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The paper reports the results of the study on the transesterification of sunflower oil
triglycerides with 1-butanol in the presence of d-metal oxides. It is shown that the initial
rate of the transesterification reaction and the maximum conversion of triglycerides are
differently affected by the oxides of different d-metal. A range of the activities of the
investigated oxides is identified according to the initial reaction rate and triglyceride
conversion attained. The oxides of zinc and nickel (II) are the most active catalysts. The
use of ultrasound treatment in the transesterification reaction of triglycerides with 1butanol in the presence of iron (II) oxide allows increasing their conversion by about 16%.
However, even the application of the ultrasound treatment in the presence of the mentioned
catalyst ensures a less conversion of triglycerides than that when using the oxides of nickel
(II) and zinc. An increase in the molar ratio of triglycerides to 1-butanol up to 1:15 and
1:20 completely reduces the effect obtained by the application of ultrasound in the
transesterification process. Thus, it is possible to achieve the triglyceride conversion of
above 97% resulted from a 15-fold increase in the molar excess of 1-butanol in the
presence of nickel (II) and zinc oxides during 150 min of the reaction. A further increase
in the molar ratio of reactants to 1:20 provides an almost complete conversion of triglycerides
in the presence of these catalysts, the reaction duration simultaneously decreases to 120
min. There is an extremal dependence of the triglyceride conversion on the catalyst content
(FeO) in the reaction mixture. The optimal content of a catalyst in the reaction mixture is
0.25–0.30 wt.%. The obtained results show that some d-metal oxides can be used as
highly efficient catalysts of the transesterification reaction.
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Introduction
Either sodium or potassium hydroxides are
commonly used as catalysts in the transesterification
reaction of vegetable oils and animal fats [1, 2]. These
reactions are mainly carried out using methanol or
ethanol; however, today C3 and even C4 alcohols
are employed in increasingly large number of studies
[3]. The advantages of homogeneous alkaline catalysts
are their comparatively low cost and high efficiency.
The disadvantages include neutralization of catalyst,
significant energy costs, difficulty in preparation of
pharmaceutical-grade glycerol, wastewater treatment;
in addition, saponification reliably occurû as a result
of the interaction of triglycerides with alkali [4].
Homogeneous acid catalysts, heterogeneous
acid-base catalysts, and lipase enzyme preparations
are also used as catalysts for the transesterification

