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Abstract

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 atmosphere as volatile organic
compound (VOC), giving rise to regulations. A reactive diluent is a compound that acts as a solvent in the liquid
paint, lowering the viscosity, and chemically reacts into the final film during the curing process to give a more
environmentally friendly coating and the amount of traditional solvent can be decreased. Cashew nut shell liquid
(CNSL) is not currently utilized in Kenya and the objective of this work was to develop reactive diluents from
chemically modified CNSL products and evaluate their compatibility with alkyd coatings. A standard reactive
diluent should have low viscosity, increase drying time of less than 50 %, and be nontoxic. Cardanol was
isolated using methanol and ammonia solution as the solvents in a ratio of 8:5 respectively. The percentage yield
of cardanol obtained was 63.94 %. The yield of cardanol acetate obtained was 58.94 %. The cardanol acetate
was also characterized by FT-IR and it showed the presence of the C=0 stretch functional group characteristic of
the ester and the absence of the OH group that was present in cardanol. The cardanol acetate synthesised showed
a low viscosity (45 Cps) and a reduced drying time of about 25-35% compared to conventionally prepared
formulations.
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1.0 INTRODUCTION

Since the implementation of the clean air act 1990, Alkyd resin and coating producers have been under
increasing pressure to reduce the hazardous air pollutants and volatile organic compounds content of their
products. New nationals and regional rules such as Ozone Transport Commission, state Architectural and
Industrial Maintenance (AIM) rules will soon mandate that certain categories of alkyd coatings contain as little
as 50 grams of VOCs per liter of paint (Daniel et al., 2004). Cashew nut shell liquid (CNSL) is a viscous liquid
found in the honeycomb structure of the cashew nuts shell having a bitter taste and it is dark brown in color. It is
essentially a mixture of 4 phenolic compounds namely anacardic acid, cardanol, cardol and 2-methyl cardol
(Francisco et al., 2006). Natural CNSL contains about 90% by weight anacardic acid, a derivative of O-
carboxyphenol that readily decarboxylates on heating and converts to cardanol. The remaining 10% of CNSL
consists of cardol, a resorcinol that is mainly responsible for the vesicative activity of the CNSL (Cornelius,
1966).

2.0 MATERIALS AND METHODS

2.1 Chemicals and Solvents.

All organic solvents and chemicals were obtained from Kobian Chemicals and were purified before using them.
Other equipments used in analyses were a pH meter, a viscometer (Brookfield), a pycnometer, Gas
Chromatography-Mass Spectrum (GC-MS), and Fourier Transformed Infrared Spectroscopy (FTIR).

2.2 Separation of Cardanol from Cardol.

Decarboxylated CNSL (10 g) was dissolved in methanol (32 mL), and ammonium hydroxide (25%, 20 mL) was
added and stirred for 15 min. This solution was then extracted with hexane (4 x 20 mL). The organic layer was
washed with 5% HCI (10 mL) followed by distilled water (10 mL). Activated charcoal (10 g) was added to the
organic layer, stirred for 10 min, and filtered through filter papers. The filtrate was dried over anhydrous sodium
sulfate and concentrated to get pure cardanol (Kumar et al., 2002).

2.3 GC-MS.

GC-MS analysis was carried out using a Finnigan GC 8000 series and interfaced with a voyager El-mass
selective detector, on a RTX-5MS column. Sample (1 mg) was dissolved in 10 mL of dichloromethane, and 1 uL
of this solution was injected into the GC- MS. The temperature was programmed from 50 to 250 °C at 10°C/ min
and maintained at 250 °C for 30 min (Kumar ef al., 2002).
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2.4 Synthesis of cardanol acetate

Cardanol (31.6 g), acetic anhydride (15.8 g), concentrated sulphuric acid (0.4 g) and acetonitrile (10 ml) mixed
together. The reaction mixture was refluxed at 80 °C in an oil bath for 4.5 hrs. After completion of the reaction,
the mixture was filtered off. The product was extracted with ethyl acetate and washed with water and finally
dried over anhydrous sodium sulphate to obtain pure product (Saeid and Somayeh, 2010).

2.5 Synthesis of cardanol ether

Cardanol (23.5 g), methyl iodide (30.3 g), anhydrous potassium carbonates (34.6 g) and 100 ml of acetone were
mixed together. The mixture was rufluxed in a hot plate for 8 hours. After completion of the reaction, the
mixture was poured into 500 ml of water in a beaker. The organic layer was separated and extracted with (3 x 20
ml) diethyl ether. The combined organic layer and diethyl ether extract was washed with 2 M sodium hydroxide
solution and dried over anhydrous sodium sulphate. The diethyl ether was removed in a rotor vapor under
reduced pressure to obtain pure product (Brian, 1989).

