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Abstract

The aim of this study is to optimise the epoxidation of linoleic acid of Jatropha curcas oil. This experiment was carried out with
performic acid generated in situ by using hydrogen peroxide and formic acid. The method was evaluated on different parameters
such as reaction temperature, mole ratios of formic acid to ethylenic unsaturation and hydrogen peroxide to ethylenic
unsaturation. The optimum relative conversion into oxirane (80.4%) and conversion of iodine (94.7%) was achieved with ~70 %
yield at the condition of 45°C reaction temperature, formic acid to ethylenic unsaturation mole ratio of 2.0, hydrogen peroxide to
ethylenic unsaturation mole ratio of 12.0 for 2 hours of reaction time. The epoxidized linoleic acid was characterized by using
Fourier transform infrared (FTIR) spectroscopy and NMR analysis. The result was also found that the formations of an epoxide
and oxirane ring cleavage were both occurred at the same time if low amount of hydrogen peroxide was used.
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Abstrak

Kajian pengoptimuman tindak balas pengepoksidaan asid linoleik minyak Jatropha curcas telah dilakukan. Tindak balas ini
dijalankan menggunakan asid performik yang dijana secara in situ dengan menggunakan hidrogen peroksida dan asid formik.
Kaedah ini telah dinilai dengan beberapa jenis parameter seperti suhu tindak balas, nisbah mol asid formik kepada etilenik
taktepu dan nisbah mol hidrogen peroksida kepada etilenik taktepu. Penukaran relatif optimum kepada oksirana (80.4%) dan
penukaran relatif nilai iodin (94.7%) telah dicapai dengan ~ 70 % hasil pada keadaan suhu tindak balas 45°C, nisbah mol asid
formik kepada etilenik taktepu 2.0, nisbah mol hidrogen peroksida kepada etilenik taktepu 12.0 pada masa tindak balas selama 2
jam. Asid linoleik terepoksida dicirikan dengan menggunakan spektroskopi inframerah transformasi Fourier (FTIR) dan analisis
spektroskopi resonans magnet nukleus (NMR). Hasil kajian juga mendapati bahawa pembentukan gelang oksirana dan
pembukaan gelang oksirana telah berlaku serentak pada masa yang sama jika amaun hidrogen peroksida yang rendah telah
digunakan.

Kata Kunci: pengepoksidaan, asid linoleik, minyak Jatropha curcus, asid performik

Introduction
In recent years, the attention to vegetable oil uses as alternative substitutes for petroleum-based products is
increasing due to the rising concerns for the environment and rising cost of petroleum products. Vegetable oil and
animal fat are concerned by public due to they are biorenewable sources that can be treated chemically and
enzymatically to replace those materials that can be derived from petroleum [1-4].

Epoxidation of vegetable oil/ fatty acid is an important method for the formation of carbon—oxygen bonds. The
existence of unsaturated C=C in vegetable oil such as linoleic acid and oleic acid that can be used to introduce
functional group provides new materials that can replace petroleum-derived compounds, serve as valuable
intermediates, or be utilized directly like epoxidized fatty acid and epoxidized vegetable oils. Epoxides not only
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used as plasticizer but also can be used in paint [5-8]. Because of high reactivity of oxirane ring, epoxides can also
act as raw materials for alcoholysis, acidolysis and polymer [9-11]. Epoxidation of vegetable oil such as rapeseed,
soybean, jatropha, karanja, mahua, cotton seed and canola oil were investigated [12-17].

Epoxidation of vegetable oils most commonly employed in industry is frequently carried out with peracids as
oxidizing agents together with strong mineral acid as catalysts due to the low cost. However, these processes suffer
from acid-catalyzed epoxy ring-opening reactions and the concentrated peroxyacid is unstable and explosive. For
safety points of view, these epoxidation processes are usually carried out using peracids formed in-situ at low
concentrations to minimise the unwanted epoxide ring opening occurred [18]. The kinetics of in situ epoxidation of
jatropha oil by peroxyacids and the epoxidation of palm olein methyl ester by performic and peracetic acid, both
carried out in the presence of sulfuric acid as a catalyst, conclude that the rate determining step was the formation of
performic and peracetic acid [19,20]. The epoxidation reaction mechanism as suggested by Petrovic et al (2002) is
shown in Figure 1 [21].
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Figure 1. The mechanism of epoxidation reaction

But the oxirane ring cleavage was occurred in some critical condition to produce side product as below:

where R = -OH, -OCOH, -OOCOH

EP+FA <———— PFA+C=C
“ “ organic phase
]

