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Abstract: The epoxidation reaction of various vegetable oils (soybean, sunflower, corn, cottonseed, palm,
etc.) was carried out using super formic acid as an oxidizing agent, which was formed in situ by the
interaction of formic acid with hydrogen peroxide. As a result of palm oil epoxidation, the formic
acid/hydrogen peroxide system, at a molar ratio of 1.0: 5.0: 2.0 (VO : HCOOH: H;0,), stirring speed
350 turns/min, temperature 60°C and reaction time 180-240 min. was used as an optimal condition for
the epoxidation reaction of other vegetable oils. It found that the introduction of the entire amount of
hydrogen peroxide for 30 minutes leads to a sharp decrease in the efficiency of epoxidation due to
decomposition of hydrogen peroxide due to an uncontrolled increase in the temperature of the reaction
medium) where toluene was used as a solvent (yield of epoxidized products is 64-71%). And, with a
portioned supply of hydrogen peroxide 50 + 30 + 30g every 10-30 minutes, without the use of a solvent,
the yield of epoxidized oils reaches 67-78%.
Keywords: vegetable oils, formic acid, hydrogen peroxide, sulfuric acid, epoxidation, epoxidized
vegetable oils
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Introduction

Vegetable oils are derived from technologies of “green chemistry” aimed at

biomass, especially by processing plant matter,
fruit seeds, or wood. The annual production of
such oils is 168.4 million tons; the bulk (80%)
of which is used in the food industry, and the
rest in the production of soaps, household
detergents, lubricants and biofuels [1,2]. The
most important industrial vegetable oils are
palm, soybean, rapeseed, cottonseed and
sunflower oils.
In connection with the advent of new

replacing petroleum products with renewable
biological resources, both the demand for
vegetable oils and their production have been
steadily growing over the years [3,4].

It is known that in the vegetable oil
molecule there are saturated bonds, as well as
mono- and polyunsaturated double bonds
(Table 1). Table 2 shows some physic-
chemical properties and values of the iodine
number of some vegetable oils [4].

Table 1. Fatty acid composition of vegetable oils, percentage of saturated (SFA), mono- and
polyunsaturated (MUFA + PUFA) fatty acids and their functionality

Fatty acid, % Oil
Sunflower soybean palm corn cottonseed

Palmitinic (C16:0) 6.0 11.0 41.0 10.8 21.6
Stearic (C18:0) 4.0 4.0 5.0 2.0 2.7
Oleic (C18:1) 42.0 23.5 45.0 26.4 19.6
Linolic(C18:2) 47.0 53.5 9.0 59.6 55.4
Linoleic (C18:3) 1.0 8.0 0.3 1.2 0.8
Saturated (SFA) 10.0 15.0 46.0 12.8 24.3
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Mono+Polyunsaturated 90.0 85.0 54.0 87.2 75.7
(MUFA+PUFA)

Functionality 4.6 4.5 1.8 4.4 4.3

Table 2. Physical-chemical properties and values of the iodine number of the starting vegetable

oils.

o 3 =

280 | .C 2 O § =

% T ) *?ov PR °_ =

= E 2 < @ = >Yq = c @

@) ) S 9 =S [ > 9

88 |08 2~ E 23

@ =)

Sunflower 33.31 0.916/0.923 | 1.473-1.477 | from-18 to -16 125-140
Soybean 35.40 0.917/0.924 | 1.473-1.477 | from -23 to -20 123-139
Palm 47.80 0.890/0.893 | 1.453-1.456 | from 33 to 40 50-55
Corn 28.70 0.924/0.927 | 1.471-1.473 | from -10 to -15 118-128
Cottonseed 37.9 0.917/0.930 | 1.468-1.472 | from 0 to -2 99-113

An oxygen atom can be introduced into
these unsaturated bonds by various oxidation
methods commonly referred to as epoxidation
reactions. As a result of the epoxidation of
vegetable oils and / or their fatty acids,
environmentally friendly and cost-effective
epoxidized oils are synthesized.

Today, one of the most important
epoxidized vegetable oils is the epoxidized
soybean oil (ESO) with its worldwide
production making about 2,000,000 tons/year
(European market ~ 9,000 tons /year), and
production growth is approximately 7% per
year.

The effectiveness of epoxidized oils is
directly related to the amount of the epoxy
group in the oil molecule which is expressed
by the Oxirane number (ON). Epoxidized oils
are natural, non-toxic, non-aggressive and
biodegradable products, and therefore can be
good substitutes for phthalates and other
plasticizers derived from oil, but banned by the
EU in many countries, due to their high
toxicity [2-4].

