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---------------------------------------------------------------------------------------------------------------Abstract
Vegetable oil is triglycerides of higher molecular weight fatty acids and have high amount of unsaturated
fatty acids. These unsaturated fatty acids can be converted into epoxy fatty acids. Epoxidized vegetable
oils (EVO) are sustainable, renewable and environment friendly in nature and are therefore gaining
importance as feedstock for the synthesis of plasticizers, lubricants, coating formulations, polyols etc.
The unsaturation present in soyabean oil can be epoxidized to produce an eco-friendly and consumerfriendly product comparable to products obtained from petroleum origin. In this study waste soyabean
oil was successfully used to produce economically efcient epoxy resin. The waste soyabean oil
(WSBO) used was obtained from rened soyabean oil, after using it as frying medium for 16 hours.
50g waste soyabean oil having an iodine value 131and acid value 1.2 was reacted with peracetic acid at
60°C for 7 hours. An excess of 30%hydrogen per oxide was taken for higher conversion in the reaction.
This reaction was completed with acetic acid as oxygen carrier in presence of H2SO4 as catalyst in situ.
The product structure was analyzed by Fourier Transform Infrared Spectroscopy (FTIR) and Proton
Nuclear Magnetic Resonance Spectroscopy(1H-NMR).
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Introduction
The vegetable oil based products are recognised as sustainable and biodegradable in nature which can
contribute in reducing global warming effect. Thelesser biodegradability has forced the researchers to
develop alternatives for petrochemical based resin such as epoxy. Though the petrochemical based
resins have better material properties such as high stiffness and strength, but these resins also have
serious drawbacks in terms of biodegradability, initial processing cost, energy consumption and health
hazards. As a result there is a strong need to develop novel bio-based product from cheaper renewable
feedstock.
The modied oils can serve as feedstock that can replace petroleum derived materials in many
applications [1]. Therefore, the interest in using renewable and readily biodegradable resources has been
increased rapidly in recent years. Further, to make the product cost effective, waste vegetable oil can be
used to synthesize epoxy resins, which will also enhance the economic value of the vegetable oil. The
rapid increase in the level of awareness regarding environment is also responsible for the continuous
development of sustainable green materials. This paper is focused on the optimization of process
conditions and various advantages of epoxy resin synthesized by waste soybean oil.
The double bonds present in the vegetable oil are used as reactive sites to insert various functional groups
as per our need by carrying out epoxidation reaction. The epoxidation reaction insert the three- member
oxirane ring in the unsaturated portion of the oil molecule, which increases its complexity and chemical

reactivity with a variety of compounds such as amines and carboxylic acid [2,3]. The conversion of
unsaturation to epoxy groups can be directly monitored by determining the oxirane oxygen content,
and indirectly by determining the iodine value[4]. Epoxidation can also be achieved in one step with
peroxy acid produced in situ from acetic/formic acid. Epoxidized vegetable oils are widely used in
polymer industry because of their excellent plasticizing action for poly vinyl chloride and an effective
component for stabilizing polymer formulations[5,6]. Epoxides also nd industrial application as
diluents[7], lubricants[8] and coatings[9].
Experimental
Materials and Method
Waste soybean oil was obtained after 16 hours of frying of rened soyabean oil. Aceticacid(95%,
CDH) and hydrogen peroxide(50%,RFCL ) were used as reagents in the epoxidation reaction. Glacial
Acetic acid(99.7%, Qualikems), crystal violet indicator(Thomas Baker) and 0.1N hydrobromic acid
(48%, Thomas Baker ,in acetic acid) were used in titration for determining percentage of epoxide
group.
Synthesis of epoxidized waste soybean oil
Epoxidation of waste soyabeanoil was carried out in a 500ml four necked round bottom ask
equipped with a thermometer, a mechanical stirrer, a condenser and funnel as shown in Figure1.
Waste soyabean oil was charged in the round bottom ask with acetic acid and the reaction
temperature was maintained at 60°C. In the rst step of epoxidation, 30% Hydrogen peroxide solution
in the presence of small quantities(2ml) of concentrated sulphuric acid was added into ask slowly
through a funnel over 2.5 h. The stirring rate was controlled at 800rpm so that oil can be completely
dispersed in the mixture.
In the second step, after charging hydrogen per oxide, the reaction continued by mixing and
controlling the temperature at 50-60°C for further 4.5 h. After completion of the reaction, the mixture
was cooled down and neutralized with water. Diethyl ether was used for separation of oil phase from
water phase and the nal product was made solvent free
byheating at50°C

