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RESEARCH INTO THE PRODUCTION PROCESS OF BIODIESEL ETHERS BY USING
AMINE-CONTAINING CATALYST IN MAGNETIC FIELD
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The production of biodiesel esters by transesterification of corn and sunflower oil with methanol has
been analyzed using 1,3-bis (isopropylamino)-propan-2-ol catalyst in 15-45mT magnetic field, at
65°C temperature and 6:1 molar ratio of methanol to oil. Experiments were carried out in three-neck
round-bottom flask which is placed in magnetic field produced by electromagnets and equipped with a
thermometer, a mixer and a dropping funnel. The yield of the biodiesel ester was 95-97% (by mass)
and the duration of the process was 4.5 times shorter with magnetic field when the catalyst is used at

3% by weight relative to oil.
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INTRODUCTION

Nowadays, approved petroleum reserves of
the world are 157 billion tons and according to
estimates, it will meet energy requirement for
40-50 years. In consdering the fact that the
poisonous waste are those produced due to the
combustion of petroleum-based energy carriers
which deteriorate the ecology, the world
energetics should use renewable and more
environmentally-convenient fuels [1].

In order to accomplish the process, a
number of leading countries are accepting
various programs and a budget of high amount
of money [2,].

For instance, 1.5 billion dollars of public
investment will be spent during the upcoming
decade for the development of bioeconomics in
the United States of America. The purpose of
this investment is 25/25, i.e. to use 25% of
alternative renewable energy of total energy
resources until 2025. According to estimates, it
may save 35% of petroleum consumption (10
million barrel per day) until 2030; reduce 80%
of greenhouse gases and thus lead climate
changes in the world until 2050.

The similar program has been accepted in
the European Union (EU). Executive Center of
the EU predicts the usage of the alternative
energy sources reaching to 20% and the amount
of the contamination to the atmosphere being
reduced by 20% by 2020 with respect to the
pointers of 1990. Since 2013, the plan that is
called *“20-20-20” has been providing the
transfer of quota sale of the EU members for
CO;, contaminants [2].

The manufacture of energy carriers from
the biological feedstock is the easiest and the
most cost effective process, and widely used
among other renewable energy sources.
Considering that the major part of the fuel
energy is consumed by automobiles, the
application of alternative biofuels in the
transportation industry becomes very essential
[3-5].

The main advantages of the biofuels are
their production from renewable feedstock,
being sulfur free and rich in aromatics,
biodegradibility (most feedstock degrade in
about 2 months) and environmentally friendly
gaseous waste. As a result of ethanol usage, the
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greenhouse gases (CO, equivalent) decreased by
8 million tonnes, which equalled to the total
annual emissions of 1.21 million cars in the
USA in 2008 [1]. Greenhouse gases emitted
from renewable biosources do not contribute to
the global CO, growth in the atrmosphere since
the amount of the CO, released into the
atmosphere corresponds to the amount absorbed
by the plants. EU’s “Encourage for the usage of
biofuels”  directive  specifies  following
components as biofuel: bioethanol, biodiesel,
biogas, biomethanol, the ether of biodimethyl,
bio-ETBE (ethyl-tert-butyl ether) produced from
bioethanol, bio-MTBE (methyl- tert-butyl ether)
produced from biomethanol, synthetic biofuel,
biohydrogen and vegetable oils.

Nowadays, biofuels are already being
used as an alternative fuel for diesel engines.
Biodiesel consists of alkyl esters of fatty acids
produced by transesterification of various
vegetable oils with alcohols. These kinds of
molecules provide oxygen into combustion
products in the oxygen-deficient environment as
they contain the oxygen atoms. By this way, the
oxygen atoms in biodiesel are used during the
combustion process to cause complete burning.

For instance, switching to B100 (100%
biodiesel) from conventional diesel, causes
56.3% decrease of incompletely burned

hydrocarbons, 55.4% decrease of solid particles
and 43.2% decrease of carbon dioxide.
Considering that the incompletely burned

gaseous waste from automobile emissions get
into the human respiratory system for a long
time and risk potentially causing the lung
cancer, especially in big cities where the
emissions are high, the combustion products
have to be purified.

Currently, the most widespread method
for preparing biodiesel is the transesterification
of vegetable oils (or fatty acids obtained from
them) with alcohols in the presence of alkaline
catalyst in mixing batch reactor. Despite being
simple in technology, this process has some
disadvantages. The most important one is that
the feedstock need to be dried, otherwise it will
cause saponification, lowering the yield of the
desired products. Produced soap hinders the
separation process of ester/glycerol phases as a
surfactant and raises the production cost by up
to 30% [6-8].

