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HIGHLIGHTS

» The transesterification reaction can be performed at room temperature (25 * 1 °C).
» Reduced time for separation of glycerin (within 30 min after reaction completion).

» Reduced reaction time (less than 30 min).

» Reduction of a significant methanol amount (molar ratio of methanol to oil, 4.5:1).

» High FAME yield.
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An homogeneous reaction process using acetone as a co-solvent for the transesterification of vegetable
oils with methanol in the presence of potassium hydroxide catalyst has been developed. The effects of
the main parameters, such as the amounts of acetone and KOH, the molar ratio of methanol to oil and
the reaction temperature, on fatty acid methyl esters (FAME) yield were investigated. The optimal con-

ditions were: 25 wt.% acetone and 1.0 wt.% KOH catalyst in oil; a molar ratio of methanol to oil of
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4.5:1; and a reaction temperature of 25 °C. Under these conditions, the conversion of vegetable oil to
FAME exceeded 98% after 30 min. This method was applied to produce biodiesel fuel (BDF) from waste
cooking oil (WCO), canola, catfish and Jatropha curcas oils, with the main product quality factors satisfy-
ing the JIS 2390 BDF standards.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Currently, transportation is almost totally dependent on fossil
liquid fuels such as gasoline, diesel, and kerosene. The price of
petroleum has been unpredictable and significantly increased in
recent years. Furthermore, the excessive use of fossil fuels has
had negative impacts on the environment, including air pollution,
global warming, and climate change. Therefore, it is necessary to
find alternative fuels that may help to sustain liquid fuel use, while
improving the quality of the atmospheric environment. In this con-
text, biofuels, in particular biodiesel and bioethanol, are appropri-

* Corresponding author at: Research Organization for University-Community
Collaborations, Osaka Prefecture University, 1-2 Gakuen-cho, Naka-ku, Sakai, Osaka
599-8531, Japan. Tel./fax: +81 72 254 9863.

E-mail address: lethanh@chem.osakafu-u.ac.jp (L.T. Thanh).

0016-2361/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fuel.2012.09.029

ate renewable options for overcoming the limits of fossil-based
fuels [1-3].

Conventionally, biodiesel is produced via the transesterification
reaction of triglyceride (the main component of vegetable oils and
animal fats) with an alcohol, usually methanol or ethanol, in the
presence of suitable catalysts such as acid, base or enzymes, to
form mono-alkyl esters. The type of catalyst used depends on the
amount of free fatty acid (FFA) and water present in the raw oils.
Homogeneous acid catalysts are preferred for oils containing a high
concentration of FFA, i.e. 5wt.%, because the reaction does not
form soap [4]. However, the disadvantages of acid catalysts are that
the reaction rate is 4000 times lower than that of base catalysts
and the reaction requires a high molar ratio of methanol to oil,
e.g. 12:1, and long reaction times, e.g. 48 h [4,5]. In contrast,
homogeneous base catalysts give high FAME yields within short
reaction times under mild reaction conditions. However, homoge-
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neous base catalysts require high-quality raw materials that pref-
erably contain low concentrations of FFA and water, leading to in-
creased production costs.

Biodiesel production costs are highly dependent on the raw
materials, and the cost of vegetable oils or animal fats is usually
a major contributor to the overall cost, at about 70% [6]. Biodiesel
produced from virgin vegetable oils costs much more than petro-
diesel, and this is a major barrier to the commercialization of bio-
diesel. Therefore, it is necessary to identify cheaper raw oils to
minimize the production cost of biodiesel. From this point of view,
the use of WCO and non-edible oils such as catfish, Jatropha curcas,
rubber, and tobacco oils are attractive options for reducing the cost
of raw materials [7-11].

Several methods for biodiesel production, including mechanical
stirring, supercritical alcohol, and microwave processes have been
developed [12-14]. However, to reduce the cost of production pro-
cesses and to mitigate adverse effects on the environment, innova-
tive methods that require less raw materials and consume less
energy have been reported. In previous work, we have developed
sonication processes for FAME production [15,16]. In the sonica-
tion method, high quality biodiesel was produced with minimal
material costs and energy consumption. However, the method still
requires a significant time, about 4 h, for the phase separation of
glycerin (GL) from the reaction mixture. As a result, the overall
time required for the complete process is prolonged [17].

To overcome the difficulties listed above, in previous work, we
developed an homogeneous reaction process using co-solvents
such as acetone, 2-propanol, tetrahydrofuran, or ethyl acetate for
the transesterification of several oils with methanol in the pres-
ence of KOH catalyst. From this work, acetone was found to be
the best co-solvent for biodiesel production because the produc-
tion process can be carried out under mild conditions, at room
temperature (25 °C) and with a brief separation time of 30 min
[18].