Figure.1. Experimental setup for Epoxidation Reaction
Analysis
Titration of epoxy (oxirane oxygen)
Epoxy content is a most important character of epoxidised oils. AOCS Cd 9-57(oxirane oxygen in
epoxidized materials)[10] is an ofcial method of detection of epoxy functional group with their
percents(by weight). Calculation of epoxy functionalities of waste ricebran oil were analysed by the
following equation as,
Epoxy functionality(mole : mole)=[(%epoxy by weight(from AOCS Cd 9-57)] X 10)/16
FTIR and 1H NMR Spectrum
The absorption spectra of dry epoxidized samples was measured using Fourier Transform Infrared
Spectroscopy(FTIR). The functional groups of dry epoxidized samples were observed by the
absorption spectra. Samples were analyzed by Perkin Elmer Spectrum Version 10.03.06 and 1 H
NMR version 4.3.2,JEOL Limited, Tokyo, Japan.
Results and Discussion
The fatty acid composition with properties of waste soyabean oil and epoxidized waste soyabean oil
were analyzed (at 25°C) and are depicted in Table 1:

Table:1 Characterization of WSBO and ESBO

Characteristic value

WASTE SOYABEAN

EPOXIDISED
WASTE SOYABEAN
OIL (EWSBO)

OIL (WSBO)
Acid value(mg KOH/g)

1.2

0.9

Iodine value(gI2/100g)

130

34.4

Oxirane value

0.68

3.6

Optimization of Process Conditions for Epoxidation Reaction
Effect of Molar ratios of C=C to Hydrogen per oxide
To study the effect of molar ratio of molar ratio of C=C to hydrogen per oxide, the reaction was
performed at 1:1, 1:1.2 and 1:1.5 molar ratios of C=C to hydrogen per oxide. The temperature
during the reaction was xed at 60°C. The effect on IV and oxirane values are depicted in Table 2.
Table2: Effect of molar ratios of C=C to hydrogen per oxide on epoxidation reaction at 60 C
temperature and 9 hours

Molar ratios of C=C to
Hydrogen per oxide

Temperature
(C)

Time( h )

Iodine
Value

Oxirane
Value

1:1

60

9

34.8

2.7

1:1.2

60

9

35

3.6

1:1.5

60

9

36.2

3.1

Effect of reaction time
To study the effect of reaction time on epoxidation reaction, IV and oxirane value were
determined at 9h, 7h and 6.5h respectively. The effect of reaction time on iodine value and
oxirane value are depicted in Table 3.
Table3: Effect of reaction time onepoxidation at molar ratio of 1:1.2 and 60 C
temperature

Molar ratios of C=C to
Hydrogen per oxide

Temperature
(C)

Time( h )

Iodine Value

Oxirane
Value

1:1.2

60

9

34.8

2.9

1:1.2

60

7

35

3.6

1:1.2

60

6.5

36.3

2.7

Effect of temperature
To study the effect of temperature for optimization of process conditions for the synthesis of
epoxidized oil the reaction was performed keeping 1:1.2 molar ratio of C=C to hydrogen per oxide and
the temperature was varied from 55 to 65°C. Table 4 shows the changes of IV and oxirane value at
different temperatures.
Table4: Effect of temperatures on epoxidation reaction at a molar ratio of 1: 1.2 and time 7
hours
Molar ratios of C=C to
Hydrogen per oxide

Temperature
(C)

Time( h )