Ir

H,O + PFA
Aqueous phase

H,0, + FA

Figure 2. Epoxidation reaction in organic phase with performic acid (PFA) generated in the aqueous phase from
hydrogen peroxide. The organic acid, PFA and formic acid (FA) were shuttled in both liquid phases. [17].
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One of the promising candidates for oleochemical product is Jatropha curcas oil. Jatropha curcas oil is non-edible
oil due to the high concentration of toxic ingredients of phorbol esters and it could lead to a lower consumption of
edible oils for chemical purposes. In particular, the jatropha oil is a very interesting raw material for the production
of oleochemicals because it has high content of unsaturated fatty acids. In this work, we studied the in situ
epoxidation of linoleic acid that extracted from Jatropha curcas oil in the absence of conventional catalyst. For in
situ epoxidation, hydrogen peroxide acted as oxygen donar and formic acid as oxygen carrier. The reaction is
conducted with performic acid formed in situ from formic acid and hydrogen peroxide as showed in Figure 2 [17].
In the epoxidation reaction, the parameter has been investigated that included effect of temperature, formic acid to
ethylenic unsaturation mole ratio and hydrogen peroxide to ethylenic unsaturation mole ratio to obtain an optimum
condition.

Materials and Methods
Materials
Linoleic acid (78.1%) was obtained from Jatropha curcus oil by using urea complex fractionation. Formic acid
(>98%), aqueous hydrogen peroxide (~30 wt%), diethyl ether (>99.5%), Na,SO,, NaHCO;, NaCl, Kl and Wijs
solution from SYSTERM, ChemAR. HBr, 33 wt% in acetic acid was obtained from Sigma Aldrich and then diluted
with glacial acetic acid to prepare 0.1 N HBr.

Experimental setup and procedure

The epoxidation reaction was carried out in a three-necked round bottom reactor (250 ml capacity), equipped with a
magnetic stirrer and placed on a water bath. The centre neck was connected to a reflux condenser and the
thermometer was connected to another neck in order to record the reaction temperature that could be controlled
within +1°C.

The epoxidation method was used according to Goud et al. [14]. Linoleic acid (LA) (2 g) was placed in the reactor.
The calculated amounts of formic acid was added and then stirred for 30mins. Hydrogen peroxide was added to the
mixture by dropwise at a rate to ensure it was completed in half an hour and the reaction was continued stirring
further for 2 hours. The reaction was stirred continuously to avoid zones of high peroxide concentration that could
lead to explosive mixtures. The completed of H,O, addition as zero time. After that, the collected samples were then
extracted with diethyl ether in a separating funnel. The epoxidized linoleic acid that remained in the organic phase
was then washed by sodium bicarbonate (5 wt%), next with water until complete elimination of acidity in the
organic phase. At last, the mixture wash with NaCl (5 wt%). The organic layers were then dried over, filtered, and
concentrated under reduced pressure to yield the final product.

Analytical and Techniques

Iodine value was determined using the Wij’s method (PORIM Method) to measure the unsaturation of fats and oils.
The percentage of oxirane oxygen was analyzed by the direct method with hydrobromic acid solution in acetic acid
by an official method AOCS Cd 9-57 [22]. Fourier transforms infrared (FTIR) spectroscopy experiments were
performed on linoleic acid and epoxidized linoleic acid using a Perkin Elmer Spectrum GX instrument. ‘*H NMR
and *C NMR spectra were recorded using Bruker Advance 111 600MHz.

From the oxirane content values, the relative fractional conversion to oxirane was calculated using the following
expression equation (1):

Relative conversion to oxirane (RCO) (%) = (OOe,/O0, «100, Q)

where OO, is the experimentally determined content of oxirane oxygen in 100g of oil. OOy, is the theoretical
maximum oxirane oxygen in 100 g oil, which was determined to be 8.51% from the following expression equation

(2) [21]:
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where Ai (126.9) and Ao (16.0) are the atomic weights of iodine and oxygen respectively and 1V, is the initial iodine
value of the oil sample.

Results and Discussion
Epoxidation reactions were carried out with three parameters in various ranges: temperature 35-60°C; formic acid-
to-ethylenic unsaturation mole ratio 0.5-3.0 and hydrogen peroxide-to-ethylenic unsaturation mole ratio 3-18.