In this study, the optimal reaction conditions for transesterifica-
tion using acetone as a co-solvent were identified. These conditions
were subsequently applied successfully to produce biodiesel from
canola, catfish and Jatropha curcus oils at the laboratory scale and
used as design parameters to build a pilot plant.

2. Experimental
2.1. Materials

Canola oil was purchased from the Nisshin Oillio Company,
Tokyo, Japan. WCO was from domestic use, collected by municipal
authorities, and then filtered and settled to remove solid materials.
Catfish oil was purchased from An Giang province and J. curcas
from Binh Thuan province, Vietnam. The chemical and physical
properties of these oils are listed in Table 1. KOH grade 95.5%, ace-

Table 1

tone and acetonitrile (both HPLC grade) were purchased from
Wako Pure Chemical Industries, Osaka, Japan. Chemical standards
such as triolein, diolein, monoolein and methyl oleate were ob-
tained from Sigma Aldrich (St. Louis, MO, USA) and used without
further purification.

2.2. Procedure

2.2.1. Transesterification of oil and purification of FAME

Transesterification was performed in a 100 mL Erlenmeyer flask
immersed in a water bath equipped with a thermostat to maintain
the desired reaction temperature. For each experiment, 40 g of oil
was premixed with a certain amount of acetone with a magnetic
stirrer bar for 30 s until the mixture formed a single phase and then
a solution of methanol and KOH catalyst was added. Thereafter, the
reaction mixture was gently stirred for 30 min to allow the reac-
tion to proceed, then settled for 1 h to allow phase separation. After
the completion of phase separation, acetone, mainly remaining in
the FAME phase, was recovered by a rotary evaporator system
(EYELA SB-1100) at 60 °C under a reduced pressure of 50.6 kPa
for 30 min. The crude FAME was transferred into a 125 mL funnel,
where impurities were removed by washing three times with 50 °C
distilled water (at a ratio of water to FAME of 20 wt.%). The pH val-
ues of the FAME and the water layers were in the range of 6-7 after
the third washing. After washing, the water remaining in the FAME
was effectively eliminated by heating the FAME phase to 80 °C un-
der a reduced pressure of around 53.3 kPa for 1 h.

2.3. Analysis

To investigate the concentration of reactants and products such
as triglycerides (TG), diglycerides (DG), monoglycerides (MG) and
FAME during the reaction processes, 3 mL samples were with-
drawn at specific times from the reaction mixture and transferred
into a 10 mL glass vial containing 2 mL of 5% phosphorus acid
aqueous solution to stop the reactions. The samples were left to
settle for 2 h for phase separation. The upper phase contained pri-
marily acetone, FAME, TG, DG and MG, and the lower phase con-
tained excess methanol, GL, potassium phosphate and water. The
upper phase was removed and heated to 70 °C for 2 h to remove
acetone. 40 pL of the FAME phase was sampled and the exact mass
measured and it was then diluted in 4 mL of acetone solvent for
high performance liquid chromatography (HPLC) analysis.

The concentrations of FAME, TG, DG and MG were quantified by
gel permeation chromatography (GPC). The GPC apparatus con-
sisted of a pump (Shimadzu, LC-10AD) connected to a column
(Asahipak GF- 310 HQ, 300 x 7.5 mm) and refractive index detec-
tor (Shimadzu, RID-10A). The column oven was fixed at 30 °C.
The mobile phase was acetone, at a flow rate of 0.5 mL/min and
the sample injection volume was 20 pL. Calibrations were carried

Chemical and physical properties of canola, WCO, catfish and Jatropha curcas oils used in this study.

Properties Unit Oils (average + SDP)

Canola wcCo Catfish Jatropha curcas
Density gcm3 0.915 +0.002 0.918 £ 0.002 0.916 + 0.003 0.913 +0.003
Acid value mg KOH/g oil 0.800.01 1.07 £0.02 4.23+0.02 6.67 £ 0.03
Oleic acid (C18:1)? wt.% 61.4+0.5 47.0+0.6 27.2+0.5 43.8+0.7
Linoleic acid (C18:2)* wt.% 22.3+0.6 31404 46.7+0.5 31.7+0.5
Linolenic acid (C18:3)? wt.% 11504 10.2+0.4 34103 3.7+0.6
Stearic acid (C18:0)* wt.% 25+03 28103 12.0£03 6.0£03
Palmitic acid (C16:0)? wt.% 1.2+03 74+03 84+03 12.7+£05
Other fatty acids wt.% 1.1£0.2 1.2+£0.2 23+03 21+03

¢ Carbon atoms number: double bonds number.
P SD: Standard deviation.
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out using chemical standards such as triolein, diolein, monoolein
and methyl oleate for quantification of TG, DG, MG, and FAME.