of triglycerides by alcohols [5,6].
Nowadays, the study of heterogeneous catalysts
is brought into sharp focus. The main advantages of
heterogeneous catalysis in the transesterification
reaction are that the catalyst is easily separated from
the reaction products, requiring no catalyst
neutralization; catalyst reusability, not requiring to
be regenerated; no saponification products; easier
extraction of esters from glycerol and the ability to
obtain high-purity glycerol; much smaller amount
of wastewater; and minimum purification costs [7,8].
Jitputti et al. [9] investigated heterogeneous
catalysts for the transesterification reaction of coconut
and palm oil, in particular the oxides ZrO2 and ZnÎ.
The process was performed at the temperature of
473 K, the pressure of 5.0 MPa and the molar ratio
of triglycerides to methanol of 1:6. The conversion
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of triglycerides depending on the type of oil ranged
from 80.2 to 87.5%. Once the catalyst was extracted
and regenerated, its initial activity was restored.
The application of CaO/Al2O3 as a catalyst
during the transesterification reaction of palm oil
with methanol yielded 98.6% fatty acid methyl esters
[7]. The reaction was carried out at the temperature
of 338 K for 5 hours, the molar ratio of triglycerides
to methanol was 1:12, and the catalyst content in
the reaction mixture was 6 wt.%. The disadvantage
of the mentioned catalyst is its leaching, although
the catalytic activity is maintained during three cycles.
The paper [10] reported the use of zeolites of
NaX, NaY, ETS-10 type and their analogues as
catalysts for the transesterification reaction of
vegetable oils. Among the investigated catalysts, the
most active were silicon-titanium zeolites ETS-10
and ETS-10 modified with potassium (KETS10). The
transesterification reaction was conducted for 24
hours at 393 K, yielding 94.6% and 93.5% esters,
respectively.
For the intensification of transesterification
reaction, the use of microwave and ultrasound
radiation is proposed. If microwave radiation is
initially used as a means for rapid heat supply, then
ultrasonic vibrations are employed to improve the
agitation of a reaction mixture [11,12].
The effects of energy of ultrasonic waves and
microwave radiation on the process characteristics
were investigated in the transesterification of
sunflower and rapeseed oils by methanol in the
presence of MgO catalyst [13]. The conversion of
triglycerides has proven to surpass 99% even after
the fifth cycle at the temperature of 343 K and the
molar ratio of triglycerides to methanol of 1:4.
There is little evidence of the preparation of
esters of higher fatty acids and alcohols containing
more than two C-atoms by the transesterification
reaction using metal oxides as catalysts. Therefore,
the purpose of this work was to study the
transesterification of triglycerides with 1-butanol in
the presence of d-metal oxides as heterogeneous
catalysts.
Experimental
The transesterification reaction of triglycerides
(TG) of sunflower oil by 1-butanol (BA) was
investigated within the temperature range of 363–
388 K using 1:(10–20) molar ratio of TG to BA.
d-Metal oxides, including FeO, NiO, ZnO, CuO,
Co2O3 and Co3O4, were used as catalysts for the
transesterification reaction. All oxides were used in
the form of fine powders. The content of catalyst
was changed within 0.125–0.500 wt.%.
Ultrasonic (US) treatment was applied in the
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reaction mixture by using UZDN-2T US generator
over the whole reaction time. The US-radiation
power was 400 W and the US-frequency was 22 kHz.
The transesterification reaction was conducted
in a three-necked flask fitted with a reflux condenser
and a thermometer. After some periods of time, the
samples were removed from the reaction mixture
where the content of BA was determined by means
of chromatography technique. Based on the BA
concentration in the reaction mixture, the amount
of reacted alcohol was defined, followed by
calculating the amount and conversion of the reacted
triglycerides (in terms of triglyceride) [14].
The chromatographic analysis of the reaction
mixture was performed using LHM-80 gas-liquid
chromatograph with a thermal conductivity detector
under the following conditions:
– the column of 3 mm in diameter and 2000 mm
in length was filled with the stationary phase 5%
Silicone SE30 on Chromaton N-AW;
– helium was used as a carrier gas with a
volumetric flow rate of 3.0 dm3/h;
– the temperature of columns thermostat was
393 K, those of detector and evaporator were 493 K
and 503 K respectively;
– the current intensity in the detector was
140 mA;
– the volume of the analyzed sample was 2 L.
Results and discussions
The effect of the catalyst type on the TG
conversion was examined at the molar ratio of TG
to BA of 1:10, the temperature of 383 K and thy
catalyst content of 0.25 wt.%. The highest TG
conversion was achieved within 30 min of the reaction
in the presence of nickel (II) oxide (Table). The
least active catalysts were Co2O3 and Co3O4.
Final TG conversion is the highest in the 150th
minute of the reaction in the presence of nickel (II)
and zinc oxides. Moreover, zinc oxide as a catalyst
yields TG a higher conversion (by 2.3%). Both
studied cobalt oxides exhibit a low activity in the
150th minute of the reaction like in its initial stage.
Thus the catalysts can be divided into two groups
according to the achieved TG conversion. The first
group contains iron (II) and cobalt oxides, in the
presence of which practically identical TG
conversions are achieved, that is, approximately 60%.
Oxides of zinc, nickel (II), and copper (II) belong
to the second group. TG conversion in the presence
of oxides of the second group is found to be much
higher (within the range of 78.2–83.8%).
The obtained results show that TG conversion
is differently affected by acoustic vibrations at various
stages of the process (Table).
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The effect of the catalyst type on the conversion of sunflower oil triglycerides in the process of transesterification by
1-butanol

