
New catalytic solids for biodiesel production. Study of its catalytic
activity for vegetable oils transesterification reaction

INTRODUCTION

Currently, fossil fuels are used in diesel engines and
they are essential in industrialized nation�s economy.

However, petroleum-based diesel fuels increase envi-
ronmental pollution. In order to solve this problem, the
use of fatty acid methyl esters (FAMEs) derived from
vegetable oils and animal fats as diesel fuel extenders
(biodiesel) has received considerable attention because
of its many environmental benefits[1].

Transesterification reaction is the process by which
the glycerides molecules present in fats or oils react
with an alcohol in the presence of a catalyst to form
esters and glycerol[2,3]. Biodiesel (FAMEs) is usually
produced by reacting methanol and vegetable oil in a
batch stirred tank reactor using a liquid alkaline cata-
lyst. The catalyst cannot be recovered from the reac-
tion products and it must be neutralized and disposed
as a waste water stream from biodiesel product wash-
ing. A heterogeneously-catalyzed process instead of a
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homogeneous catalyzed process offers a number of
advantages over conventional current technology, simpli-
fying and economizing the catalyst removal from
biodiesel product step[4,5]. The development and use of
effective heterogeneous catalyst can significantly sim-
plify the downstream purification process by removing
the neutralization and washing steps[6].

Various heterogeneous catalysts have been designed
for transesterification reaction[7,8]. However, most of the
tested catalysts require long reaction time while some
of them need high reaction temperature conditions.
Therefore, it is important to continue searching an ef-
fective transesterification reaction catalyst for biodiesel
production under moderate reaction conditions, espe-
cially at low temperature.

In this paper, different materials with potential cata-
lyst activity for transesterification reaction were studied
using them as heterogeneous catalysts in vegetable oils
transesterification reaction to produce biodiesel at low
temperatures.
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ABSTRACT

The activity of several materials as heterogeneous catalysts for biodiesel
production by sunflower oil transesterification reaction at low temperature
was studied. Zeolites, natural materials as volcanic ashes, oxides as La

2
O

3

and hydrotalcite were evaluated as catalyst. These potentially catalytic
materials were subjected to different chemical treatments with the aim to
increase their catalytic activity. Transesterification reactions were carried
out in a slurry reactor at 60ºC, 12:1 methanol/oil molar ratio, 6 wt% catalyst

amount and 4 h reaction time.  2011 Trade Science Inc. - INDIA
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EXPERIMENTAL

Catalyst preparation

Several materials were proven as heterogeneous
catalysts to carry out the transesterification reaction:
(a) Zeolite X (microspheres, 400-800 ìm); (b) Zeo-
lite Y (Akzo Nobel) ; (c) natural volcanic ashes (par-
ticles, 1.40-1.80 mm) from volcanic zone soil in
Tenerife (Canary Islands); (d) La

2
O

3
 supplied by

Panreac; (e) Hydrotalcite [Mg
6
Al

2
(OH)

16
](CO

3
).4H

2
O

supplied by Aldrich. In order to increase their cata-
lytic activity, the potentially catalytic materials were
subjected to different treatments related to their indi-
vidual nature and structure.

In order to increase the basic sites, the zeolitic ma-
terials (Zeolite X and Zeolite Y) were ionic exchanged
with a KOH aqueous solution. These modified materi-
als were named K-ZX and K-ZY respectively). Previ-
ously, zeolites were dried in an oven at 120ºC for 2

hours to remove the absorbed water on the surface.
Ionic exchange was carried out with 0.5 M KOH aque-
ous solution for 24 hours. After ionic exchange, solids
were only dried at 120ºC for 3 hours. Xie et al.[9] have
used a similar treatment to prepare modified NaX zeo-
lite with different KOH loadings. In order to generate
acid sites in zeolitic materials studied, Zeolite X and
Zeolite Y were exchanged with 1M HCl aqueous solu-
tion (H-ZX and H-ZY respectively) for 5 hours. After
acid treatment, samples were washed with deionised
water until neutrality. Finally, the samples were dried in
an oven at 120 º C for 5 hours.