The concentrations of fatty acids in the oils in the FAME phase,
including oleic, linoleic, linolenic, palmitic, and stearic acids, were
quantified by HPLC using a Cadenza C-18 column (250 x 3 mm)
with the refractive index detector. The analytical method was de-
scribed previously in more detail [16].

3. Theory

Several reviews dealing with the production of biodiesel by
transesterification have been published [19,20]. Commonly,
transesterification is catalyzed by a base or an acid catalyst and
TG is converted stepwise to DG and MG intermediates, and finally
to GL [21]. The transesterification of TG with alcohol in the pres-
ence of a base catalyst obeys the Sy2 mechanism [22].

Because methanol and oil are immiscible, transesterification oc-
curs in a heterogeneous system at the interface between the com-
ponent layers and, as a result, the reaction rate and the yield of
FAME are low. To solve this problem when using the conventional
mechanical stirring method, the reaction is usually carried out at
the boiling point of methanol to increase mass transfer between
methanol and oil. Another approach is to use ultrasound emulsifica-
tion, in which the reaction mixture is subjected to low frequency
ultrasound in the range of 20-40 kHz to produce a fine emulsion,
leading to an increased interfacial area between the reactants.
However, the reaction still takes place only at the interface between
the immiscible reactants present in the heterogeneous phases
[23,24]. It has been suggested that the addition of solvents such
as tetrahydrofuran, diethyl ether, or 1,4-dioxane into the reaction
mixture can increase dissolution of methanol into the oil, creating
a homogeneous reaction system. The reaction can thus be acceler-
ated through molecule-molecule reaction and can be completed
in a shorter reaction time, with an increased FAME yield [25,26].

In previous work, acetone was found to be the best solvent for
the production of biodiesel [18]. As shown in Table 2, although ace-
tone has a large dipole moment of 2.88 D, it is classified as an aprotic
solvent, with intermediate polarity. Therefore, it can be dissolved
well in both TG (low polarity) and methanol (high polarity). Further-
more, an important property of acetone, as an aprotic solvent, is its
ability to stabilize the methoxide ion, CH30~, which is the active
intermediate for the transesterification reaction, according to the
Sy2 mechanism [27]. Acetone can therefore effectively increase
the transesterification reaction rate. The physical and chemical
properties of oil and FAME are dependent on the fatty acid compo-
sition and distribution in the oil and FAME. Therefore, triolein and
methyl oleate, which are the main components of oils and FAME,
present representative properties for TG and FAME. The physical
properties of the solvent and reactants are given in Table 2.

4. Results and discussion

To determine the optimum conditions for the production pro-
cess, the transesterification of WCO with methanol was conducted
in the presence of KOH catalyst. The effects of the main reaction
parameters, such as the amounts of acetone and catalyst, the molar

Table 2
Physical properties of solvent and reactants used in this study [27-30].

ratio of methanol to oil and the reaction temperature on FAME
yield were examined.

4.1. Effect of acetone amount

The amount of acetone is one of the most important factors and
it directly affects the FAME yield and the time required for separa-
tion of GL from the reaction mixture. The purpose of this experi-
ment was to find the minimum amount of acetone required to
accelerate the reaction in the homogeneous system and shorten
the separation time of GL from the reaction mixture. The amount
of acetone was varied over the range 0-30 wt.%, based on the
WCO weight.

Fig. 1 shows that the FAME yield significantly increased with
increasing acetone addition. At acetone concentrations below
20 wt.%, the reaction mixture did not become homogeneous and
FAME formation was slow. After a 60 min reaction, the FAME yields
attained were 55.3%, 74.3%, 83.5% and 88.3% corresponding to ace-
tone concentrations of 0, 5, 10 and 15 wt.%, respectively, and the
reaction continued to proceed beyond 60 min. In contrast, the reac-
tion mixture became homogeneous after 40, 32 and 20 s and the
FAME yields were 92.6%, 96.1% and 96.1% at 20, 25 and 30 wt.%
acetone, respectively. As presented in our previous study, transe-
sterification requires a longer time, i.e. 50 min, in the case of the
heterogeneous system, because the reaction occurs at the interface
between droplets of oil and methanol [16]. However, in the homo-
geneous system, reaction takes place between TG and methanol at
the molecular level, leading to a higher FAME yield and shorter
reaction time.

