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Abstract: Cardanol furfural based novolac resins were synthesized using four different mole ratios in presence
of an acid catalyst. The reaction was performed at 120°C. The progress of the reaction was monitored by
determining the free furfural and free phenol content. The prepared cardanol furfural resins were further
characterized by various characterization techniques such as infrared and nuclear magnetic resonance
spectroscopic analysis. The resins were cured by using the most suitable curing agent, hexamethylenetetramine
(HMTA). Differential scanning calorimetric (DSC) technique was used to investigate the curing behavior of the
prepared samples. The prepared cardanol resin has the potential to minimize the use of phenol resin based on
petrochemical derivative.
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1. Introduction

Renewable resources have been the subject of keen interest among both academic and industrial
researchers throughout the world at al times [1-5]. Among the renewable resources, cashew nut shell liquid
(CNSL), an agricultural renewable resource material obtained as a byproduct of the cashew industry is uniquein
that it contains a natura phenolic distillate, cardanol [6]. Cardanol, a natural meta substituted alkyl phenol from
Cashew Nut Shell Liquid (CNSL), can be regarded as a versatile and valuable raw material for polymer
production [7-10] and like phenal, it can be condensed with active hydrogen containing compounds to yield a
series of phenolic resins, for instance, base catalyzed resoles and acid catalyzed novolacs [9]. Resins derived
from CNSL/Cardanol are widely employed in the field of surface coatings, adhesives, laminates and have
several miscellaneous applications[11].

Furfura, the heteroaryl aldehyde is obtained as an agricultural waste product which has an extensive application
in the formation of resins[12].

Currently, succinic acid is becoming a renewable resource synthesized by fermentation [13]. Novolac resins
based on phenol-furfural, phenol-formaldehyde have already been discussed in detail by various workers [14-
17] which were considered to be toxic and harmful for the environment. The synthesis of cardanol
formaldehyde resins have been reported earlier [18-20] and gained much importance in the past due to their
wide range of applications in composite matrix, surface coating etc. Therefore, these cardanol formaldehyde
resins may further be modified by replacing formaldehyde with furfural in presence of suitable catalyst to
duplicate the performance of such cardanol novolacs. Moreover, the literature pertaining to the study of
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cardanol furfural resins have been very rarely investigated so far, hence, the present work is concerned with the
synthesis, characterization of cardanol furfural resin (CFNR) and its cure characteristics.

2. Experimental
2.1 Materials

Cardanol was procured from M/s Dheer Gramodyog Ltd. Kanpur, India. Furfural (A.R. grade) was obtained
from Quaikems Fine Chemicals Pvt. Ltd., New Dehi was used for formylation. Succinic Acid and
Hexamethylenetetraamine (HMTA) were received from Central Drug House Ltd. (CDH), Mumbai and New
Delhi respectively. Methanol (BDH) was used to dissolve the free catalyst.

2.2 Methods
2.2.1 Synthesis of Cardanol- Furfural Novolac Resin

Cardanol-furfural novolac resins were synthesized from cardanol and furfural in the mole ratios viz.1:0.5, 1:0.6,
1:0.7, and 1:0.8 using succinic acid as catalyst by a method published in the literature for cardanol formaldehyde
resin [21]. The catalyst (1% based on cardanol) was dissolved in 4 ml methanol under warm conditions.
Cardanol was taken in three-necked round bottomed flask and furfural was added dropwise to the cardanol
through a dropping funnel along with the catalyst solution. The reaction mixture was heated under constant
stirring at a temperature of 120°C which might have resulted in the formation of multinuclear cardanol-furfural
resin. Theinitial pH value of the mixture was 4 which was reduced to 2 after completion of condensation.

2.2.2 Curing Of Cardanol-Furfural Novolac Resin

A process mentioned elsewhere [22] was adopted for curing of cardanol novolac resin by using 15 %
Hexamethylenetetramine (HMTA) in preheated air oven. Hexamethylenetetramine (HMTA) is the most widely
used curing agent for curing processes of novolac resins [23-24].

