Synthesis of biodiesel using supercritical methanol
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INTRODUCTION

Recently, the biodiesel fuel has been given atterdis a promising alternative fuel because it
can be applied easily to present automotive enganesinfrastructure without modification.
Because biodiesel is synthesized from vegetab)é télkes much shorter time than fossil fuel
to fix the carbon dioxide emitted by the combustioh biodiesel. Conventionally,
homogeneous basic catalyst such NaOH, KOH and NaQ@is used in the synthesis of
biodiesel. However, this process requires compleatr@atment and separation process
because the catalysts can cause several sideoreagtith impurities in oil [1-3]. Although
various types of catalyst have been proposed tacephese catalysts, they also have some
problems such as high cost or low reaction rate The catalyst-free supercritical methanol
process was proposed as a solution, which regsinggle process and has very high reaction
rate [4-7]. In this study, the effect of processapaeters on the synthesis of biodiesel in
supercritical methanol was investigated and thestienstudy and economic analysis was
performed.

MATERIALSAND METHODS

Methanol (99.5%, Samchun Pure Chemicals Co. LtdreK), palm oil (Dong Nam Oil &
Fats Co. Ltd., Korea), rapeseed oil (KCI Ltd., Koresoybean oil (Sajo Haepyo Co., Ltd.,
Korea), safflower oil (Guworl Co., Korea), and f&@ed oil (Jarrow Formulas Inc., USA) was
used as reactants. For analysis by gas chromatographeptane (99.0%, Samchun Pure
Chemicals Co. Ltd., Korea) and methyl heptadecan(2.5%, Sigma-Aldrich Ltd., USA)
was used as solvent and internal standard, resphcti

Most experiments were carried out using batch ceactnd some experiments were carried
out to obtain mass flow data. In batch experimesadt, bath was used to heat the reactors.
And reaction pressure and molar ratio were comdolby the content of reactants. In
continuous experiments, reaction temperature wasated by electric furnaces and reaction
pressure was controlled by back-pressure reguldotar ratio and retention time were
determined by pumps. The content of fatty acid yletsters (FAMES), triglycerides (TGS),
diglycerides (DGs), and monoglycerides (MGs) in duads was measured by gas
chromatography (Agilent 6890).

RESULTS

Figure 1 shows the effect of several parameterthercontent of FAMEs synthesized from



palm oil [4]. The content of FAMES increased asctiem temperature, reaction pressure and
molar ratio of methanol to oil increased. Howewshen the reaction pressure exceeded
30MPa and molar ratio exceeded 40, the contenAMBES didn't increase further. When the

reaction temperature exceeded ®50the content of FAMEs decreased due to thermal

decomposition.
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Figure 1 : Effect of parameters on the transesterificatibpalm oil in supercritical methanol
(a) pressure, (b) temperature, (c) molar ratio eftranol to oil

Figure 2 shows the change of content of FAMEs sgited from 5 kinds of vegetable oil

along with reaction temperature and reaction tiAgereaction temperature and reaction time
increased, the decrease of FAMEs content becanméis@gnt. In addition, the decrease of

FAMEs was more prominent when the degree of unataur of vegetable oil was higher.
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For the design of commercial process, the kinetcleh was studied [4]. The obtained rate



equation was as followed.

5
o _ —(4.3376><105)><exp[— 1052710 ]-Cﬁf“ .l

v MeOH
dt RT (1)

The estimated values from equation (1) agreed wighl the experimental results as shown in
Figure 3.

-
|
&

o
o]

— 1.50

E

% o]

‘_E_ 1.25 @ o)

w

i)

E 1.00 1

w Q

=]

o 0.75 -

c

5]

5]

- 050

@

£ e}

B 0

T 0.25 4

0.00

000 025 050 075 100 125 150 175
Experimental Conc. of FAMEs (mol/dm®)

Figure 3 : Comparison of experimental and predicted comaénoh of FAMES

In addition to the kinetic model, the mass flowadatere collected from a continuous reactor
for the analysis economic potential of supercritioathanol process. As a result, because the
supercritical methanol process doesn't require derseparation process, it is more
economical than conventional process in spite @k reaction conditions such as high
temperature and pressure.

Figure 4 shows the change of FAMEs, TG, DG and M@Gen heterogeneous catalysts were
applied to the supercritical methanol method. Widterogeneous catalysts, the content of
FAMEs increased considerably at lower temperatwmpared with the result obtained

without catalyst.
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Figure 4 : Effect of catalysts on the transesterificatibmapeseed oil in supercritical
methanol

CONCLUSION

In this study, the synthesis of biodiesel fuel uparcritical methanol was investigated. As
reaction temperature, reaction pressure and mak&w of methanol to oil increased, the
content of FAMESs increased. When the reaction teatpee exceeded 3500C, the content of
FAMEs decreased due to thermal decomposition. Hueedse of FAMES was more severe
when the degree of unsaturation of vegetable asl kvgher. From kinetic study and economic
potential analysis, it was concluded that supecatitmethanol process is more economical
than conventional process because of simple sémargbrocess. Moreover, using
heterogeneous catalysts could achieve milder macbnditions without losing advantages of
supercritical methanol process.
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