Furthermore, the addition of acetone reduces the time required
to separate GL from the mixture after completion of the reaction, as
described previously [18]. Photograph 1 displays the difference in
the GL layer formed from the reaction mixture after settling for
30 min with differing amounts of acetone. It was observed that
after 60 min reaction, the times required for GL separation were
37, 30 and 50 min for acetone contents of 20, 25 and 30 wt.%,
respectively. The separation time was defined as the time at which
the GL phase was completely separated from the reaction mixture
and two clear phases were formed (the GL and the FAME phases),
as shown in the vessel containing acetone 25 wt.% in Photograph 1.
The FAME phase remained turbid when the acetone content was
below 20 wt.% because the reaction was not complete and a num-
ber of small droplets of methanol and GL remained in the FAME
phase. Generally, as the amount of acetone increases, the viscosity
of the reaction mixture decreases and the difference between the
densities of the FAME and GL phases increases, resulting in a re-
duced time required for phase separation [18]. Contrary to expec-
tations, a further increase in the amount of acetone to 30 wt.% led
to an increase in the time required for the phase separation. This
behavior can be explained as follows: the separation of GL and ex-
cess methanol in the reaction mixture is dependent on their con-
centrations. With a lower acetone content, the concentrations of
GL and methanol are higher than with a larger acetone content.
Therefore, the probability of collisions between GL and methanol
is increased so they readily collide to rapidly develop a GL phase
and separate from the reaction mixture. This finding agrees with

Name Boiling point (°C) Density at 20 °C (g/mL) Dielectric constant (at 25 °C) Dipole moment
Acetone 56 0.786 20.7 288D
Methanol 65 0.791 32.6 1.70 D

Triolein 235 0.912 3.2 -

Methyl oleate 218 at 20 hPa 0.872 — —

GL 290 1.261 42,5 2.66 D
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Fig. 1. Effect of the amount of acetone on the FAME yields. The reaction conditions:
molar ratio of methanol to WCO, 5:1; KOH catalyst, 0.5 wt.%; temperature,
25+1°C

the result of Issaiyakul et al. 2010, who found that the addition of a
large amount of GL (20 wt.% relative to oil) after reaction separated
the GL layer from the FAME layer within 1 h [31].

4.2. Effects of KOH catalyst content

The transesterification reaction is catalyzed by alkaline metal
hydroxides or alkoxides, as well as sodium or potassium carbon-
ates. The alkaline catalysts provide good performance when high
quality raw materials (FFA < 0.5 wt.% and moisture < 0.5 wt.%) are

used [32]. In general, the reaction is carried out at 60-65°C under
atmospheric pressure with excess methanol. Several studies have
suggested that KOH or NaOH and their methoxides act as effective
catalysts for the transesterification, with typical concentrations
from 0.4 to 2 wt.% of oil [33]. We recently reported that methanol-
ysis of WCO with 1.0 wt.% KOH assisted by ultrasound gave the
best yield of FAME (99%) [17].

In this study, the effect of KOH on the formation of FAME was
investigated at concentrations ranging from 0.1 to 1.25 wt.%, with
a constant methanol to oil molar ratio of 5:1. Fig. 2 shows the con-
versions of FAME plotted against reaction time.

Fig. 2 indicates that the best yields of FAME, obtained at catalyst
concentrations higher than 1.0 wt.%, were greater than 98%. Maxi-
mum FAME yields were reached after 20 and 30 min at catalyst
concentrations of 1.25 and 1.0 wt.%, respectively, but did not reach
97% at lower catalyst concentrations, even after 60 min. This can be
explained as follows. The transesterification reaction begins by the
methoxide ion (CH50 ™) attacking the carbonyl carbon atoms of TG,
DG, and MG molecules [34]. Because KOH is a strong base, it disso-
ciates extensively in methanol to form CH30~ and therefore, the
amount of CH;0~ depends on the catalyst concentration. As a re-
sult, a larger amount of KOH catalyst increases the reaction rate.
However, as mentioned above, the FAME yields reached a maxi-
mum value at KOH contents of 1.0 and 1.25 wt.%. From economic
point of view, the optimal amount of KOH was therefore 1.0 wt.%.

