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Abstract We report here the preparation of biodiesel by
transesterification of rapeseed oil with methanol using
calcined K,CO3/y-Al,03 as a solid base catalyst. The
prepared catalysts were characterized using SEM, IR and
BET, and their catalytic activities were evaluated. The
reaction conditions were optimized, and in particular, the
conversion can be as high as 98.62% under the optimal
reaction conditions. In addition, the effect of the presence
of water in the reaction system on the catalytic activity was
also studied.

Keywords Biodiesel - Methanol - Rapeseed oil -
Solid base catalyst - Transesterification

Introduction

Biodiesel is a promising non-toxic and biodegradable
renewable fuel comprised of mono-alkyl esters of long
chain fatty acids derived from vegetable oils or animal fats
[1]. It is usually produced by transesterification of vege-
table oils or animal fats with methanol using homogeneous
base or acid catalysts. Specifically, potassium hydroxide,
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sodium hydroxide, as well as their carbonate and potassium
and sodium alkoxides such as NaOCHj; are often used as
catalysts in base-catalyzed processes [2—5], while sulfonic
acid and hydrochloric acid are the usual acid catalysts
[6, 7]. Generally, the catalytic activity of base catalysts in
transesterification is higher than that of acid catalysts.
However, removal of base catalysts from the reaction
system is often technically difficult due to the formation of
a stable emulsion as well as saponification as a result of
aqueous quenching. To overcome this difficulty, a great
variety of heterogeneous base catalysts have been devel-
oped to not only effectively catalyze the transesterification
of vegetable oils with methanol but also provide the
advantage that they can be easily separated from the
reaction mixtures [8-22]. Examples include calcined Mg—
Al hydrotalcites [8], Na/NaOH/y-Al,03; [9], K/KOH/
1-Al,O5 [10], Zn/I, [11], Ba-ZnO [12], KF/ZnO [13],
KF/AL,O5 [14], Mg/Zr [15], KNO3/Al,0O5 [16], Ca and Zn
mixed oxide [17], KI/Al,05 [18], KOH/Al,O3 and KOH/
NaY [19], Fe-Zn double-metal cyanide complexes [20],
K,CO3/MgO [21], and KF/MgO [22]. Particularly, K,CO3/
Al,O5 as well as some other solid base catalysts were used
as heterogeneous catalysts in the transesterification of tri-
olein, canola oil, or soybean oil with methanol [23-25].

In this work, we report the preparation of biodiesel by
transesterification of rapeseed oil with methanol using
calcined K,COs5/y-Al,O; as a solid base catalyst. The
prepared catalysts were characterized by SEM, IR and
BET, and their catalytic activity was evaluated based on
the conversion of rapeseed oil to its methyl ester. In
addition, the effects of reaction variables such as reaction
temperature, catalyst amount, etc. on rapeseed oil conver-
sion were examined. The effect of the presence of water on
the catalytic activity of the prepared catalyst was also
investigated.
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Experimental
Materials

Rapeseed oil was kindly provided by the Hunan Jinjian
Cereals Industry Co., Ltd (Changde, China). Potassium
carbonate and methanol were purchased from the Beijing
Chemical Works (Beijing, China). Alumina was purchased
from the Shanghai Wusi Chemical Reagent Co., Ltd
(Shanghai, China). Analytical grade n-hexane was pur-
chased from the Yanfeng Chemical Reagent Factory
(Changsha, China). The reference standard of the methyl
esters of tridecanoic, palmitic, oleic, linoleic, linolenic, cis-
11-eicosenoic, and cis-13-docosenoic acids were obtained
from Sigma—Aldrich (St. Louis, MO, USA).

Catalyst Preparation

Alumina was first pretreated at 823 K for 4 h to eliminate
chemical species adsorbed on the surface. Then, potassium
carbonate was loaded onto the alumina surface from aqueous
solution by an impregnation method. The potassium car-
bonate was loaded at a dose of 3.0 mmol/g support, in which
the loading amounts of potassium carbonate were calculated
on the basis of the amount of starting material. The loaded
alumina was subsequently dried in air at 393 K for 12 h.
Prior to reaction, the catalyst was calcined in air for 4 h.

Catalyst Characterization

Morphological characteristics of the catalysts were exam-
ined using a JSM-6380LV scanning electron microscope
(SEM). The accelerating voltage was 10 kV.