Effect of Temperature

The epoxidation reactions were carried out with 2 g of LA was treated with formic acid (formic acid-to-ethylenic
unsaturation mole ratio 2.0) and hydrogen peroxide (H,O,-to-ethylenic unsaturation mole ratio 12.0) at various
temperatures (Figure 3). The relative conversion to oxirane (%RCO) and iodine value (V) was shown in Figure 3.
As expected, the epoxidation rate was increased when increase the reaction temperature. The change in IV value
displayed that it is influenced by the reaction temperature. The formation of oxirane ring in linoleic acid was
increased when increased the reaction temperature from 35 until 45°C. However, the percentage of RCO was
gradually decreased after attained a maximum relative conversion to oxirane at 45°C. This indicates that reaction
temperature increment not only resulted in higher epoxidation rates, but also leads to higher rate of hydrolysis
(oxirane cleavage). Epoxidation rate is lowered at lower reaction temperature but gave more stable oxirane ring
[23,24]. Based on these results, an optimum level of epoxidation could be obtained at reaction temperature range of
45 °C at which epoxide degradation would be minimal. Moreover, higher operating temperatures are not preferred
as the addition of hydrogen peroxide which is an exothermic reaction would lead to an explosion [17].
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Figure 3. Effect of temperature on the relative conversion of oxirane and iodine value. Condition: Linoleic acid,
2g; formic acid to-ethylenic unsaturation mole ratio, 2.0; hydrogen peroxide-to-ethylenic unsaturation
mole ratio, 12.0; reaction time, 2 hours.

Effect of the Formic Acid to Ethylenic Unsaturation Mole Ratio

The effect of the formic acid to ethylenic unsaturation mole ratio is in the range of 0.5-3.0 and is shown in Figure 4.
Double bond conversion was significantly increased when the formic acid mole ratio increased (IV value dropped).
Formic acid is acted as an oxygen carrier in epoxidation reaction [25]. Formation of performic acid was increased
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when raised the formic acid mole ratio of same amount of hydrogen peroxide. Oxirane ring cleavage could perform
by acid-catalyzed ring opening in the presence of water. During the epoxidation reaction, the presence of water in
the aqueous phase owing to the reduction of hydrogen peroxide to water by in situ epoxidation [13]. Hence, an
optimal formic acid mole ratio has to achieve to get a high %RCO product and minimize the oxirane ring cleavage.
The epoxidation rate was increased when the formic acid molar ratio increased. However, the oxirane ring was not
stable in high formic acid content and it tends to promote the hydrolysis of the epoxide, thereby decreasing the final
yield. From the result, it showed that an optimal %RCO was achieved at formic acid-to-ethylenic unsaturation mole
ratio, 2.0. After that, the %RCO was decreased and tends to destroy the oxirane ring.
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Figure 4. Effect of formic acid to ethylenic unsaturation mole ratio on the relative conversion of oxirane and
iodine value. Condition: Linoleic acid, 2g; hydrogen peroxide-to-ethylenic unsaturation mole ratio, 12.0;
temperature, 45 °C; reaction time, 2 hours.

Effect of Hydrogen Peroxide to Ethylenic Unsaturation Mole Ratio

The effect of hydrogen peroxide to ethylenic unsaturation mole ratio was investigated in the range of 3.0-18.0, as
shown in Figure 5. It was observed from the experimental results that even a small amount of hydrogen peroxide
was added to the reaction, the 1V decreased rapidly. At the same time, the %RCO increased as the concentration of
H,0, in the system increased. But the stability of oxirane ring was very poor at low H,0, concentration (3 and 6
mol). The oxirane ring cleavage was performed in the presence of formic acid and water (water produced by
performic acid generated in situ reaction). The reaction environment contains water and organic acid which will
cause the decomposition of the epoxy group as a result of the hydrolysis and acylation in acidic condition (Figure 6)
[20]. The result was proved by using Fourier Transform Infrared Spectroscopy (FTIR) in Figure 7.

