Esterification Reaction of Oleic Acid
With a Fusel Oil Fraction for Production of Lubricating Oil

Aykut Ozgiilsiin, Filiz Karaosmanoglu*, and Melek Tiiter
Istanbul Technical University, Department of Chemical Engineering, 80626 Maslak, Istanbul, Turkey

ABSTRACT: In this study, the esterification of oleic acid with
a fraction of fusel oil was investigated. The variables that affect
ester yield, such as temperature, molar ratio of oleic acid to al-
cohol, and amount of catalyst, were determined. Powdered sil-
ica gel was chosen to remove water instead of granular silica
gel, magnesium sulfate, or benzene. The behavior of amyl alco-
hols and the fusel oil fraction was compared. The esterification
reaction was carried out under the reaction conditions selected
as optimal, and the ester conversion of the reaction was 97.3%.
The product mixture compressed products, excess reactants,
catalyst, and desiccant. Oleate ester and oleic acid (2.7%) were
obtained using the refinement steps of filtration, evaporation,
washing with distilled water, and drying over sodium sulfate.
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Basic oleochemicals that are derived principally from natural
feedstocks are referred to as natural oleochemicals. Raw mate-
rialsfor most natural oleochemicasaretalow, tall oil, and veg-
etable oils. Basic oleochemical products may be classified as
fatty acids, fatty alcohols, and glycerine. Industrialy, most fatty
acids are obtained directly from animal or vegetable sources,
resulting in fatty acids with linear even-numbered carbon
chains. Theinitial process for obtaining fatty acids from fats
and oilsis hydrolysis. It is possible to produce various indus-
trial products from fatty acids. Among fatty acid products, fatty
acid esters have important applications as solvents, plasticiz-
ers, resins, plastics, coatings, perfumes, flavors, cosmetics,
soaps, medicinals, biofuels, and lubricants (1-3).

Esters are known as natural lubricating oils. Besides being
used as lubricantslike other ester types (diesters, trimelliate es-
ters, C45 dimer acid esters, phthalate esters, and polyols), fatty
acid esters can aso be evaluated as synthetic lubricating oils.

Before the early 1800s, the main lubricants were natural
esters contained in animal fats or in vegetable oils. During
World War 11, arange of synthetic lubricating oils was devel-
oped. Today, technology is available for high-quality syn-
thetic lubricating oils.

Synthetic [ubricating oils based on renewable sources are
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important in developing environmentally acceptable |ubricat-
ing il aternatives. The use of environmentally acceptable veg-
etable oil-based product as lubricants has many advantages.
They are nontoxic, biodegradable, derive from renewable re-
source, and have a reasonable cost when compared to other
synthetic fluids.

In this study, the esterification product of oleic acid with a
fraction of molasses fusel oil was investigated as a lubricat-
ing oil candidate. Molasses fusel oil, a by-product of the fer-
mentation process of industrial ethanol production, is an al-
cohol mixture having a boiling point range of 80-132°C.
Oleic acid is generally considered to be the predominant fatty
acid in nature. It constitutes 50% or more of the total acids of
many fats; few fats are known to contain less than 10% of this
acid (4). The esters of oleic acid and different types of alco-
hols can be used as alubricating oil. In this study, the esterifi-
cation product of oleic acid and afraction of fusel oil was pre-
sented as alubricating oil for the first time.

EXPERIMENTAL PROCEDURES

The oleic acid was obtained from Mert Chemicals Co. (Istan-
bul, Turkey). The physical and chemical characteristics of the
oleic acid, which were determined according to the standard
methods of oil and fat analysiswere asfollows: density (20°C),
891.6; refractive index (20°C), 1.4597; acid value, 207.6 mg
KOH/g; saponification value, 200.6 mg KOH/g; iodine value,
79.5 g 1/100 g; water content, 0.08 vol%; fatty acid composi-
tion (wt%), caprylic acid, 0.08; capric acid, 0.14; lauric acid,
1.35; myristic acid, 1.36; palmitic acid, 6.32; stearic acid, 1.44;
oleic acid, 88.74; arachidic acid, 0.38; gadoleic acid, 0.19; cal-
culated mean molecular weight of oleic acid, 278.9.