The IR spectra of the catalysts were recorded by a WQF-
310 spectrometer (Beijing, China) with 1.5 cm™" resolu-
tion using the KBr pellet technique at room temperature.
The scanning range was from 400 to 4,400 cm ™.

The specific surface areas of the catalysts were deter-
mined by the BET method using an ASAP 2020 Automatic
Micropore and Chemisorption Analyzer, in which nitrogen
was used as the gas adsorbate. Prior to the measurements,
the catalysts were dried in air at 393 K for 12 h.

Reaction Procedure

Commercial edible grade rapeseed oil containing palmitic
acid, stearic acid, oleic acid, linoleic acid, linolenic acid,
arachidic acid and erucidic acid was purchased from the
market and dried before use to remove moisture. The acid
value and saponification value of the rapeseed oil were
0.15 mg KOH/g and 183.37 mg KOH/g, respectively,
while its average molecular weight was 918.57 g/mol as
calculated from the acid value and saponification value.
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A 100-mL conical flask charged with 2.0 g rapeseed oil
and an appropriate amount of anhydrous methanol, catalyst
and co-solvent n-hexane was placed into a shaker system
equipped with a constant temperature water-bath. The
reaction mixtures were then shaken at the desired temper-
ature during the reaction. After the transesterification
reaction, the solid base catalyst was removed from the
reaction mixture via filtration, the glycerine was separated
using a separating funnel and the residual methanol and
n-hexane were separated from the liquid phase via
evaporation.

Method of Analysis

The reaction products were analyzed using an SP-6890 gas
chromatograph (Tengzhou, China) equipped with a capil-
lary column (HP-innowax, 30 m x 0.25 mm x 0.25 pm)
and a flame ionization detector (FID). The temperatures of
both the injector and detector were maintained at 280 °C.
The gas chromatograph (GC) oven temperature was pro-
grammed to initially remain at 170 °C for 0.5 min, then
rise to 200 °C at a rate of 5 °C/min, and finally reach
240 °C at a rate of 15 °C/min and remain at that temper-
ature for 5 min. The flow rates of hydrogen and air were 32
and 320 mL/min, respectively. Nitrogen (pressure 60 kPa)
was used as the carrier gas, and tridecanoic acid methyl
ester was used as an internal standard. Meanwhile, a stock
solution of n-hexane with a known amount of tridecanoic
acid methyl ester was prepared in advance and used for
analysis. The biodiesel sample analysis was carried out by
dissolving approximately 0.02 g biodiesel sample into
1 mL n-hexane and subsequently injecting 1 puL of this
solution into the GC. The standard calibration curves for
the methyl esters were prepared in advance using trideca-
noic acid methyl ester as an internal standard, by which the
integrated area percentage can be converted to the weight
percentage for each component present in the sample. The
conversion of oil to biodiesel was calculated from the
methyl ester amount as analyzed by GC according to
Conversion = (X/Y) x 100%, in which X and Y were the
weights of fatty acid methyl esters prepared by transeste-
rification of saponifiable matters in 1 g rapeseed oil under
the reaction conditions in this paper and those in GB/T
17376-1998, respectively.

Results and Discussion
Catalyst Characterizations
The morphology as well as particle size distribution of

several representative catalysts prepared in this work were
examined using SEM. The SEM images are shown in
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Fig. 1 SEM image of typical
catalyst samples : a y-Al,O3
calcined at 823 K, b K,COs/
y-Al,05 calcined at 623 K,