Catalyst
ZnO
NiO
CuO
FeO
Co3O4
Co2O3

TG conversion, %
30 min
150 min
without US
US
without US
42.5
47.3
83.8
48.7
44.0
81.5
38.9
37.3
78.2
42.1
57.0
59.7
22.5
25.7
61.8
21.0
17.3
59.9

US
82.3
80.7
75.7
69.3
62.3
59.0

Initial reaction rate of transesterification (r104),
mol/(dm3s)
without US
US
1.3
1.4
1.5
1.3
1.2
1.1
1.3
1.7
0.7
0.8
0.6
0.5

Note: Temperature 383 K, catalyst content 0.25 wt.%, TG:BA molar ratio 1:10.

Thus, applying US treatment during the NiO,
CuO, and Co2O3 catalyzed reactions leads to a 1.4–
3.7% decrease in TG conversion in the initial stage
as compared with the reaction without acoustic
vibrations. In the presence of ZnO and Co3O 4
catalysts, TG conversion, in contrast, increases by
3.2–4.8% under the action of US-waves. The US
treatment in the case of the FeO-catalyzed
transesterification reaction results in the highest
impact at the start of the reaction, and the TG
conversion increases by 14.9%.
As for the conversion of TG at deeper stages of
their transformations, the influence of US-waves in
the presence of all the catalysts was shown to be
negligible, except for iron (II) oxide. The use of
US-waves energy affects only the reaction catalyzed
by iron (II) oxide. In this case, it is possible to achieve
the TG conversion that is 9.6% higher than that
when the US treatment is not involved. However,
the TG conversion appears to be generally lower
than in the presence of more active NiO and ZnO
catalysts.
The initial rates of the transesterification of TG
by 1-butanol in the presence of ZnO, NiO, CoO
and FeO differ slightly and range within (1.1–
1.5)10–4 mol/(dm3s). The rate of 1.710–4 mol/(dm3s)
is achieved only in the reaction with the presence of
FeO by applying the US treatment. The rate of the
TG transesterification in the presence of cobalt oxides
is 1.5–2.0 times lower than that with other oxide
catalysts.
The results show that the studied catalysts,
oxides of d-metals, can be ranged according to the
reaction rate in the initial period in the following
sequence:
NiO>ZnOFeO³CuO>Co3O4Co2O3.
According to the maximum available TG

