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Abstract: Recently environmental awareness and reduction of world fossil fuel reserves have enforced the need to look for a
replacement of mineral oils with environmentally friendly and nontoxic epoxy oil vegetable-based. The current study implies
that Epoxidized podocarpus falcatus oil can be a substitute as a raw material for the production of a variety of chemicals and
the replacement of petroleum products in composite matrices because of having high reactivity of oxirane ring. The
podocarpus falcatus oil was obtained by using the solvent extraction method. In this present investigation, the extracted
podocarpus falcatus oil was epoxidized using a performic acid generated in situ by the reaction of aqueous hydrogen peroxide
and carboxylic acid in presence of strong Sulphuric acid. A maximum percentage of conversion of oil and selectivity of
epoxidized oil were found to be at 63°C temperature, 1.4:1 molar ratio of hydrogen peroxide to ethylene unsaturation double
bond of podocarpus falcatus oil, and 4 hours of time reaction. The effective synthesis of epoxidation reaction for confirmation
on the investigation of epoxidized podocarpus falcatus oil was characterized by identifying the structure, functional group, and
composition of podocarpus falcatus seed oil, in comparison to epoxidized podocarpus falcatus oil, using Fourier Transform

Infrared Spectroscopy.
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1. Introduction

Developing alternatives production of Epoxides from the
petrochemical have different limitation related with
environmental pollution, health hazards and economic
problem because of its non-degradability and production
cost. Supplementary, it is advantageous to produce and
develop bio-based material from cheaper, available resources
and renewable feedstock [1], This achieved via vegetable
oils, for development and production of epoxy oil, to inhibit
the problem emerged from unsustainable and nonrenewable
resource, and also from polluted nature of environment [2].
The unique characteristics of natural renewable
polyunsaturated triglyceride are having high viscosity,
lubrication index [5]; flashy and smoke point, bio-
degradability and low evaporative loss and harmfulness, and
an attractive natural resource for the synthesis and production
of Epoxidized vegetable oil since they have low solidity cost,

ready availability in nature in large quantity [4]; and have the
capability of potential renewability and decomposition [3].

In general, most of the Epoxidized vegetable oil is
produced from an edible vegetable oil because of its
availability throughout the country [6]; and the properties of
epoxidized vegetable oils obtained from these sources are
related to the one which used as the epoxidized petroleum
product substitute [7]. One important plant oil that can be
used for raw material of this epoxide vegetable oil which
contains an oil yield of more than 63% is Podocarpus
falcatus oil [8].

Podocarpus falcatus is the family of Podocarpaceae and
belongs to the gymnosperms which means that no fruit layer
is produced, the seeds are borne “naked” inside the cone [8,
9]. The oil from its seed can be extracted by using different
extraction methods to optimize its yield for different
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applications such as for medicine as a treatment for
gonorrhea and epoxy oil for different uses. Hence, due to a
fewer group of epoxy number and poor cross-linking density
of resultant of epoxidized vegetable of oil many vegetable
oils cannot be used as renewable resources for different
applications [10]. This problem leads to delays to custom
epoxidized vegetable oils as suitable alternatives to
conventional petroleum-based epoxy. [11, 12]. Therefore, the
formation of cyclic ether at sites of a double bond of
unsaturation of fatty acid or oil (C=C) and the addition of a
peracids compound to get a three-member cyclic ring
indicates the epoxidation reaction of vegetable oil in the
formation of either oxirane ring [13] or oxirane cleavage
[14]. Therefore, the present study is primarily the analysis of
the conversion of double bonds to an epoxy group and
selectivity of oxirane oxygen content through the rate
formation of epoxy and ring cleavage.

2. Material and Methods
2.1. Materials

Podocarpus falcatus oil was extracted from podocarpus
falcatus seed acquired from Adet Agricultural Research
Centre, Bahr Dar area. Once the oil is extracted using organic
solvents such as n-hexane, purification to remove free fatty
acids was carried out using standard procedures [19] and
characterized with different techniques. Analytical grade
hydrogen peroxide, formic acid, and Sulphuric acid were
purchased from Addis Ababa Kirkos Chemical Company.

2.2. Equipment

Fourier Transform Infrared Spectroscopy analysis was
performed on a Nicolet model Protégé 460 Magna IR
spectrometer. The analysis of the Podocarpus falcatus oil and
epoxidized podocarpus falcatus oil was carried out with
analytical grade KBr pellets using the transmission mode. All
the spectra were recorded with 4 cm-1 resolutions over 100
scans.

