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The transesterification of jatropha oil with methanol to methyl ester was carried out using KNOs/ALLO5 as a solid base catalyst. It was
found that the catalyst with 35 % KNOs; loading and calcined at 773 K showed the optimum condition. When the transesterification was
carried out at 70 °C, with a 15:1 molar ratio of methanol to jatropha oil, a reaction time of 7 h and a catalyst amount of 6 % wt, the |
conversion of jatropha oil was 86 %. The catalyst was also characterized with FTIR, XRD, Brunauer-Emmett-Teller surface area, true |

density, particle size analyzer and SEM study.

INTRODUCTION

Increasing environmental concern such as air pollution,
decreasing petroleum fuels reserves, Biodiesel, consisting of
fatty acid alkyl esters has been the focus as an alternative
renewable fuel. Biodiesel derived from oil and animal fats is
used in diesel engine to reduce the dependence of fossil fuel
and hence to reduce the air pollution. The common method
for biodiesel production is based on the transesterification of
vegetable oil and alcohol with homogeneous catalyst. How-
ever, homogeneous catalyst has many disadvantages such as
difficulty in production separation, large amount of water
required for removes the impurities, glycerol and catalyst
present in the organic phase. To overcome such problem,
environment friendly heterogeneous catalyst is used for biodiesel
production due to easy separation of catalyst from the reaction
product and eliminating the additional processing cost related
with homogeneous catalyst. Heterogeneous catalyst can be
anticipated to provide higher catalyst activity, selectivity and
longer catalyst life times'®.

Different types of heterogeneous catalysts have been
developed for the transesterification of vegetable oil with
methanol. For example, Xie ef al.” reported conversion of 96
% for the transesterification of soybean oil using KI/AL,O; as
a catalyst under the optimum reaction conditions and also
correlated the catalyst activity for the transesterification reaction
with its basicity. Kim et al.® developed a solid superbase of
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Na/NaOH/y-AL,O; which showed almost the same catalytic
activity under the optimum reaction condition as that of the
conventional homogeneous NaOH catalyst. Gandia et al.*'
studied the methanolysis of sunflower oil using alkaline and
alkaline-earth metals compounds as a catalysts and also
investigated the synthesis of sunflower biodiesel with NaOH/
alumina catalyst. Xie et al.'' also showed the maximum
conversion of 87 % for the transesterification of soybean oil
to methyl ester catalyzed by KNO;/Al,O; as a solid base
catalyst under the optimum reaction condition of 15:1 molar
ratio of methanol to soybean oil, 6.5 % of catalyst amount, 7 h
of reaction time and methanol reflux temperature. Granados
et al.'”” have been studied the biodiesel production from
sunflower oil by using activated calcium oxide as a solid base
heterogeneous catalyst. Tranaesterification of rapeseed oil with
methanol using heterogeneous base catalyst for biodiesel
production have been studied by Kawashima et al."*. Xie et al."
achieved the 85.6 % maximum conversion of soybean oil to
methyl ester using NaX zeolites loaded with KOH as a hetero-
geneous catalyst. Boskovic ef al."” have been studied the
kinetics of biodiesel synthesis from sunflower oil using CaO
heterogeneous catalyst and obtained 91 % maximum conversion.
Kontominas et al.'® have been prepared Mg-Al hydrotalcite
and K" impregnated zirconia catalyst for the transesterification
of rapeseed oil and compared the biodiesel with homogeneous
catalyst.
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In present study, KNO3/Al,O; solid base catalyst was
prepared for the transesterification of Jatropha curcas oil. The
catalyst efficiency in methanolysis of Jatropha curcas oil was
estimated regarding the jatropha oil conversion to methyl
esters. Brunauer-Emmett-Teller SA, XRD, FTIR, true density,
SEM, particle size analyzer were employed for catalyst charac-
terization. The effect of the reaction variables such as the molar
ratio of methanol to oil, reaction time and the catalyst amount
on the conversion of jatropha oil was also investigated.

