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Abstract: The process of transesterification of cotton, sunflower, corn, soybean and palm vegetable oils
with simple alcohols, including methanol, ethanol, iso-propanol and butanol under hydrodynamic
cavitation conditions was studied with the use of amine-containing compounds as catalysts and among
them are triethylamine (TEA), phenylenediamine (FDA), diphenylamine (DFA), iso-propylamine (IPA),
tert-butylamine (TBA). It revealed that when carrying out the process in terms of hydrodynamic
cavitation with an alcohol: oil ratio of 6: 1 and the process duration of 10-12 min for obtaining high
yields of methyl and butyl esters of vegetable oils fatty acids when the content of TEA, FDA, DFA and

TBA catalysts is 2.5% mass. and 3.0% the mass for obtaining ethyl and isopropylamine esters.
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Introduction

At present a number of physical effects
are used to speed up chemical reactions and
make them change the structure of the
substance using the substance's internal
reserves without applying larger external
energy. Electric, electromagnetic, magnetic,
vibration and acoustic fields may be external
influences affecting the structure of the
substance. These methods are more promising,
for they are economical, efficient and
affordable [1-6].

One of the used physical factors is
hydrodynamic cavitation. This type of
cavitation is formed by high velocity and
fluctuating  trajectories in  fluids. The
fluctuating trajectory means that fluid may
have fluctuating diameters. For example. the
narrowing and re-expansion of the diameter of
the pipe in the fluid direction may add the
cavitation effect to the process. Hydrodynamic
cavitation occurs where the pressure of the
fluid along the movement direction is lower in
its critical pressure (Py) (for real liquids.
saturated vapor pressure of liquid at that
temperature equals Py;).

For ideal homogeneous fluids, the
formation of cavities as a result of disruption
of the fluid continuity can occur only at high
tensile stresses. For example the durability of
the theoretical strain for water is 1.5*10° Pa.
This Fig. is even lower for real liquids. In
reality, the effect is slightly down from
saturated vapor pressure because they
contained microscopic gas particles, damaged
solid particles. and other admistures. They, in
turn, are rapidly expanding along the flow of
fluid when entering the zone where the
pressure is below the critical pressure while
gas pressures in them increases and the cavity
zone filled with moving cavities is formed. As
a result of compression and explosion of
cavities in the cavitation zone, the bands in the
molecule are weakened and broken down
rapidly thus exceeding manifold the reaction
rate [7-10].

Having regard to the above, the work
analyzed the process of transesterification of
cotton, sunflower, corn, soybean and palm
vegetable oils with simple alcohols, including
methanol, ethanol, iso-propanol and butanol
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under hydrodynamic cavitation conditions with a view of producing the biodiesel fuel.
Experimental part and rezults
The transesterefication process of butylamine (TBA) were used as catalysts.
sunflower (SFL), corn(CORN), soybean The studies were carried out on a

(SOY) and palm (Palm) oils with methanol,
ethanol, i-propanol and butanol alcohols in
terms of hydrodynamic cavitation at a boiling

specially designed device equipped with a tank
for raw materials, a rotary pump, a pipe of the
corresponding diameter and a tank for the

temperature. Triethylamine (TEA), target products (Fig. 1). The feed rate was 7-8
phenylenediamine  (FDA), diphenylamin m/ s. ; processing time was regulated by the
(DFA), isoprpopylamine  (IPA),  tert- processing of raw materials in the system.

1

|
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Fig. 1. Scheme of hydrodynamic cavitation installation: 1-raw material capacity, 2-pump, 3-tube
of varying diameter, 4-vessel for circulating reaction product, 5- vessel of finished products

When the amount of the catalyst used

was first taken, 3% hydrodynamic cavitation
of the reaction solution was examined at 1: 4-

1: 8 molar ratio of alcohol to oil within 10
minutes. The obtained results are given in
Table 1.

