and usage was devel-
oped. It was reported that “alkyd paints with less volatile
organic compounds (VOC) and non-fogging polyurethane
foams (PUF) can be produced with calendula oil as raw
material and their use would reduce VOC-emissions” [10].
Calendula oil is becoming commercially available [11]. Tung
oil is imported from China and Brazil. However, the tung oil
market is not stable and the price of tung oil is subject to sea-
sonal fluctuations. A sustainable supply would be desirable.
Calendual oil could stabilize the market.

Calendic acid (8,10-trans,12-cis-octadecatrienoic acid)
(1a) is the main fatty acid, with a content of up to 65% in the
seed oil of Calendula officinalis L. (Compositae) (Fig. 1) [12].
The main fatty acid of tung oil is a-eleostearic acid
(9-cis,11,13-trans-octadecatrienoic acid) (2a), which is an iso-
mer of calendic acid and is the most commonly occurring con-
jugated triene fatty acid found, e.g., in the oil of the nuts of the
tung oil tree (Fig. 1) [13]. Because of the chemical similarity to
tung oil, which is already used as a drying oil for a number of
products including varnishes, resins, inks, paints and coatings,
calendula oil can be expected to show similar properties. Due to
the highly reactive hexatriene system, calendic acid and a-
eleostearic acid show an interesting reaction behavior [14].
Transesterification of calendula oil and tung oil is not trivial
because reactions at the highly reactive hexatriene system have
to be avoided. The conjugated double bonds in the oil as well as
in the fatty acid esters are very sensitive to acids and oxygen, so
that gentle reaction conditions are required.

The oxidation of drying oils such as tung oil and linseed
oil, catalyzed by a cobalt catalyst, was studied by Oyman et al.
[15]. The amount of oxygen taken up by linseed oil is signifi-
cantly larger than that by tung oil, and the rate of the oxygen
uptake is also higher. In linseed oil there is a strong build-up of
peroxides (because of the double allylic methylene group),
while in tung oil the build-up of hydroperoxides is much lower
due to the direct radical addition to conjugated double bonds,
consequently leading to the formation of a higher amount of
cross-links and a lower amount of byproducts. In analogy, this
also applies to calendula oil.

Tung oil is used, e.g., in the production of a boat oil by the
German company biopin [16]. The binding agent is cooked
from linseed and tung oil and colophony. Citrus oil, a natural
product, is used as solvent for processing. Citrus oil is a natu-
ral solvent; however, it evaporates as VOC like an ordinary
petrochemical solvent. In other words, it would be a big step
forward to substitute citrus oil by a non-volatile solvent. A
good idea would be to have a reactive diluent participating in
the cross-linking process.

Herein, we report on the development of an industrially
feasible protocol for the transesterification of calendula oil and
tung oil, and on studies of their properties as reactive diluents
for alkyd resins.

2 Material and methods

2.1 Analytical equipment

Analytical GC was performed on a Carlo Erba GC series
4160 with an FID detector and a fused-silica capillary column
DB1, 29 m. 1H and 13C NMR spectra were recorded in
CDCl3 on a Bruker DRX 500 spectrometer at 20 7C, using
TMS (1H NMR) and CDCl3 (d = 77.0 ppm, 13C NMR) as
internal standards. Mass spectra were recorded on a Finnigan
MAT 95. All products were unambiguously identified by 1H
and 13C NMR, and by MS (EI) or GC/MS (EI). The viscosity
was measured using a RheoStress 6000 viscometer (Thermo
Haake GmbH, Germany) or viscosity cups (4 and 6 mm).
The pendulum hardness “König” was measured using an
Elometer 3034 Pendulum Hardness Tester (TQC-Simex
GmbH, Haan, Germany).

2.2 General

Calendula oil (59–65% calendic acid, 29% linoleic acid, 4%
oleic acid, 4% palmitic acid) was obtained by extraction of the
seeds of Calendula officinalis. Tung oil (84% a-eleostearic acid,
4% oleic acid, 4% linoleic acid, 2% palmitic acid) was pur-
chased from biopin (Jever, Germany). Magnesol was obtained

Figure 1. Calendic acid (8,10-trans,12-cis-
octadecatrienoic acid) (1a) obtained from the
seed oil of Calendula officinalis L. (Compositae)
and a-eleostearic acid (9-cis,11,13-trans-octa-
decatrienoic acid) (2a) obtained from the oil of
the nuts of the tung oil tree. The respective fatty
acid esters were obtained by transesterifica-
tion of calendula oil [methyl (1b), ethyl (1c),
isopropyl (1d), allyl (1e) and vinyl calendulate
(1f)] and tung oil [methyl (2b), ethyl (2c) and
isopropyl a-eleostearate (2d)].
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from the Dallas Group of America (Jeffersonville, USA), and
hydrotalcit Syntal 701 HSAC from Süd-Chemie (München,
Germany). Vinyl acetate and mercury acetate (Aldrich) were
used without further purification.