2.3 Characterization of Cardanol Furfural Resin
2.3.1 Fourier-Transform Infra-Red (FTIR) Spectroscopic Analysis

The purified resin was subjected to Fourier-transform infra-red (FTIR) spectroscopic anaysis, to
monitor the formation or disappearance of various functional groups using Perkin-Elmer (Model 843) infra-red
spectrophotometer in the wavelength range of 500-4000 cm™ Potassium bromide (K Br) pellets were used to get
the spectra of uncured material.

2.3.2. 'HNMR Spectroscopic Analysis

"H-NMR (Nuclear Magnetic Resonance) of the purified novolac resin was recorded using Jeol-LA 500
NMR spectrophotometer. About 20 mg of the sample, in 10 mm diameter sample tube, was dissolved in about
5ml of chloroform-d1 (CDCI3) which was used a solvent along with tetramethylsilane (TMS) as interna
standard. Finally, the spectra were recorded on computer.

2.3.3 Differential Scanning Calorimetry (DSC)

Differential scanning calorimetric (DSC) analysis of the prepared samples were carried out to investigate the
curing behavior of the cardanol furfural resins.Cure temperature of the prepared samples were observed by
taking a small amount of sample into shallow aluminium pan sealed by an aluminium cover of differential
scanning calorimeter (DSC) (TA instrument, USA; Modulated DSC-2920). This was placed in sample cell of
the instrument; the starting temperature, programmed rate and fina temperature were taken at heating rate of
10°C.min-". Dynamic scans were obtained which were used for assuming the cure temperature.
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3. Result and Discussion
3.1 Synthesisof Cardanol-Furfural Novolac Type Phenolic Resin

The methylolation of cardanol was carried out with furfural in presence of dicarboxylic acid, viz., succinic acid
using four different mole ratios. The completion of the methylolation reaction was checked by the periodic
withdrawal of reaction mixture to analyze free furfural content and free phenol content.

The polymerization of cardanol can be accomplished in two ways, firstly, by the condensation of furfural and,
secondly, through the unsaturation present in the side chain. The side chain of cardanol remained unaffected
because it is clear from the measure of iodine value [25]. The iodine value of cardanol before polymerization
was 278.8wijs and after polymerization the iodine value of the reaction product was found to be 278.2.
Therefore, it is concluded that the polymerization proceeded by the first way, i.e. by the complicated step
growth polymerization reaction mechanism [26].The proposed mechanism of the reaction between
cardanol and furfural was based on the literature published earlier [27]. The structure of cardanol furfural
resin have been represented in Scheme [1].

3.3 Fourier-Transform Infra-Red (FTIR) Spectroscopic Analysis

Fig.1 depicted the FTIR spectrum cardanol-furfural novolac type phenolic resin (sample CFNRs) and explored
not only the condensation reaction of cardanol furfural but also the extent of ortho and para substitution. A
broad peak centered at 3392 cm™ was appeared in the spectrum (Fig.1) confirmed the presence the phenolic
hydroxyl group in the resinous product. The peaks that appeared near 3010 cm™ and 2927 cmi™* might be due to
the presence of aromatic CH stretching and aliphatic CH stretching, respectively, present in the side chain of
cardanol. The stretching vibrations near 2927 cm™ and 2855 cm™ and deformative vibrations near 1488 cm™ and
1457 cm™ might be due to the presence of CH, and CH; groups, respectively in Fig.1. These above mentioned
peaks due to stretching and deformative vibration indicated that the polymerization has taken place through the
substitution of -CH,OH and not through the double bonds in the side chain. The sharp band near 2854 cm™
might be due to the C-H structure in a methylene bridge in Fig.1, which might form due to the condensation
reaction between cardanol and furfural. The sharp peaks near 728 cm™* and 873 cm™ indicated ortho and para
substitution in benzene nuclei respectively. A peak near 1266 cm™ might correspond to phenol C-O stretching.
The preceding spectral datawere found to be identical with those given in the literature [28].
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Fig. 1: FTIR Spectrum of cardanol furfural resin, CFNRs
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3.4'H-NMR Spectroscopic Analysis