¢ K,CO3/y-Al,O3 calcined at
823 K and d K,CO3/y-Al,05
calcined at 1,023 K

Fig. 1. Specifically, as shown in Fig. 1, the catalyst parti-
cles were irregular-shaped as well as polydispersed with a
particle size range from 0.2 to 10 pm. Particularly, all
catalyst particles were composed of small irregular par-
ticulates. Although there was no obvious morphological
difference among samples (a), (b) and (c), the morphology
of sample (d) was quite different from the other three
samples, which is attributable to the crystal structure col-
lapsing and changing as well as the formation of new sub-
stances as the result of such a high temperature (1,023 K).
The IR spectra of prepared catalysts are shown in Fig. 2.
Specifically, all samples exhibited several broad absorption
bands in an approximate wave number range from 580 to
800 cm_l, which can be attributed to the vibrations of the
Al-O bond. Meanwhile, an evident IR absorption band
around 1,404 cm™! due to CO3270an be observed in sam-
ples b, ¢, d, e and f, while they cannot be seen in the
samples either without loading K,CO3 (sample a) or being
calcined at a temperature above 1,000 K (samples g, h, and
i). The appearance of this CO32_ band in samples b, ¢, d, e,
and f is very likely due to incomplete decomposition of the
carbonate at the calcination temperature from 623 to
923 K. On the other hand, the absence of CO5*~ band in
samples g, h, and i may indicate that the carbonate has been
completely decomposed at the calcination temperature
1,023 K and higher. In addition, the observed absorption
band around 1,660 cm™! can be attributed to the O-H
bending vibration of H,O molecules absorbed onto the
catalysts from the air. The amplitude of the 1,660 cm™"
band decreased with the increase in the calcination
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Fig. 2 IR spectrum of samples: a 7y-Al,O; calcined at 823 K,
b K,COs/y-Al,03 (not calcined), ¢ K,COs/y-Al,O5 calcined at
623 K, d K,CO3/y-Al,O5 calcined at 723 K, e K,COs/y-Al,05
calcined at 823 K, f K,CO3/y-Al,O3 calcined at 923 K, g K,CO3/
y-Al,05 calcined at 1,023 K, h K,CO3/y-Al,05 calcined at 1,123 K,
i K,CO3/y-Al,O5 calcined at 1,223 K

temperature and almost disappeared at the calcination
temperature 1,023 K and higher (Fig. 2, curves g, h and 1).
Very interestingly, a broad absorption band centered at
approximately 3,438 cm™! that can be attributed to the
stretching vibrations of surface hydroxyl groups attached to
the Al,0O5; was observed in y-Al,O3 support (Fig. 2a). This
band shifted with increasing calcination temperature and
finally centered at about 3,460 cm~ ! at the calcination
temperature 1,223 K, which can be at least partly attributed
to the stretching vibration of Al-O-K groups formed dur-
ing the activation process.
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Table 1 BET surface area of samples

Catalyst BET surface area (m?/g)
y-Al,0O5 calcined at 823 K 128.86
K,CO3/y-Al,O3 (not calcined) 48.81
K5COs5/y-Al,03 calcined at 623 K 49.28
K,CO3/y-Al,O5 calcined at 823 K 31.10
K,CO3/y-Al,O5 calcined at 1,023 K 36.27

Table 2 Effect of calcination temperature on the conversion of
rapeseed oil to methyl esters

Catalyst Conversion (%)
y-Al,O5 calcined at 823 K 0.00
K,CO3/y-Al,05 calcined at 623 K 52.70
K,CO5/y-Al,05 calcined at 723 K 80.09
K,CO5/y-Al,05 calcined at 823 K 98.62
K,CO5/y-Al,05 calcined at 923 K 64.05
K,CO5/y-Al,0O5 calcined at 1,023 K 2.16
K,CO3/y-Al,O5 calcined at 1,123 K 1.30
K,CO3/y-Al,O5 calcined at 1,223 K 0.76

Reaction conditions: reaction temperature 323 K, catalyst amount
4.0 wt.% (relative to rapeseed oil), molar ratio of methanol/oil 15:1,
rapeseed oil 2 g, n-hexane amount 98.85 wt.% (relative to rapeseed
oil), shaking rate 150 rpm

The BET specific surface areas of the prepared catalysts
are listed in Table 1. As can be seen, the specific surface
area of K,COz3/y-Al,03 samples showed a minimum at the
calcination temperature 823 K, indicating a loss of specific
surface area that is very likely due to the decomposition of
CO5*~ on the catalyst surface. However, this loss of spe-
cific surface area did not affect the catalytic activity. On the
contrary, the specific surface area of y-Al,O5 calcined at
823 K was very large (Table 1), while it did not show any
catalytic activity in transesterification of rapeseed oil with
methanol (Table 2).