Fusel ail used in the experiments was obtained from Turk-
ish Sugar Factories Inc. (Eskisehir, Turkey). It had a high
(8.6% vol/val) water content, and its density at 20°C was
853.6 kg/m?. Because of the high water content of the fusel
oil, the completion of the reaction would be affected nega-
tively. Therefore, fusel oil was distilled according to the re-
sults of Karaosmanoglu et al. (5), and the higher boiling frac-
tion [above 120°C and 75% (vol/vol) fusel oil] of fusel oil
containing 0.1% (vol/vol) water was used as the esterification
reactant in the experiments. The composition of the fusel oil
fraction was as follows: ethanol, 0.06 wt%; 1-propanol, 0.41;
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1-butanol, 13.03; amyl alcohols, 86.50. Other reagents used
in experiments were analytic-grade Carlo Erba (Milan, Italy)
products.

The reactions were performed in a 250-mL three-necked
flask equipped with areflux condenser, a contact thermome-
ter (ETS-D2 IKA-TRON; IKA Labortechnik, Dortmund,
Germany), and a conventional thermometer. The reaction
mixture was heated on a magnetic heater and stirrer (IKA-
MAG REC-G; IKA Labor Technik) until it reached the ex-
periment temperature; catalyst (sulfuric acid) and desiccant
(silica gel) were added to the mixture at that moment. The re-
action temperatures were held constant within a range of
+1°C, and the thermometer neck was used for taking samples
from the reaction mixture for chromatographic analysis at
certain time intervals [to determine ester conversion (conver-
sion of oleic acid to esters) percentages]. The samples were
analyzed with latroscan TH-10 MK 1V (latron Lab. Inc.,
Tokyo, Japan) thin-layer chromatography/flame-ionization
detection (TLC/FID). One-milliliter samples for TLC/FID
analysis were taken from the reaction mixture at certain time
intervals, placed in test tubes, and reactions were quenched
by setting the test tubes in an ice-filled vessel. Anhydrous
sodium sulfate was added to the samples and then the sam-
ples were centrifuged. The anhydrous esterification product
mixture was analyzed by TLC/FID.

After the reaction under conditions selected as optimal, the
flask was allowed to cool to room temperature. The mixture
was filtered to remove the silica gel from the product. Excess
fusdl ail fraction in the mixture was removed in arotary evapo-
rator under reduced pressure. The mixture was washed repeat-
edly with distilled water (30°C) until all the catalyst was re-
moved. In order to observe the removal of the catalyst, afew
drops of methyl red was added to the mixture. After removal
of sulfuric acid, the acid number of the ester product was deter-
mined. The acid number was equal to the amount of oleic acid
in the product mixture after the esterification reaction.

RESULTS AND DISCUSSION

The esterification reaction of oleic acid with the fusel oil frac-
tion occurs as follows:

oleic acid + fraction of fusel oil = oleate esters + water [1]

In this reversible reaction, the molar ratio of reactants, tempera-
ture, catayst, and removal of product from the reaction mixture
are the variables affecting the conversion and the reaction rate.
Determination of removal of water for the esterification
reaction of oleic acid—fusel oil fraction. Special methods are
necessary to remove the water of esterification to shift reac-
tion toward completion. Removal can be done with a solvent
to form an azeotropic mixture with water according to the
boiling points of acohol and ester. The use of steam or inert
gasto carry off the water formed in the esterification has also
been suggested for completing the reaction. In addition, des-
iccants have been used to remove the water (6,7). In this
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study, benzene was added to form an azeotropic mixturein
order to remove water magnesium sulfate, powdered silica
gel, and granular silica gel were used as desiccants at the
same reaction conditions. The ester conversions of every re-
action were investigated and compared with each other. Ini-
tial esterification reaction conditions were chosen according
to the study by Aksoy et al. (8): duration, 2 h; temperature,
90°C; acid/alcohol molar ratio, 1:1; and catalyst, sulfuric
acid. In the experiment in which benzene was used, a water
trap was added to the experimental equipment. In the experi-
ments where desi ccants were used, magnesium sulfate was
previously dried at 110°C, and the silicagels at 180°C. These
desiccants were used at 50% of the weight of the acid. Reac-
tions carried out with this weight of desiccant had no prob-
lems in mixing, and high conversions were reached. Because
of this, the effect of varying the amount of desiccant on the
esterification conversion was not investigated. The compari-
son of ester conversionsis shown in Table 1. The highest con-
version was observed in the experiment with benzene. Con-
versionsin the experiments with magnesium sulfate and pow-
dered silica gel were similar, whereas the conversion in the
presence of powdered silica gel was higher than with granu-
lar silicagel because of the higher surface area of the former.