"H-NMR (Nuclear Magnetic Resonance) of the purified novolac resin was recorded using Jeol-LA 500 NMR
spectrometer. In the *H-NMR spectrum of cardanol furfural resin (Fig.2 sample CFNRs), the appearance of a
peak at 6.6-7.3 ppm is due to aromatic protons of benzene and furan ring. The peak around the region 6.6 ppm
might be due to the presence of phenolic hydroxyl group. The peak at 4.7-5.4 ppm indicated the methylene
(C=CHy,) proton of long akyl side chain originally present in cardanol and the peak at 0.8-2.9 ppm is dueto
long aliphatic side chain. The peak at 0.9 ppm might be due to terminal methyl group of the chain. The strong
peak at 1.3 ppm is attributed to the long chain (more than five methylene groups) of the side chain. The peak at
2.8 ppm showed the methane proton of (CgHs),-CH-C4H3O for the bridge between two phenyl rings and one
furan ring. All these spectral data indicated that condensation of methylolated cardanol with furfural, has been
completed under experimental conditions and was fully consistent with the proposed structure [Scheme 1]
resulted due to reaction mechanism as discussed in our previous publication [28].
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Fig. 2: '"H-NMR Spectrum of cardanol furfural resin, CFNRs
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Scheme 1: Structure of cardanol furfural resin

3.5 Differential Scanning calorimetric analysisfor curing of CFNR

The temperature of onset (T;), peak temperature (T,) and the temperature of completion of the exotherm (T o)
were noted from the Fig. 3 ( Sample, CFNRs) and the data related to the dynamic DSC scans of CFNRs, CFNRs,
CFNR; and CFNRg respectively, are summarized in Table 1. It is evident from the table that the initiation of
crosslinking reaction lied in the range of 75.17-98.25 °C with peak maximum temperature 137.87, 142.12,
148.42 and 153.98 °C for samples CFNRs, CFNRs;, CFNR; and CFNRs, respectively. The completion of
exotherm was observed in the range of 182.32-169.91 °C. The AH values related to the cure process were
determined from the area of the exotherm peak obtained from DSC anaysis taken in dynamic mode. The
preceding data and results of DSC dynamic scan were found to be in agreement with the given literature [25].
The curing of all the novolac samples were completed in an air oven using hexamethylenetetramine. All of the
samples were cured at 160°C but at different timeintervals[Table 2].

4. Conclusions

This proposed research may lead to a new erain the field of cardanol resins. The maodified cardanol
furfural resin has the potential to minimize the use of phenol resin based on petrochemical derivative. Moreover,
Furfura, being a product of vegetable origin and available in virtualy unlimited quantities, is much more
economical aldehyde than formaldehyde. The prepared resin system finds numerous applications in composite
matrix, surface coatings, brake linings, lamination industry, pesticides, azodyes €etc.
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Table 1: Results obtained from Dynamic DSC scan

T2 T," Tsop AH

S.No. Samples o o o 4
() ("C) (") (Jg7)

1 CFNR; 75.17 137.87 169.91 98.26
2 CFNRg 98.25 142.12 177.16 108.11
3 CFNR; 112.81 148.42 182.32 123.61
4 CFNRg 121.31 153.98 186.48 85.90

T; represents temperature of onset; T, peak temperature; Ty, temperature of completion of the exotherm,
3 Temperature of cureinitiation; "Temperature of cure maximum; ¢ Temperature of end of cure.

Table2: Study of Cure Schedule

Cardanol:furfual CureTime Cure Temperature
SNo. Samples _ _
(moleratio) (min) (°C)
1 CFNRs 1.0.05 90 160
2 CFNRg 1.0:.0.6 115 160
3 CFNR, 1.0.0.7 150 160
4 CFNRg 1.0:.0.8 180 160
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