Due to the high reactivity of the oxirane
ring, epoxides are also used as an intermediate
for the synthesis of various chemicals, such as
alcohols, glycols, alkanolamines, carbonyl and
olefin compounds, as well as polymers such as
polyesters, polyurethanes (PUs) and epoxies.

Soybean-based modified polyols can be used
as a replacement for conventional polyols in
the production of elastic polyurethane foams,
elastomers and coatings [3,4].

In industry, epoxidized vegetable oils are
produced through the use of percarboxylic
acids peracids formed in situ (for safety
reasons) through acid-catalyzed peroxidation
of the corresponding organic (carboxylic)
acids with hydrogen peroxide. The formation
of percarboxylic acid occurs from the
corresponding carboxylic acid and hydrogen
peroxide in the aqueous phase in accordance
with the following reaction:

H0; + RCOOH = RCOOOH + H,0 (1)
Soluble mineral acids, most often sulfuric or
phosphoric acid, are used as a catalyst for this
reaction. In industry, it is possible to use
various percarboxylic acids, such as performic,
peracetic, perbenzoic, m-chloroperbenzoic,
trifluoroacetic, 3,5-dinitroperbenzoic, etc., the
choice of which depends on many factors, one
of which is the Brgnsted strength of the
corresponding starting acid. Among them,
formic and peracetic acids are more preferable
because of their easy availability, low cost,
high epoxidation efficiency and stability at
ordinary temperature. Performic acid received
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in situ migrates into the aqueous phase,
immiscible with the oil phase, according to
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Performic acid reacts spontaneously with
double bonds of vegetable oil to form epoxy
groups, returns to the aqueous phase again and
the reaction cycle resumes. It is known that
when using formic acid, the rate of epoxide
formation is higher than in the case of acetic
acid, in the presence of which only 10%
conversion of unsaturated bonds is achieved,
but with less formation of undesirable by-

reaction (2):
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products. The explanation for this is that due
to the very high activity of formic acid,
hydrogen peroxide decomposes faster.

The aim of this work is to select such
epoxidation conditions that would ensure high

yields using the simplest  methods,
environmentally —acceptable, and cheap
reagents.

Experimental part

We selected hydrogen peroxide and
formic acid as the base-epoxidizing system.
Hydrogen peroxide is cheap, non-toxic, and
environmentally friendly (decomposes into
water and oxygen, and after epoxidation, water
is the only by-product). Aqueous solutions of
hydrogen peroxide up to 50% concentration
are quite stable and easy to handle. The
corrosion activity of hydrogen peroxide is low.
Formic acid is also cheap and -easily
neutralized after the reaction.

Vegetable oils, such as soybean,
sunflower, corn, cottonseed, palm, as
available, renewable bioresources containing a
large amount of unsaturated fatty acids were
epoxidized (Table 1,2).

Reagents — vegetable oils, hydrogen
peroxide (50% solution), formic acid, sulfuric
or phosphoric acid catalysts, “pure for analysis
(pfa)” sodium bicarbonate, “pfa” potassium
carbonate, ethyl acetate — were used without
additional purification.

The epoxidation process was carried
out in a round bottom flask equipped with a
thermometer and a mechanical stirrer, since
the process under study was greatly influenced
by the efficiency of mixing the heterogeneous

reaction mixture. Vegetable oil, formic acid, a
certain amount of catalyst sulfuric acid - all
were poured into the flask, and gradually, with
constant stirring, a 50% solution of H,O, was
added. In some experiments, hydrogen
peroxide was added in portions. The reaction
mixture was heated to 60°C and constantly
stirred for a certain period of time.

At certain intervals from the start of the
reaction, a sample of the reaction mixture is
taken to determine the content of hydrogen
peroxide. Upon reaching a hydrogen peroxide
content of less than 0.4% (wt.), the process
stopped along with turning off heating and
stirring.

After completion of the process, ethyl
acetate was added to the reaction mixture, and
the sample was washed with 5% sodium
bicarbonate solution (to neutralize the
remaining acid), distilled water and sodium
chloride to separate the organic layer from the
mixture.

The resulting heterogeneous mixture was
separated on a separatory funnel. The organic
layer, which is a solution of unreacted and
epoxidized oil in ethyl acetate, was evaporated
on a rotary evaporator.
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To determine the oxirane ring, EVOs were
studied using  Fourier transform IR
spectroscopy (FTIR) and nuclear magnetic
resonance (*C-NMR and *H-NMR) methods.
The value of the content of oxirane oxygen
(Oxyran number) was determined by the direct
method using a solution of hydrobromic acid
in ice acetic acid [5,6]. The conversion
percentage was calculated based on the
theoretical value of the Oxyran number of
epoxidized oils [7,8]. The value of the lodine
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number was determined in accordance with the
Wijs method [9]. Characterization of the
properties of the EVO is performed using
methods for the study of kinematic and
dynamic viscosities according to ASTM D
445-79.