2.3. Epoxidation Experiments

Epoxidation of p. falcatus seed oil was carried out in a 500
ml three-neck glass reactor equipped with MSH-D hotplate
magnetic stirrer, and thermometer. P. falcatus seed oil was
charged with formic acid and concentrated Sulphuric acid in
the glass. The epoxidation reaction was carried out by two
steps consequently. Firstly, thirty percent of hydrogen
peroxide solution (1.1:1 to 1.7:1 hydrogen peroxide to oil
ratio) was dropped into mixtures slowly through a funnel
over 30 minutes at a stirring speed of 850 rpm and the oil
was dissolved with the mixtures. Then, controlling the
parameter like the temperature at 50 to 70°C, reaction time 3
to 6 hr. and 1.1:1 to 1.7:1 hydrogen peroxide to oil ratio the
epoxidation reaction was carried out. Then, analysis of
physicochemical properties of epoxidized p. falcatus oil
(formed product) such as functional group by FT-IR test,
oxirane oxygen content, epoxide content, and iodine value

were determined.

2.4. Experimental Design for Epoxidized p. Falcatus Oil
Production

Experimental Data analysis has performed by design
expert 6.8.0 software. The type of design expert-selected
used to analyze the parameter variable such as reaction
temperature, amount of hydrogen peroxide to oil ratio and
reaction time of epoxidation reaction of podocarpus falcatus
oil was 3-level-3-factor Box Behnken Design (BHD).

2.5. Analytical Methods

The titration method was done by direct titration of oxygen
with hydrobromic acid in glacial acetic solution in order to
know how much percentage of the oxirane oxygen content of
epoxidized oil was formed from podocarpus falcatus oil by
epoxidation reaction using AOCS Official Method Cd 9-57
(1997) [15].

0oC =

Where, b is the volume titrant of (mL) of HBr glacial
acetic acid solution, ¢ (mol/L) is the concentration of HBr
glacial acetic acid solution, m is the mass (g) of the sample.
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Where, Sp is the selectivity of the epoxidized oil, OOC is
oxirane oxygen content of the epoxidized oil determined by
experiment, OOCtheo is the theoretical value of oxirane
oxygen content of the oil, AWi =126.9 is the molecular
weights of iodine

AWo = 16.0 is the molecular weight of oxygen and

IDO is the initial iodine value of the oil sample

3. Result and Discussion

3.1. Effects of Temperature on Conversion of Double
Bound and Selectivity of Epoxidized Oil

As shown in figure 1(a) analysis influence of temperature
on the conversion change of epoxy percentage that
demonstrated the temperature of epoxidation reaction was the
most important. From this figure, as temperature increase to
some designed or limits point the reaction undergoes
epoxidation was more favored and a maximum of 70.9%
conversion of double bonds of unsaturated p. falcatus acid to
epoxies oil-based iodine value was obtained at 60°C and at a
reaction time of 4.5 hours. Nevertheless, as the temperature
increase from 50 to 60°C the conversion was highly
increased while it was reached the design space at 60°C the
percentage of conversion then starts to drop as the
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temperature tend to increase above the center limit. This
indicated that as temperature increase from 50 to 60°C iodine
degradation rate was increased [14], These results related to,
higher rate of depletion or disappearance [16]; bond occurred
due to more rapid epoxidation with the establishment and use
of peroxyformic acid in the reaction [17]. From these, we
conclude that the epoxidation of p. falcatus oil seemed that
the free radical chain of polymerization because as soon as
the reaction begins while the formation of the polymerized or
epoxidized of p. falcatus. In addition to the effects of
temperature on conversion, the selectivity of epoxidized oil is
significantly affected by increasing reaction temperature until
it reaches its center value would result increasing in the
percentage of selectivity, the percentage of selectivity then
starts to drop as the temperature tend to increase above the
center limit. Since selectivity has a direct relation with the
oxirane value of an epoxy number that means at lower
temperature its value was higher than at higher temperature.
The result indicated that for epoxidation reaction an
exothermic process is not recommended because using high
Ratio of H,O, to oil at higher temperatures lead to reaction
would explosion. However, at low temperature (50°C and
60°C), the selectivity (%) getting up, but from the
temperatures of 60°C the selectivity has decreased, it is
because the temperature of the higher possible side reaction,

so lowering the selectivity [18].