Alkyd resins Worleekyd SO 8601 and Worleekyd L 7904
[17] as well as binders BM 2006 (highly viscous natural resin/
oil binder) and BM 24 and desiccant (66% zirconium, 33%
cobalt) (biopin) were used for hardening experiments with
reactive diluents.

2.3 Transesterification of calendula oil and methanol
using Syntal 701 HSAC

Calendula oil (10.0 g), methanol abs. (40 mL, 32 g, 1 mol)
and hydrotalcit Syntal 701 HSAC (1 g) were stirred magneti-
cally under reflux in a nitrogen atmosphere. The reaction was
followed by thin-layer chromatography (TLC). After a reac-
tion time of 48 h, the transesterification was quantitative.
Hydrotalcit Syntal 701 HSAC was removed by filtration and
methanol was removed in vacuo. Petroleum ether 60/80
(100 mL) was added and washed with H2O (3630 mL). The
organic layer was dried with NaSO4, filtered and the solvent
evaporated. Yield 9.0 g, pale yellow oil; 59% of 1b (GC).

2.4 Standard method for the transesterification of
calendula oil and tung oil with alcohols such as
methanol using sodium methoxide

Calendula oil or tung oil (10.0 g), methanol abs. (5 mL, 4.0 g,
125 mmol) and sodium methoxide (30% in methanol,
0.2 mL, 0.48 g, 0.9 mmol) were stirred magnetically in a
nitrogen atmosphere at room temperature or alternatively at
60 7C. The reaction was followed by TLC. After a reaction
time of 45 min (60 7C) or 2 h (room temperature), the trans-
esterification was quantitative. The glycerol/methanol layer
was separated and traces of solvent were removed in vacuo.
After addition of petroleum ether 60/80 (20 mL) and Mag-
nesol (0.5 g), the sample was stirred until the solution was
neutral. The sample was filtered and the solvent evaporated.

2.5 Methyl 8,10-trans,12-cis-octadecatrienoate (1b)

1b was synthesized by the standard transesterification meth-
od. Yield 9.3 g, pale yellow oil. The product was obtained as a
mixture of 1b (65%), of methyl esters of linoleic acid (27%),
oleic acid (2%) and palmitic acid (2%) as determined by GC;
1H and 13C NMR data of 1b that could be assigned unam-
biguously are given.

1H NMR (500.1 MHz, CDCl3): d = 6.38 (dd, J = 14.3,
11.5 Hz, 1 H, H-9), 5.98 (dd, J = 11.0, 11.0 Hz, 1 H, H-12),
5.67 (dt, J = 14.3, 7.0 Hz, 1 H, H-8), 5.36 (m, 3 H, H-10, H-
11, H-13), 3.65 (s, 3 H, OCH3), 2.29 (t, J = 7.5 Hz, 2 H, H-
2), 2.17 (ddt, J = 7.3, 1.3, 7.5 Hz, 2 H, H-14), 2.05 (dt,
J = 7.0, 7.0 Hz, 2 H, H-7), 1.62 (m, 2H, H-3), 1.42–1.23 (m,
12H), 0.89 (t, J = 7.1 Hz, 3 H). 13C NMR (125.7 MHz,

CDCl3): d = 174.2, 134.8, 130.9, 130.7, 130.4, 128.6, 126.1,
51.4, 34.1, 32.7, 31.529.8–29.0 (5), 28.8, 25.6, 24.9,
13.9 ppm. GC-MS (EI): m/z (%) = 292 (68), 261 (7), 93
(92), 79(96), 67 (80), 40 (100).

2.6 Ethyl 8,10-trans,12-cis-octadecatrienoate (1c)

1c was synthesized by the standard transesterification method
with ethanol abs. (5 mL, 3.9 g, 85 mmol). Yield 9.1 g, pale
yellow oil; 59% of 1c (GC).

Only NMR data that refer to the ethyl ester functionality
are given. 1H NMR (500.1 MHz, CDCl3): d = 4.11 (q,
J = 7.1 Hz, 2 H, OCH2CH3), 1.25 (t, J = 7.1 Hz, 3 H,
OCH2CH3). 13C NMR (125.8 MHz, CDCl3): d = 173.8,
60.1, 14.0 ppm.