4.3. Effect of molar ratio of methanol to oil

One of the most important variables affecting the yield of FAME
is the molar ratio of methanol to oil. The stoichiometric molar ratio

i Without acetone

| Acetone 5 wt.%

Acetone 10 wt.% |
2\

Acetone 15 wt.% | Acetone 20 wt.%

| Acetone 25 wt.% | Acetone 30 wt.%

Photograph 1. GL separation at different amounts of acetone used after 30 min settling of the reaction products. The reaction conditions: molar ratio of methanol to WCO,
5:1; KOH catalyst, 0.5 wt.%; temperature, 25 = 1 °C (Notes: the upper layer, FAME; the lower layer, GL).
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Fig. 2. Effect of the amount of KOH catalyst on the FAME yields. The reaction
conditions: molar ratio of methanol to oil, 4.5:1; acetone to WCO, 25 wt.%;
temperature, 25+ 1 °C.

of methanol to oil for transesterification is 3:1, to transform 1 mol
of GL and 3 mol of FAME. It is presumed that transesterification is
an equilibrium reaction and therefore, excess methanol is desirable
for the forward reaction. Several studies have suggested that the
optimal molar ratio of methanol to oil for transesterification cata-
lyzed by an alkaline catalyst is 6:1 [21,35-37]. For transesterifica-
tion in supercritical methanol at 390 °C in the presence of hexane
co-solvent, Sawangkeaw et al. reported that a 40.8:1 molar ratio of
methanol to palm oil led to a FAME yield of 99.3% [38]. Therefore,
to obtain higher yields of FAME, excess methanol should be used.
In this study, molar ratios of methanol to oil from 3:1 to 5:1 were
used with 1.0 wt.% KOH to determine the optimal molar ratio for
transesterification.

Fig. 3 shows that in the initial stage of the reaction, up to 5 min,
lower molar ratios increased FAME formation. The FAME yields be-
yond 5 min reaction time were 51.1%, 45.6%, 43.5%, 42.6% and
41.1% with molar ratios of methanol to oil of 3:1, 3.5:1, 4:1, 4.5:1
and 5:1, respectively. However, beyond 7 min reaction times, high-
er FAME yields were observed at higher molar ratios. At molar ra-
tios of methanol to oil of 4.5:1 and 5:1, the conversion to FAME
exceeded 98% after 30 min. When the molar ratio was decreased
to the theoretical ratio of 3:1, the conversion to FAME decreased
to 88%. This can be explained as follows. During the initial reaction
stage, the concentrations of KOH catalyst in the methanol were
1.28, 1.10, 0.98, 0.85 and 0.77molL™! for the experimental

100

FAME yield/ %

——3.0:1 =351 4401 -o-451 —-50:1
O I I I I I
0 10 20 30 40 50 60
Time / min

Fig. 3. Effect of the molar ratio of methanol to oil on the FAME yields. The reaction
conditions: acetone to WCO, 25 wt.%, KOH catalyst, 1.0 wt.%; temperature, 25 + 1 °C.

conditions at methanol to oil molar ratios of 3:1, 3.5:1, 4:1, 4.5:1
and 5:1, respectively. This implies that the lower the molar ratios
of methanol used, the higher was the concentration of KOH cata-
lyst in the reaction mixture, because a constant 1.0 wt.% (against
TG) KOH catalyst was used. The reaction therefore proceeded more
rapidly and higher FAME yields were attained. This stage could be
maintained until the formation of GL became significant, at which
point GL began to act as a solvent for methanol and KOH, leading to
the removal of a significant amount of reactants from the acetone
reaction phase. This process may have caused slower FAME forma-
tion, so to maintain the reaction and increase the FAME yields in
the latter stages of reaction, excess methanol would be preferable.

Interestingly, once GL formation became sufficiently large, more
than 40 wt.%, the reaction rate slowed, which is consistent with the
methanol and KOH being dissolved in the GL layer and thus re-
moved from the reaction phase. Therefore, there is always compe-
tition between the reaction and dissolution of methanol into the GL
layer. This phenomenon and the presence of reversible reactions
are the two main reasons that transesterification of TG with alco-
hol does reach completion at a methanol to TG molar ratio of
3:1, the stoichiometric molar ratio. It is therefore confirmed that
the retardation of FAME formation in the presence of by-product
GL is not only due to the occurrence of the reverse reaction but also
the removal of methanol and catalyst from the reaction phase.
These findings are consistent with the discussion in Section 4.2.
An increase in the amount of KOH catalyst can enhance the reac-
tion rate, by making the consumption of methanol by reaction
more favorable than its dissolution into the GL layer. Consequently,
a molar ratio of 4.5:1 was optimal in terms of conversion to FAME
is the present reaction system.

