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SYNTHESIS, CHARACTERIZATION AND THERMAL ANALYSIS OF RESINS 

FROM DIFFERENT CARDANOL BASED DYES 
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Abstract  
Cardanol(Cashew phenol) is subjected to diazotisation with Aniline and m-Toluidine to get  monomers like Cardanol based dye from Aniline 

(CBDFA) and Cardanol based dye from m-Toludine (CBDFT). Such monomers have been condensed with formaldehyde in presence of acid 

catalyst to form resins. The resins have been characterized by FTIR spectra and their thermal behaviour have been studied. 

Key words: Resin; Cardanol; Formaldehyde; Resin; Aniline; m-Toluidine. 

Introduction  

Renewable sources as a substitute to petrochemical 

derivatives have attracted the attention of many researchers 

for the synthesis of polymers. Cashew-nut shell liquid 

(CNSL) a byproduct of cashew industry is a unique natural 

source of unsaturated long chain phenol (Guo et al., 2002; 

Petrovic et al., 2005; Roloff et al., 2005; Kong and Narine, 2007; 

Narine et al., 2007). The phenolic nature of cardanol has 

promoted researchers to react with formaldehyde or with 

other aldehyde to produce numerous resinous materials 

(Phanikumar et al., 2002; Oghome and Kehinde, 2004). In place 

of cardanol, many workers have synthesized and 

characterized a number of polymers from cardanol 

derivatives (Das et al., 1998; Mohapatra et al., 1994; Mishra 

D.K., Mishra et al., 1996; Nayak et al., 1999; Guru et al., 1999). 

Cardanol based polymers have wide applications in 

composites (Tan, 1997; Sathiyalekshmi, 1993), polyurethanes 

(Sathiyalekshmi and Gopalakrishnan, 2000; Mythili et al., 2004; 

Das  and Lenka, 2011; Athawale and Shetty, 2010), surface 

coating (Santeusanio et al., 2013) and few others (Unikrishnan 

and Thachil, 2006; Unikrishnan and Thachil, 2008; Devi and 

Srivastava, 2006; Devi and Srivastava, 2007). This 

communication reports on the synthesis, characterization 

and thermal analysis of resins obtained by condensation of 

cardanol-based dyes with formaldehyde. 

Experimental  

Preparation of cardanol based dye from aniline (CBDFA) 

4.65gm of aniline was taken in 15ml of distilled water. 

13.8ml of conc. HCl was added to it and cooled down to 0- 

 

 

5 ºC. A cold solution of 5gm of sodium nitrite in 10ml of 

water was added slowly with continuous stirring. To the 

whole solution a cold solution of 15gm of cardanol in 4ml 

of 5% NaOH solution was added. A brown red color dye 

was formed and separated by separating funnel. 

OH

R

+

NH2

NaNO2+HCl

0–5°C
HO N = N

R  

Preparation of cardanol based dye from m-Toluidine 

(CBDFT)  

5.35gm of m-Toluidine was taken in 15ml of distilled water. 

13.8ml of conc. HCl was added to it and cooled down to 0-

5 ºC. A cold solution of 5gm of sodium nitrite in 10ml of 

water was added slowly with continuous stirring. To the 

whole solution a cold solution of 15gm of cardanol in 4ml 

of 5% NaOH solution was added. A brown red color dye 

was formed and separated by separating funnel.  

OH

R

NH
2

NaNO  + 
2

H lC

0   5ºC

R

HO N = N

CH3
CH3

 

Synthesis of Resin  

The resin was synthesized by condensing cardanol based 

dyes (CBDFA/ CBDFT) (4 mmol) with formaldehyde (40 

mmol) in presence of  1% hydroquinone and 2 ml of 6 N 

HCl at 90ºC for 4 – 6 hours with periodical shaking. After 

completion of the reaction, the product was repeatedly 
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washed with hot water in order to drive out unreacted 

materials. The product was finally dried in vacuum at 60 ºC. 

The physico-chemical properties of the resins are furnished 

in Table 1. 

Table 1: Physico – Chemical Properties of Resins 
  Sample System Yield (%) Colour Structure Solubility 

Resin – 1 CBDFA-FORMALDEHYDE 71 Reddish Brown Crystalline Toluene, DMF 

Resin – 2 CBDFT -FORMALDEHYDE 69 Reddish Brown Crystalline Toluene, DMF 

 

Reaction Scheme  
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Table 2: Thermal Decomposition of Resins 

Sample 

Code 
Composition 

% Weight loss at various temperature 

100ºC 200ºC 300ºC 400ºC 500ºC 600ºC 700ºC 

Resin 1 CBDFA-FORMALDEHYDE 1.7482 5.5944 20.6293 34.9656 64.3356 68.8808 76.9230 

Resin 2 CBDFT-FORMALDEHYDE 2.0979 3.8461 19.9300 34.2657 65.7342 69.930 79.7202 
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Results and Discussion  

FTIR Spectra  

Fourier transform infrared (FTIR) spectra of Resin- 1 and 

Resin -2 are shown in Fig. 1(a) and 1(b) respectively. 