The Effect of the Calcination Temperature on the
Conversion of Rapeseed Oil to Methyl Esters

The effect of the calcination temperature on catalyst
activity is summarized in Table 2. As shown in Table 2,
the calcination temperature can significantly affect cata-
lytic activity. Specifically, the conversion of rapeseed oil to
methyl esters initially increased with the temperature and
reached a maximum of 98.62% at the calcination temper-
ature 823 K. Then, the conversion gradually decreased
with a further increase in the calcination temperature.
The conversion was almost negligible at the calcination
temperatures 1,023, 1,123 and 1,223 K. Therefore, 823 K
is obviously the optimal calcination temperature for
K2C03/')/'-A1203.
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The Effect of the Reaction Time on the Conversion
of Rapeseed Oil to Methyl Esters

The variation of rapeseed oil conversion as a function of
the reaction time is shown in Fig. 3. Specifically, the
rapeseed oil conversion increased steadily from 87.64 to
98.62% as the reaction time increased from 0.5 to 3 h,
whereas, the conversion decreased slightly with any further
increase of reaction time, and is very likely due to the
occurrence of side reactions. Maximum conversion of
98.62% was obtained at a reaction time 3 h.

The Effect of the Amount of Catalyst on the Conversion
of Rapeseed Oil to Methyl Esters

In Fig. 4, the rapeseed oil conversions are plotted versus the
catalyst amount in a catalyst amount range of 2.0-6.0 wt.%
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Fig. 3 Effect of reaction time on the conversion of rapeseed oil to
methyl esters. Reaction conditions: reaction temperature 323 K,
catalyst amount 4.0 wt.% (relative to rapeseed oil), molar ratio of
methanol/oil 15:1, rapeseed oil 2 g, n-hexane amount 98.85 wt.%
(relative to rapeseed oil), shaking rate 150 rpm
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Fig. 4 Effect of catalyst amount on the conversion of rapeseed oil to
methyl esters. Reaction conditions: reaction temperature 323 K,
molar ratio of methanol/oil 15:1, rapeseed oil 2 g, n-hexane amount
98.85 wt.% (relative to rapeseed oil), shaking rate 150 rpm
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(relative to the weight of rapeseed oil). As shown in Fig. 4,
the conversion of rapeseed oil to methyl esters increased
from 93.60 to 98.62% as the catalyst amount increased from
2.0 to 4.0 wt.%, then decreased with the further increase in
the amount of catalyst, which can be attributed to the
deterioration of mixing as the amount of solid base catalyst
increased. In this study, maximal conversion is achieved by
using a catalyst amount of 4.0 wt.%, the reaction mixture
remained clear and liquid like and the catalyst amount in
subsequent transesterification reactions in this work were all
subsequently fixed at 4.0 wt.%.

The Effect of the Molar Ratio of Methanol to Oil
on the Conversion of Rapeseed Oil to Methyl Esters

The stoichiometric methanol to rapeseed oil ratio in
transesterification reaction was 3:1. However, because
transesterification is a reversible reaction, the rapeseed oil
conversion can be increased by simply introducing excess
amount of methanol to shift the equilibrium toward the
products side. The effect of changing methanol to rapeseed
oil molar ratio on rapeseed oil conversion was investigated in a
molar ratio range from 9:1 to 21:1. The results are shown in
Fig. 5. Specifically, the rapeseed oil conversion increased
from 87.59 to 98.62% as the methanol to rapeseed oil molar
ratio increased from 9:1 to 15:1. However, with a further
increase in the molar ratio, the rapeseed oil conversion began
to decrease slightly. The maximum conversion was obtained
at a molar ratio of 15:1. Although the excess methanol is
usually recovered and reused in the industrial process after
purification, an excessive amount of methanol can still inev-
itably lead to an increase in its recycling cost. Therefore, the
choice of an optimal molar ratio has to take the increase in
process expense into consideration.
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Fig. 5 Effect of the molar ratio of methanol to rapeseed oil on the
conversion of rapeseed oil to methyl esters. Reaction conditions:
reaction temperature 323 K, catalyst amount 4.0 wt.% (relative to
rapeseed oil), reaction time 3 h, rapeseed oil 2 g, n-hexane amount
98.85 wt.% (relative to rapeseed oil), shaking rate 150 rpm

The Effect of the Reaction Temperature
on the Conversion of Rapeseed Oil to Methyl Esters

The effect of the reaction temperature on rapeseed oil
conversion is shown in Fig. 6. Specifically, the conversion
increased significantly from 89.64 to 98.62% as the reac-
tion temperature increased from 303 to 323 K and
remained nearly constant with any further increase in the
reaction temperature. The maximum conversion 98.62%
was achieved at the reaction temperature 323 K with a
reaction period of 3 h.