2.7 Isopropyl 8,10-trans,12-cis-octadecatrienoate
(1d)

1d was synthesized by the standard transesterification method
with isopropanol (5 mL, 3.9 g, 65 mmol). Yield 8.7 g, pale
yellow oil; 59% of 1d (GC).

Only NMR data that refer to the isopropyl ester function-
ality are given. 1H NMR (500.1 MHz, CDCl3): d = 5.0
(26q, J = 6.5 Hz, 1 H, CH(CH3)2), 1.21 (d, J = 6.5 Hz,
6 H, CH(CH3)2)). 13C NMR (125.8 MHz, CDCl3):
d = 173.3, 67.3, 21.8 (26CH3). GC-MS (EI): m/z (%) = 320
(67), 277 (100), 261 (34), 93 (68), 79(64), 67 (41), 43 (52).

2.8 Allyl 8,10-trans,12-cis-octadecatrienoate (1e)

1e was synthesized by the standard transesterification method
with allyl alcohol (5 mL, 4.3 g, 74 mmol. Yield: 8.2 g, pale
yellow oil; 46% of 1e (GC).

Only NMR data that refer to the allyl ester functionality
are given. 1H NMR (500.1 MHz, CDCl3): d = 5.90 (ddt,
J = 17.3, 11.8, 5.5 Hz, 1 H, OCH2CH=CH2), 5.30 (d,
J = 17.3 Hz, 1 H, OCH2CH=CH2), 5.21 (d, J = 11.8 Hz,
1 H, OCH2CH=CH2), 4.57 (d, J = 7.0 Hz, 2 H,
OCH2CH=CH2). 13C NMR (125.7 MHz, CDCl3):
d = 173.3, 132.3, 117.9, 64.8 ppm. MS (EI): m/z (%) = 318
(70), 277 (28), 93 (94), 91 (100).

2.9 Vinyl 8,10-trans,12-cis-octadecatrienoate (1f)

Calendic acid (1a) was used as starting material for the syn-
thesis of 1f and was prepared by saponification of calendula oil
as described in the literature [18].

A mixture of 1a (9 g, 32.4 mmol), vinyl acetate (17.2 g,
200 mmol) and mercury acetate (0.2 g, 0.63 mmol) was
stirred magnetically in an inert atmosphere. After dropwise
addition of H2SO4 (96–98%, 0.013 mL), the sample was
heated under reflux for 2 h. The reaction was followed by
TLC (petroleum ether/ether 8 : 2). Then, sodium acetate tri-
hydrate (70 mg, 0.51 mmol) was added and the sample was
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stirred magnetically overnight at room temperature. Unreact-
ed vinyl acetate was removed in vacuo and the product was
isolated by column chromatography (silica gel 60, petroleum
ether/ether 8 : 2). Yield: 6.8 g, pale yellow oil, 42% of 1f (GC).

NMR data that refer to the vinyl ester functionality are
given. 1H NMR (500.1 MHz, CDCl3): d = 7.29 (dd,
J = 14.6, 7.2 Hz, 1 H, CH=CH2), 4.87 (d, J = 14.6 Hz, 1 H,
CH=CHa(b)), 4.55 (d, J = 7.2 Hz, 1 H, CH=CH(a)b).
13C NMR (125.7 MHz, CDCl3): d = 170.7, 141.2, 97.3 ppm.

2.10 Methyl 9-cis,11,13-trans-octadecatrienoate (2b)

2b was synthesized by the standard transesterification meth-
od. Yield 8.9 g, pale yellow oil; 77% of 2b (GC). 1H and
13C NMR data of 2b that could be assigned unambiguously
are given.

