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ABSTRACT

The ever-increasing cost of petroleum based products and the increasing environmental concerns and
legislation worldwide are forcing industries to look for inexpensive, renewable, locally available and
environmentally friendly raw materials. Cashew (Anacardium occidentale) nutshell liquid (CNSL) is one
such material that can be polymerized compared to simple phenols from petrochemicals, which have
restrictions. CNSL was extracted from cashew nuts purchased from local farmers in Kaduna, Kaduna
state (North of Nigeria) using n-Hexane. The crude extract was analyzed for lodine Value
(88mgl,/100g), Acid value (141mgKOH/g), Saponification Value (53mgKOH/g), Refractive Index (1.689
@ 25°C) and pH (3). The results show that CNSL from the Kaduna-grown cashew nuts is a semi-drying
oil and suitable for the synthesis of resins and dyestuff intermediates. It, therefore, has a great potential
as a natural precursor for dyestuff, pigments and binders for leather finishing.

INTRODUCTION

The nutshell of the cashew tree, Anacardium

expulsion from the shell or by vacuum
occidentale, consists of the kernel (20-25%), the

distillation’. The composition varies with the

shell liquid (20-25%) and the testa (2%), the rest extraction method  but  generally, the
being the shell®. The shell is about 0.3cm thick, composition of natural CNSL is a mixture of
having a leathery outer skin and a thin hard anacardic acid, cardanol, cardol. and 2-
inner skin. Between these skins is the spongy methylcardol.

structure (mesocarp) containing the phenolic Anacardic acid and cardanol are major

material popularly called CNSL, which is
usually obtained as a by-product in the process

constituents for cold extraction and thermo
extraction respectively®. Philip et al* reported
of removing the edible cashew kemels by composition of cold extracted CNSL as 85.0%,
roasting the cashew nuts. 11.3%, 2.5% and 1.2% anacardic acid, cardol,

2-methylcardol and cardanol respectively.
CNSL occurs as a reddish brown viscous liquid

consisting of  alkyl-substituted  phenolic
compounds (Fig. 1) that can be obtained by
extraction in hot oil process (technical CNSL),
liquid extraction (using solvents), mechanical
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Figure.1: Chemical structures of the components of
natural CNSL obtained by solvent extraction®

Anacardic acid has been used as an intermediate
in the synthesis of dyes and pigments e.g. ClI
Mordant Orange | marketed as Solochrome
Orange M (ICI).

HO OH
O=O\

Cl Mordant Orange | (Cl 14030)

Azo dyestuffs with large alkyl group
substitution in the diazo components are listed
in the Color Index® for application on leather;
including CI Acid Red 138 (CI 18073):

OH

Acid Red 138 (CI 18073)

On strong heating (135-140°C), anacardic acid
decarboxylates to cardanol* (a mono hydroxyl -
phenol) with CysH,7 side chain’. Cardanol has a
special and unique characteristic: It contains in
the meta position of the phenolic ring; a long
alkyl chain that confers attractive properties to
cardanol derivatives such as good processability
and high solubility in organic solvents but also,
the possibility to influence many chemical
transformations; introducing novel
functionalities®.
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Figure 2: Possible sites for introducing

functionalities on the cardanol molecule

With these characteristics, CNSL can be
polymerized to give resins in both aliphatic and
aromatic hydrocarbons and possessing very
good resistance to acid and alkali. CNSL
emulsion primers have been shown to possess
good physical, mechanical and storage
properties’ when prepared by refluxing the
CNSL with formaldehyde followed by addition
of a phenolic resin, which could also be a CNSL
derivative.

CNSL-based paints containing small amounts of
lead silicochromate have been used on mild
steel panels because of their anticorrosive
properties, good scratch resistance, flexibility,
impact resistance and abrasion resistance’® **.
Formaldehyde — CNSL and linseed oil — resin
condensate binders have been shown to provide
antifouling paint compositions to prevent
marine growth on structures®.

A technique for the synthesis of polymer-coated
pigment described by Perronin and Gurtner™
has become commonly used in the surface
coatings industry today. The monomer,
anacardic acid from CNSL, can be reacted in a
medium in  which it is soluble plus a
polymerization catalyst and a colored specie.
The end product is a copolymer which can be
used as a colored specie and as a resin.

As an intermediate compound for the synthesis
of polymeric azo pigments, anacardic acid can
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be condensed with a suitable amine having
reducible nitro groups to form a benzanilide:
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The benzanilide now forms the coupling
component in the formation of a simple pigment

molecule:
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The nitro group can be reduced to amino groups
using a suitable sulphide:
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The amino azo pigment molecule now forms the
real intermediate for the several syntheses of
several macromolecular pigments of high colour
value®. Such pigments have found application
in paint and printing inks formulations, mass
coloration of plastics and pigmentation of
leather. The synthetic route to these pigments is
rather lengthy and costly but the high colour
value obtainable compensates for these
shortcomings.

