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INTRODUCTION

v Biodiesel production through transesterification is
Industrially done using acid or base homogeneous
catalysts. Improvement could be achieved with other
catalysts offering an environmental friendly process.

v" This work describes the preparation of a novel catalyst to
run the reaction at mild conditions.




BACKGROUND

TRANSESTERIFICATION REACTION
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FAME = Fatty acid methyl esters.




BACKGROUND

FEEDSTOCK

First generation feed stocks such as corn oil, palm oill,
rapeseed oil and soy bean oil, are commonly used for
biodiesel because of their availability. But food and economic
Issues turn the biodiesel production unsustainable through
time.




BACKGROUND

HOMOGENEOQOUS CATALYST

v" High yields.

v' Fast reaction ratesll.

x  Difficulty on catalyst separation step.
x  Commonly as a two step reaction.

HETEROGENEOUS CATALYST

v" One step reaction.

v' Simple catalyst separation step.

v Possibility of regeneration and recycling.

x Lower yields and harder reaction conditions.



BACKGROUND

CATALYST CARRIERS

Mayenite (Ca,,Al;,035)
20: 17-33° [4
Mesoporous [

Alumina (Al,O)
20: 26-35-43-57° [2]
Mesoporous [




BACKGROUND

CATALYTIC MATERIAL

Magnesium oxide (MgO)

20: 43-62° [2]

Largely used in solid catalysts for biodiesel production.

Lithium oxide (Li,O)

20: 33-39-56-67° [4
Less reported.



EXPERIMENTAL METHOD

CATALYSTS SYNTHETIZED

The prepared catalysts (support-impregnating oxide):
1. Alumina-MgO (5 — 30 wt.%)

2. Alumina-Li,O (5 — 10 wt.%)

3. Mayenite-MgO (5 — 30 wt.%)

4. Mayenite-Li,O (5 — 10 wt.%)

Stoichiometric quantities of the species are mixed with
Isopropanol, dried at 100 °C and calcinated at 650 °C for 2 h.



EXPERIMENTAL METHOD

TRANSESTERIFICATION
The experimental set up:

Oil+Methanol



EXPERIMENTAL METHOD

TRANSESTERIFICATION
The conditions:

Methanol to oil ratio 6:1, heated up to 60 °C and stirred at
180 rpm for 2 h.

The variables:
» Oxide impregnation over catalyst (5 — 10 — 30 wt.%)

» Amount of used catalyst relative to oil (2.5-5.0-10.0
wt.%0).

» Reusability for a second time for the catalyst with the best
biodiesel production.



EXPERIMENTAL METHOD

v Catalyst characterization: N, adsorption Brunauer—
Emmett—Teller (BET), powder X-ray diffraction (XRD) and
Scanning electron microscope (SEM).

v Catalyst performance: The product is analysed on Gas
Chromatography.



RESULTS AND DISCUSSION

v XRD analysis, qualitatively confirms the presence of the
expected species. The case of Mayenite-Li,O 10%

= Mayenite ®
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RESULTS AND DISCUSSION

Mayenite BET analysis
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v' Reported catalysts like Mg/MCM-41 that have 1289 m?g
of surface area but achieve a maximum of 89 % biodiesel
yield [5], also using low frequency ultrasonic waves and
high rate stirrer.




RESULTS AND DISCUSSION

v' Mayenite alone and oxide impregnated show BET porosity
from 11.9 to 40.1 A placing them as mesoporous. The
lowest is Mayenite-MgO 30% and the highest Mayenite-
Li,O 10%

v" Alumina alone and oxide impregnated show BET porosity
between 16.5 and 18.3 A, suggesting that they are also
Mesoporous.



RESULTS AND DISCUSSION

v The best catalyst for biodiesel production is Li,O 10%
Impregnated mayenite charged up to 5 wt.% relative to oil.

Mayenite Performance
120

100
80

60

Yield %

40

20

, [ ] . .

Mayenite Mayenite-MgO 5 Mayenite-MgO Mayenite-Li20 5 Mayenite-Li20
% 30 % % 10 %




RESULTS AND DISCUSSION

v' The patent granted to Delfort et al., 2006 reports [6],
achieve a yield of 94 % at 200 °C and 50 bar.
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RESULTS AND DISCUSSION

v' Alumina alone used as a catalyst in the transesterification
reaction has a relatively high biodiesel yield.
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RESULTS AND DISCUSSION

v Re-usability tests have shown that Mayenite-Li,O 10% can
be used twice.

Re-usability performance
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CONCLUSIONS

v Mayenite-Li,O 10% catalyst has a yield of 100 % at 60 °C
180 rpm and at atmospheric pressure.

v' Magnesium oxide impregnated over both studied carriers
has a poor catalytic activity.

v' Reusability is feasible for two times usage with Mayenite-
Li,O 10% catalyst, further studies must be carried to
determine maximum reuse.




FURTHER STUDIES

v Transesterification nowadays is based in first generation
feedstocks, such as soy bean oil, palm oil and canola oill’l.
For further studies, 2" generation feedstock oils must be
studied, e.g., from castor oil€,

v' Maximum reuse and the best recovery method for
Mayenite-Li20 10% catalyst must be determined.
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THANKS FOR YOUR ATTENTION!

ANY QUESTIONS?
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Base Catalyst Mechanism
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Acid Catalyst Mechanism
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