The production of biodiesel esters is
optimized in a number of ways, including
testing new catalysts capable of preventing
saponification, increasing rates of the
transesterification process by using
electromagnetic and magnetic waves, etc. Note
that the use of magnetic field weakens chemical
bonds in the molecules as a result of
polarization/depolarization  processes  which
accordingly raise the reaction rate [9,10].

Results of various studies utilizing amine-
containing catalyst for the transesterification of
fatty acids is given in Table 1 [11-15].

Table 1. Relative activity of miscellaneous amine-containing compounds as transesterification

catalyst.
The yield
0,
Al‘)m?ﬁg’f Reaction of alkyl
Catalyst y mass, time, pKa ethers,
according
g hour % by
to oil
mass
1,5,7-triazabicyclo[4,4,0]dec-5-ene (TBD) 1 1 25,9 89
[5.6]
1,5,7-triazabicyclo[4,4,0] dec-5-ene (TBD) 2 1 91
1,5,7-triazabicyclo [4,4,0] dec-5-ene (TBD) 3 1 93
Tris-(dimethylamino)methyliminophosphorane 1 1 27.5 63
(MesP) [7]
1,8 -diazabicyclo[5,4,0]undec-7-ene (DBU) 1 1 24.32 32
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[5,7,8,9]
1,1,3,3—tetramethylguanidine (TMQ) [10-12] 1 1 23.30 18
1,5 diazabicyclo[4,3,0] non-5-ene (DBN) [7,9] 1 1 23.79 45

As is seen from the Table 1, TBD and
Me;P catalysts show highest activities among

other tested amines for transesterification
process. For  example, when  15,7-
triazabicyclo[4,4,0] dec-5-ene IS used

(oil:alcohol ratio 1:4, temperature 70°C) the 1%

and 3% of catalyst yielded 91% and 93% of
biodiesel esters, respectively. In order to obtain
98-99% vyield by using conventional KOH and
NaOH catalysts, amine containing catalysts
should be used above 3% by mass.

EXPERIMENTALS

In this proceeding, we examined the
production process of the biodiesel esters from
corn and sunflower oils and methanol using 1,3-
bis (isopropylamino)-propan-2-ol catalyst in 15-
45mT magnetic field and at 65°C temperature.
Methanol to oil ratio was set at 6:1. The
experiments were carried out in three-neck

round-bottom  flask  equipped with a
thermometer, a mixer, and a dropping funnel
and placed in the magnetic field produced by
electromagnets. Amount of catalyst (relative to
oil) varied in the interval of 1-3%. Refined corn
and sunflower oils and unrefined sunflower oil
were used as vegetable oils.

RESULTS AND DISCUSSION

Yields of biodiesel ethers produced by using 1,3-bis (isopropylamino)-propan-2-ol as catalyst are

given in Table 2.

Table 2. The dependence of the yields of biodiesel ethers on the duration of process by using 1,3-bis
(isopropylamino)-propan-2-ol as catalyst with and without* magnetic field

Duration of process Refined sunflower ‘ Unrefined sunflower Refined Corn

Yields of biodiesel ethers with 1% catalyst

40 minutes 40/22* 45/26 41/ 24

2 hours 62/ 45 68 /48 60 /43

4 hours 72 /58 81/ 62 75/60
Yields of biodiesel ethers with 3% catalyst

40 minutes 95/61 97 /65 96 /62

2 hours 96 /71 98/75 98/75

4 hours 98 /89 98/91 98/90

Note that the yield of biodiesel esters
varied at 22-26% (by weight) interval after 40
minutes in normal conditions when the 1%
catalyst was used by weight. However, when the
magnetic field was applied, the yields were
doubled within the same duration to make up
43-46%. Also, yields of biodiesel esters were
43-48% and 58-62% during 2 and 4 hours of the

conventional process, respectively, whereas they
increased to 62-68% and 72-81%, respectively,
with magnetic field. The yield has reached to
95-97% by weight in 40 minutes and under
magnetic field when the amount of the catalyst
rose to 3%. However, under standard conditions,
an appropriate yield was 61-65% and even after
4 hours, it only reached to 90-91%. The purity
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of synthesized methyl esters of sunflower and
corn oils have been verified by using *H and *C

NMR spectroscopy methods (Figure 1).
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Note that protons of methyl and
methylene groups, as well as those belonging to
unsaturated hydrocarbon radicals have been
observed in 1.35 (3H, CHj3) and 1.35-1.5 (20H,
10 CH,) ppm, however, the allyl protons of allyl
group and the protons of metoxy group have
been recorded in 2.1-2.2 (4H, 2CH,C=C) and
3.75 (3H, OCHj3) ppm.
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Fig.1 *H, *C NMR spectra of the methyl ether of sunflower oil

Signals according to the following
chemical shift have been recorded via NMR *C
spectrum: 22.8 (CHs), 24.8 (CH,), 27.4 (CHy,),
20.2 (CH,), 29.5(CH,),29.7(CH,), 29.9(CH,),
31.6(CHp). 32.1(CH,), 33.8(CH,). 61.6(CHs),
68.8 (OCH3),128.05,128.2, 129.8, 130 (CH2=C
and C=C).