Table 1. Yields of alkyl esters based on corn oil in hydrodynamic cavitation conditions in the
presence of DFA, FDA, TEA, IPA and TBA catalysts depending on alcohol: oil molar ratio

Alcohol:oil, molar ratio
Catalysts 4:1 6:1 8:1
Yield of methyl esters of corn oil, %
DFA 92.2 98.6 98.8
FDA 92.3 98.3 98.5
TEA 94.1 99.2 99.0
IPA 87.5 97.5 98.0
TBA 92.5 97.0 97.8
Yield of ethyl acids of corn oil, %

DFA 90.3 97.3 97.6
FDA 89.2 97.1 96.9
TEA 91.7 98.0 98.1
IPA 78.2 84.4 87.1
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TBA 90.1 | 97.1 | 97.1

Yield of iso-propyl esters of corn oil, %
DFA 74.1 90.2 94.1
FDA 75.9 91.4 94.6
TEA 81.5 92.6 95.8
IPA 67.7 81.5 88.7
TBA 77.9 87.1 95.2

Yield of butyl acids of corn ail, %
DFA 93.1 98.0 98.2
FDA 92.6 98.3 98.6
TEA 93.5 98.7 99.0
IPA 86.1 94.2 97.4
TBA 90.8 97.8 97.8

As is seen from Table 1, the yield of
methyl esters of corn oil in terms of
hydrodynamic cavity with the presence of
catalysts DFA, FDA, TEA and TBA: alcohol
molar ratio of 4: 1 is not more than 92.1-
94.1%. The slightly lower yields are observed
in the presence of IPA catalyst and equalling
87.5%.

Note that in the presence of all the
catalysts at the ratio of alcohols: oil molar ratio
4:1 in hydrodynamic cavitations yields were
lower than the requirements of EN 14214, so
the ratio of alcohol to oil rose to 6: 1. In this
case the output of alkyl esters is 97.0-98.6%
for methyl esters in the presence of DFA,
FDATEA and TBA catalysts is 97.1-98.0%
for ethyl ester; 97.8-98.7% for butyl ester; so

the results obtained can be considered as good.

In this case, the rise in alcohol is a
follows: oil molar ratio 8:1 does not have the
same effect on the output, so the ratio of
alcohol:oil 6:1 can be taken as optimum ratio.

The results obtained for methyl and
isopropyl esters in the presence of catalyst
only in the proportion of alcohols to oil 6:1 are
not satisfactory making up 80.4% for ethyl
esters and 81.5% for iso-propyl esters. In this
case, the molar ratio alcohol is 8: 1 of oil to be
recorded as optimal ratio. Approximately the
same results were obtained from the use of
other vegetable oils, and the output of methyl-,
ethyl-, i-propyl- and butyl ester of soybean oil
in the same process is shown in Fig.2 .
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Fig. 2. Dependence of yields of methyl, ethyl, i-propyl and butyl ester based of soybean
oil on alcohol: oil molar ratio

In the next step, the optimal
concentration of the amino acid catalysts DFA,
FDA, TEA, IPA and TBA was determined.

Experiments with alcohol using DFA,
FDA, TEA and TBA catalysts at alcohol:oil

CHEMICAL PROBLEMS 2019 no. 4 (17)

molar ratio 6:1 in the presence of the catalyst
of IPA at ratio 8: 1 for i-propyl esters, at
boiling temperatures of the used alcohols were
conducted for 10 minutes in the system. In
Table 2 the obtained results are shown.
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Table 2. The dependence of corn oil-based esters yields on the nature of amine catalyst in
the hydrodinamic cavity

Amount of catalysts.% wt. (according to oil)
Catalysts 1.0 1.5 2 2.5 3.0
Yield of methyl esters of corn oil
DFA 62.1 81.6 94.1 98.6 99.0
FDA 66.7 83.2 94.3 98.3 99.0
TEA 70.3 85.4 93.8 99.0 99.0
IPA 44.2 58.1 75.3 92.6 98.0
TBA 60.1 78.3 94.5 97.4 98.0
Yield of ethyl esters of corn oil
DFA 52.2 67.5 80.4 97.4 98.5
FDA 56.7 66.3 81.6 97.2 98.3
TEA 58.3 71.2 83.5 98.3 98.7
IPA 36.2 47.6 64.7 80.6 89.5
TBA 46.4 64.1 78.1 96.9 97.1
Yield of i-propyl esters of corn oil
DFA 46.7 61.2 68.4 88.3 94.3
FDA 48.4 64.3 74.6 83.6 94.8
TEA 54.3 66.2 76.1 91.6 96.0
IPA 34.8 40.7 61.2 85.1 89.0
TBA 42.4 50.8 72.3 86.8 96.0
Yield of butyl acids of corn oil
DFA 56.7 82.8 93.6 98.1 98.6
FDA 54.6 85.2 94.3 98.5 98.7
TEA 56.1 86.4 95.2 99.1 99.2
IPA 38.6 57.4 83.4 95.0 96.2
TBA 50.8 68.4 921 97.5 97.2