The reaction condition for A3 and A12 were linoleic acid, 2g; formic acid to ethylenic unsaturation mole ratio, 2.0
at 45 °C for 2 hours. The only differences between A3 and A12 are hydrogen peroxide mole ratio 3.0 for Al and
12.0 for A4. The disappearance of double bond peak at 3,009 cm™ and the formation of new epoxy peaks were
shown at 833 and 819 cm™, as shown in A12 spectrum. For A3, the double bond peak was still remaining in the
spectrum. Not only that, the broad hydroxyl peaks (3412 cm™ and 1,072 cm™) were clearly shown in A3 which
indicated the formation of secondary alcohol in A3. Based on the results that shown in Figure 5 and Figure 7, the
formations of epoxide and oxirane ring cleavage were occurred in low amount of hydrogen peroxide at the same
time (low 1V and low %RCO). The results also supported by NMR analysis.
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Figure 5. Effect of hydrogen peroxide to ethylenic unsaturation mole ratio on the relative conversion of oxirane
and iodine value. Condition: Linoleic acid, 2g; formic acid-to-ethylenic unsaturation mole ratio, 2.0;
temperature, 45 °C; reaction time, 2 hours.
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Figure 6. Side reaction of the epoxidation process
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Figure 7. FTIR spectrum of (a) linoleic acid, (b) A3 (ring opening product)-hydrogen peroxide mole ratio, 3.0 and
(c) Al2 (epoxidized linoleic acid)-hydrogen peroxide mole ratio, 12.0. Condition for A3 and Al2:
linoleic acid, 2g; formic acid to ethylenic unsaturation mole ratio, 2.0; temperature, 45 °C; reaction time,
2 hours.
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Fourier Transform Infrared (FTIR) Spectroscopy Analysis

The FTIR spectrometer was used to monitor the epoxidation reaction. The disappearance of double bond group peak
at 3,009cm™ was demonstrated the conversion of double bond in linoleic acid to the epoxy group. Formation of
epoxy group in the spectrum of fingerprint region was indicated by the peaks at 833 and 819 cm™. Vleck and
Petrovic reported the presence of epoxy groups at 822 and 833 cm™ (doublet) which is well agrees with this study
[26]. However, the hydroxyl peak at 3,412 and 1,072 cm™ were shown that oxirane ring cleavage was occurred in
some conditions. To optimize the epoxidation reaction, the hydroxyl and double bond peak must be avoided to
appear in FTIR spectrum.

NMR Spectrum Analysis

The comparison of *H and *C NMR spectra between LA, ring cleavage product (A3) and epoxidized linoleic acid
(A12) are shown in Figure 8 and Figure 9. In Figure 8(a), the signal at 5.41-5.32 ppm (-CH=CH-) is corresponding
to double bond peak in linoleic acid. We can clearly see a decrease of the peak area at 5.41-5.32 ppm (double bond),
whereas new peaks are arising at 3.13-3.06 ppm and 3.00-2.96 ppm correspond to CH protons attached to the
oxygen atoms of both the epoxy group in Figure 8(c). This result indicate that double bond in linoleic acid has been
converted to epoxy group during epoxidation reaction. The appearance of a multiplet peak in 8.12-8.00 ppm region
(HCOOC-) and disappearance peak at 3.13-2.96 ppm (-CHOCH-) is showing formation of new formate ester due
to the ring cleavage by formic acid (Figure 8(b)).

As shown in Figure 9(a), the peaks at 130.21-129.73 ppm and 128.07-127.91 ppm are representing the double bond
in linoleic acid. Compared to that of linoleic acid, the epoxy peaks in epoxidized linoleic acid were assigned at
57.30-57.02 ppm and 54.40-54.24 ppm. Moreover, the short peak at 132.74-123.74 ppm (correspond to double
bond) also indicate the conversion of double bond in epoxidized linoleic acid compare with the linoleic acid
spectrum. For the **C NMR spectrum of ring cleavage product (A3), it shows only small amount of epoxy group has
been form due to low signal intensity of epoxy peak (57.41-56.73 ppm and 54.47 ppm). The peak at 161.20-160.45
ppm has been attributed to carbon of new ester. Multiplet peak at 74.03-73.86 ppm and 65.77 ppm are the peaks of
resulting by hydroxyl group. All these results show that formic acid was reacted with the epoxy group to produce an
unwanted new ester in A3 product.
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Figure 8. Spectrum *H-NMR for () linoleic acid (b) ring cleavage product (A3) and (c) Epoxidized linoleic acid
(A12)
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Figure 9. Spectrum *C-NMR for (a) linoleic acid (b) ring cleavage product (A3) and (c) Epoxidized linoleic acid
(A12)

Conclusion
The epoxidation of linoleic acid of Jatropha curcus oil by using in situ generated performic acid was obtained at
high relative conversion to oxirane and at low reaction temperature. It is clearly show that at low hydrogen peroxide
mole ratio must be avoided to prevent the undesirable site reaction occurs during the epoxidation reaction. The
higher formic acid mol per ethylenic unsaturation mole ratio was leading the reaction to the hydrolysis of oxirane
ring.
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