EXPERIMENTAL

Preparation of the catalyst: The catalyst was prepared
by impregnation method. In this method, an aquous solution
of KNO; was added slowly to Al,Os and stirred continuously
for 0.5 h. The prepared slurry was kept in desicator, connected
to vaccum pump to open pores of the support. The catalysts
was heated in water bath to remove the water content followed
by drying in hot-air oven at 120 °C overnight. Finally, crushed
and the KNO5/ALOs catalysts was calcined in muffle furnace
(500 °C) in presence of air'' for 5 h. Al,O; used as a support
had a surface area of 128 m%g.

Catalyst characterization: The ultrapycnometer 1000
(Quantachrome, USA) connected with a temperature contro-
ller (Julabo, USA) was used to determine the true density of
catalysts by using helium as the probe gas'’. This is based on
Archimedes principle of fluid displacement and Boyle's
law to determine the volume. Here, the displaced fluid is a
gas (helium gas) which can easily penetrate the pores. The
density of catalyst was taken as the average of ten consecutive
analyses.

DRIFT method was incorporated to identifying the FTIR
spectra of samples and DTGS detector was used. FTIR spectra
of catalysts were recorded on Perkin-Elmer FTIR system
(Spectrum GX model) in the region of 4000-400 cm™ with
2 cm resolution by applying KBr pellet technique (sample to
KBr ratio 1:300). Each spectrum was obtained in transmission
mode over 50 scans. Background spectra were collected before
every sampling. KBr was previously air oven-dried to avoid
interferences due to presence of water.

The Brunauer-Emmett-Teller (BET) surface area of the
calcined catalyst was measured by using Tristar 3000 surface
area analyzer (Micromeritics, USA). The surface area of the
samples were determined by using Nitrogen as adsorptive gas
at -196 °C (liquid nitrogen temperature). The Brunauer-
Emmett-Teller surface area was determined from adsorption
of nitrogen onto the catalyst surface in a liquid nitrogen bath.
Before conducting experiment, all the samples are degassed
for 3 h at 150 °C.The Brunauer-Emmett-Teller surface area
was calculated from adsorption of nitrogen in the relative
pressure range of 0.05 to 0.3 bar.

Powder X-ray diffraction (XRD) measurement was done
with the help of the D-8 advanced (M/S Bruker AXS, Germany)
X-ray defractometer. Spectra were collected over a 26 range
of 10-75° with a step scan mode (Step size of 0.020/step, scan
speed of 1 s/step). The XRD phases were identified by search
match procedure with the help of JCPDS data bank.

Scanning electron microscopy (SEM) analysis of the
catalyst was carried out on ZEISS EVO series scanning electron

microscope model EVO 50.The catalyst was coated with silver
sputtering unit. The equipment was accelerated at 20.0 kV to
estimate the particle shape and size of the catalyst.

The laser based particle analyzer instrument (Fritsch
GmbH Germany) was used to determine the size of the catalyst
sample with resolution 62 channels (9 mm/254 mm). Data
was recorded over a measuring range of 10[um]-670.07[um]
at 20 scans.