The Effect of the Amount of Solvent on the Conversion
of Rapeseed Oil to Methyl Esters

In this study, the rapeseed oil, methanol and the cata-
lyst actually formed a three-phase reaction mixture due
to the immiscibility of methanol with rapeseed oil as
well as the solid catalyst phase. Consequently, the
reaction rate could be limited by a diffusion process of
the reactants. Therefore, it would be beneficial to
introduce an appropriate co-solvent into the reaction
mixture, which would enhance the reaction rate as well
as increase the rapeseed oil conversion. In this work,
n-hexane was adopted as the co-solvent, and the effect
of the amout of co-solvent on rapeseed oil conversion
was studied. The results are shown in Fig. 7. Specifi-
cally, the conversion increased significantly with the
amount of n-hexane, and in particular, the minimum
conversion 74.19% was observed in the absence of
n-hexane. The conversion reached its maximum value
of 98.62% at an n-hexane amount of 98.85 wt.%
(relative to rapeseed oil), then decreased slightly with
any further increase in the amount of n-hexane.
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Fig. 6 Effect of reaction temperature on the conversion of rapeseed
oil to methyl esters. Reaction conditions: catalyst amount 4.0 wt.%
(relative to rapeseed oil), molar ratio of methanol/oil 15:1, reaction
time 3 h, rapeseed oil 2 g, n-hexane amount 98.85 wt.% (relative to
rapeseed oil), shaking rate 150 rpm
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Fig. 7 Effect of the n-hexane amount on the conversion of rapeseed
oil to methyl esters. Reaction conditions: reaction temperature 323 K,
catalyst amount 4.0 wt.% (relative to rapeseed oil), molar ratio of
methanol/oil 15:1, reaction time 3 h, rapeseed oil 2 g, shaking rate
150 rpm

The Effect of the Presence of Water on the Conversion
of Rapeseed Oil to Methyl Esters

The catalytic activity of alkali catalysts can be significantly
lowered by the presence of water in the reaction system. In
this work, the effect of the presence of water on rapeseed
conversion by directly adding water into the reaction
mixtures was examined in detail. The results are shown in
Fig. 8. Clearly, as shown in Fig. 8, the presence of water in
the reaction system led to significant decrease in the con-
version of rapeseed oil to methyl esters, which is very
likely due to the inhibition of the catalytic activity of cal-
cined K,COg3/y-Al,03. Specifically, the conversion
decreased gradually from 95.39 to 86.72% as the weight
percentage of water increased from 1.0 to 4.0% (relative to
the weight of rapeseed oil), compared to the conversion of
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Fig. 8 Effect of the presence of water on the conversion of rapeseed
oil to methyl esters. Reaction conditions: reaction temperature 323 K,
catalyst amount 4.0 wt.% (relative to rapeseed oil), molar ratio of
methanol/oil 15:1, reaction time 3 h, rapeseed oil 2 g, n-hexane
amount 98.85 wt.% (relative to rapeseed oil), shaking rate 150 rpm
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Table 3 Reusability of catalysts

Catalyst Conversion
(%)
K,CO3/y-Al,O5 calcined at 823 K 98.62

Regenerated catalyst by washing and drying at 333 K 29.97

Regenerated catalyst by washing and calcination at ~ 60.08

823 K

Reaction conditions: reaction temperature 323 K, catalyst amount
4.0 wt.% (relative to rapeseed oil), molar ratio of methanol/oil 15:1,
rapeseed oil 2 g, n-hexane amount 98.85 wt.% (relative to rapeseed
oil), shaking rate 150 rpm

98.62% without adding water. The decrease in the con-
version can be attributed to the occurrence of a hydrolysis
reaction induced by the addition of water and the reactants
should be thoroughly dried or dewatered before the
reaction.

