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Bio-based epoxy system have acquired scientific attention due to their 

renewability, easy availability, low cost, bio degradability and reduced toxicity. 

Vegetable seed oils are promising source for the preparation of bio-epoxy 

networks. In the present work, oil was extracted from wild jack fruit (Artocarpus 

Hirsutus) seeds using petroleum ether and was found to be ~19 %. The fatty acid 

composition of wild jack fruit seed oil (WJO) analyzed using gas chromatography 

revealed an unsaturation content of ~42 % which was further confirmed by iodine 

value. The extracted WJO was epoxidized with insitu formed peroxy-acetic acid 

at three different temperatures viz. 45 oC,60 oC and 75 oC using sulphuric acid 

as the catalyst resulting in epoxidized wild jackfruit seed oil (EWJO). The 

titrimetric determination of iodine value and oxirane value and the spectroscopic 

investigation using proton NMR suggests 60 oC as the optimum temperature for 

the epoxidation of wild jackfruit seed oil.  
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1. Introduction 

Epoxy resins are widely used thermosetting polymers with remarkable properties such as high 

mechanical strength, excellent chemical resistance and dimensional stability and hence 

extensively used in applications such as structural materials, paints, coatings, electrical 

encapsulation, composites etc. [1]. The conventional epoxy resin DGEBA (Diglycidyl Ether 

of Bisphenol A) makes use bisphenol A and epichlorohydrin as monomers that are of 

petroleum origin. Many detrimental effects to human health have been reported by the usage 

of bisphenol-A in the production of DGEBA. The toxic effects of bisphenol A associated with 

high cost and depletion of petroleum resources urge the industries to find suitable alternatives 

to replace at least partially, the petroleum derived resins [2]. So, there is an increasing demand 

for sustainable materials that are safe to our environment. Plant-based materials such as rosin, 

lignin, itaconic acid and vegetable oils belong to such a class of promising materials [3].  
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Vegetable oils are triglycerides of saturated as well as unsaturated fatty acids. The advantage 

of unsaturated sites in vegetable oils is that they can be functionalized via reactions such as 

epoxidation, transesterification and hydroxylation etc. The epoxidation reaction can convert 

the double bonds present in oils into reactive epoxy ring [4,5]. The major unsaturated fatty 

acids present in oils are oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3). 

The percentage of fatty acids in a particular oil also can vary depending on the condition in 

which the plant growth takes place. A high extent of unsaturation in an oil facilitates the 

formation of epoxidized oils which can be potential alternative for the commercial epoxy resin 

[6]. In a conventional epoxidation reaction, an oxygen donor such as hydrogen peroxide reacts 

with carboxylic acids such as acetic acid to form in-situ peroxyacetic acid. The peroxy acid 

formed oxidizes the double bonds to three-membered epoxy ring systems. Inorganic acids such 

as sulphuric acid and nitric acid are used as catalysts in the conventional epoxidation method 

[7,8]. Parameters such as temperature, reaction time, amount and type of catalyst used, ratio 

of unsaturation to H2O2 and ratio of unsaturation to CH3COOH can influence the extent of 

epoxidation and these conditions have to be optimized for a particular oil.  

The different vegetable oils that have been used for epoxidation includes perilla seed oil, castor 

oil, linseed oil, hemp oil etc. [2-6]. However, the widespread application of epoxy demands 

for novel oils with higher content of unsaturated fatty acids. Moreover, a great deal of attention 

is given to non-food-based oils so as to evade the threat to the availability of oils in the food 

sector [5].  

Wild jackfruit is found in the evergreen forests of Western Ghats, India. Its fruits are bright 

yellow, sweet, edible and the seeds contain nearly16-17 % of oil. The seed oil has medicinal 

value and is used in the treatment of asthma and skin diseases [9]. The tree is mostly 

appreciated for its durable timber, however, the seeds as well as the fruit remains under-

utilized in most of the places. The industrial value of wild jack fruit seed oil is yet to be 

explored and the present work focuses on the preparation and characterization of epoxidized 

wild jackfruit seed oil, a bio-based epoxy prepolymer system. The study also includes the 

optimization of reaction temperature under the conditions in which reaction was performed. 

 

2. Experimental Section 

Materials 

The wild jack fruit seeds were collected from Ernakulam district of Kerala, India. All the 

chemicals used for the study were supplied by Merck Life Science Pvt. Ltd., Mumbai, India 

and were used as received.  

 Extraction of WJO 

The wild jack fruit seeds were collected, washed, dried, powdered and the seed oil was 

extracted using petroleum ether for 6 h and the oil was separated from the solvent with the 

help of a rotavapor.  