1H NMR (500.1 MHz, CDCl3): d = 6.47 (dd, J = 14.1,
11.4 Hz, 1 H, H-13), 6.12 (26dd, J = 14.1, 11.0 Hz, 2 H, H-
11, H-12), 5.98 (dd, J = 11.0, 11.0 Hz, 1 H, H-10), 5.68 (dt,
J = 14.2, 7.1 Hz, 1 H, H-14), 5.37 (dt, J = 11.0, 7.7 Hz, 1 H,
H-9), 3.63 (s, 3 H, OCH3), 2.29 (t, J = 7.5 Hz, 2 H, H-2),
2.16 (ddt, J = 7.7, 1.3, 6.9 Hz, 1 H, H-8), 2.09 (dt, J = 7.1,
7.4 Hz, 2 H, H-15), 1.61 (tt, J = 7.3, 7.3 Hz, 2 H, H-3),
1.41–1.31 (m, 12 H), 0.89 (t, J = 6.7 Hz, 3 H, H-18).
13C NMR (125.8 MHz, CDCl3): d = 173.8, 135.1, 132.8,
130.6, 128.7, 125.9, 51.3, 34.0, 32.4, 30.3, 30.4, 29.7, 29.3,
29.0, 29.0, 27.3, 24.9, 22.2, 13.8 ppm. GC-MS (EI): m/z (%)
= 292 (100), 261 (17), 93 (96), 79(85), 67 (47), 41 (34).

2.11 Ethyl 9-cis,11,13-trans-octadecatrienoate (2c)

A mixture of tung oil (100 g), ethanol abs. (50 mL, 39 g,
850 mmol) and sodium methoxide (30%, 2 mL, 4.8 g,
9 mmol) was stirred magnetically and heated under reflux in a
nitrogen atmosphere. The reaction was followed by TLC.
After a reaction time of 15 min, the transesterification was
quantitative. Then, the glycerol/ethanol layer was separated
and traces of solvent were removed in vacuo. After addition of
petroleum ether 60/80 (300 mL) and Magnesol (10 g), the
sample was stirred until the solution was neutral (1 h). Then,
the sample was filtered and the solvent evaporated. Yield:
94 g, pale yellow oil; 79% of 2c (GC).

NMR data that refer to the ethyl ester functionality are
given. 1H NMR (500.1 MHz, CDCl3): d = 4.11 (q,
J = 7.1 Hz, 2 H, OCH2CH3), 1.25 (t, J = 7.1 Hz, 3 H,
OCH2CH3). 13C NMR (125.8 MHz, CDCl3): d = 173.8,
60.1, 14.0 ppm.

Analogously, 500 g tung oil was reacted with 250 mL
ethanol and 10 mL sodium methoxide (30%). After a reaction
time of 30 min, the transesterification was quantitative. Pet-
roleum ether 60/80 (1000 mL) and Magnesol (10 g) were
added and the sample was stirred until the solution was neutral
(1 h). Yield: 483 g.

2.12 Isopropyl 9-cis,11,13-trans-octadecatrienoate
(2d)

2d was prepared in analogy to ester 2c with isopropanol abs.
(70 mL, 55 g, 908 mmol). Excess isopropanol was removed
in vacuo. After addition of petroleum ether 60/80 (200 mL),
glycerol was separated. The solvent was evaporated in vacuo.
Yield: 71 g, pale yellow oil; 72% of 2d (GC).

NMR data that refer to the ethyl ester functionality are
given. 1H NMR (500.1 MHz, CDCl3): d = 5.0 (26q,
J = 6.5 Hz, 1 H, CH(CH3)2), 1.21 (d, J = 6.5 Hz, 6 H,
CH(CH3)2)) ppm. 13C NMR (125.8 MHz, CDCl3):
d = 173.3, 67.3, 21.8 (26CH3). GC-MS (EI): m/z (%) =
320 (73), 277 (100), 261 (38), 93 (70), 79(65), 67 (43), 43
(53).

2.13 Alkyd resin: Typical formulation used by biopin

Standard alkyds contain an amount of oil of about 66%.
Typical composition: linoleic acid (63%), pentaerythrol
(13%) and phthalic anhydride (24%). The compounds are
heated under reflux in xylene (16%) at 180–240 7C to keep
the acid number below 10. The reaction takes 22 h, cooling
down included. Small amounts of xylene remain in the
resin.

2.14 Binder (VP 2431, BM 2030): Typical formulation
used by biopin

The standard binder is prepared from tung oil (66.7%) and
modified Chinese tree gum. After melting down of the gum to
the oil at 170 7C, the temperature is raised to 220 7C. When
the defined viscosity is achieved, the reaction mixture is
cooled. The whole procedure takes 6–10 h.

2.15 White top coating: Typical formulation used by
biopin

Components: BM 2051 (59.8%, binder with a 66% amount of
oil), Shellsol D 40 (20.9%), white pigment paste (17.9%),
drier (1.4%).