3.2. Effect of Molar Ratio of Hydrogen Peroxide to Double
Bond of P. Falcatus Oil

From figure 1(b) and table 2 the molar ratio increases the
selectivity percentage was increased. In another case, the
concentration of hydrogen peroxide affects the stability of
oxirane number or ring [19]. In addition to this, the
degradation of epoxies group or oxirane ring cleavage was
occurred due to the formation of water from the reaction
between performic acid and hydrogen peroxide during
epoxidation reaction was carried out as a result of the
hydrolysis in acidic condition. According to the report [20];
using a high percentage and amount of H,0, relative to the
number of ethylene unsaturated fatty acid bonds is best to
promote to get high selectivity and conversion of double
bonds to epoxy ring or oxirane oxygen but beyond at
temperatures of 60°C the degradation of hydrogen peroxide
was occurred. As result shown in tables 1 and 2 based on
changing the epoxy number and oxirane value, it is found
that the molar ratio of H,O, to oil equal to 1.7 was the most
advantageous by using formic acid in order to forming the
performic acid and in this case high epoxy number or oxirane
value was achieved.

Table 1. Effects of Ratio of H>O; to oil (1.1: to 1.7:1) at Constant Reaction Temperature and Time.

Reaction Temperature Ratio of HO, to Oil Time Hr Iodine Value Oxarine Number Conversion
60.00 1.10:1 4.50 34.705 3.29 67.62

60.00 1.4:1 4.50 31.1 4.05 70.89

60.00 1.7:1 4.50 38.2 3.44 64.36

Table 2. Effects of Time (3 to 6 hour) at Constant Reaction Temperature and Ratio of H,O, to Oil.

Reaction Temperature  Ratio of H,0, to Oil Time Iodine Value Oxarine Number Conversion Selectivity
60.00 1.40 3.00 41.33 2.92 61.4 72.86
60.00 1.40 4.50 31.1 4.05 70.89 90.03
60.00 1.40 6.00 33.8 3.8 68.46 87.92

3.3. Effects of Reaction Time on Epoxidation Reaction
Process

From figure 2 (a and b) as the reaction time increases the
selectivity of oxirane value in fatty acid of podocarpus
falcatus seed oil was increased until it reached its optimum
value and starts to decrease when the reaction time increases
above the limit center. From this result, we found that the
selectivity of oxirane oxygen content or number of epoxies in
oil high at the middle of reaction time and lower at higher
reaction time and temperature. This is due to the formation of
hydrolysis or oxirane degradation at a higher reaction time.
With further increases in reaction time, the Oxirane Oxygen
Content which has a direct relation with the selectivity of
epoxidized podocarpus falcatus oil decreased which was
attributed to more unwanted products or water being formed
was taken to the undesirable oxirane ring cleavage or less in
epoxy number in oil. According to [18]; At temperatures
higher than the required reaction time is shorter, the number

of epoxy content obtained was high at reaction time 4 hours,
while the temperature reaction of 85°C and shorter time,
Oxirane Oxygen content oil amount obtained was low during
the epoxidation of soya bean.

3.4. FTIR Spectrum Analysis of Epoxidized p. Falcatus Oil

From figure 3 the presence or formation of peaks of
vibration of the doubles bond for p. falcatus oil is generally
formed at 3009, 1653, and 721 - 726 ¢cm™ for the indication
of chemical bonding of C=C-H, C=C, cis-CH=CH,
respectively. After the epoxidation reaction was carried out
the occurrence of the total diminishing of C=C-H stretching
peaks at 3009 cm” occurred which indicated that almost
there is the consumption of carbon-carbon double bond peak
at 3009 cm’™. This means that due to a high amount of iodine
value present in p. falcatus oil the epoxidation reaction was
carried out by diminishing the C=C-H. In moreover, the
intensity of other unsaturated oil bonds was decreased due to
the unreacted oil presented in the component of p. falcatus
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oil of its transformation to an oxirane ring. After epoxidation
reaction was carried out a new peak was emerged in the
spectrum of Epoxidized podocarpus oil at 1237- 1251 c¢m™
and 823.2 cm ', which indicated that the formation of the
epoxy group (-C-O-C- epoxy functional group absorption
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seledivity (%9
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band) since it is found between 1210 — 1320 cm™ and the
podocarpus oil was successfully undergone epoxidation
reaction for the production of epoxy. From other views, there
was another peak that determines about hydroxyl functional
group at 3388 cm™ [21].
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Figure 1. (a) - Percentage of conversion molar ratio of hydrogen peroxide to oil versus temperature (b) - Percentage of selectivity time versus the molar ratio
of hydrogen per oxide to oil and. (c) -Percentage of selectivity time versus temperature.
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Figure 2. (a) Effects of reaction Molar ratios of H>O to oil on the selectivity of epoxidized oil on epoxidation
epoxidation reaction (b) conversion of double bond (c) selectivity of the epoxidized p. falcatus oil.
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3.5. Kinetics and Thermodynamic Properties of Epoxidized of Podocarpus Falcatus Oil

3.5.1. Kinetic Parameter Calculation

In this study of epoxidation reaction, there were only two steps involved: the first one is the formation of peroxyformic acid,
and the other is the reaction of peroxyformic acid with the unsaturated double bond of the p. falcatus oil since the reaction

involved was a homogeneous catalytic reaction.