In the experiments with magnesium sulfate, taking sam-
ples was hard because the pipette was plugged and the end
mixture seemed to be turbid. Turbidity was not observed in
the experiments with silica gels. The experiment with ben-
zene also was carried out without any problem, as all chemi-
calswere liquid, and a very high conversion was obtained.
But, benzeneis afossil fuel-based and environmentally unac-
ceptable chemical. Because benzene is acceptable, and be-
cause silicagel isanatural reactant, powdered silica gel was
chosen to remove water in all subsequent experiments.

The effect of temperature on the esterification reaction of
oleic acid with the fusel ail fraction. The equimolar mixture of
oleic acid and fusel oil fraction boiled at 90°C. After the addi-
tion of catalyst and the desiccant to the mixture, it formed a het-
erogeneous mixture. The behavior of the mixture consisting of
oleic acid, fusd ail fraction, sulfuric acid, and silicagel wasin-
vestigated to determine maximum reaction temperature, which
was 110°C. The reactions were carried out at 100, 90, 80, and
70°C with the aim of observing the effect of temperature de-
crease on the ester conversion. The other reaction conditions
were as follows: duration, 2 hr; acid/alcohol molar ratio, 1:1;
type of catalyst, sulfuric acid; amount of catalyst, 1% of the
weight of the acid.

TABLE 1
Comparison of the Esterification Conversions in Reactions
Using Various Desiccants and an Azeotrope

Ester conversion (wt%)

Magnesium Silica gel Silica gel

Duration (min) Benzene sulfate powder granules
60 95.4 86.9 89.5 70.0
90 95.5 91.7 91.8 72.4
120 95.6 91.9 91.9 74.8
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FIG. 1. Comparison of ester conversions of reactions carried out at different temperatures.

Ester conversions at the different temperatures are shown
in Figure 1. Both temperature and duration affected the color
of the product mixture. At the beginning, the mixture was yel-
low, but after the addition of the catalyst, it became orange,
then brown, and at the end of experiment, black. In the exper-
iment carried out at 110°C, the color became black at 20 min,
while at 100°C at 40 min, at 90°C at 60 min, at 80°C in 70
min. The ester conversions at 60 min at 110, 100, 90, 80, and
70°C were 91.1, 88.1, 87.5, 74.6, and 53.8% respectively.
After 90 min, the ester conversions were 91.9, 91.8, 91.7,
85.4, and 68.1%, respectively. That is, the ester conversionsin
experiments at 100 and 90°C were almost the same after 40
min. Hence, 90°C was found to be the most suitable reaction

120

temperature because of the ester conversion and consumption
of energy.

The effect of the molar ratio of reactants to the esterifica-
tion reaction of oleic acid—fusel oil fraction. Among the vari-
ables affecting the ester yield in the esterification reaction,
the most important one is the molar ratio of the reactants.
Since the reaction is reversible, an increase in the amount of
one of the reactants will result in higher ester yields. In order
to determine the effect of molar ratio, oleic acid was esteri-
fied at molar ratios of 1:1, 1:2, 1:3, and 2:1 oleic acid/fusel
oil fraction under the following conditions: duration, 2 h;
temperature, 90°C; type of catalyst, sulfuric acid; amount of
catalyst, 1% of the weight of the acid. Theresults at the three
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FIG. 2. Comparison of ester conversion for reactions carried out at different oleic acid/fusel oil fraction molar ratios.
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FIG. 3. Comprison of ester conversion of reactions carried out at different amounts of catalyst as a percentage of the

weight of oleic acid.

molar ratios and 1:1 acid/alcohol molar ratio are shown in
Figure 2.