2.16 Outdoor and artificial weathering

Outdoor weathering was carried out using the standard binder
on the basis of tung oil compared to a binder that was pre-
pared on the basis of calendula oil by the described procedure
used by biopin. The binders were applied to planks that were
exposed at first for 6 months and then for another 6 months.
In parallel, test patterns were checked by artificial weathering
measurements for 3 weeks, which is comparable to a standar-
dized outdoor weathering of 3 years.
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3 Results and discussion

We studied different heterogeneous and homogeneous cata-
lysts for the transesterification of calendula oil and tung oil, to
obtain the respective esters containing as main component
1b–f and 2b–d, respectively (Fig. 1). Calendula oils with a
content of calendic acid in the range of 59–65% were used.
Furthermore, the oils contained linoleic, oleic, stearic, and
palmitic acid. Using the conventional transesterification
method with sodium or potassium hydroxide, only minor
conversion of calendula oil was observed.

A basic hydrotalcit (Syntal 701 HSAC, Süd-Chemie) as
heterogeneous catalyst gave methyl calendulate (1b) in good
yield from the transesterification of calendula oil with metha-
nol; however, the reaction time of 48 h to obtain full conver-
sion was relatively long and, moreover, this hydrotalcit is not
commercially available at present.

The homogeneous basic transesterification was carried
out with catalysts such as sodium and potassium methoxide
and potassium tert.-butylate. Best results using alcohols such
as methanol and ethanol concerning the yields of the respec-
tive esters as well as the reaction procedure were obtained with
sodium methoxide as catalyst.

Calendula oil, the catalyst and methanol were stirred in a
nitrogen atmosphere for 2 h at room temperature, or alter-
natively for 45 min at 60 7C, to give methyl calendulate (1b) in
quantitative yield (Fig. 2). The work-up was carried out with
Magnesol (magnesium silicate), which is a solid acid and can
easily be removed by filtration. Using Magnesol, the work-up
was very much simplified because it was not necessary to wash
and dry the organic layer as in conventional procedures.

All of the fatty acids in the triacylglycerol were converted
into methyl esters, which were separated by GC and identified
by GC/MS. The unambiguous characterization of 1b was
confirmed by 1H and 13C NMR. The transesterification pro-
ceeded with retention of the stereochemistry of the conjugated
triene system. Furthermore, calendula oil was transesterified
with ethanol and isopropyl alcohol by this standard method, to
give 1c and 1d in quantitative yields. Esters 1c and 1d (Fig. 1)
were characterized as described for methyl calendulate (1b).
The change of the ester functionality did not cause any change

in the NMR shifts of the signals belonging to the carbon and
hydrogen atoms of the alkyl chains.

In analogy to calendula oil, tung oil was transesterified
with methanol, ethanol, and isopropanol, catalyzed by sodium
methoxide, to give the respective esters (Fig. 1). The charac-
terization of esters 2b–2d was carried out by GC, GC/MS, 1H
and 13C NMR, clearly indicating that the transesterification
using sodium methoxide as catalyst proceeded with retention
of the stereochemistry of the conjugated triene system.

Calendic acid esters 1b, 1c, and 1d were tested as reactive
diluents for binding agents. 1b was applied to a highly viscous
natural resin/oil binder (VP 2431), showing that the viscosity
could be significantly decreased by a factor of 20 using the
ester in an amount of 50% (Table 1). With this dilution, a
workable binding agent that was easy to spread was obtained.

Table 1. Influence of methyl calendulate (1b) used as reactive
diluent on the viscosity of binder VP 2431) (natural resin/oil binder).

VP 2431) 1 1b (10%) 1 1b (25%) 1 1b (50%)

Viscosity [Pa s] 21.68 10.0 3.27 1.08

Furthermore, ester 1b was applied as reactive diluent to
the varnish binder BM 24, which was prepared on the basis of
safflor fatty acid ester. The results show that methyl calendu-
late (1b) can be used to relevantly decrease the viscosity of the
binder, depending on the amount of added 1b (Table 2). In
addition, good results were obtained for drying properties and
pendulum hardness. However, an unfavorable side effect that
was observed in the samples containing 1b was a slight tacki-
ness of the films.

Esters 1c and 1d were tested as reactive diluents for the
binder BM 2030, which is used for coatings for interior and
exterior applications. The coating was produced with Co-
linoleate as drier and small amounts of Shellsol D60 as cosol-
vent. A general abdication of the petrochemical solvent was
not possible. Ethyl (1c) and isopropyl calendulate (1d)
showed good properties as reactive diluent (Table 3). The
resulting dilutions (samples B and C) were characterized by
their low viscosity and good drying properties. Surprisingly,

Figure 2. Transesterification of calendula oil with
methanol in the presence of sodium methoxide as
catalyst to give methyl calendulate (1b).
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Table 2. Methyl calendulate (1b) used as reactive diluent for the varnish binder BM 24.