Epoxidation of WJO  

The extracted WJO was taken in a three neck RB flask and calculated amount of acetic acid 

and sulphuric acid (2% of volume of CH3COOH and H2O2) were introduced into the flask. It 
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was stirred for 30 minutes and then, calculated amount of H2O2 was added dropwise into the 

reaction medium. When the addition of H2O2 was complete, the reaction was continued for 6 

hours. The double bond in oil: CH3COOH: H2O2 ratio was maintained as 1:0.5: 1.5 [10]. After 

the reaction, the epoxidized oil (EWJO) was separated, washed free of acid and dried using 

anhydrous sodium sulphate. In order to study the effect of temperature on extent of 

epoxidation, the reaction was carried out at three different temperatures viz. 45 oC, 60o C and 

70 oC and the samples were represented as EWJO45, EWJO60 and EWJO75 respectively. 

 Characterization 

The fatty acid composition of the oil was analyzed using a 6890N gas chromatograph 

combined with 5975 MSD.  The iodine value was determined using Wijs solution as per 

ASTM D5768. Oxirane value was determined using HBr-acetic acid according to ASTM D 

1652. The proton NMR analysis was done using JEOL(JNM-ECZ400S) NMR 

spectrophotometer at a frequency of 400 MHz using deuterated chloroform as the solvent. 

 

3. Results and Discussion  

Fatty acid composition 

The different stages of extraction of wild jackfruit seed oil are shown in Fig.1.  

 

Fig 1. Extraction stages of WJO 

The yield of WJSO from the dried seeds was found to be 18.7 %. The fatty acid composition 

of WJO is given in Table1 which shows approximately 42 % unsaturated fatty acids present 

in the oil and the major one being linoleic acid containing two double bonds in the chain. 

Table 1: Fatty acid composition of wild jack fruit seed oil 
Fatty acid Percentage 

Linoleic acid (C18 :2) 36.7 
Lignoceric acid (C24:0) 27.6 

Palmitic acid (C16:0) 13.5 

Oleic acid (C18: 1) 4.1 
Cis-11-Eicosenic acid (C20: 1) 1.1 
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Iodine value  

Iodine value is the measure of average double bonds present in an oil and is defined as the 

grams of iodine required to react with 100 g of oil [11]. The iodine value (I.V.) can be 

calculated using the Eq.1  

 I. V. =
(B−T) x N x 12.69

W
                                                                                          (1)                        

where N is the normality of sodium thiosulphate; B and T, the volume of thiosulphate (ml) for 

blank and sample titration, respectively and W represents the weight (g) of oil [12]. 

The iodine value of oil as well as epoxidized oils can be used to determine the double bond 

conversion (DBC) happening via epoxidation reaction by Eq. (2) 

DBC   (%)  =  
I.V.f−I.V.i 

I.V.i
  ×  100                                                                          (2) 

where I.V.i represent iodine value of oil and I.V.f represents iodine value of epoxidized oil. 

The iodine value of WJO was found to be 106.8 g/100 g oil. For the epoxidized oils, it is found 

that, with increase in temperature, the iodine value decreases considerably and for the 75 oC 

sample, no value is observed for the same. The values obtained are in the order EWJO45 (48.2) 

> EWJO60 (35.9) > EWJO75 (0). The substantial decrease in I.V. with increase in temperature 

can be due to the enhanced activation attained for the insitu formation of peroxy acetic acid, 

which causes the epoxidation reaction. The DBC achieved by the epoxidation reaction at 

different temperatures is shown in Fig. 2. Since the I.V. decreases with increase in temperature, 

the DBC increases correspondingly and it is seen that at 75 oC, no iodine value is observed 

which means no double bonds are present in EWJO75 and it shows100% DBC [13]. 

 

Fig.2. DBC and DOE estimated using titrimetric method 

 Oxirane value  

Oxirane value (OOe) is a measure of the ‘g’ of oxirane oxygen present per 100 g of oil sample.  
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The theoretical oxirane oxygen value (OOt), experimental oxirane oxygen value (OOe), and 

degree of epoxidation (DOE) were calculated using Eq. (3), (4), and (5) respectively [1,14].  

OOt = (

IVo
2AI

100+(
IVo
2AI

)AO

) AO  × 100                                                                                    (3) 

where AI and AO represent the atomic masses of iodine and oxygen, respectively. 

                                  OOe =  
V × N × 1.6

W
                                                                                    (4)                                                                                                                                                     

where V and N represents the volume and normality of HBr-acetic acid solution and W is the 

weight of the epoxidized oil.                                                                                   

                                            DOE =  
OOe

OOt
 ×  100                                                                                        (5) 

The theoretical oxirane value of WJSO, calculated based on its iodine value was found to be 

6.3 g/100 g oil. The experimentally determined oxirane value for EWJO45 was 2.9g/100 g and 

that for EWJO60 was 3.5 g/100 g. However, for EWJO75, the oxirane value was found to be 

zero. This indicates that an increase in temperature from 45 oC to 60 oC caused an increase in 

oxirane value reflecting greater epoxidation, but a further increase in temperature to 75 oC 

caused a decline in oxirane value to zero indicating the absence of epoxy groups in the system. 