Natural materials as volcanic ashes have demon-
strated to be good catalysts or catalyst supports for
different kinds of reactions[10-13]. Black volcanic ashes
(VA) particles in the range 1.40-1.80 mm were evalu-
ated as catalyst for sunflower oil transesterification re-
action. Natural volcanic ashes modification was car-
ried out by TiO

2 
impregnation using a hydrothermal

method. TiO
2
 (5 g) and natural black volcanic ashes

(25 g) were added to a NaOH aqueous solution (1.0
M). The resulting suspension was heated at 140 ºC for

22 hours in a teflon container which was backed up by
a stainless steel pressurized vessel. After hydrothermal
treatment, the impregnated volcanic ash particles (TVA)
were washed with a HCl solution (0.1 M) and distilled

water until pH 7. The impregnated material was then
dried in air at 100 ºC for 15 min and heated at 140 ºC

for 22 hours in an oven[13].
La

2
O

3 
catalyst was prepared by an impregnation

method with a NaOH aqueous solution using La
2
O

3
 as

support. Prior to impregnation, 30 g of La
2
O

3
 were

dried at 120ºC for 10 hours. Then, a NaOH aqueous

solution (2 M) was added to the lanthanum oxide
(La

2
O

3
); the resulting mixture was subjected to stirring

for 2 h. After impregnation, the overlying water was
removed and the catalyst (Na-La

2
O

3
) was dried at 120

º C for 12 hours. Part of this catalyst was calcined at

560° C for 5 hours (Na-La
2
O

3
 calcined). Xie and Yang

(2007)[14] have used a similar treatment to impregnate
barium on a commercial zinc oxide.

Catalytic material characterization

The crystalline structure of the catalysts was char-
acterized by X-ray diffraction (XRD). Measurements
were performed with a X´ Pert Pro diffractometer of

Panalytical, using X´Celerator detector and Cu Ká ra-

diation. BET surface area and structural properties of
samples were evaluated by nitrogen adsorption-des-
orption isotherms recorded on a surface pore size ana-
lyzer (Gemini V, Micromeritics) and by mercury
porosimetry (Autopore IV mercury porosimeter,
Micromeritics).

Catalytic activity evaluation

Transesterification reaction was performed in a 250
ml jacketed glass slurry reactor equipped with a reflux
condenser and a mechanical stirring (Figure 1). Com-
mercial edible-grade sunflower oil purchased from the
market was used as feedstock. Properties of this oil
are shown in TABLE 1. Before reaction the system
was heated and oil was added. When the oil reached
the selected temperature (60°C), methanol (methanol/

oil molar ratio 12:1) and solid catalyst (powder,
microspheres or particles) (6%wt respect to oil weight)
were added with continuous stirring. After 4 hours of
reaction, the solid was separated from the reaction mix-
ture by filtration. The liquid product obtained was ro-
tary evaporated to remove methanol in excess, and then
settled in a separating funnel. The upper phase con-
sisted of fatty acid methyl esters (biodiesel) and the
lower phase contained the glycerol. Viscosity and den-
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RESULTS AND DISCUSSION

In a first step, as a basis for the catalytic activity
evaluation, transesterification reaction was performed
using several materials without modification (zeolite X,
zeolite Y, natural volcanic ashes, La

2
O

3
 and

hydrotalcite). Results show that a low decrease in sun-
flower oil viscosity was achieved (from 3.7 to 14.9%
related to initial sunflower oil viscosity) and a low

The increase of basic sites on the zeolite X enhance
its catalytic activity for the transesterification reaction
and the material subjected to ionic exchange with KOH
(K-ZX) is more active than untreated material reaching
a reaction product viscosity decrease of 57.5% and a
FAME yield of 30.1%. However, the creation of acid
sites on the same zeolitic material does not increase the
catalytic activity for the transesterification reaction (Fig-
ure 2). In addition, material exchanged with the HCl
solution (H-ZX) is less active than unmodified material
reaching only a reaction product viscosity decrease of
3.0% and a FAME yield of 3.6%.. The same trend
was observed with the zeolite Y.

sity of the obtained biodiesel product was measured
using a rotational viscometer Visco Star Plus L and a
pycnometer, respectively. Moreover, FAME content in
the biodiesel product was quantitatively determined by
1H Nuclear Magnetic Resonance (NMR) in order to
estimate the yield of fatty acid methyl ester obtained
from transesterification reaction[15].

Figure 1 : Scheme of the reaction system.

TABLE 1 : Sunflower oil characteristics

Property Sunflower oil 

Density at 15ºC (g/cm
3) 0.924 

Kinematic viscosity at 40ºC (cSt) 29.4 

Acid value (mg KOH/g) 0.17 

Iodine index (g Iodine/100 g sample) 138.8 

Turbidity (NTU) 2.24 

transesterification reaction conversion was obtained
(TABLE 2), As the conversion of triglycerides to me-
thyl esters achieved was very low, potential catalytic
materials were subjected to different treatments in or-
der to increase their catalytic activity.