4.4. Effect of reaction temperature

Because vegetable oils and animal fats have high viscosity,
methanolysis is usually performed near the boiling point of meth-
anol, 65 °C to reduce the viscosity and enhance the mass transfer
and the reactivity of the reactants. In the present study, the transe-
sterification of WCO with methanol was performed within a lim-
ited range of temperatures (25-50 °C), which was lower than the
boiling point of acetone, 56.53 °C.

As shown in Fig. 4, after a reaction time of 10 min, the FAME
yields were 72, 83, 91 and 95% at 25, 30, 40 and 50 °C, respectively,
illustrating the effect of temperature on the reaction. However,
after a reaction time of 30 min, the FAME yields reached a constant

100

80

60 -

40|

FAME yeild/ %

20

——25 -=-30 -»-40 -—e-50

0 . . . . .
0 10 20 30 40 50 60

Time / min

Fig. 4. Effect of temperature on the FAME yields. The reaction conditions: molar
ratio of methanol to WCO, 4.5:1; acetone to WCO, 25 wt.%; KOH catalyst, 1.0 wt.%.
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Fig. 5. HPLC chromatogram of reaction products versus time of WCO. The reaction conditions: acetone to oil, 25 wt.%; KOH catalyst, 1.0 wt.%; molar ratio of methanol to oil,

4.5:1, and temperature 25+ 1 °C.

value of greater than 98% at all temperatures examined. This shows
that temperature has a positive influence on the reaction rate but
no significant effect on FAME yield. These results agree with those
of Freedman et al. 1984, who reported identical FAME yields of 98,
after 4 h reaction time at 60, 45 and 32 °C at a methanol to refined
soybean oil molar ratio of 6:1 and a 1 wt.% NaOH catalyst [39]. In
addition, an increase in temperature leads to acetone evaporation,
higher energy consumption and soap formation. For these reasons,
the optimum temperature for transesterification was considered to
be 25 °C (ambient temperature).

4.5. Application of the co-solvent method to biodiesel production from
a variety of oils

The optimal conditions were an acetone to oil content of
25 wt.%, 1.0 wt.% KOH, a methanol to oil molar ratio of 4.5:1
and a reaction temperature of 25 °C. The chemical properties of
the other oils are similar to those of WCO, as given in Table 1.
Therefore, the optimal conditions could be applied to produce
biodiesel in the same manner as with WCO, with the exception
that the reaction temperature for catfish oil was 35 °C because
this oil solidifies below 25 °C. Fig. 5 shows the chemical composi-
tions of the reaction products after various reaction times in the
transesterification of WCO. The chemical compositions and phys-

Table 3

ical properties of the products after transesterification of the oils
and purification of crude BDF are given in Table 3. As shown in
Table 3, the main quality factors of the BDF products in the pres-
ent study met the Japanese Industrial Standard JIS K2390. Based
on these results, we built a pilot plant with a capacity of 300 L
per batch in Hanoi Vietnam, using this technique for the produc-
tion of BDF (B100) from several types of oil in domestic use.
Further research into the kinetics of transesterification using the
co-solvent method is under way.

5. Conclusion

A transesterification process for the production of biodiesel
from WCO assisted by an acetone co-solvent has been optimized.
The optimal conditions are as follows: 25 wt.% acetone to oil;
1.0 wt.% KOH; methanol to oil molar ratio 4.5:1; and reaction
temperature 25 °C. Under these conditions, the FAME yield is
greater than 98%. This process significantly reduces the use of
methanol compared to conventional methods (which use a meth-
anol to oil molar ratio of 6:1). The results of this research were
applied to produce BDF from several types of oil, and the main
properties of the products satisfied the Japanese Industrial Stan-
dard (JIS K2390).

Properties of biodiesel produced from canola, WCO and Jatropha curcas oils under the optimal conditions: acetone to oil, 25 wt.%; KOH catalyst, 1.0 wt.%; molar ratio of methanol

to oil, 4.5:1; and reaction temperature 25 + 1 °C.

Test parameter Unit Oils JIS K2390°

Canola WCO Catfish? Jatropha Min. Max.
Density (15 °C) gem™3 0.875 0.887 0.883 0.872 0.860 0.900
Acid value mg KOH g ! 0.12 0.25 0.09 0.37 - 0.5
Methanol wt.% <0.01 <0.01 <0.01 <0.01 - 0.20
Total GL wt.% 0.11 0.15 0.23 0.17 - 0.25
Free GL wt.% <0.01 <0.01 <0.01 <0.01 - 0.02
FAME wt.% 98.30 98.11 97.02 97.91 96.5
MG wt.% 0.32 0.33 0.55 0.45 - 0.80
DG wt.% 0.14 0.16 0.17 0.18 - 0.20
TG wt.% 0.10 0.13 0.12 0.18 - 0.20

@ Reaction temperature was 35 °C.
P JIS K2390: Japanese Industrial Standard for biodiesel (B100).