To obtain methyl, ethyl and butyl esters
of corn oil acids in the presence of DFA, FDA,
TEA and TBA catalysts, a 2.5% amine catalyst
is sufficient. It should be noted that studies on
the effect of hydrodynamic cavitation show an
increase in the same temperature and alcohol:

conditions (ie, the separation process without
the use of cavitation effect).

For example, when using 1% DFA,
FDA, TEA, and TBA catalysts, an increase in
the yield of corn oil methyl esters is 9.2-
19.1%, and when using an IPA catalyst, this

oil content, but not in the conventional increase is 8.6-11.0% wt.
catalyst content 1% wt
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Increases observed in the output of monoalkyl esters of corn oil acids when the amount of

catalysts in hydrodynamic cavitation is 1% and 2% wt (by oil)

Approximately the same regularity is
observed in other cases airway (Fig. 3). It is
clear from the presented data that the highest
increase in catalyst concentrations is observed
for methyl esters of cotton oil acids, and 2% is
recorded for both methyl and butyl esters.

Thus, the amount of DFA, FDA, TEA
and TBA catalysts is 2.5% in the synthesis of
methyl and butyl ester of cotton oil acids under
hydrodynamic cavitation, while the
concentration of these catalysts is about 3.0 %
in the production of ethyl- and i-propyl esters.
The optimum retention time was determined
by the above mentioned catalyst additives and
alcohol: oil ratio in hydrodynamic cavitation
conditions for obtaining methyl-, ethyl-, i-
propyl- and butyl esters of different vegetable
oils acids. Obtained results are shown in Table

3.

According to the information given in
Table 3 it can be said that 98.5-99.1% vyield
of the target products are obtained for 10
minutes under the hydrodynamic cavitation
effect of the reaction solution with
participation of catalysts DFA, FDA, TEA and
TBA of methyl-, ethyl- and butyl esters of
sunflower, corn, soybean and palm oils acids.
Under these conditions, the IPA catalyst has
slightly less activity, so that the reaction time
for targeted ester should be at least 10 min. In
the case of the isopropyl esters of the used
vegetable oils, the optimum reaction time
should be 12 minutes, which is a great
advantage compared to the usual process (6-8
hours).

Conclusions

Thus, carrying out the reaction of
transesterification of vegetable oils with
alcohols C;-C; in  the conditions of
hydrodynamic cavitation allows you to reduce
the process time by 48-50 times compared
with conventional conditions while
maintaining  high yields of biodiesel.
According to the information given in this
Table it can be said that 98.5-99.1% vyield of
the target products are obtained for 10 minutes
under the hydrodynamic cavitation effect of

the reaction solution with participation of
catalysts DFA, FDA,TEA and TBA of methyl.
ethyl and butyl esters of sunflower. corn.
soybean and palm oils acids. Under these
conditions, the IPA catalyst has slightly less
activity, so that the reaction time for targeted
ester should be at least 10 min. In the case of
the isopropyl esters of the used vegetable oils,
the optimum reaction time should be 12
minutes, which is a great advantage compared
to the usual process (6-8 hours).
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Table 3. Optimal synthesis period of methyl, ethyl, i-propyl and butyl esters of vegetable oils