TABLE 2 : Transesterification reaction conversion obtained
using different unmodified materials as heterogeneous cata-
lysts. (Kinematic initial sunflower oil viscosity: 29.4 cSt)

Catalyst Product Kinematic 
viscosity (cSt) 

FAME yield 
(%) 

Zeolite X 26.9 4.1 

Zeolite Y 26.5 4.4 

Volcanic ashes 25.0 5.4 

La2O3 28.3 3.5 

Hydrotalcite 26.7 4.2 

Figure 2 : Reaction product viscosity using zeolite X and
zeolite Y as catalyst for sunflower oil transesterification re-
action (_____ commercial sunflower oil viscosity).
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When lanthanum oxide was used as heterogeneous
catalysts better conversion was obtained for the
transesterification reaction of sunflower oil. It can be
observed that the impregnation of lanthanum oxide with
NaOH is an effective treatment achieving a viscosity of
product obtained into required standards for biodiesel
(4.2 and 4.4 cSt for Na-La

2
O

3
 and Na-La

2
O

3
 cal-

cined, respectively) and FAME yields above 90%. In
addition, from these results we can conclude that calci-
nation stage is not necessary, because using the cal-
cined catalyst the biodiesel product viscosity increased
slightly. Some authors have obtained similar results
studying NaOH exchanged alumina as catalyst for
transesterification reaction (calcined and uncalcined)[16].

TABLE 3 summarizes the textural properties of the
best materials found as catalysts for the transesterification
reaction. The textural parameters included in this table
are: values for the macropore and micropore surface
area, pore size (D) and porosity. These data show that

Figure 4 presents the XRD patterns of these
samples. It can be noticed that XRD patterns of Na-

Figure 3 shows that the modification of natural vol-
canic material with TiO

2
 (TVA) favors its activity for

the transesterification reaction, achieving a significant
reduction in biodiesel product viscosity (66.1%) and
reaching a FAME yield of about 42% in biodiesel prod-
uct obtained. However, further studies with the aim of
reactor operation conditions optimization could be per-
formed to achieve higher decrease of the viscosity of
the reaction products getting better FAME yields and
specification values for commercial biodiesel.

Figure 3 : Catalytic activity of volcanic ashes and lanthanum
oxide, FAME yield of the reaction product.

the impregnation of lanthanum oxide with NaOH causes
a decrease of BET specific surface area; however, it is
observed a slight increase of macro and mesopore area
and porosity. From a qualitative point of view, the de-
crease of S

BET
 are not surprising since in heterogeneous

catalysis the reduction of specific surface area of the
support is a well documented consequence of the pro-
motion of a catalyst with alkali metals[16-18]. The textural
properties for Na-La

2
O

3
 used are very similar to those

to the Na-La
2
O

3
, so it could carry out the reuse of the

catalytic material after the transesterification reaction.

TABLE 3 : Textural properties of samples

N2 adsorption Mercury porosimetry 

Sample SBET 

(m2g-1) 
D 

(nm) 

Surface 
Area 

(m2g-1) 

Porosity 
(%) 

D 
(nm) 

La2O3 0.687 7.163 13.715 55.19 3755.4 

Na-La2O3 0.304 3.732 16.447 55.51 11358.2 

Na-La2O3 used 0.311 4.389 16.122 44.12 10992.2 

Figure 4 : XRD patterns of La
2
O

3
, Na-La

2
O

3 
and Na-La

2
O

3

used.
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La
2
O

3
 is almost the same as the typical pattern of La

2
O

3
,

this can be attributed to good dispersion of NaOH on
the La

2
O

3
 support in the form of a monolayer at a low

loading of NaOH. This justification has been provided
by other authors[19] when impregnated KOH on Al

2
O

3
.

After the transesterification reaction occur slight modi-
fications of the crystalline structure of the catalyst; this
could be attributed to the presence of triglycerides and
esters tracks on the catalyst surface.

CONCLUSIONS

In the present study the transesterification reaction
of sunflower oil with different heterogeneous catalysts at
low temperature was investigated. Zeolitic materials prac-
tically don t́ show an acceptable activity for reaction stud-

ied. Good conversions were obtained for lanthanum ox-
ides and volcanic ashes. Both modified materials can be
used as heterogeneous catalyst for transesterification re-
action of vegetable oils at low temperature.

Na interchanged La
2
O

3 
was the solid that showed

higher catalytic activity. Biodiesel product obtained is
within the limits established by ASTM D6751 and EN
14214 standards. Using this catalyst (powder form),
biodiesel can be obtained in a slurry discontinuous re-
actor at a relatively low temperature (60ºC) when com-

pared with conventionally used in the transesterification
reaction by heterogeneous catalysis.

The use of titanated volcanic ashes as heteroge-
neous catalyst in the transesterification reaction could
present great advantages, because it is a natural and
inexpensive material. Moreover, this particulated cata-
lyst could be used with the possibility of a continuous
catalytic process for biodiesel production developing
using catalytic fixed bed reactors. Therefore, fixed bed
reactor operating conditions study could be performed
in order to improve the transesterification reaction con-
version obtaining better FAME yields.
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