RESULTS

Following the experiments in question, it
was revealed that synthesized 1,3-bis
(isopropylamino)-propan-2-ol might be used as
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according to oil. Advantages of this catalyst are
that it is soluble in methanol as a solid substance
to create a precipitation during the usage of
alcohol in reaction and may be reused, for it is
easily separated from the reaction products.
When the process runs under the influence of
15-45mT magnetic field, the duration of the
reaction decreases 4.5 times.

It should be mentioned that at the
beginning of the transesterification process, 3-
bis (isopropylamino)-propan-2-ol, which is used
as catalyst is dissolved in methanol and led to
the reaction environment, whereas at the end,
when the methanol is used and the excess
amount is dismissed, it precipitates as a crystal
and may be reused as catalyst by removing from
products very easily.
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HCCIEJOBAHHUE IIPOIIECCA IIOJIYYEHHUHA BUHOIU3E/IBHBIX 39®HPOB
C UCIIOJIB3OBAHUEM AMHUHCO/JEPKALIIEI' O KATA/TU3ATOPA B MATHUTHOM
I10JIE

M.M. Aooacos

Hucemumym negpmexumuueckux npoyeccos um axao. FO. Mameoanuesa Hayuonanvnoi AH Azepbaiioscana
AZ 1025 Baxy, np.Xooacanw, 30; e-mail: mutallim.abbasov@rambler.ru

Hccneoosan npoyecc cummesa — OUOOU3ETbHLIX 3Qupos nymem nepesmepugurayuu KyKypy3HO20 U
NOOCONHEYHO20 ~ MACAA  MEMAHOIOM C  UCHONb308AHUEM 6 Kavecmge kamaauzamopa 1,3-
OUC(U30NPONUNAMUHO)-NPONAH-2-0]14 8 MACHUMHOM HOJe uHmeHcugHocmoio 15-45 mT, memnepamype 65 °© C
U MONAPHOM COOMHOUWleHUU Memanoa.macio 6:1.  Dkcnepumenmsvl HPOBOOUNUCH 8 000PYOOBAHHOU
MepMOMEMPOM, CMecumenem U KAneabHol GOPOHKOU MPexeopiol Kpy2lo0OHHOU Konbe, nomewaemon 8
MacHUmHoe none, coz0agaemoe AeKmpomacHumamu. Bvixod o6uoduzenvnozo sgupa cocmasun 95-97%
macc. npu UCnoab3o8aHuu Kamaiuzamopa 6 xkonuvecmee 3% macc. Ilpu smom  npooondcumensHOCmb
peakyuu  ymeuvwuiace 6 4.5 paza no cpasHeHuro ¢ NPOYeccom, NPOBOOUMOM 6€3 UCHOTb30BAHUSL
MASHUMHO20 NOJIAL.

Knrwouesnvie cnosa: buoousenv, nepeamepugurayust, AMuHcooepicaujue Kamaiuzamopsl, MacHUMHOeE noje

BIODIZEL EFIRLORININ AMINTORKIBLI KATALIZATOR VO MAQNIT SAHOSI
TOSIRINDO ALINMASI PROSESININ TODQIQI
M.M. Abbasov

AMEA Y. Mammadaliyev adina Neft-Kimya Proseslari Institutu
Az 1025 Baki, Xocalr prospekti, 30, e-mail: mutallim.abbasov@rambler.ru

Biodizel efirlorinin sintez prosesi qargidall va giinobaxan yaglarimin metanolla transefirlogsmosilo  1,3-bis
(isopropilamino)-propan-2-oldan katalizator kimim istifado etmoklo 15-45mT magnit sahasinda, 65°C
temperaturda va spirt:yag nisbati 6:1 oldugda tadqiq edilmisdir. Tocriibalor termometr, qaristirici vo
damcilayict qifla tachiz olunmus va elektromagnitlor vasitasilo yaradilmis magnit sahasinda yerlosdirililmis
ti¢ bogqazl kolbada aparimisdir. Katalizatorun migdart yaga goro 3% oldugda biodizel efirilorinin  ¢iximi
95-97% (kiitla) taskil etmis va bu zaman prosesin aparilma miiddati magnit sahasinin tasiri olmadan aparilan
proses ilo miigayisada 4.5 azalmisdr.

Acar sozlar: biodizel, transefirlosma, amin torkibli katalizator, magnit sahasi
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