acids in the hydrodynamic cavitation conditions

Catalysts
DFA | FDA TEA | IPA | TBA
Esters Time of obtaining esters, min.
5 |10 12 5 10|12 5 J10]12] 5 [10]12] 5 | 10] 12
MetECotOil | 824 | 99.3 | - 87.4 1990 | - 88.2 | 99,0 | - 83.4 | 96.0 | 98.6 | 857 | 99.1 | -
MetESunFOil | 81.2 | 98.8 | - 86.3 | 985 | - 87.6 | 99.0 | - 82.8 | 945|984 | 849|987 |-
MetECornQil | 83.3 | 99.0 | - 88.5 | 98.4 | - 88.1 | 99.0 | - 84.5|93.8 | 98.5 | 843|987 | -
MetEPalOil | 83.1 | 99.0 | - 88.4 | 99.0 | - 88.5 | 99.0 | - 85.7 | 95.0 | 98.2 | 86.2 | 98.2 | -
MetESoyOil | 82.4 | 99.0 87.6 | 99.0 | - 87.7 | 99.0 | - 85.4 | 94.6 | 98.2 | 85.4 | 98.4 | -
EthECotOil | 72.1 | 98.5 | 98.7 | 745 | 98.0 | - 724|984 |98.7 | 55.6 | 89.5 | 98.0 | 72.3 | 97.1 | -
EthESunFQOil | 71.8 | 98.1 | 98.4 | 73.9 | 98.0 | - 732|984 |98.7 | 548 | 87.5 | 98.0 | 71.9 | 98.6 | -
EthECornQil | 71.6 | 98.4 | 98.7 | 74.7 | 98.0 | - 737|984 | 98.7 | 55.6 | 86.4 | 98.0 | 72.4 | 98.2 | -
EthEPalOil | 71.4 | 98.7 | 98.7 | 75.0 | 98.0 | - 745(99.1 | 99.4 | 54.4 | 74.8 | 98.0 | 72.6 | 97.9 | -
EthESoyOil | 71.5 | 98.5 | 98.4 | 75.1 | 99.0 | - 735(99.0 | 99.4 | 55.0 | 75.6 | 98.0 | 72.5 | 98.3 | -
IprECotOil | 50.6 | 94.3 | 98.7 | 60.8 | 94.8 | 98.0 | 62.5 | 96.0 | 98.0 | 40.7 | 89.0 | 98.5 | 62.5 | 96.0 | 97.8
lprESunFOIl | 51.4 | 92.9 | 98.0 | 61.2 | 92.6 | 97.5 | 62.8 | 95.9 | 98.0 | 41.9 | 90.1 | 98.6 | 62.4 | 95.2 | 97.6
lprECornOil | 52.0 | 91.5 | 97.8 | 62.6 | 93.4 | 97.7 | 62.8 | 93.4 | 98.0 | 41.6 | 91.2 | 98.7 | 63.3 | 95.4 | 97.0
lprEPalQil 51.7 [ 93.5|98.1 | 62.7 | 92.6 | 98.0 | 63.0 | 94.1 | 98.0 | 42.2 | 91.3 | 98.5 | 62.8 | 95.8 | 97.1
lprESoyOil | 52.2 | 93.1 | 98.4 | 62.5 | 94.7 | 98.1 | 63.2 | 94.2 | 98.0 | 42.4 | 91.0 | 98.5 | 63.0 | 95.0 | 98.0
ButECotOil | 843 | 9856 | - 90.8 | 987 | - 86.7 | 99.0 | - 64.8 | 96.2 | 98.6 | 809 | 9856 | -
ButESunFOIl | 85.5 | 98.4 | - 90.6 | 98.2 | - 86.5 | 99.0 | - 63.6 | 95.2 | 98.4 | 80.5 | 98.2 | -
ButECornOil | 85.7 | 99.0 | - 90.0 | 99.0 | - 86.3 | 99.0 | - 64.7 | 95.3 | 98.0 | 81.4 | 99.0 | -
ButEPalOil | 86.0 | 98.7 | - 91.5| 98.6 | - 87.4 | 99.0 | - 65.3 | 96.0 | 98.0 | 82.3 | 985 | -
ButESoyOil | 85.8 | 98.8 | - 91.1 | 98.4 87.1(99.0 | - 65.7 | 95.8 | 98.5 | 82.0 | 98.7
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BITKI YAGLARININ C;-C4 SPIRTLORI ILO TRANSEFIRLOSMO REAKSIYASININ
HIDRODINAMIK KAVITASIYA TOSIRINDO TODQIQI