RESULTS
TABLE 1: RESULTS OF CHARACTERISTICS OF CARDANOL ACETATE AND CARDANOL

ETHER

Parameter Cardanol acetate Cardanol ether
Specific gravity @25 °C, g/lem’ 0.96 0.93

Viscosity @ 40 °C,cps 42.06 36.10

lodine value, g/100 g 232.4 232.6

Moisture content Negligible Negligible

pH @25 °C 6.23 7.01

4000.0 3000.0 2000.0 1500.0 1000.0 500.0
CARDANOL 1/em

FIGURE 1: FTIR SPECTRUM OF CARDANOL
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DISCUSSION

Characteristics of Cardanol Acetate and Cardanol Ether

There is A Significance Difference in the Viscosity Values of Cardanol Acetate and Cardanol Ether (Table 1).
Cardanol Ether Has A Low Viscosity than Cardanol Acetate Because of the Architecture of the Molecule, The
Substituents in The Phenyl Core Orient Themselves in Such A Way that the Molecules Do not Interact as They
Flow Down the Capillary Tube. There is Reduced Shear Rate and as A Result the Shear Strain Increases and the
Molecule Flows Easily as Compared to Cardanol Acetate. in Cardanol Acetate, There is Molecular Interaction
Which Results into the Entanglement of the Long Aliphatic Chain and the Viscosity is Reduced. There is no
Significance Difference in the Iodine Values of Cardanol Ether and Cardanol Acetate as Shown in Table 1. This
Shows that Methylation and Acetylation of Cardanol with Methyl lodide and Acetic Anhydride Respectively
Does not Affect the Unsaturation of the Side Chain. There is a Significance Difference in the Density Values of
Cardanol Ether and Cardanol Acetate (Table 1); This is Because Acetylation Increases the Molecular Weight of
the Phenyl Backbone. There is no Significance Difference in the Moisture Content of Cardanol Ether and
Cardanol Acetate as Shown In Table 1.

Identification Using the FTIR for cardanol

The peak of absorption that appeared at frequency of 3350.1 cm ™' indicated the presence of OH group of
phenolic compounds (Figure 1). The peaks that appeared at frequency of 3008.7 cm™ indicated the presence of
C-H branch chains of the aromatic compounds (Figure 1). The peak that appeared at frequency 2925.8 cm-'
indicated the presence of methylene C-H symmetrical stretch of the long aliphatic chain (Figure 1). The Spectra
that appeared at 1265.2 cm™ area indicated C-O groups of the phenolic compounds (Figure 1). The absorption
peak that appeared in the 1596.9 cm™ frequency indicated C=C bonds of the long aliphatic chain, while the peak
that appeared in the 1458.1 cm™ frequency indicated the C=C stretch of the aromatic chains.

Identification Using the FTIR for cardanol acetate

The peak of absorption that appeared at frequency of 3008.7 cm™ indicated the presence of C-H branch chains of
the aromatic compounds (Figure 3). The peak that appeared at frequency 2925.8 cm-' indicated the presence of
methylene C-H symmetrical stretch of the long aliphatic chain (Figure 3). The peak that appeared at frequency
1770.5 cm-" indicated the presence of C=0 stretch for an ester (Figure 3). The Spectra that appeared at 1205.4
em™ area indicated C-O symmetrical stretch characteristic of an ester (Figure 3). The absorption peak that
appeared in the 1587.3 cm™ frequency indicated C=C bonds of the long aliphatic chain, while the peak that
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appeared in the 1446.1 cm™ frequency indicated the C=C stretch of the aromatic chains.

Identification Using the FTIR for cardanol ether

The peak of absorption that appeared at frequency of 3008.7 cm™ indicated the presence of C-H branch chains of
the aromatic compounds (Figure 2). The peak that appeared at frequency 2925.8 cm-' indicated the presence of
methylene C-H symmetrical stretch of the long aliphatic chain (Figure 2). The Spectra that appeared at 1205.4
em™ area indicated C-O symmetrical stretch characteristic of an ester (Figure 2). The absorption peak that
appeared in the 1587.3 cm™ frequency indicated C=C bonds of the long aliphatic chain, while the peak that
appeared in the 1446.1 cm™ frequency indicated the C=C stretch of the aromatic chains

Interpretation of GC MS profile for cardanol

The base peak at m/z = 108 of the spectra can be rationalized in accordance with the main characteristic of alkyl
benzene as derived from the molecular ions and is attributed through the B cleavage of the aliphatic chain as
shown in figure 3. There is the Mclaffetry rearrangement due to the long aliphatic chain attached to the benzyl
ring. The Peak at m/z = 302 and 304 correspond to the molecular weights of the two fractions of cardanol.
Scheme 1 below shows the fragmentation.

OH
H
m Mclaferrty e
CH-R rearrangement + H2C:(H3_R

L
'

m/z =108

HO  Tropolium ion
m/z=107

Scheme 1: Fragmentation of cardanol acetate

Interpretation of GC MS profile for cardanol acetate

The base peak at m/z = 108 of spectra can be rationalized in accordance with the main characteristic of alkyl
benzene as derived from the molecular ions and is attributed through the B cleavage of the aliphatic chain as
. - COCH,;
shown in figure 3 above. The peak at m/z = 302 is attributed due to the cleavage of m/z= 43 group
from molecular ion as shown in scheme 3. The Peak at m/z = 340, 344 and 346 correspond to the molecular ions
of the three fractions of cardanol acetate. Scheme 2 shows the fragmentation pattern.
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Scheme 2: Fragmentation of cardanol acetate

Interpretation of GC MS spectra for cardanol ether
The main fragmentation ions of cardanol ether are those at m/z 108 due to McLafferty rearrangement and m/z
107 due to formation of tropolium ions. Scheme 3 below shows how the fragmentation occurs.

¥
O_CH3 O‘) CH3 (ol
- Cy5Hy6
m/z=206
_— -CO
= + > (_ESHS
m/z=65
m/z= 3}ZR m/z=107 m/z=93

Scheme 3: Fragmentation of cardanol acetate

CONCLUSION
The characteristics of cardanol ether differed from those of cardanol acetate by a small amount. Cardanol ether
had a low viscosity and a low specific gravity as compared to cardanol acetate.
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