 

Fig. 1a: Fourier transform infrared (FTIR) spectra of Resin 

1. 

 

Fig. 1b: Fourier transform infrared (FTIR) spectra of 

Resin 2. 

The interaction between chemical groups on either the same 

or different molecules can cause a shift of the IR peak 

positions of the participating groups, which is commonly 

observed in macromolecular system due to the existence of 

hydrogen bonds (Lu and Zhang, 2002). The peaks such as 

3500 – 3300 cm–1 (O – H hydrogen bonded), 3100 – 3000 

cm–1 (aromatic C – H stretching), 2924 – 2855 cm–1 

(Symmetric C – H stretching), 1590 cm–1 (C  C stretching 

of aromatic ring) and a peak at 1428cm–1  is due to –N=N– 

stretching of azo group.  

Thermo gravimetric analysis of the Resins 

The thermo gravimetric analysis in Table 2 reveals that the 

resins decomposed in three distinct steps. In the first step of 

thermal degradation 100 - 200°C weight loss up to 5% is 

observed in Resin 1 & 2 (Fig. 2a and 2b). This may be 

attributed to the removal of moisture retained in the resin. 

A gradual weight loss occur in the temperature ranges 200-

400°C may be caused by thermal degradation of the small 

fragments like CH3, OH and the side chain. The resins are 

thermally more stable up to 400°C. The weight loss around 

80% in the last stage of thermal degradation may be due to 

the depolymerisation and the cleavage of the aromatic ring 

in an oxydegradative manner. 

 

 

 

Fig. 2a: Thermal degradation of weight in Resin 1 

 

Fig. 2b: Thermal degradation of weight in Resin 2. 

Conclusion  

The structure of the resin is established by FTIR study. The 

kinetic study shows that due to presence of azo group in the 

resins, the decomposition temperature is enhanced. The 

resins show good thermal stability up to 400 ºC. The resin 

of cardanol based dye from m-toluidine has comparatively 

greater percentage of weight loss due to low degree of 

polymerization. 

References  

Athawale V and Shetty N (2010) Synthesis and characterization of 

low cost cardanol polyurethanes. Pigment and Resin 

Technology. 39: 9-14. DOI: 10.1108/03699421011009546 

Das D, Nayak PL and Lenka S (1998) Interpenetrating polymer 

networks derived from castor oil isophorone diisocyanate 

cardanyl acrylate/cardanyl methacrylate- Thermal and 

XRD studies. Polym. Plast. Tech. Eng. 37: 419-426. DOI: 

10.1080/03602559808001370 

Das TK and Lenka S (2011) Thermal and X-ray diffraction studies 

on interpenetrating polymer networks of castor oil-based 

polyurethane and cardanol based dyes. Polym. Plast. Tech. 

Eng. 50: 481-484. DOI: 10.1080/03602559.2010.543241 

Das TK, Das D, Guru BN, Das BN and Lenka S (1998) Synthesis, 

characterization and thermal studies of semi-

interpenetrating polymer networks derived from castor oil 

based polyurethane and cardanol derivatives. Polym. 

Plast. Tech. Eng. 37: 427-435. DOI: 

10.1080/03602559808001370 

http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
http://dx.doi.org/10.1108/03699421011009546
http://dx.doi.org/10.1080/03602559808001370
http://dx.doi.org/10.1080/03602559.2010.543241
http://dx.doi.org/10.1080/03602559808001370
Pavilion
Typewritten Text
178



TK Das (2014) Int J Appl Sci Biotechnol, Vol 2(2): 176-179  

This paper can be downloaded online at http://ijasbt.org  & http://nepjol.info/index.php/IJASBT 

Devi A and Srivastava D (2006) Cardanol-based novolac-type 

phenolic resins. I. A kinetic approach. J. Appl. Polym. Sci. 

102: 2730-2737. DOI: 10.1002/app.24363 

Devi A and Srivastava D (2007) Studies on the blends of cardanol-

based epoxidized novolac type phenolic resin and 

carboxyl-terminated polybutadiene (CTPB). Matter Sci. 

Eng. 458, 336-341 DOI: 10.1016/j.msea.2006.12.081 

Guo A, Demydov D, Zhang W and Petrovic ZS (2002) Polyols and 

polyurethanes from hydroformylation of soybean oil. J. 

Polym. Environ. 10: 49-52. DOI: 

10.1023/A:1021022123733 

Guru BN, Das TK and Lenka S (1999) Studies on synthesis, 

characterization and thermal properties of resins derived 

from cardanyl acrylate-furfural-organic compounds. 