As expected, a higher ester conversion was obtained in a
shorter period of time for 1:2 and 1:3 molar ratios compared
to 1:1. After 120 min, the ester conversion obtained in the re-
action with the molar ratio of 2:1 was 56.6% (vs. a theoreti-
cal maximum of 50% if the moles of alcohol in the complex
fusel ail fraction were exactly half those of oleic acid). After
50 min, the ester conversions were 90% at 1:2 and 1:3 molar
ratios. After 90 min, both ester conversions were over 97%
and nearly the same. At a 1:2 molar ratio, the mixture was or-
ange at the end of 60 min and brown at the end of the experi-
ment. The end mixture was light yellow in the reaction with
the 1:3 molar ratio. After adding the catalyst, the mixture was
black in the experiment carried out at a 2:1 molar ratio. The
temperature and the amount of alcohol affected the color of
the product mixture. Hence, 1:2 was found to be the most
suitable molar ratio of oleic acid/fusel oil fraction.

The effect of the amount of catalyst on the esterification re-
action of oleic acid—fusel oil fraction. To determine the effect
of the amount of catalyst, experiments were carried out with
0.5, 0.75, 1, 1.25, and 1.5% catalyst as a percentage of the
weight of the oleic acid (Fig. 3). The other reaction conditions
were as follows:. duration, 2 h; temperature, 90°C; acid/alcohol
molar ratio, 1:2; type of catalyst, sulfuric acid. As the amount
of the catalyst was increased from 0.5 to 1.5%, the near maxi-
mal conversion was reached in a shorter time. In the reaction
where 0.5% of the weight of the acid as catalyst was utilized,
ester conversion was 90.4% at the end of 120 min. In all
amounts, the conversions rose quickly in thefirst 20 min; at the
end of 120 min, they were nearly complete except for the reac-
tion where 0.5% of the acid weight was used as catalyst. The
color was light orange at 0.5%, dark orange at 0.75%, light
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brown at 1%, brown at 1.25%, and dark brown at 1.5%. Thus,
the amount of catalyst affected the color of the ester product.
After 60 min, the conversions for 1.25 and 1.5% catalyst were
similar. The reaction where 1.25% of the weight of the acid was
used as catalyst, was found to be the appropriate amount for
the reaction. After 60 min, the ester conversion at 1.25% cata-
lyst was 97.3%. Hence the reaction duration chosen was 60
min. After 60 min, the product mixture content was 97.3%
oleate estersand 2.7% oleic acid.

Upon completion of all the experiments between oleic acid
and fusel oil fraction, the optimal reaction conditions were
determined to be asfollows: duration, 1 h; temperature; 90°C;
acid/alcohol molar ratio, 1:2; type of catalyst, sulfuric acid,;
amount of catalyst, 1.25% of the weight of the acid; desic-
cant, silica gel (powder); amount of desiccant, 50% of the
weight of the acid.

The comparison of fusel oil fraction and amyl alcoholsin
the esterification reaction. The behavior of the fusel oil frac-
tion was compared to the behavior of n-amyl alcohol and
isoamy! a cohol under selected reaction conditions. The com-
parison of ester conversion of the fusel ail fraction and amyl
acohalsis shown in Figure 4. Amyl alcohols performed bet-
ter than the fusel oil fraction in the first 30 min. But after 50
min, all of them gave the same conversions. In comparing the
alcohals, the conversion of n-amyl alcohol slightly exceeded
that of isoamyl alcohol. That means branching decreases the
ester conversion.

The refinement of the ester product. The product mixture
was composed of esters of the alcohols of fusel oil fraction,
unreacted oleic acid, excess of fusel oil fraction, sulfuric acid,
and silicagel. To obtain pure ester product, the product mix-
ture was refined to remove all the compounds from the mix-
ture except oleic acid. As mentioned before, oleic acid can be
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FIG. 4. Comparison of the ester conversion of reactions using the fusel oil fraction and amyl alcohols.

used as an additive for lubricants. Therefore oleic acid was
not removed from the ester product. The end product after re-
fining comprised 97.3% ester and 2.7% oleic acid.
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