748 L.T. Thanh et al./Fuel 103 (2013) 742-748

Acknowledgments

We acknowledge the support from Science and Technology
Research Partnership for Sustainable Development (SATREPS,
Project: Multi-beneficial Measure for the Mitigation of Climate
Change by the Integrated Utilization of Biomass Energy in Vietnam
and Indochina countries), JST-JICA, Japan and the New Energy and
Industrial Technology Development Organization and the Japan
Science and Technology Agency.

References

[1] Demirbas A. Political, economic and environmental impacts of biofuels: A
review. Appl Energy 2009;86:5108-117.

[2] Azcan N, Danisman A. Alkaline catalyzed transesterification of cottonseed oil
by microwave irradiation. Fuel 2007;86:2639-44.

[3] Vyas AP, Verma JL, Subrahmanyam N. A review on FAME production process.
Fuel 2010;89:1-9.

[4] Dehkhoda AM, West AH, Ellis N. Biochar based solid acid catalyst for biodiesel
production. Appl Catal A 2010;382:197-204.

[5] Verziu M, Cojocaru B, Hu J, Richards R, Ciuculescu C, Filip P, et al. Sunflower
and rapeseed oil transesterification to biodiesel over different nanocrystalline
MgO catalysts. Green Chem 2008;10:373-81.

[6] Demirbas A. Biofuel sources, biofuel policy, biofuel economy and global biofuel
projections. Energy Convers Manage 2008;49:2106-16.

[7] Encinar JE, Gonzalez JF, Reinares AR. Biodiesel from used frying oil. Variables
affecting the yields and characteristics of the biodiesel. Ind Eng Chem Res
2005;44:5491-9.

[8] Kulkarni MG, Dalai AK. Waste cooking oil - a economic source for biodiesel: a
review. Ind Eng Chem Res 2006;45:2901-13.

[9] Qian ], Shi H, Yun Z. Preparation of biodiesel from J. curcas L. oil produced by
two-phase solvent extraction. Bioresour Technol 2010;101:7025-31.

[10] Morshed M, Ferdous K, Khan MR, Mazumder MSI, Islam MA, Uddin MDT.
Rubber seed oil as a potential source for biodiesel production in Bangladesh.
Fuel 2011;90:2981-6.

[11] Parlak A, Karabas H, Ayhan V, Yasar H, Soyhan HS, Ozsert I. Comparison of the
variables affecting the yield of tobacco seed oil methyl ester for KOH and
NaOH catalysts. Energy Fuels 2009;23(4):1818-24.

[12] Wang Y, Ou S, Liu P, Xue F, Tang S. Comparison of two different processes to
synthesize biodiesel by waste cooking oil. ] Mol Catal A: Chem
2006;252:107-12.

[13] Saka S, Kusdiana D. Biodiesel fuel from rapeseed oil as prepared in
supercritical methanol. Fuel 2001;80:225-31.

[14] Zhang S, Zu Y-G, Fu Y-], Luo M, Zhang D-Y, Efferth T. Rapid microwave-assited
transeterification of yellow horn oil to biodiesel using a heterogeneuous solid
catalyst. Bioresour Technol 2010;101:931-6.

[15] Thanh LT, Okitsu K, Sadanaga Y, Takenaka N, Bandow H. Biodiesel production
from virgin and waste oils using ultrasonic reactor in pilot scale. In:
Proceedings of symposium on ultrasonic electronics 2008; 29: 395-396.

[16] Thanh LT, Okitsu K, Sadanaga Y, Takenaka N, Bandow H. Ultrasound-assisted
production of biodiesel fuel from vegetable oils in a small scale circulation
process. Bioresour Technol 2010;101:639-45.

[17] Thanh LT, Okitsu K, Sadanaga Y, Takenaka N, Bandow H. A two-step continuous
ultrasound assisted production of biodiesel fuel from waste cooking oils: a

practical and economical approach to produce high quality biodiesel fuel.
Bioresour Technol 2010;101:5394-401.

[18] Maeda Y, Thanh LT, Imamura K, Izutani K, Okitsu K, Boi LV, et al. New
technology for the production of biodiesel fuel. Green Chem 2010;13:1124-8.