Regeneration and Reusability of Catalyst

Heterogeneous catalysts have the potential to be recovered,
regenerated, and reused. In this work, the spent catalyst
(K>CO5/y-AlL,O5 calcined at 823 K) was recovered by
simple filtration and subsequently regenerated by two types
of regeneration procedure. In the first regeneration proce-
dure, the recovered catalyst was washed with n-hexane and
then dried in air at 333 K for 12 h. In the second regen-
eration method, the recovered catalyst was calcined in a
muffle furnace at 823 K for 4 h after washing with
n-hexane. The catalytic activities of the catalyst regener-
ated by these two methods were evaluated, and the results
are summarized in Table 3. The catalytic activity of cata-
lysts decreased significantly after regeneration. The rape-
seed oil conversion decreased to 29.97 and 60.08%, for the
catalyst regenerated by the first and second method,
respectively, which was much lower than that of fresh
prepared catalyst, i.e., 98.62%, indicating a relatively low
stability and poor reusability of the prepared catalysts.
Therefore, a future study aimed at improving the stability
and lifetime of the catalyst is desirable.

Conclusions

Based on above study, we can conclude that: (1) The
prepared catalysts were characterized using SEM, IR, and
BET methods. (2) The catalyst K,CO3/y-Al,O3 calcined at
823 K for 4 h was found to be optimal, by which the best
catalytic activity for the transesterification of rapeseed oil
with methanol can be achieved. (3) The optimal transe-
sterification conditions were: a reaction temperature of
50 °C, a catalyst amount of 4.0 wt.% (relative to rapeseed
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oil), a molar ratio of methanol to rapeseed oil 15:1, the
amount of co-solvent n-hexane is 98.85 wt.% (relative to
rapeseed oil) and the reaction time 3 h. The oil conversion
can be as high as 98.62% under the optimal reaction con-
ditions. (4) n-Hexane as a co-solvent can promote the
miscibility of rapeseed oil with methanol and improve the
mixing of reactants thereafter increasing the conversion of
rapeseed oil to methyl esters. Moreover, the boiling point
of n-hexane is close to that of methanol. n-Hexane, can
therefore be co-distilled with methanol. (5) The conversion
of rapeseed oil decreased in the presence of water, indi-
cating that water can inhibit the catalytic activity of cal-
cined K,CO5/y-Al,Os. So the reactants should be dried or
dewatered before the reaction. (6) Further investigation is
needed to intensify the stability and improve the lifetime of
the catalyst.

Acknowledgments This study was supported by the Science and
Technology Project of Hunan Province (No. 2006GK3079) and the
Youth Science Foundation of Hunan Agricultural University (No.
07QN18).

References

1. Ma F, Hanna MA (1999) Biodiesel production: a review. Bior-
esour Technol 70:1-15

2. Dmytryshyn SL, Dalai AK, Chaudhari ST, Mishra HK, Reaney
MJ (2004) Synthesis and characterization of vegetable oil derived
esters: evaluation for their diesel additive properties. Bioresour
Technol 92:55-64

3. Puhan S, Vedaraman N, Ram BVB, Sankarnarayanan G, Jey-
chandran K (2005) Mahua oil (Madhuca Indica seed oil) methyl
ester as biodiesel-preparation and emission characteristics. Bio-
mass Bioenerg 28:87-93

4. Canoira L, Alcantara R, Garcia-Martinez MJ, Carrasco J (2006)
Biodiesel from Jojoba oil-wax: Transesterification with methanol
and properties as a fuel. Biomass Bioenerg 30:76-81

5. Vicente G, Martinez M, Aracil J (2004) Integrated biodiesel
production: a comparison of different homogeneous catalysts
systems. Bioresour Technol 92:297-305

6. Al-Widyan MI, Al-Shyoukh AO (2002) Experimental evaluation
of the transesterification of waste palm oil into biodiesel. Biore-
sour Technol 85:253-256

7. Crabbe E, Nolasco-Hipolito C, Kobayashi G, Sonomoto K,
Ishizaki A (2001) Biodiesel production from crude palm oil and
evaluation of butanol extraction and fuel properties. Process
Biochem 37:65-71

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Xie W, Peng H, Chen L (2005) Calcined Mg—Al hydrotalcites as

solid base catalysts for methanolysis of soybean oil. J Mol Catal
A Chem 246:24-32

. Kim H, Kang B, Kim M, Park YM, Kim D, Lee J, Lee K (2004)

Transesterification of vegetable oil to biodiesel using heteroge-
neous base catalyst. Catal Today 93-95:315-320