Iodine
Value

Oxirane
Value

1:1.2

55

7

35.8

2.2

1:1.2

60

7

35

3.6

1:1.2
FTIR Analysis

65

7

36.3

2.8

FTIR spectra of waste soyabean oil (WSBO) and epoxidised waste soyabean oil (ESBO) are
shown in Figure 2 and 3. Main IR peaks with corresponding functional group of WSBO and ESBO are
depicted in Table 5:
Characteristics of FTIR spectra of ESBO by which conrmation of epoxide functional group has taken
place:
· Disappearance of the peak at:3007.7cmˉ¹ show C=C bond has been used up. This conrmed
that almost all C=C bond had taken part in the epoxidation reaction. There was decrease in
intensity of the other unsaturated bonds in comparison with used ricebran oil.
· The stretching of C=C-H at 3007cmˉ¹ have occurred after epoxidation reaction [11].
Appearance of peak at 3440.84 cmˉ¹ indicated the extent of hydrolysis of epoxidised waste
ricebran oil, this derived from the epoxy functional group via partial epoxy ring opening
reaction.
The epoxy ring opening reaction could have occurred by acid catalysis in the presence of water
associated with aqueous solution of H2O2[12].
Table:5 Peaks and corresponding bonds of WSBO and ESBO
IR
Frequency Bond and Functional Groups in
Range (cm¯¹)
Waste soybean oil

Bonds and Functional
Groups in Epoxidized
waste soybean oil

3440.84

Not observed

Epoxy chain

3007.70

C-H stretch of non conjugated
unsaturation

Disappear

2920-2855

C-H stretch of alkane

C-H stretch of alkane

1749-1746

C=O stretch of ester

C=O stretch of ester

1115-1170

C-O stretch of ester

C-O stretch of ester

720-725

C-C bending of saturated C atoms

C-C bending of saturated
C atom s

NMR Analysis
Proton NMR spectra of epoxidisedsoybean oil and waste soybean oil are shown in Figure 4
and 5.The functional epoxy chain groups were observed at 2.2-2.4 ppm in spectra of epoxidised
ricebran oil of 1H proton whereas NMR peak proton didn't appear or is weakly observed due to traces
of unreacted group left. In the region of 4.1-4.4 ppm peak occurred in both waste soybean oil and
epoxidized waste soybean oil as a quardet due to the coupling of adjacent two protons of the CH2
group and cis coupling of the Proton attached to next sp2 hybridized carbon atom. The methyl proton
of CH2 backbone of the glycerol carbon was observed at the same region as double doublet in both
cases of waste soybean oil as well as epoxidised waste soybean oil. The methyl proton of CH
backbone of glycerol carbon was observed at 5.2-5.4 ppm as olenic protons in both cases of waste
soybean oil as well as epoxidised waste soybean oil. Thus the NMR analysis clearly identied peaks
of aforementioned oils i.e. waste soybean oil and epoxidised waste soybean oil.

Figure.4. 1H-NMR of Waste Soybean Oil

Figure.5. 1H-NMR of Epoxidised Waste Soybean Oil
Conclusion
The experimental results show that waste soybean oil can be successfully converted into
epoxidisedsoybean oil by using performic acid generated in situ in presence of H2SO4 catalyst. The
optimised parameters for epoxidation of waste soybean oil with minimum epoxy ring breaking were
noted at temperature of 60°C with continuous stirring, waste soybeanoil to hydrogen per oxide molar
ratio of 1:1.2 and a catalyst (H2SO4) loading of 2ml. FTIR spectra and 1H NMR support the successful
synthesis of epoxidation reaction. At the optimized conditions as mentioned above 3.2 oxirane oxygen
content in synthesized epoxidizedsoybean oil was obtained. The economically efcient epoxy resin
obtained from WSBO can be used in many industrial applications such as plasticizers, lubricants, paint
formulations, polymers etc.
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Member of OTAI deeply mourn the sudden and untimely demise of their beloved leader Mr. M K
Janardan. Janrdan Saahaab, as he was known to the OTAI fraternity was the former Vice
Presdent of OTAI and former President of Western Zone. A towering and humble personality,
Mr Janardan was dedicated to OTAI well being and he contributed signicantly for the growth of
this organization. He was the MD of Japro Engineering Pvt Ltd and an eminent expert on Oils
and Oleochemicals Processing Plants. He was recipient of many Awards, especially Prof JG
Kane Memorial Award and SCODET Lifetime Achievement Award. Members of OTAI express
deep condolences to the bereaved family members and pray to almighty to give them the
strength to bear the huge loss.