conversion in the transesterification reaction without
the use of US, the catalysts yield the following range,
which is slightly different from the foregoing:
ZnONiO>CuO>FeO>Co3O4Co2O3.
However, the range of the catalysts remains
practically the same under the action of US-waves:
ZnONiO>CuO>Co3O4FeOCo2O3.
These sequences are close to those obtained
while investigating the transesterification of sunflower
oil TG by BA in the presence of a KU-2-8 cationexchange resin with immobilized metal ions as the
catalyst [14]. The nickel-containing cation-exchange
resin catalyst exhibited the highest activity whereas
the activity of those catalysts that contained copper
(II) and cobalt (II) was lower. This suggests that the
activity of the metal cation is weakly affected by the
method of the retention on the catalyst on the surface
in the case of heterogeneous catalysis when the
transesterification of TG is performed by 1-butanol.
It should be noted that higher TG conversion
(the oxides of zinc, nickel (II), and copper (II)) is
attained with the presence of catalysts which
amphoteric properties are more strongly pronounced.
This allows speculating that the acid-base properties
may largely determine the catalytic activity of the
studied oxides.
As the transesterification reaction is in
equilibrium, an increase in the TG:BA molar ratio
would increase the TG conversion. The effect of the
molar ratio of reagents was explored for the
transesterification reaction of TG in the presence of
three following catalysts: oxides of zinc, nickel (II)
and iron (II). Zinc and nickel (II) oxides showed
the highest activity in the transesterification reaction.
The most significant effect of US application on
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TG conversion was observed when using FeO
catalyst.
The effect of the TG:BA ratio was studied at
the temperature of 383 K and the catalyst content
of 0.25 wt.%. The molar ratio of TG to BA was
changed within the range of 1:10–1:20. Increasing
the TG:BA molar ratio was found to largely affects
the TG conversion in the presence of all studied
catalysts (Fig. 1).
Specifically, an increase in the TG:BA molar
ratio from 1:10 to 1:15 results in an increase of the
TG conversion of about 16% in the presence of zinc
and nickel (II) oxides, while an increase of 34% or
more is achieved with FeO under the same
conditions. At the reported molar ratio of reagents,
the maximum TG conversion in the presence of
nickel (II) and zinc oxides goes beyond 97% and is
only 94% in the presence of FeO catalyst. A further
increase in the TG:BA molar ratio (to 1:20) has an
increasingly lower effect on the conversion of TG
within 150 min. Nevertheless, the presence of all
studied catalysts at the mentioned ratio gives an
almost complete TG conversion. It takes 120 min
for the reaction to achieve the complete conversion
of TG in the presence of zinc and nickel (II) oxides,
whereas the use of iron (II) oxide as a catalyst requires
150 min of the reaction time to approach 100% TG
conversion.
Furthermore, it was determined that the effect
of the application of US-waves with increasing the
TG:BA molar ratio in the presence of iron (II) oxide
initially disappears (at the TG:BA molar ratio of
1:15) and then becomes negative. This means that
the TG conversion under the US treatment is 1.6%
lower than that in its absence (the TG:BA molar
ratio of 1:20).
The effect of the content of the iron (II) oxide
catalyst on the transesterification reaction was
investigated at the temperature of 383 K and the
TG:BA molar ratio of 1:10 in the 0.125–0.500 wt.%
range of the catalyst content both with and without
US treatment (Fig. 2).
The maximum achieved TG conversion was
found to show an extreme dependence on the content
of catalyst in the reaction mixture. Both in case of
the US application and in its absence, the maximum
TG conversion is observed in the range of 0.25–
0.3 wt.%. The resulting extreme dependences of the
TG conversion on the catalyst concentration in the
transesterification reaction of TG with 1-butanol in
the presence of d-metal oxides are in agreement with
those typical of the catalysis of TG transesterification
with metal ions immobilized on KU-2-8 cationexchange resin [14]. The efficiency resulted from an
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increase in the content of metal oxide in the reaction
mixture is likely to be insufficient even with the
application of US treatment. This will cause a
significant part of the catalyst to precipitate and,
accordingly, there will be a decrease in the TG
conversion.

Fig. 1. The dependence of the conversion of triglycerides on
the TG:BA molar ratio for zinc oxide (1), nickel (II) oxide (2),
iron (II) oxide (3) and when using US treatment (4). The
reaction temperature is 383 K, the reaction duration is 150
min, the catalyst content is 0.25 wt.%