4000 3000 2500

2000 1500 1000 500

a. FTIR spectra of podocarpus falcatus oil
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b. FTIR spectra of Epoxidized p. falcatus oil

Figure 3. FTIR spectroscopy of p. falcatus (a) oil (b) epoxidized oil.

From these two steps reactions, the following assumptions
were taken. The first step was considered rate-determining
since the concentration of performic acid and H,O, were
assumed constant throughout the reaction. The kinetics
model study was based on conversational of double bond
from iodine value. (i) Formation of a peroxy acid.

K41 K
HCOOH + H,0, &  HCOOOH + H,0 (1)

(i1) formation of Epoxidized oil
HCOOH+R —~C=C-R , < R —CH(OH)CH(OCOCH,)~ R, + HCOOH (2)

To determine the order of the reaction let us drive the
general equation for epoxidation reaction for the two steps.

< [00]=k{{[H,0,], — [0O]}.[HCOOH]  (3)

In{[H,0,], — [00]}=-K[CHOOH]t+In[H,0,], (4)

where [OO] is the concentration of oxirane oxygen, [H,O;]
initial concentration of hydrogen peroxide, and [HCOOH] is
the concentration of formic acids.

The concentration of formic acid is assumed to remain
constant due to the dissociation constant of formic acid and
the equilibrium constant is small which leads to a reaction
with negligible degradation of oxirane. But reaction between
hydrogen peroxide and formic acid was leading cause the
formation of per hydrolysis. So, the rate constant of the ring-

opening reaction was determined at different temperatures.
From the rate law,

In{[H,0,], — [00]}=-K[HCOOH]t,
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Figure 4. Activation Energy, Ea for the Epoxidation of Podocarpus Falcatus
Oil.

At different temperature rates constant was calculated.
Therefore, by applying the Arrhenius equation the activation
energy was calculated from the slope of the graph of Ink vs
In1/T. During the epoxidation of podocarpus falcatus oil, the
required input of energy was lower because of using
Sulphuric acid catalysis.
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3.5.2. Thermodynamic Calculation
The enthalpy of activation and entropy were calculated
using the equation

AH = Ea — RT
AG = AH — TAS

So, AH =to be 15.12 kcal mol ', the average entropy and
activation energy were calculated by using the equation frost
and Pearson

RT
K = N7 e4s/R g—E/RT

where k&, rate constant; R, gas constant; 7, absolute
temperature; N, Avogadro constant; and /%, Planck constant.
The activation energy was obtained from figure 4. So, AS= —
31.94 Cal mol ' K™ = and AG = 23.22 kcal/mol. Therefore,
depending on the result of Gibbs free energy the reaction was
endergonic or not spontaneous which indicated that the
positive effects of temperature on the conversion to oxirane
oxygen. However, the net conversion to oxirane will
maximize if the in-situ epoxidation occurs at optimum
temperature, which depends on the type of catalyst used.

4. Conclusion

The FTIR analysis is an influential tool and supports the
effective synthesis of epoxidation reaction for confirmation
on the investigation of the number of double bonds
(unsaturation) which was used to correlate it with the epoxy
number and epoxidation percentage of the oils. The outcomes
of the epoxidation of podocarpus falcatus oil are imperative
for the chemical industry and the effect of process variables
such reaction temperature, the molar ratio of hydrogen
peroxide to double bond of oil, and reaction time on
conversion of the carbon double bond of oil to epoxidized p.
falcatus oil based on iodine value and its selectivity was
investigated. At a reaction temperature of 63°C, the molar
ratio of hydrogen peroxide to oil 1.4:1 and reaction time of 4
hours an optimal value of 71.9% percentage of conversion
and 90.98% of selectivity were obtained. The FTIR analysis
was found to be useful in confirming the disappearance of —
C=C- and formation of C-O-C epoxy functional groups at
1237-1251 cm™ and 823.2 cm ™" absorption band region.

5. Recommendation

1) Epoxidation by enzymatic epoxidation reaction can
increase the conversion and selectivity of epoxidized p.
falcatus oil from p. falcatus seed oil. For capable of
converting vegetable oil into epoxy oil by using
enzymatic epoxidation method is recommended.

2) Homogeneous epoxidation reaction is related to
environmental issues. Therefore, investigations on
heterogeneous catalysts should be applied to avoid
environmental pollution during epoxidation reactions.

3) Further study on improvement of the epoxidation process

parameters catalyst loading, molar ratio of formic acid to
oil, and speed of agitator on the percentage of conversion
and selectivity is also suggested
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