Nigeria is one of the major producing countries
of cashew™. World Bank data™ estimates that
97% of production is from wild trees and only
3% is from established plantations. This study,
therefore, preliminarily investigates the CNSL
obtained from cashew nuts grown in Kaduna for
possible indicators towards the aforementioned
potentials of CNSL.
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MATERIALS AND METHODS

Sample Collection and Preparation: The
cashew nuts were purchased from local farmers
in Kaduna, Northern Nigeria. The nuts were air-
dried and the nutshell separated by hitting the
nuts with a pestle until the shell broke; just
freeing the kernel. The nutshell was then ground
into powder using pestle and mortar; and stored
in polyethene bags.

Extraction of CNSL: The cashew nutshell
liqguid was thermo extracted with n-Hexane
(BDH) using Soxhlet extraction method*’. 6.60g
of the ground nutshell sample was weighed into
the extraction thimble and closed with a fat-free
cotton wad. The thimble was inserted into the
Soxhlet extractor and the spigot for solvent
drain closed. The solvent vessel was filled with
n-Hexane and extraction carried out at 70°C for
4hrs. The solvent was then evaporated and the
oil residue oven-dried at 103°C to a constant
weight.

Analyses of CNSL: The CNSL obtained was
analyzed for acid value, iodine value,
saponification value, pH and refractive index
using standard method by the Association of
Official  Analytical ~ Chemists’’.  Fourier
Transform Infra Red (ATI Mattson) analysis of
the CNSL was carried out using NaCl cells.

RESULTS AND DISCUSSION
The results of the analyses are presented in

Table 1. lodine value is a measure of the degree
of unsaturation of oils. The iodine value of 88.0
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mg/100g obtained for the CNSL sample shows
that it is a semi-drying oil. This suggests the
suitability of the Kaduna-grown CNSL for the
synthesis of resins and also as a dyestuff
intermediate. Separated into various constituent
fractions containing triglycerides of different
levels of saturation, the fractions of higher
iodine value than the original oil would be more
desirable for coatings applications’.

Table 1: Characteristics of the cashew nutshell liquid

(CNSL)

Parameters Results
Acid value (mgKOH/q) 141
Saponification value (mgKOH/g) 53
lodine value (mg/100g) 88
Refractive index (25°C) 1.689
pH (25°C) 3

In the coatings industry, acid value is important
and deviations from the standard could lead to
challenges. Too high acid value in a resin
formulation could lead to excessive water
uptake and ultimately emulsification while too
low acid value will result in poor pigment
wetting, lack of gloss, poor flow, etc. Thus, the
CNSL obtained in this study with an acid value
of 141.0 mgKOH/g would need to be
neutralized or alkali-refined'®? to a manageable
level to be useful as an intermediate for coatings
materials. Alternatively, decarboxylation of the
free acid (anacardic acid) in the oil to cardanol
would ease this challenge. The low pH of 3
confirms that the CNSL contains very strong
acid. The saponification value (53mgKOH/qg) is
low and suggests that CNSL contains high
molecular weight fatty acids and unsuitable for
use in the soap industry.
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FTIR analysis of the CNSL showed a broad
peak at 3200cm™ characteristic of free O-H
stretch vibrations in phenols; =C—H stretch or
Ar—H stretch in the aromatic ring at 3100cm™:;
C-H stretch vibrations at 2900, 2850 and
2600cm™; Ar—H or aromatic ring vibration at
1650, 1590 and 1450cm™; C-O stretch
vibrations at 1250; 1200 and 1190cm™ are C-C
stretch vibrations; O-H bending vibrations
occurred at 1100cm™; Ar—H or aromatic ring
Ar—H or aromatic bending vibrations occurred
at 750cm™; methylene groups (CHy), rocking
vibrations were observed at 650cm™. The
spectrum thus suggests that CNSL is phenolic
and possesses carboxylic groups substituted on
the benzene ring. The methylene group rocking
vibrations further suggests substitution of long-
chain alkyl group on the aromatic ring. These
agree with reported results*?3°%.

CONCLUSION

CNSL, a well-known by-product of the cashew
industry has been successfully extracted from
the Kaduna-grown cashew nuts. The results of
analysis carried out on the product suggests that
the CNSL is a semi-drying oil with a great
potential for use as a renewable and inexpensive
natural precursor for the synthesis of dyestuffs,
pigments and binders for leather finishing.
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