Fig. 2. The dependence of the conversion of TG on the
content of the iron (II) oxide catalyst under the action of US
(1) and without US threatment (2). The reaction temperature
is 383 K, the reaction duration is 150 min, the TG:BA molar
ratio is 1:10
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Conclusions
The conversion of TG largely depends on the
type of the catalyst, a d-metal oxide. The oxides of
zinc and nickel were found to be the most active
catalysts.
The application of the US-waves in the
transesterification process was demonstrated to be
effective only in the presence of FeO catalyst. It was
determined that the effect of US treatment would
be diminish or become negative with increasing the
TG:BA molar ratio to 1:15.
An increase in the TG:BA molar ratio to 1:15
allows reaching above 97% TG conversion for 150
min of reaction in the presence of the zinc and
nickel(II) oxides as catalysts. A further rise of the
TG:BA molar ratio to 1:20 yields the complete TG
conversion in the presence of these catalysts already
after 120 min.
The TG conversion shows an extreme
dependence on the content of FeO catalyst both
when using US treatment and without US treatment.
Therefore, it can be argued that d-metal oxides
are effective catalysts for the transesterification of
sunflower oil by 1-butanol. The optimal reaction
conditions are as follows: the reaction temperature
of 383 K, the catalyst content of zinc or nickel(II)
oxide of 0.25 wt.%, the TG:BA molar ratio of reagents
of 1:15 and the reaction duration of 150 min. Under
these conditions, the TG conversion will be equal to
100% and 97.8% in the presence of zinc oxide and
nickel(II) oxide, respectively.
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ÒÐÀÍÑÅÑÒÅÐÈÔ²ÊÀÖ²ß ÒÐÈÃË²ÖÅÐÈÄ²Â
ÑÎÍßØÍÈÊÎÂÎ¯ ÎË²¯ ÁÓÒÀÍ-1-ÎËÎÌ Ó
ÏÐÈÑÓÒÍÎÑÒ² ÎÊÑÈÄ²Â D-ÌÅÒÀË²Â
Þ.Ð. Ìåëüíèê, Ð.Î. Ñòàð÷åâñüêèé, Ñ.Ð Ìåëüíèê
Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ çàêîíîì³ðíîñòåé
òðàíñåñòåðèô³êàö³¿ òðèãë³öåðèä³â ñîíÿøíèêîâî¿ îë³¿ áóòàí-1îëîì ó ïðèñóòíîñò³ îêñèä³â d-ìåòàë³â. Ïîêàçàíî, ùî îêñèäè
d-ìåòàë³â ïî-ð³çíîìó âïëèâàþòü íà ïî÷àòêîâó øâèäê³ñòü ðåàêö³¿ òðàíñåñòåðèô³êàö³¿ òà ìàêñèìàëüíó êîíâåðñ³þ òðèãë³öåðèä³â. Âñòàíîâëåíî ðÿä àêòèâíîñò³ äîñë³äæåíèõ îêñèä³â çà
ïî÷àòêîâîþ øâèäê³ñòþ ðåàêö³¿ òà äîñÿãíóòîþ êîíâåðñ³ºþ
òðèãë³öåðèä³â. Ïîêàçàíî, ùî íàéàêòèâí³øèìè êàòàë³çàòîðàìè º îêñèäè Öèíêó òà Í³êåëþ. Âñòàíîâëåíî, ùî âèêîðèñòàííÿ
óëüòðàçâóêó â ïðîöåñ³ òðàíñåñòåðèô³êàö³¿ òðèãë³öåðèä³â áóòàí-1-îëîì ó ïðèñóòíîñò³ îêñèäó Ôåðóìó(II) äîçâîëÿº ï³äâèùèòè ¿õíþ êîíâåðñ³þ ïðèáëèçíî íà 16%. Ïðîòå, íàâ³òü çàñòîñóâàííÿ åíåðã³¿ óëüòðàçâóêîâèõ êîëèâàíü ó ïðèñóòíîñò³ öüîãî
êàòàë³çàòîðà çàáåçïå÷óº êîíâåðñ³þ òðèãë³öåðèä³â ìåíøó, í³æ
ïðè âèêîðèñòàíí³ îêñèä³â Í³êåëþ òà Öèíêó. Òàêîæ ïîêàçàíî,
ùî çá³ëüøåííÿ ìîëüíîãî ñï³ââ³äíîøåííÿ òðèãë³öåðèäè:áóòàí-1-

Transesterification of sunflower oil triglycerides by 1-butanol in the presence of d-metal oxides