The yield of epoxidized oil was judged
from the analysis of '‘H-NMR spectra. The
decrease in the molar fraction of double bonds
in the product was estimated in comparison
with the initial sample (Fig. 1 and Table 3).

Fig. 1. "H-NMR spectra of the starting (a) and epoxidized (b) vegetable (palm) oils.

Table 3. Comparative data *C-NMR and 'H-NMR of the initial (PO) and epoxidized (EPO)

palm oil
Product Chemical shifts, ppm Chemical shifts, ppm Bond
(theoretical)
C-NMP
PO 130.3761; 130.1697; 100-150 Cc=C
129.8638; 129.8409
EPO 57.3681; 57.3070; 40-80 C-O0
544778
"H-NMP
PO 5.3763; 5.3625; 5.3543; C=C-H
5.3479; 5.3406; 5.3314, 4.5-6.6 (vinyl hydrogen)
5.2801; 5.2691; 5.2545;
2.0772; 2.0608; 2.0205; 1.6-2.6 C=C-C-H
2.0058; (allyl hydrogen)
EPO 2.9030; 2.5-3.5 Epoxides
1.4907; 1.4513 1.4-1.7 R;CH
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Results of optimizing the epoxidation
conditions of various vegetable oils with the

formic acid/hydrogen peroxide system are
given in Table 4.

Research results and discussion

[HCOOH]: [H20,] = 1. (1.5-5.0) : (0.5-2.0).
Results of the study are given in Table 4.

In laboratory studies, we took as a basis the
molar ratios of reagents and catalyst
components that provide better results: [PO]:

Table 4. Conditions for epoxidation of various vegetable oils. Taken: oil - 300 g, H,SO, catalyst
- 1.2 g, T=60°C, solvent - 300 ml.

NN. | Vegetable H,0; Formic Solvent Duration, | Conversion, | Yield,
oil (50%),r | acid, g min % %
1. | Palm 50+30+30 30 Absence 180 90.5 72.0
2. | Sunflower | 50+30+30 30 Absence 180 88.0 67.0
3. | Sunflower 150 50 Tomnyon 240 86.0 64.0
4. | Corn 50+30+30 30 Absence 180 92.0 67.0
5. | Cottonseed | 50+30+30 30 OTtcyrcTBUE 180 91.0 69.0
6. | Cottonseed 150 50 Absence 240 88.0 70.0
7. | Soybean 150 50 Toluene 240 94.0 71.0
8*. | Soybean 42 11 Absence 180 94.0 72.0
9. | Acid of | 50+30+30 60 Absence 180 90.0 75.0
cottonseed
oil
10. | Oleic acid 50+30+30 60 Absence 180 95.0 78.0

Note: *) Soybean oil - 100 g, H,SO, catalyst - 0.8 g.

From the point of view of economic
efficiency, the optimal epoxidation of palm
(PO) oil using in situ performic acid can be
carried out in a molar ratio of 1.0: 5.0: 2.0
(PO: HCOOH: H,0,) at a stirring speed of 350
turns/min. and a temperature of 60° C for 180
minutes, without the use of a solvent and with
a portioned supply of hydrogen peroxide (50 +
30 + 30) for 30 minutes. At 90.5% conversion,
the yield of epoxidized product was 72.0%
with a selectivity of 65.0%, which corresponds
to the Oxirane number of 3.00% (theoretical
value of 3.74%). The density of the EPO was
0.886 g/ml, with a kinematic viscosity of 358.1
¢St and a dynamic viscosity of 317.3 cP.

The formic acid / hydrogen peroxide
system at a molar ratio of 1.0: 5.0: 2.0 (PO:
HCOOH: H,0,), a stirring speed of 350 rpm, a
temperature of 60°C, and a reaction time of
180-240 min were used as optimal condition in
the epoxidation reaction of other vegetable

oils. Results are shown in Table. 4.

The method of adding hydrogen peroxide
has a significant effect, since after 3 hours it is
practically consumed/decomposed. If after 10-
30 minutes hydrogen peroxide was added in
portions (experiments 1, 2, 4), this led to a
significant increase in the yield of the product
(Table 4).