Transesterification reaction: Commercial available
jatropha oil was purchased from market. The gas chromato-
gram of fatty acid profile of Jatropha curcas oil was presented
in Fig. 1. The fatty acid composition consisted of palmitic
acid (C16:0) 23.2%, palmitoleic acid (C16:1) 0.8 %, stearic
acid (C18:0) 10.9 %, oleic acid (C18:1) 52 %, linoleic acid
(C18:2) 9.0 % and arachidic acid (C20:0) 0.4 %. Anhydrous
methanol and all standards were purchased from Sigma
Aldrich. 50 mL of commercially available Jatropha curcas
oil and catalyst was taken in a 250 mL one-necked glass flask
equipped with a temperature controlled magnetic stirrer and
water cooled reflux condenser. Then required amount of
methanol was added to the flask. The mixture was stirred
vigorously and refluxed at 70 °C for 7 h. The transesterification
reaction is monitored by TLC, HPLC analysis. The solvent
system used for TLC is hexane:diethyl ether: acetic acid in
the proportion of 85:15:1.The methyl esters present in the
product of the transesterification of jatropha oil were analyzed
using HPLC (Perkin-Elmer Series 200) equipped with Refrac-
tive Index detector (Shodex RI 71). A sphere-5 C-18 column
(Perkin-Elmer Brownlee column, 220 x 4.6 mm with 5 um
particle size) at 40 °C was used for separation of the compo-
nents with 1 mL/min flow rate of methanol as carrier solvent.
The products of transesterification were diluted upto 20 times
with HPLC grade methanol and filtered through 2 um PTFE
syringe filter before HPLC analysis. Each component was
quantified by comparing the peak areas with their respective
standards.
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Fig. 1. Gas chromatogram of fatty acids profile of Jatropha curcas oil

RESULTS AND DISCUSSION

Catalyst characterizations: Density is one of the
important fundamental property of catalyst and useful to
provide information regarding their physical and chemical
make-up of catalyst. Prior to true density determination of 35 %
KNO3/ALOs catalyst, the catalyst sample was prepared by
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removing the atmospheric gases and vapours present in the
surface and pores of the catalyst and replacement of these with
the probe gas helium. This was performed by purging the
sample for 0.5 h. The true density experiment was carried out
at 32 °C. The purity of helium gas used was 99.9 %. The true
density of 35 % KNO3/Al,Os catalyst was found to be 2.67 g/cc.

The Brunauer-Emmett-Teller surface area of alumina and
35 % KNOs/ALOj catalyst were found to be128 and 87.0 m%/
g, respectively. The Brunauer-Emmett-Teller surface area was
decreased with loading of potassium nitrate on support. From
this result, it was cleared that the introduction of KNO; which
blocks the pores and reduces the surface area of support. The
interactions of the alkali metal compounds with the supports
include the formation of solid solution and acid base reaction.
The FTIR spectra of 35 % KNO;/Al,O; and Al,O; were shown
in Fig. 2. The absorption band at around 1380 cm™ on 35 %
KNO3/AlLLO; catalyst could be assigned to the vibration of
N-O of KNO5'®, while this N-O absorption band was not
observed on alumina without loaded KNO;. The band of the
nitrate on 35 % KNO,/ALOs catalyst became weaker at higher
calcination temperature which result in the decomposition of
KNOs; and formation of K,O species was observed. The physi-
cally absorbed water on the Al,O; and 35 % KNOs/ALOs
catalyst was observed at around 1635 cm™, attributed to the
bending mode of O-H'®. However, the broader band at around
3439 cm™ could be partly assigned to the stretching vibration
of Al-O-K group'. According to Stork and Pott*, on the
surface of fully hydroxylated alumina, K* ion replaced the
protons of isolated hydroxyl groups to form Al-O-K group
(2KNOs + 2A1-OH — N,O; + 2A1-O-K + H,0), which were
considered to be the active basic species. There are many
defects or vacancies in the structure of alumina®, resulting
from the dehydration of surface hydroxyl groups. So that
dispersion of oxide or salt on the alumina is actually the
incorporation of potassium ions into the vacancies by strong
salt -support interaction or oxide-support interaction. The band
at about 1532 cm™, assigned to carbonates'', was observed on
35 9% KNOs/Al,Os. This carbonates band were formed by
the adsorption of gaseous CO, with K,O species during the
calcination procedure in air.
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Fig. 2. FTIR spectra of A: AL,Os, B: 35 % KNOs/ALO;