100

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 4, pp. 95-100

îë äî 1:15 òà 1:20 ïîâí³ñòþ í³âåëþº åôåêò îòðèìàíèé â³ä çàñòîñóâàííÿ óëüòðàçâóêó â ïðîöåñ³ òðàíñåñòåðèô³êàö³¿. Çîêðåìà çá³ëüøåííÿ ìîëüíîãî íàäëèøêó áóòàí-1-îëó â 15 ðàç³â äîçâîëÿº çà 150 õâ ðåàêö³¿ äîñÿãòè â ïðèñóòíîñò³ îêñèä³â Í³êåëþ
òà Öèíêó êîíâåðñ³¿ òðèãë³öåðèä³â ïîíàä 97%. Ïîêàçàíî, ùî
ïîäàëüøå ï³äâèùåííÿ ìîëüíîãî ñï³ââ³äíîøåííÿ ðåàãåíò³â äî 1:20
çàáåçïå÷óº ïðàêòè÷íî ïîâíå ïåðåòâîðåííÿ òðèãë³öåðèä³â ó ïðèñóòíîñò³ öèõ êàòàë³çàòîð³â ïðè îäíî÷àñíîìó çìåíøåíí³ òðèâàëîñò³ ðåàêö³¿ äî 120 õâ. Âñòàíîâëåíî, åêñòðåìàëüíó çàëåæí³ñòü êîíâåðñ³¿ òðèãë³öåðèä³â â³ä âì³ñòó êàòàë³çàòîðà
(ôåðóì(II) îêñèäó) ó ðåàêö³éí³é ñóì³ø³. Ïîêàçàíî, ùî îïòèìàëüíèé âì³ñò êàòàë³çàòîðà â ðåàêö³éí³é ñóì³ø³ ñòàíîâèòü
0,25–0,30 ìàñ.%. Îòðèìàí³ ðåçóëüòàòè, âêàçóþòü íà ïðèäàòí³ñòü äåÿêèõ îêñèä³â d-ìåòàë³â äî çàñòîñóâàííÿ ÿê âèñîêîåôåêòèâíèõ êàòàë³çàòîð³â ðåàêö³¿ òðàíñåñòåðèô³êàö³¿.
Êëþ÷îâ³ ñëîâà: òðàíñåñòåðèô³êàö³ÿ, òðèãë³öåðèäè,
ñîíÿøíèêîâà îë³ÿ, îêñèäè d-ìåòàë³â, áóòàí-1-îë.
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The paper reports the results of the study on the
transesterification of sunflower oil triglycerides with 1-butanol in the
presence of d-metal oxides. It is shown that the initial rate of the
transesterification reaction and the maximum conversion of
triglycerides are differently affected by the oxides of different dmetal. A range of the activities of the investigated oxides is identified
according to the initial reaction rate and triglyceride conversion
attained. The oxides of zinc and nickel (II) are the most active
catalysts. The use of ultrasound treatment in the transesterification
reaction of triglycerides with 1-butanol in the presence of iron (II)
oxide allows increasing their conversion by about 16%. However,
even the application of the ultrasound treatment in the presence of
the mentioned catalyst ensures a less conversion of triglycerides than
that when using the oxides of nickel (II) and zinc. An increase in the
molar ratio of triglycerides to 1-butanol up to 1:15 and 1:20 completely
reduces the effect obtained by the application of ultrasound in the
transesterification process. Thus, it is possible to achieve the
triglyceride conversion of above 97% resulted from a 15-fold increase
in the molar excess of 1-butanol in the presence of nickel (II) and
zinc oxides during 150 min of the reaction. A further increase in the
molar ratio of reactants to 1:20 provides an almost complete conversion
of triglycerides in the presence of these catalysts, the reaction duration
simultaneously decreases to 120 min. There is an extremal dependence
of the triglyceride conversion on the catalyst content (FeO) in the
reaction mixture. The optimal content of a catalyst in the reaction
mixture is 0.25–0.30 wt.%. The obtained results show that some dmetal oxides can be used as highly efficient catalysts of the
transesterification reaction.
Keywords: transesterification; triglycerides; sunflower oil;
oxides of d-metals; 1-butanol.
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