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Abstract 

Among the renewable resource materials, cashew nut shell liquid (CNSL) is considered 

as an important starting material due to its unique structural features, abundant availability 

and low cost. A large number of chemicals and products have been developed starting from 

CNSL by taking advantage of the three reactive sites, namely, phenolic hydroxyl, aromatic 

ring and unsaturation(s) in the alkenyl side chain. Increasing attention is paid to promising 

cardanol-based products that could be have potential interest in industry, such as epoxy and 

acrylic monomers, plasticizers and surfactants. 
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Highlight  

This report describes a cardanol-derived chemical platform for the synthesis of various 

reactive building blocks dedicated to the synthesis of polymers that may be applied for 

polyepoxides, polyacrylates, plasticizers and surfactants. 

Introduction 

The chemistry of the renewable resources applied to the production of commercial 

products represents a very important topic, and has captured the attention both academic 

and industrial communities. In the past few years, the synthesis of monomers, polymers, and 

additives starting from renewable resources gained increased attention. Recent efforts react 

to the volatility of prices of petro-chemical products associated with growing environmental 

concerns. The most widely used renewable raw materials include: wood, proteins, cellulose, 

lignin, tannins, starch, vegetable oils, animal resources like chitin and chitosan, etc. [1-5] 

Vegetable oils such as soybean, tung, linseed, rapeseed or castor oils have a wide 

variety of applications [6,7]. Among these, cashew nut shell liquid (CNSL), an agricultural by-

product abundantly available in many parts of the world, is unique because it contains a 
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phenolic moiety with an unsaturated 15-carbon side chain [8-10]. CNSL being a non-edible 

oil, does not potentially put undue pressure on the food supply chain unlike other renewable 

(edible) chemical feed-stocks. CNSL can potentially replace phenol in many applications with 

equivalent or better results. Greater utilization of CNSL as a starting material for industrial 

polymer products can be an attractive proposal in view of its low cost, abundant availability, 

and chemically reactive nature, amongst other attributes [11].  

Several reviews have appeared, on various domains of cardanol chemistry, summarizing 

the composition, the production, the reactions or applications of CNSL [12-24]. This review 

deals only with the most promising aspects of CNSL chemistry which could allow its broad 

application in industry. It includes the functionalization of cardanol, the synthesis of valuable 

monomers, polymers, and additives and their properties. 

Cardanol 

Cardanol is produced from cashew nut shell liquid (CNSL). This CNLS is directly 

extracted from the shell of the cashew nut, fruit of the cashew tree, Anacardium occidentale, 

mostly grown in India, East Africa and Brazil [25]. The global production of CNSL approaches 

one million tons annually [26]. Hence, CNSL became one of the few major and economic 

sources of naturally occurring phenols. This really promising aromatic renewable source 

represents a promising natural alternative to petroleum derived phenols [27]. If the 

production of petroleum derived phenol reaches roughly 90 million tons annually, the 

comparatively small volumes of CNSL suggest of course that at least initially, niche market 

should be addressed as deployment targets. CNSL constitutes approximately 25% of the 

total weight of the cashew nut. CNSL is composed of anacardic acid (3-n-pentadecylsalicylic 

acid) and smaller amounts of cardanol (3-n-pentadecylphenol), cardol (5-n-

pentadecylresorcinol), and methylcardol (2-methyl-5-n-pentadecylresorcinol). The long 

aliphatic side-chain being of cardanol are saturated, mono-olefinic (8), di-olefinic (8, 11), and 

tri-olefinic (8, 11, 14) with an average value of two double bonds per molecule (Figure 1). 

The thermal treatment of CNSL followed by a distillation lead to the decarboxylation of 

anacardic acid that yields an industrial grade of cardanol (about 90% purity), with a small 

quantity of cardol and methylcardol [28, 29]. Cardanol is a yellow pale liquid comprising four 

meta-alkyl phenols differing by the degree of unsaturation of the aliphatic chain: saturated 

chains (SC) 8.4%, monoolefinic (MO) 48.5%, diolefinic (DO) 16.8% and triolefinic (TO) 

29.33% chains [30, 31]. 
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Figure 1: Components of CNSL 

Functionalization of Cardanol 

During the extraction or refining processes, anacardic acid decarboxylates to cardanol 

upon heating (Scheme 1, a). Distillation of the crude CNSL also leads to decarboxylation as 

the distillate is found to contain mainly cardanol. [32] Hydrogenation (Scheme 1, b) is 

generally carried out using hydrogen and catalysts such as copper chromite, nickel, 

palladium or platinum. [33] Hydrogenated cardanol can be separated by distillation, as is 

done with crude CNSL (Scheme 1). Perdriau et al. [34] carried out an interesting conversion 

of polyenes of CNSL to monoenes by RuCl3-catalyzed transfer hydrogenation. 