[19] Sharma YC, Signh B, Korstad ]. Latest developments on application of
heterogeneous basic catalysts for an efficient and eco friendly synthesis of
biodiesel: a review. Fuel 2011;90:1309-24.

[20] Chouhan PS, Sarma AK. Modern heterogeneous catalysts for biodiesel
production: a comprehensive review. Renew Sustain Energy Rev
2011;15:4378-99.

[21] Darnoko D, Cheryan M. Kinetics of palm oil transesterification in a batch
reactor. JAOCS 2000;77:1263-7.

[22] Lee DW, Park YM, Lee KY. Heterogeneous base catalysts for transesterification
in biodiesel synthesis. Catal Surv Asia 2009;13:63-7.

[23] Georgogianni KG, Kontominas MG, Pomonis PJ, Avlonitis D, Gergis V.
Conventional and in situ transesterification of sunflower seed oil for the
production of biodiesel. Fuel Process Technol 2008;89:503-9.

[24] Stavarache C, Vinatoru M, Maeda Y, Bandow H. Ultrasonically driven
continuous process for vegetable oil transesterification. Ultrason Sonochem
2007;14:413-7.

[25] Pena R, Romero R, Martinez SL, Ramos M]J, Martinez A, Martinez A.
Transesterification of castor oil: effect of catalyst and co-solvent. Ind Eng
Chem Res 2009;48:1186-9.

[26] Guan G, Kusakabe K, Sakurai N, Moriyama K. Transesterification of vegetable
oil to biodiesel fuel using acid catalysts in the presence of dimethyl ether. Fuel
2009;88:81-6.

[27] Loudon GM. Organic Chemistry. 4th ed. New York: Oxford University Press;
2002.

[28] O’Neil MJ, Smith A, Heckelman PE, Obenchain JR, Gallipeau JAR, D’Arecca MA.
The Merck index. 13th ed. Merck and Co. INC; 2001.

[29] Rizk HA, Elanwar M. Dipole moments of glycerol, isopropyl alcohol, and
isobutyl alcohol. Can ] Chem 1968;46:507-13.

[30] Dielectric constants chart. <http://www.asiinstr.com/technical/
DielectricConstants.htm> [cited 16.04.12].

[31] Issaariyakul T, Dalai AK. Biodiesel production from greenseed canola oil.
Energy Fuels 2010;24:4652-8.

[32] Helwani Z, Othman MR, Aziz N, Fernando WJN, Kim ]. Technologies for
production of biodiesel focusing on green catalytic techniques: a review. Fuel
Process Technol 2009;90:1502-14.

[33] Meher LC, Sagar DV, Naik SN. Technical aspects of biodiesel production by
transesterification - a review. Renew Sustain Energy Rev 2006;10:248-68.

[34] Vicente G, Martinez M, Aracil J. Integrated biodiesel production: a comparison
of different homogeneous catalysts systems. Bioresour Technol
2004;92:297-305.

[35] Melero JA, Iglesias J, Morales G. Heterogeneous acid catalysts for biodiesel
production: current status and future challenges. Green Chem
2009;11:1285-308.

[36] Leevijit T, Tongurai C, Prateepchaikul G, Wisutmethangoon W. Performance
test of a 6-stage continuous reactor for palm methyl ester production.
Bioresour Technol 2008;99:214-21.

[37] Thanh LT, Okitsu K, Boi LV, Maeda Y. Catalytic technologies for biodiesel fuel
production and utilization of glycerol: a review. Catalysts 2012;2:191-222.

[38] Sawangkeaw R, Bunykiat K, Ngamprasertsith S. Effect of co-solvents on
production of biodiesel via transesterification in supercritical methanol. Green
Chem 2007;9:679-85.

[39] Freedman B, Pryde EH, Mounts TL. Variables affecting the yields of fatty esters
from transesterified vegetable oils. JAOCS. 1984;61:1638-43.


http://www.asiinstr.com/technical/DielectricConstants.htm
http://www.asiinstr.com/technical/DielectricConstants.htm

	A new co-solvent method for the green production of biodiesel fuel –  Optimization and practical application
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Procedure
	2.2.1 Transesterification of oil and purification of FAME

	2.3 Analysis

	3 Theory
	4 Results and discussion
	4.1 Effect of acetone amount
	4.2 Effects of KOH catalyst content
	4.3 Effect of molar ratio of methanol to oil
	4.4 Effect of reaction temperature
	4.5 Application of the co-solvent method to biodiesel production from a variety of oils

	5 Conclusion
	Acknowledgments
	References