Fig. 3 showed that the XRD pattern of 35 % KNO5/Al,O;
catalyst. Based on the diffraction patterns of 35 % KNOs/ALO;
catalyst calcined at 773 K, new characteristics peaks observed

with 20 of 31, 39, 51, 55 and 62°, which was assigned to K,O.
This K,O species was the main reason for catalytic activity
and basicity of catalyst. The K* ions of KNOs could insert in
the vacant sites of alumina, accelerating dispersion and decom-
position of KNO; to form strong basic sites of K,O in the activa-
tion process. Thus increase in K,O species indicate with the
increase in the number of basic sites present in the catalyst.
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Fig. 3. XRD spectra of 35 % KNOs/ALO;

The scanning electron microscopy of the KNO;/AlLLOs;
catalyst is presented in Fig. 4. It was apparent that most of the
SEM photographs of 35 % KNOs/Al,O; sample were the
particles of more than 10 um size and nearly of irregular cluster
shape. From the result, it was noticed that a good diffusion of
KNO:s; on the surface of Al,Os; was observed and therefore the
potassium species was found highly distributed upon the surface
of the Al,Os support.

Fig. 4. Scanning electron microscopy image of 35 % KNO;/ALO;

The particle sizes of the catalysts were determined by laser
based particle size analyzer (Fritsch GmbH Germany). The
laser based particle size analyzer is the most unique and latest
modern instrument designed to measure the particle size
distribution characteristics of various particles in the range
0.1 to 1250 micron. Particle size measurement is done by
analyzing the pattern of scattered light which is produced when
particle pass through a laser beam. The particle size distri-
butions of ALO; and KNO3/ALO; catalyst have been shown
in Figs. 5 and 6, respectively. From these figure, it has been
confirmed that most of the particles have large size and the
particle size of AL,O; has larger than the particle size of KNOs/
Al,Os catalyst. The particle is easy to separate from the reaction
product after the transesterification reaction due to bigger size
of particle. The same result also obtained from SEM study of
the KNOs/Al,Os catalyst.



Vol. 23, No. 8 (2011)

Methanolysis of Jatropha curcas Oil for Biodiesel Production 3423

100 30
90 L27
80 L2a
704 L21
60 SE]
50 3 15
a0 12
304 Lo
20 Le
10 L3

0 — e L i 0
0.1 05 1 5 10 50 100 500 1000
pum

Fig. 5. Particle size distribution of ALOs catalyst (10.00 % < 57.82 um,
50.00 % < 97.06 pm, 90.00 % < 141.98 um)

100 10
904 -9
80 ] I_ -8
Ii B
60+ ﬁ " " L6
50 FH L5
40 1 L4
304 | { L3
204 12
104 L1

0 o e emenaa.ccasninill . . 0
0.1 05 1 5 10 50 100 500 1000
pm

Fig. 6. Particle size distribution of 35 % KNOs/ALO; catalyst (10.00 % <
17.60 pum, 50.00 % < 54.07 um, 90.00 % < 113.26 um)

Taking into consideration of all the information obtained
from the catalyst characterizations, it was concluded that K,O
species derived from KNOj; and the Al-O-K group were the
main active sites of the catalyst.

Variable factors affecting the transesterification reaction

Influence of reaction temperature: The transesterification
reaction was carried out at different reaction temperature such
as 60, 65, 70, 80 and 100 °C. The methanol to oil molar ratio
was 15:1 with 6 % KNOs/Al,O; catalyst. Fig. 7 showed the
graph of reaction temperature vs. conversion. The conversion
of jatropha oil was maximum i.e. 86 % when the temperature
was 70 °C and then slightly increases with increase in tempe-
rature. It has been shown that the amount of methyl ester was
affected with increase or decrease in temperature.