 

Scheme 1: Reaction products of cardanol 

CNSL derivatives can be sulfonated to yield alkyl aryl sulfonic acid or their metal salts 

(Scheme 1, c).[13, 35] Direct nitration of hydrogenated cardanol gives the nitro-derivatives 
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(Scheme 1, d). [36] Halogenation of CNSL can be accomplished with comparative ease. For 

example, chlorine gas can be passed through CNSL dissolved in kerosene to obtain 15 % 

(w/w) chlorination. [37] Cardanol reacts with acid chlorides in the presence of alkali or base 

to give the corresponding cardanyl esters (Scheme 1, e). [38] Epoxidation of cardanol 

(Scheme 1, f) can be accomplished by using epichlorohydrin in the presence of caustic soda 

as a catalyst. [39, 40] Etherification was also reported with various alkyl halides (Scheme 1, 

g). [13, 34] Hence, a variety of techniques can be used to functionalize CNSL into reactive 

building blocks or additives. 

Polyepoxide networks 

Polyepoxide networks are a major class of thermoset polymers, with a global 

production around 2Mt/y [41]. Polyepoxide polymers are extensively used as coatings, 

adhesives and in structural applications owing to their outstanding mechanical and electrical 

properties, chemical resistance and adhesion. Diglycidyl ether of Bisphenol A (DGEBA) is 

nowadays the most used monomer for the synthesis of epoxy polymers and materials. 

DGEBA is synthesized by epoxy-functionalization of bisphenol A (BPA). Indeed, the aromatic 

ring of BPA is particularly interesting since it confers good thermal, chemical and mechanical 

resistance to epoxy polymers. However, this compound has estrogen-like activity and acts as 

an endocrine disruptor. It mimics the body's own hormones and may lead to several negative 

health effects [42-44]. The negative impact of BPA on human health and the environment 

necessarily implies the elimination of BPA especially in food contact materials. Therefore 

there is an increasing interest within the chemical industry for non-harmful aromatic 

substituents to BPA, especially for the synthesis of epoxy polymers. Thus, cardanol could be 

an interesting substitute to BPA in some polymers such as epoxy polymers. 

Hence, the phenolic function of cardanol was reacted with epichlorohydrin [45, 46] 

under basic conditions, with ZnCl2, at 95 °C. This product is commercialized by the Cardolite 

Coporation. A patent also claims the use of commercial epoxidized cardanol [47]. 

Furthermore, the epoxidation of double bonds of cardanol was also carried out with 

perbenzoic acid by Greco et al. [48] and Patel et al. [49]. Suresh [50] performed this reaction 

with performic acid. Moreover, the epoxidation of these double bonds could also be 

performed with enzymes such as Candida Antarctica lipase (yield 95%) [51]. Additionally, 

polyepoxy cardanol was synthesized by direct polymerization of double bonds of epoxidized 

cardanol followed by reaction with various amines [52]. Our team particularly studied the 

synthesis of new cardanol based epoxy monomers and the formulation of epoxy networks. 

[53-57] We demonstrated the promising properties of cadanol polyepoxide networks that 

could meet some expected properties of classic polyepoxide materials. Hence, the polymers 

synthesized with epoxidized cardanol Cardolite NC-514 exhibit lower Tg values than with 
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DGEBA, due to the long aliphatic chain of cardanol but very interesting thermal stabilities. 

The mechanical properties for NC-514 epoxies are lower than for DGEBA epoxies however 

the moduli recorded could be interesting for coating applications. 

From radical polymerization to latex 

Even if cardanol bears double bonds poorly reactive in radical polymerization, 

the interest in radical polymerization to lead to low Tg polymers for coatings and 

binders is very attractive. Unmodified cardanol was used directly as a comonomer in 

the suspension polymerization of MMA or styrene which limits its copolymerization 

[58]. Finally, cardanyl acrylate and methacrylate were polymerized in solution using 

conventional polymerization and ATRP [59-61]. To the best of our knowledge, there is 

only one report describing the use of cardanyl acrylate in homopolymerization or 

copolymerization with methyl methacrylate or styrene under suspension 

polymerization conditions [62] and the use of unmodified cardanol in emulsion 

polymerization [63] (Scheme 2). 

 

Scheme 2: Synthesis of the cardanol methacrylate monomer 

 

We functionalized cardanol into methacrylated cardanol and studied 

homopolymerization and copolymerization with methyl methacrylate in emulsion 

polymerization. We also proposed the feasibility of coating application with UV cross-

linking via thiol-ene chemistry. The cross-linked coating exhibit promising thermal and 

mechanical resistance properties, opening the route to the development of new 

cardanol emulsion polymers [64]. 