Z.M. Oliyeva

AMEA Akad. Y.H. Mammadbaliyev ad:na Neft-Kimya Proseslari /nstitutu, Bak:
Az 1025. Bak:, Xocal: prospekti 30
Fax: (+99412) 490-24-76. e-mail: zulfiya_aliyeva@inbox.ru

Toqdim olunan moaqalada trietilamin  (TEA), fenilendiamin (FDA), difeniamin (DFA),
izoprpopilamin (/PA), (gclilbutilamin (UBA) amintorkibli birlogmalardan katalizator kimi
istifadasinda pamb:q, glinabaxan, garg:dal;, soya vao palma yaglarinin sada metanol, etanol, i-
propanol va butanol spirtlori ilo transefirlosma prosesi hidrodinamik kavitasiya saraitinda
tadqgiq olunmugdur. Tayin edilmigdir ki, bitki yaglarizin monoalkil efirlrinin al:nmas: prosesi
hidrodinamik kavitasiya soraitinda spirt:yag nisbati 6:1. prosesin davamlig: 10-12 daq togkil
etdikdo metil v butil efirlorinin al:nmasinda DFA, FDA, TEA va UBA katalizatorlarzin lazim
olan gati/ig1 2.5% kit. togkil edir, etil va i-propil efirlorin al:nmas:nda isa bu katalizatorlarin
qati/ig: 3.0% kut. tagkil edir.

Acar sozlar: bitki yaglar:, spirt, transefirlogma, hilrodinamik kavitasiya, amintorkibli
birlogmalar, katalizator, optimal sarait.

HCUIE/IOBAHUE PEAKITHH TPAHCOTEPU®UKALIUH PACTHTE/IBHBIX MACEJT
C C,-C4 CITHPTAMH B YCIOBHAX THIPOAHHAMHYECKOH KABUTAITUH

3.M. Anuesa

Hnuemumym Hegpmexumuueckux Ipoyeccos um. akao. FO.I'. Mameoanuesa
Hayuonanvnou AH Azepbaiiodcana
AZ 1025, npocnexm Xooocanwt, 30
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H3zyuen npoyecc mpaucomepuguxayuu Xjionko8020, NOOCOIHEUHO20, KVKYPY3HO20, C0e8020 U
nanibMo8020 pPAcmMUmMenbHblX Macel ¢ RPOCMbIMU CRUPMAMU - MEMAHO, IMAHOI, U30-NPONAHO
u OymaHon 6 YCL08UAX 2UOPOOUHAMUYECKOU KABUMAYUU NPU UCNOTb308AHUU 6 Kauecmee
KAManu3amopos amMuHcoOepicawux coeounenuti, makux kax mpumemunamur (TMA),
genunenouamun (®A), oupenuramun (JDPA), uzo-nponuramun (MUIIA), mpembymunamun
(TEA). Buvisigneno, umo npu nposeoeHuu npoyecca 8 YCaogusix 2uOpOOUHAMULEeCKOU KAGUMayuu
npu MonbHOM coomuouteHuu cnupm:macio 6:1 u npodonsxcumensnocmu npoyecca 10-12 mun
O NOJYYEHUsI BbICOKUX BbIXOO08 MEMULO8bIX U OVMUNOBLIX IPUPOE IHCUPHBIX KUCTIOM
pacmumenvHulx macen cooepocanue kamanuzamopos TMA, @A, JDPA u THA cocmasnsiem
2.5% macc., a ons nonyuenus smunogvix u uzonponunoswvix 3¢hupos 3.0% macc.

Knwuegvie cnosa:. pacmumenvhvle mMacia, CRUpm, mpancimepuguxayus, 2uopoOUHaAMU4ecKasl
Kagumayusi, amMuHocooepicaujue cOeOUHeHUsl, Kamaiuzamopul, ONMUMALbHbLE YCL08US.
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