BM 24§

– 1 10% 1b 1 35% 1b 1 50% 1b 1 20% D60# 1 10% 1b
1 10% D60

Solid body 100% 100% 100% 100% 80% 90%
Viscosity at 20 7C/viscosity cup 4 mm$ [s] no flowability 155 65 33 180 105
Viscosity at 20 7C/viscosity cup 6 mm [s] 180 42 20 12 45 34
Drying at 38 mm wet film thickness [h] 6–10 3 3–4 4–5 2–3 3
Pendulum hardness (König), after 3 days [s] 18 38 34 25 17 28

§ BM 24 is a varnish binder that is based on safflor fatty acid ester and desiccated with 0.8% Co-linoleate (10%).
$ The viscosity was measured according to DIN 53211 or EN ISO 2431, respectively.
# White spirit Shellsol D60 was used as cosolvent.

Table 3. Ethyl (1c) and isopropyl calendulate (1d) as reactive dilu-
ents for binder BM 2030.

Sample

A B C

Solid body 74.5% 77.8% 77.8%
Viscosity [Pa s] 0.9 0.45 0.52
Drying at 38 mm wet film thickness [h] 5 3 3.5
Pendulum hardness (König),

after 7 days [s]
55 17 17

Sample A: BM 2030 1 Co-drier (0.75%) 1 Shellsol D40 (25%).
Sample B: Sample A 1 ethyl calendulate 1c (15%).
Sample C: Sample A 1 isopropyl calendulate 1d (15%).

they showed a shortening of the drying time of about 35–40%
compared to the conventional sample A. However, in all tests,
the pendulum hardness was not fully satisfactory. The film
seemed to plasticize although it was plane and not at all tacky.

Furthermore ethyl (1c) and isopropyl calendulate (1d)
were used as reactive diluents in a white top coating. Samples
were exposed to artificial weathering and compared to sam-
ples that were stored at indoor temperature. The weathered
samples kept the white color and showed a good curing. The
properties were comparable to coatings typically prepared
with Shellsol D40 as solvent. The cured coatings were ex-
tracted and analyzed with respect to monomeric fatty esters.
Calendic acid esters 1c and 1d could not be detected by GC,
giving clear evidence that they were incorporated completely
into the film while curing. In contrast, the respective esters of
linoleic acid, oleic acid, stearic acid, and palmitic acid being
present as minor components were clearly detected.

Esters 2b–2d were tested as reactive diluents in alkyd resin
formulations in analogy to the respective esters of calendic
acid 1b–1d. The results were comparable, showing good
properties as reactive diluents characterized by low viscosity

and good curing properties. Unfortunately, also esters 2b–2d
did not give better results concerning the pendulum hardness
compared to the respective calendula esters.

We had thought that the application of allyl calendulate
(1e) and vinyl calendulate (1f) (Fig. 1) as reactive diluent
would give higher cross-linking in the cured films, due to the
additional double bond. Ester 1e was synthesized by transes-
terification of calendula oil with allyl alcohol, using our
standard method. The synthesis of 1f was not possible in this
way. To obtain ester 1f, calendic acid (1a), which was pre-
pared by saponification of calendua oil, was reacted with
vinyl acetate in the presence of mercury acetate and H2SO4

as catalyst, as described in the literature [19]. Both esters 1e
and 1f were clearly characterized by GC/MS, 1H and
13C NMR.

Contrary to our assumption, esters 1e and 1f did not show
a better film formation compared to ethyl calendulate (1c).
Therefore, further studies with 1e and 1f were not carried out,
also with regard to the environmentally unacceptable catalyst
that has to be used in case of the synthesis of 1f.

4 Conclusions

Calendula oil obtained from a new oil crop that can be culti-
vated in Europe may be used comparably to tung oil in many
coating applications. This opportunity provides new per-
spectives to the coating industry because the tung oil market is
not stable. A gentle transesterification of calendula oil and
tung oil with alcohols such as methanol, ethanol, and iso-
propanol in the presence of sodium methoxide as catalyst
allows the synthesis of the respective esters, which can be used
as reactive diluents for alkyd resins in coating applications.
The reduction or even the substitution of organic solvents in
the coating processing by reactive diluents derived from
renewable material would be an important contribution to the
necessary reduction of VOC.

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ejlst.com
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