 

Plasticizing agents 

It is expected that PVC annual production reaches 59 million tons in 2020. [65-

67] The applications extend from highly rigid PVC to flexible PVC using plasticizers 

with a mass ratio ranging from 30 to 50%. It has been established that cardanol, when 

used as a plasticizer for poly(vinyl chloride) (PVC), gives rise to similar tensile 

properties, shorter cure times, and superior ageing behavior compared to aromatic oil, 



6 
 

a conventional plasticizer.[68] Cardanol presents chemical and physical properties 

very close to those of diisononyl phthalate (DINP) or di(2-ethylhexyl)phthalate 

(DEHP). Thanks to their low cost and good performances with PVC, these additives 

are produced in large quantities. However, reprotoxicity of phthalates on both animals 

and humans is reported [69-75] and some of them were recently banned by DCE and 

REACH regulations in Europe. 

In the last ten years, many studies have been focused on the synthesis of 

cardanol-based PVC plasticizers. Indeed, due to its aromatic groups bringing thermal 

stability and its C15 alkyl chain that could confer a plasticizing effect, cardanol can be 

considered as a promising substituent to phthalates. Esterified cardanols by short 

alkyl chains have already shown good results as secondary plasticizers in presence of 

DEHP [76-77]. Epoxidation of double bonds improves the plasticizing properties and 

the thermal stability of PVC as previously demonstrated on esterified cardanol bearing 

short alkyl chain (i.e. acetate) and used as an efficient primary plasticizer [78]. 

Surfactants 

CNSL has been examined previously as a starting material for various classes 

of surfactants, such as cationic compounds [79, 80], non-ionic [81, 82] and anionic 

compounds (Figure 2, S1-S9).[83-85] It is reported that saturated cardanol is readily 

sulfonated with excess sulfuric acid in halogenated solvents at ambient temperature 

(Figure 2, S3-S4).[86-88, 102-104] It has been demonstrated that CNSL and saturated 

CNSL upon reaction with ethylene sulfate gave sulfo derivatives which possess 

excellent surfactant properties.[89] The use of ethylene sulfate with the phenoxide is 

an improvement which avoids both the reaction with sulfuric acid and the need for an 

initial hydroxyethylation step. In recent years, several amphiphilic molecules based on 

cardanol have been investigated and found to be potentially useful for many industrial 

applications (Figure 2, S5) [90-93] 

 

 

Figure 2: Selected CNSL-based surfactants 
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Peungjitton et al. [35] synthesized sodium cardanol sulfonate surfactant from 

cardanol (Figure 2, S1). The surfactant properties of cardanol sulfonate were 

compared with dodecylbenzene sulfonate and were found to be similar; therefore, 

cardanol sulfonate may be used as a raw material for commercial detergent 

production. Cardanol sulfonate may probably be produced on an industrial scale 

because the production process of cardanol sulfonate is simple as there is no difficult 

step of alkylation of benzene before sulfonation as with common alkylbenzene 

sulfonates. Also, production of cardanol sulfonate on an industrial scale is potentially 

of low cost in comparison with the production of common detergents. Effective non-

ionic, anionic and cationic surfactants based on cardanol are described in the 

literature, however, only one article reports the synthesis of a zwitterionic surfactant 

from cardanol [94]. Zwitterionic surfactants have excellent surface and interface 

proprieties, low irritation, good detergency and high stability. Their solubility is less 

affected by pH than anionic and cationic surfactants. Zwitterionic sulfobetaine 

surfactants have good compatibility and synergy with anionic surfactant [95, 96]. In 

addition, zwitterionic betaine surfactant has excellent performance for Enhanced Oil 

Recovery [97].  

Conclusion 

Cardanol, a major constituent of CNSL which is a by-product of cashew 

industry, is a cheap, and abundantly available versatile industrial raw material of great 

promise for the replacement of certain products based on fossil resources. The 

presence of phenolic hydroxyl group and olefinic linkages in the C15 alkyl chain, 

combined with the aromatic ring makes cardanol an interesting starting material for 

the synthesis of various value added products by making use of reactivity of each of 

these functionalities. Hence, dynamic research is developed by several academic 

teams [98]. In industry, Cardolite has a leading position with various commercial 

products [99, 100]. Currently, the most promising products from cardanol are epoxy 

monomers, acrylate, PVC-plasticizers and emulsion surfactants. But very interesting 

development gain attention, such as the work of Lemaire et al. who succeeded in the 

synthesis of 3-pentadecylcyclohexanone, which has structural similarity with the 

cyclohexanone, a very important building block of the petro-based chemical industry 

[101]. Thus, we could consider that CNSL-based products would find widespread 

applications especially for the production of polymers with a unique combination of 

properties. 
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