Polym. Plast. Tech. Eng. 38: 179 – 187. DOI: 

10.1080/03602559909351569 

Kong X and Narine SS (2007) Physical Properties of 

Polyurethanes Plastic Sheets Produced from Polyols from 

Canola Oil. Biomacromolecules. 8: 2203-2209. DOI: 

10.1021/bm070016i 

Lu Y and Zhang L (2002) Morphology and mechanical properties 

of semi-interpenetrating polymer networks from 

polyurethane and benzyl konjac glucomannan. Polymers, 

43: 3979 – 3986. DOI: 10.1016/S0032-3861(02)00206-9 

Mishra DK, Mishra BK, Lenka S and Nayak PL (1996) Thermal 

properties of the semi-interpenetrating polymer networks 

composed of castor oil polyurethanes and cardanol-

furfural resin.  J. of Polymer Engineering and Science. 36: 

1047-1051. DOI: 10.1002/pen.10493 

Mohapatra NK, Lenka S and Nayak PL (1994) Thermal properties 

of copolymers derived from semicarbazone of 4-

hydroxyacetophenone-furfural-substituted benzoic acids. 

Thermochim.Acta. 241: 51-56. DOI: 10.1016/0040-

6031(94)87006-3 

Mythili CV, Malar Retna A and Gopalkrishnan S (2004) 

Synthesis, mechanical, thermal and chemical properties of 

polyurethanes based on cardanol.  Bull matter Sci. 2: 235-

241. 

Narine SS, Kong X, Bouzidi L and Sporns P (2007) Physical 

properties of polyurethanes produced from polyols from 

seed oils. J. Am. Oil Chem. Soc. 84: 65–72. DOI: 

10.1007/s11746-006-1008-2 

Nayak SS, Das SK and Lenka S (1999) Synthesis and 

characterization of copolymers from cardanyl acrylate and 

vinyl monomers. React. Funct. Polym. 40, 249-254. DOI: 

10.1016/S1381-5148(98)00046-7 

Oghome P and Kehinde AJ (2004) Separation of cashew nut shell 

liquid by column chromatography. African journal of 

science and technology (AJST). 5: 92-95. 

Petrovic ZS, Zhang W and Javni I (2005) Structure and properties 

of polyurethane. Biomacromolecules, 6: 713-719. 

Phanikumar P, Paramashivappa R, Vithayathil PJ, SubbaRao PV 

and SrinivasaRao A (2002) Process for Isolation of 

Cardanol from Technical Cashew Nut Shell Liquid. J. 

Agric. Food. Chem. 50: 4705-4708. DOI: 

10.1021/jf020224w 

Roloff T, Erkens U and Höfer R (2005) Polyols based on 

renewable feedstocks: A significant alternative, Urethanes 

Technology, 22: 29-33. 

Santeusanio S, Attanasi OA, Majer R, Cangiotti M, Fattori A and 

Ottaviani MF (2013) Effect of hydrogenated cardanol on 

the structure of model membranes studied by EPR and 

NMR. Langmuir, 29: 11118-11126. DOI: 

10.1021/la402008n 

Sathiyalekshmi K (1993) Studies on structure and properties of 

CNSL novolac resins prepared with succinic acid catalyst. 

Bull matter Sci. 16: 137-150. 

Sathiyalekshmi K and Gopalakrishnan S (2000) Synthesis and 

characterisation of rigid polyurethanes based on 

hydroxyalkylated cardanolformaldehyde resin.  Plast. 

Rubber compos. 29: 63-69. 

Tan TTM (1997) Thermoplastic composite based on jute fiber 

treated with cardanol formaldehyde. Polym. Compos. 5: 

273-279. 

Unikrishnan KP and Thachil ET (2006) The modification of 

commercial epoxy resin using cardanol-formaldehyde 

copolymers. Int. J. Polym, Matter. 55: 323-338 

Unikrishnan KP and Thachil ET (2008) Studies on the 

Modification of Commercial Epoxy Resin using Cardanol-

based Phenolic Resins. J. Elast. Plast. 40: 271-286. DOI: 

10.1177/0095244307086712

 

 

http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
http://dx.doi.org/10.1002/app.24363
http://dx.doi.org/10.1016/j.msea.2006.12.081
http://dx.doi.org/10.1023/A:1021022123733
http://dx.doi.org/10.1080/03602559909351569
http://dx.doi.org/10.1021/bm070016i
http://dx.doi.org/10.1016/S0032-3861(02)00206-9
http://dx.doi.org/10.1002/pen.10493
http://dx.doi.org/10.1016/0040-6031(94)87006-3
http://dx.doi.org/10.1016/0040-6031(94)87006-3
http://dx.doi.org/10.1007/s11746-006-1008-2
http://dx.doi.org/10.1016/S1381-5148(98)00046-7
http://dx.doi.org/10.1021/jf020224w
http://dx.doi.org/10.1021/la402008n
http://dx.doi.org/10.1177/0095244307086712
Pavilion
Typewritten Text
179