Ma H, Li S, Wang B, Wang R, Tian S (2008) Transesterification
of rapeseed oil for synthesizing biodiesel by K/KOH/y-Al,0O5 as
heterogeneous base catalyst. ] Am Oil Chem Soc 85:263-270
Li H, Xie W (2006) Transesterification of soybean oil to biodiesel
with Zn/I, catalyst. Catal Lett 107:25-30

Xie W, Yang Z (2007) Ba—ZnO catalysts for soybean oil
transesterification. Catal Lett 117:159-165

Xie W, Huang X (2006) Synthesis of biodiesel from soybean oil
using heterogeneous KF/ZnO catalyst. Catal Lett 107:53-59
Boz N, Degirmenbasi N, Kalyon DM (2009) Conversion of
biomass to fuel: transesterification of vegetable oil to biodiesel
using KF loaded nano-y-Al,03 as catalyst. Appl Catal B Environ
89:590-596

Sree R, Babu NS, Sai Prasad PS, Lingaiah N (2009) Transeste-
rification of edible and non-edible oils over basic solid Mg/Zr
catalysts. Fuel Process Technol 90:152-157

Vyas AP, Subrahmanyam N, Patel PA (2009) Production of
biodiesel through transesterification of Jatropha oil using
KNO3/AlLL O3 solid catalyst. Fuel 88:625-628
Ngamcharussrivichai C, Totarat P, Bunyakiat K (2008) Ca and
Zn mixed oxide as a heterogeneous base catalyst for transeste-
rification of palm kernel oil. Appl Catal A Gen 341:77-85

Xie W, Li H (2006) Alumina-supported potassium iodide as a
heterogeneous catalyst for biodiesel production from soybean oil.
J Mol Catal A Chem 255:1-9

Noiroj K, Intarapong P, Luengnaruemitchai A, Jai-In S (2009) A
comparative study of KOH/Al,O; and KOH/NaY catalysts for
biodiesel production via transesterification from palm oil. Renew
Energ 34:1145-1150

Sreeprasanth PS, Srivastava R, Srinivas D, Ratnasamy P (2006)
Hydrophobic, solid acid catalysts for production of biofuels and
lubricants. Appl Catal A Gen 314:148-159

Liang X, Gao S, Wu H, Yang J (2009) Highly efficient procedure
for the synthesis of biodiesel from soybean oil. Fuel Process
Technol 90:701-704

Liang X, Gao S, Yang J, He M (2009) Highly efficient procedure for
the transesterification of vegetable oil. Renew Energ 34:2215-2217
Ebiura T, Echizen T, Ishikawa A, Murai K, Baba T (2005)
Selective transesterification of triolein with methanol to methyl
oleate and glycerol using alumina loaded with alkali metal salt as
a solid-base catalyst. Appl Catal A Gen 283:111-116

D’Cruz A, Kulkarni MG, Meher LC, Dalai AK (2007) Synthesis
of biodiesel from canola oil using heterogeneous base catalyst.
J Am Oil Chem Soc 84:937-943

Liu X, He H, Wang Y, Zhu S, Piao X (2008) Transesterification
of soybean oil to biodiesel using CaO as a solid base catalyst.
Fuel 87:216-221

&) Springer AOCS &



	Preparation of Biodiesel by Transesterification of Rapeseed Oil with Methanol Using Solid Base Catalyst Calcined K2CO3/ gamma -Al2O3
	Abstract
	Introduction
	Experimental
	Materials
	Catalyst Preparation
	Catalyst Characterization
	Reaction Procedure
	Method of Analysis

	Results and Discussion
	Catalyst Characterizations
	The Effect of the Calcination Temperature on the Conversion of Rapeseed Oil to Methyl Esters
	The Effect of the Reaction Time on the Conversion  of Rapeseed Oil to Methyl Esters
	The Effect of the Amount of Catalyst on the Conversion of Rapeseed Oil to Methyl Esters
	The Effect of the Molar Ratio of Methanol to Oil  on the Conversion of Rapeseed Oil to Methyl Esters
	The Effect of the Reaction Temperature  on the Conversion of Rapeseed Oil to Methyl Esters
	The Effect of the Amount of Solvent on the Conversion of Rapeseed Oil to Methyl Esters
	The Effect of the Presence of Water on the Conversion of Rapeseed Oil to Methyl Esters
	Regeneration and Reusability of Catalyst

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