Influence of catalyst amount: The effect of 35 % KNO5/
Al,O; catalyst amount on the conversion of Jatropha curcas
oil was shown in Fig. 8. The catalyst amount was varied in the
range of 1.0 to 8.0 %. From Fig. 8, it has been observed that
when the catalyst amount increased from 1 to 6 %, the conver-
sion of jatropha oil to methyl esters was increased with 600
rpm. However, with further increase in the catalyst amount
the conversion was decreased which was possible due to a
mixing effect involving reactants, products and solid catalysts.
The maximum conversion upto 86 % was achieved at about
6 % catalyst amount. Wang et al.” reported the best results
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Fig. 7. Influence of reaction temperature on the conversion. Reaction

condition: methanol/oil molar ratio 15:1, catalyst amount 6 %,
reaction time 7 h and 600 rpm
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Fig. 8. Influence of catalyst amount on the conversion. Reaction condition:

methanol/oil molar ratio 15:1, reaction temperature 70 °C, reaction
time 7 h and 600 rpm

for 3 % SrO catalyst amount, 12:1 molar ratio of methanol to
oil and 65 °C while using soybean oil for transesterification
reaction.

Influence of molar ratio of methanol to Jatropha curcas
oil: The conversion of jatropha oil vs. molar ratio of methanol
tooil suchas 6:1, 8:1, 10:1, 12:1, 15:1 etc. are shown in Fig. 9.
When the methanol loading amount on molar ratio was
increased, the conversion of jatropha oil was increased consi-
derably. When methanol to oil molar ratio was very close to
15:1, the maximum conversion of methyl esters was reached.
However, with further increase in the molar ratio there was no
significant effect on the conversion. Therefore, the optimum
molar ratio of methanol to oil for biodiesel production was
approximately 15:1 with 600 rpm. Vyas et al.* reported the
maximum 84 % conversion for 12:1 molar ratio of methanol
to oil, reaction time 6 h and 70 °C by using same catalyst for
the transesterification of jatropha oil. However, it has been
found that the methanol/oil molar ratio 6:1 could give the best
conversion when the transesterification reaction was carried
out using conventional homogeneous catalyst such as KOH
and NaOH?>,

Influence of reaction time: The conversion versus reaction
time is presented in Fig. 10. It can be observed that the conver-
sion was increased, when the reaction time was raised from
1to 7 h and thereafter remained unchanged. The maximum
conversion was found to be about 86 % at 7 h of reaction time
with 600 rpm. Wenlei et al.”'" achieved maximum conversion
of soybean oil to methyl ester for 8§ and 7 h while using KI/
ALO; and KNO3/AlO; as solid base catalyst, respectively.
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Fig. 10. Influence of reaction time on the conversion. Reaction condition:
methanol/oil molar ratio 15:1, catalyst amount 6 %, reaction
temperature 70 °C and 600 rpm

Influence of loading amount of KNQOj; on alumina: Fig.
11 showed the plot of loading amount of KNO; on alumina
versus conversion. When the loading amount of KNO; was
increased from 15 to 35 wt %, the conversion increased and
maximum conversion of 86 % was obtained at loading KNO;
of 35 wt % on ALLOs. However, when the loading amount of
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Fig. 11. Influence of loading amount of KNO; on the conversion. Reaction
condition: methanol/oil molar ratio 15:1, catalyst amount 6 %,
reaction temperature 70 °C, reaction time 7 h and 600 rpm

KNO; was over 35 wt %, the conversion was decreased. This
is due to the excess KNOj; could cover the basic sites on the
surface of catalyst and cause a lowered catalytic activity. Finally
it has been observed that the optimum loading amount of KNO;
was 35 wt %.

Conclusion

Alumina loaded with potassium nitrate, which was pre-
pared by the impregnation of alumina with an aqueous solution
of KNO:s followed by calcination in air, showed high catalytic
activities for the transesterification of jatropha oil with methanol.
The catalyst with 35 wt % KNOs; loaded on ALLOs and after
calcined at 500 °C for 5 h was found to be optimum catalyst
which gave the best catalytic activity for the reaction. When
the reaction was carried out at 70 °C, with a molar ratio of
methanol to oil of 15:1, a reaction time 7 h and a catalyst
amount 6 %, the highest conversion of jatropha oil reached 86 %.
Both the K,O species formed by the thermal decomposition
of loaded KNO; and the surface Al-O-K groups formed by
salt-support interactions were most likely the main reasons
for the catalytic activity towards the transesterification reaction.
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