But for EWJO75 system, the iodine value shows100% of double bond conversion and so it 

can be concluded that even though all the double bonds have been converted to epoxy, due to 

high activation achieved by high temperature, all the epoxy groups might have undergone ring 

opening resulting in a DOE value of zero. The DOE achieved for the T45 and T60 reaction 

systems is shown in Fig.2 and maximum DOE is achieved for the EWJO60 sample. So, an 

increase in reaction temperature can enhance the reaction rate by providing sufficient 

activation energy, but the possibility of ring opening side reactions must be considered which 

becomes prominent at higher temperatures. Based on these results, it is found that the optimum 

temperature for the epoxidation of WJO is 60 oC.    

 Proton NMR Spectrum 

The 1H-NMR spectra signals of WJO and EWJO at different temperatures are illustrated in 

Fig.3. For WJO, the multiplet signal at 5.2-5.5 ppm is indicative of the vinyl protons attached 

to the double bonds. After the epoxidation reaction, the intensity of vinyl hydrogen signal at 

5.2-5.5 ppm reduces considerably due to the formation of epoxide group [15,16]. Also, the 

presence of new peak in EWJO at 2.9-3.2 ppm confirms the formation of epoxy rings on the 

unsaturated sites of WJO leading to the formation of EWJO. The NMR spectrum of EWJO75 

shows peaks neither in the 5.2-5.5 ppm range nor in 2.9-3.2 ppm range reflecting the absence 

of both double bonds and epoxy group. 
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Fig.3 Proton NMR Spectra of WJO and EWJO 

1H NMR is an excellent tool for quantitative estimation of the unsaturation present in the oil 

and the degree of epoxidation happened in epoxidized systems. From the peak areas of the 

recorded NMR spectrum, the number of double bonds present in WJO (NDi) was determined 

using Eq. (6) 

                                                      NDi   =
A−NF

2NF
                                                                    (6)                                                                     

where A is the peak area of olefinic hydrogen (5.2-5.5 ppm) and normalization factor (NF) 

can be calculated by Eq. (7)  

                                                       NF =
B

4
                                                                            (7)                                     

where B is the peak area assigned to the four methylene hydrogens of glycerol moiety (4.1-

4.2 ppm) 

The double bond conversion (DBC) %, degree of epoxidation (DOE) % and selectivity % are 

estimated using Eq. (8), (9) and (10), respectively [5,17] and the results are shown in Fig.4. 

                                      DBC (%) = [
NDi −NDf

NDi
] × 100                                                        (8)                      

                                DOE (%) = [
(

I+J

2
)

NF.NDi
] × 100                                                             (9) 
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where I and J are peak areas attributed to the hydrogen of epoxy ring (2.9-3.2 ppm) and NDf 

is the number of double bonds that remain unreacted after epoxidation and can be determined 

using Eq. (6) by substituting appropriate peak areas of the spectrum of epoxidized sample.   

                               Selectivity (%) = 
DOE %

DBC %
 × 100                                                                     (10) 

 

Fig. 4 DBC, DOE and selectivity based on NMR studies 

In the case of EWJO45, the DBC and DOE values calculated using NMR spectrum indicates 

that out of the 49.1% DBC, 42% is converted into epoxy with a selectivity of 85.5%. For 

EWJO60, the DBC values improved to 59.3% and 52.3% oxirane conversion was achieved 

with an improved selectivity of 88.2% indicating lesser epoxy ring opening side reactions. So, 

epoxidation is better at a temperature of 60 oC. The results obtained for the 75 oC system 

(EWJO75) indicates the prominence of epoxy ring opening side reactions with increase in 

temperature [18]. Here in EWJO75 the peak area in the range 5.2-5.5 ppm is negligible 

corroborating ~100 % conversion of double bonds, at the same time no peaks are observed for 

epoxy group also. The iodine value and oxirane value measurements also supports this finding. 

So, the quantitative spectroscopic analysis by proton NMR suggests the optimum temperature 

for epoxidation of WJO as 60 oC under the conditions in which reaction was performed.  

 

4. Conclusion 

WJO was extracted from the seed powder using petroleum ether as the solvent with a yield 

value of 18.7%. Using the extracted oil, epoxidation was carried out at three different 

temperatures 45,60 and 75 oC using insitu formed peroxy acetic acid and sulphuric acid 

catalyst. The iodine value and oxirane value determination revealed maximum epoxidation 

(55.6%) for the EWJO60 system. Spectroscopic analysis also showed maximum value of 
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52.3% epoxidation for EWJO60 and it can be concluded that optimum temperature for 

epoxidation is 60 oC under the selected reaction conditions. Hence, wild jack fruit seed can be 

considered as a green source for the extraction of seed oil and the oil can be a potential material 

for the synthesis of a sustainable, non-toxic epoxy pre polymer system. Further studies have 

to be conducted for the optimization of other reaction parameters such as reaction time, catalyst 

and reagent ratio etc. for the epoxidation of WJO in order to achieve a higher degree of 

epoxidation. 
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