As can be seen from the Table 4, in
experiments 1, 2, 4, 59,10 in which the
hydrogen peroxide was introduced in portions:
50 + 30 + 30 g every 10-30 minutes, without
the use of a solvent, the yield of epoxidized
oils reaches 67-78%. With the introduction of
the entire amount of hydrogen peroxide in 30
minutes (experiments 3, 6, 7, 8) (faster
introduction of hydrogen peroxide leads to a
sharp decrease in the efficiency of epoxidation
due to decomposition of hydrogen peroxide
caused by an uncontrolled increase in the
temperature of the reaction medium) in which
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the solvent used toluene, the vyield of
epoxidized products is 64-71%.

In Figures 2-8 show the IR spectra of the
corresponding starting (a) and epoxidized (b)
vegetable oils.

Results of the study show that the yield of
the epoxidized product depends both on the

type of the starting vegetable oil and the
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reaction conditions, and on the method of
introducing hydrogen peroxide.

Thus, the study showed that the most
effective of environmentally friendly and
affordable methods of epoxidation is the
formic acid system and hydrogen peroxide,
while any additives to this system do not
increase its effectiveness.

b)

IR spectra of the initial (a) and epoxidized (b) palm oil

IR spectra of the initial (a) and epoxidized (b) sunflower oil

E

Frssimen HLban [

b)

IR spectra of the initial (a) and epoxidized (b) cottonseed oil
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Fig. 5. IR spectra of the initial (a) and epoxidized (b) corn oil
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IR spectra of the initial (a) and epoxidized (b) soybean oil
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Fig. 7. IR spectra of the initial (a) and epoxidized (b) acid of cottonseed oil
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b)

IR spectra of the initial (a) and epoxidized (b) oleic acid

Conclusions

1. The epoxidation reaction of various
vegetable oils (soybean, sunflower, corn,
cottonseed, palm, etc.) was carried out using
super formic acid as an oxidizing agent, which
was formed in situ by the interaction of formic
acid with hydrogen peroxide.

2. As a result of the epoxidation of palm oil,
the formic acid / hydrogen peroxide system,
with a molar ratio of 1.0: 5.0: 2.0 (PO:
HCOOH: H,0,), stirring speed 350 turns/min,
temperature 60° C and the time of reactions of
180-240 min were used by us as optimal
condition in the epoxidation reaction of other
vegetable oils.

3. The introduction of the entire amount of

hydrogen peroxide in 30 minutes leads to a
sharp decrease in the efficiency of epoxidation
due to the decomposition of hydrogen
peroxide caused by an uncontrolled increase in
the temperature of the reaction medium), in
which toluene was used as a solvent (the yield
of epoxidized products is 64-71%).

4. With a portioned supply of hydrogen
peroxide 50 + 30 + 30g every 10-30 minutes,
without the use of a solvent, the vyield of
epoxidized oils reaches 67-78%.

5. The resulting epoxidized palm and soybean
oils have an Oxirane number of 3.00% and
4.96, and a kinematic viscosity of 358.1 cSt
and 196.0 cSt, respectively.

References

Aguilera A.F., Tolvanen P., Eranen K,
Leveneur S., Salmi T. Epoxidation of oleic
acid under conventional heating and
microwave radiation. Chemical Engineering
and Processing, 2016, vol. 102, pp.70-87.

2.http://www.statista.com/statistics/263937/vege
table-oils-global-consumption accessed
20.07.2014.

3.http://www.palmoilresearch.org/statistics.html
accessed 15.03.2016

4. Abbasov V.M., Nasirov F.A., Rzayeva N.Sh.,
Nasirova L.l., Musayeva K.Z. Epoxidated
Vegetable Oils: Preparation, Properties and
Application. PPOR, 2018, vol. 19, no. 4,
pp.427-449.

5. AOCS, Official Methods and
Recommended Practices of AOCS, AOCS,
Ilionis, 1998.

6. Paquot C. Standard Methods for the Analysis
of Oils, Fats and Derivatives. Part-1; 5th Ed.;
Pergamon Press: Germany, 1979.

7. Goud V.V., Patwardhan A.V., Pradhan N.C.

Biores. Technol., 2006, vol.97, pp.1365-1371. 8.

Scrimgeour C. Chemistry of Fatty Acids; 6th

Ed.; John Wiley & Sons, Inc.: Scotland, 2005.

9. Jumat S., Mamot S., Suria R., Mohamad
Azwani Shah M.L. Oils and Fats Analysis;
Pusat Penerbitan dan Percetakan, UKM,
Bangi, 2006.

CHEMICAL PROBLEMS 2020 no. 1 (18)


http://www.palmoilresearch.org/statistics.html%20accessed%2015.03.2016
http://www.palmoilresearch.org/statistics.html%20accessed%2015.03.2016

FEATURES OF EPOXIDATION OF VEGETABLE 91

BITKI YAGLARININ QARISQA TURSUSU VO HIDROGEN PEROKSID iSTIRAKI iLO
EPOKSIDLOSMASININ XUSUSIYYOTLORI

L.7. Nasibova

Ganca Dovlat Universiteti,
AZ 2001, Ganca sahori, H. oliyev pr., 425

“Yagil kimya™ yeni texnologiyalariin yaranmas: ilo har il bitki yaglarimin va onlarin
tOramoalorinin xammal kimi istifadasina talabat art:r. Bitki yaglarinda bir- vo daha ¢ox ikigat
rabitalorin olmas: onlarin mixtalif Usullarla modifikasiyasina genis perspektivlior ac:r. Bu
sahado epoksidlagma xisusi yer tutur. Muxtalif bitki yaglarmin qarigga tursusu va hidrogen
peroksid istirak: ilo epoksidlasma reaksiyas: apariimisdir. Palma yag:, qarigsga tursusu, hidrogen
peroksid 1:5:2 mol nisbatinda goturtlmakla, garisdirma surati 350 dovr/dagiga, temperatur
60°C, reaksiya middati 180-240 dagigo olmagla epoksidlasmanin optimal rejimi secilmigdir.
Muiayyan edilmigdir ki, hidrogen peroksidin hamusimin 30 dagige middatinda verilmasi
epoksidlagmanin samaraliliyinin kaskin azalmasina sabab olur. Buna sabab reaksiya muhitinin
temperaturunun nazarat edilo bilmayan doracado qalxmas: hesab:na hidrogen peroksidin
parcalanmasidir (halledici kimi toluol istifadso edilmigdir). Epoksidlasmis yagin ¢ixim: 64-71%
olur. Har 10-30 dagigiadan bir hidrogen peroksid 50+30+30 paylarla verildikda va halledici
istifada edilmadikda epoksidlasmis yagin Gixzm: 67-78% olur.

Acar sOzlar: bitki yaglar:, qarigga tursusu, hidrogen peroksid, sulfat tursusu, epoksidlaogma,
epoksidlagdirilmis bitki yag:

OCOBEHHOCTH JSIIOKCH/IHPOBAHHUA PACTHUTE/IBHBIX MACEJI B
IIPHCYTCTBHH MYPABbHHOH KHCIOTHI H IIEPEKHCH BOJOPO/IA

JLU. Hacuboea

Tanoorcuncxuti I'ocyoapemeennsiii Yruusepcumem
Aszepbatioscan, AZ 2001, 2. ['anooca, np. I'. Anuesa, 425

IIposedena peaxyus 3nOKCUOUPOBAHUS PA3IUYHBIX pacmumenvHbix macer (PM - coesoe,
NOOCOTHEUHOe, KYKYpY3HOe, XJIO0NK08oe, NAIbMO8oe U M.0.) ¢ NPUMEHEHUeM 8 Kauecmee
OKUCTUMENs. HAOMYPABbUHOU  KUCIOmul, obpazosasweticsi N SitU  gzaumodeiicmeuem
MYPABbUHOU  KUCTOMbL € NEePeKUcbio  8000poda. OnpedeneHbl ONMUMATbHBIE VCI08US
peakyuu.  moaaproe coomuowenue (PM:HCOOH:H202)=1.0:5.0:2.0, memnepamypa
60°C, epemsa peaxyuu 180-240 mun, ckopocmv nepemewusanus 350 o6/mun. Ilokaszano,
umo egedenue 6ce2o0 Koaudecmea nepekucu 6000pooa 3a 30 MuHym npugooum K CHUNCEHUIO
ahpexmusHoCmuU INOKCUOUPOBAHUSL U3-30 PA3NONCEHUS NEPEKUCU 8000p00ad BCledcmaue
HEKOHMPOAUPYEeMO20 NOBbIULEHUS. MEMNEPamypbl peakyuonHol cpedvl (6 Kavecmee
pacmeopumens  UCHOIb308AAU  MONYOTL) - 8bIX00  HNOKCUOUPOBAHHBIX  NPOOYKMOS
cocmasnsiem 64-71%. A npu nopyuonnoti nooaue nepexucu 600opooa 50+30+302 uepes
kagicovie 10-30 mun., 6e3 npumernenus pacmeopumens, 8blX00 3MOKCUOUPOBAHHBIX MACEN
docmuzaem 67-78%.

Knrwouesvie cnosa: pacmumenvHvle Macia, MypagbUuHas KUCIOMA, NEPEKUCh 8000p0Od, CepHAs
KUCIOMA, SNOKCUOUPOBAHUE, INOKCUOUPOBAHHbIE PACTNUMENbHbIE MACIA
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