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AIMS CLEAN CHEMICAL PROCESS IN
NON-AQUEOUS MEDIA

*Activity

S 100% Yield

P

> No by-products 100% Steroselectivity
> No air emissions

» No wastes
» Full recovery and reuse of biocatalysts, solvents, etc.
» Direct obtention of nearly pure produts

» SUPERCRITICAL FLUIDS
> IONIC LIQUIDS
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Example:

BIOCATALYTIC SYNTHESIS OF
BIODIESEL IN IONIC LIQUIDS

A Green Technology for Producing Green Biofuels




THE PRODUCTION OF BIODIESEL
Transesterification reaction

3 CH,OH =p
(100 Kg)
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Vegetable Oil
(1000 Kg)

BIPHASIC REACTION MEDIUM
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CATALYST:
* NaOH, KOH

* H,S0,
70 °C
1-8 h

>

)
. D 3 V' \NN\ANNNCO0-CH,
BIODIESEL (i.e.: Methyl oleate)
1000 Kg
>~
N

TOO MUCH PROBLEMSI!!:

Biphasic systems, Low selectivity, catalyst

recovery, water content, soaps, etc.

2. Separation of glycerol:

Centrifugation

-
E: Glycerol
o (100 Kg)

3. Washing of biodiesel with water : WASTEWATER I
4. Drying of biodiesel
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The Industrial Production of Biodiesel

Air 0 3003 GresnsrPro

Biodiesel Process

Vacuum| Psg

Drier
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or centrifuge



THE PRODUCTION OF BIODIESEL
Fatty acid methyl esters (i.e. methyl oleate)

Obtained by transesterification between triacylglycerides
and 1-alkanols catalyzed by:

Biocatalysts

»Low activity !!

BIPHASIC »Very high reaction selectivity
» Fast enzyme deactivation by MeOH
REACTION MEDIUM > No wastewater

» Cost of biocatalysts

~———
3 CH,OH = O PR 3 CH;00C\ \N\N TV
i.e. Methyl oleate

VAV AV AV e AV AVAV LY

g:z-gg Enzyme N CH,OH
—00CAANTVWY

EHz O0CAAATAAN K_/« CHOM Glycerol
CH,OH

Vegetable Oil

i.e. Triolein
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IONIC LIQUIDS: Liquid comprised entirely by IONS

»>NON-VOLATILE, Non-flammable, High thermal stability

ssssssssssssssssssssssss

>Wide temperature range for liquid phase B

Syntheses Using
lonic Liquids

»Good solvents
»Tunable solvent properties
IONIC SOLVENTS vs MOLECULAR SOLVENTS

Example: 17
R /\ CH, >
Catlon \N N/ Batteries
\ / Fuel Cells Nanomaterials
0\\ _ //O Eg;i:g:_‘:i;f lonic Liquids Inguatsia;
. N
Anion 57 TS cF
F 3C \\ // 3 Lubricants Enzymatic Nuclear Fuel
() O Heat Transfer Catalysis Rad Waste
NTf,

Green Solvents? = FULL RECOVERY AND REUSE
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SLILs ABLE TO DISSOLVE VEGETABLE OIL AND MeOH

ILs based on large alkyl-side chain in cation

|.e. [C18mim] [NTf,], [C18tma] [NTf,],

+
I:\/\/\/\/\/\/\/\/\Né\N/CH5|

el
F.C-$ \§—CF3
O O

<
Oil =p
MeOH —> I
Solid IL=—>

[C18mim] [NTf,] | 53
[C18mim] [PF,| 82
[C18mim] [BF,] 60
[C16mim] [NTf,] | 46
[C14mim] [NTf,] | 33
[C12mim] [NTf,] | <20

Lozano et al. ChemSusChem. 2010, 3, 1359 — 1363
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Exp. 1. BIOCATALYTIC SYNTHESIS OF BIODIESEL IN SLILs

Solid IL=—>

—~ 100

Biodiesel Yield ( %
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Time-course profile
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- Enzyme stability in
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Lozano et al.. ChemSusChem. 2010, 3, 1359 — 1363
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SEPARATION OF BIOFUELS AND GLYCEROL FROM SLILs
Substrate: TRIOLEIN 60°C + H,0

. COOLING
Three
centrifugation
steps (15 min) at
25,20 and 15 °C

Lozano et al., How to produce biodiesel easily using a green biocatalytic
approach in sponge-like ionic liquids Energy Environ. Sci. 2013, 6, 1328-1338
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RECOVERY AND REUSE OF SLILs

Vegetable Oil
(e.g. Triolein)
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Lozano et al.,
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Solid IL

3 5 7 9 11 13 15
Operation Cycles

A: No washing biocatalyst particles with t-BuOH

B: WASHING biotatalyst particles with t-BuOH

How to produce biodiesel easily using a green biocatalytic approach

in Sponge-Like lonic Liquids. Energy Environ. Sci.

2013, 6, 1328-1338
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Exp. 2 BIOREACTOR BASED ON LIPASE - SILLP
FOR BIODIESEL SYNTHESIS IN scCO,

—‘—<—Triolein
8 «—scCO,

Lac

Back-pressure ‘ \
Regulator




Continuous BIODIESEL production by lipase-SILLP in scCO,

\/\/\/\/\/\'/\/\/‘coo.c|-|3
BIODJESEL
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Triolein

PS-DVB
Polymeric Matrix

ENERGY & MATERIALS

4/2012

‘The inside cover picture: shows  continuous reactor, containing immobized lipase anto 3 paly-
X -

-

s

ized
meric matrix with covalently attached lonic liquid phase {SLLPS), to synthesize biodiesel in
Pai pag

applied to immobiize

supports Candida B (CALB).
bilzed Ipase deivatives to camry out the synthess of biodiesel by methanolysis of triolkin in
percritical €0, was excellent, leading up Lo 95% biodiesel yiekds with high operational stability.
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Operation Cycles

Steps 1 and 2: Lipase-SILLPs washed with t-BuOH at the
end of the step.
Step 3: Continuous feed of t-butanol (10.5 mmol/min).

Lozano, Garcia-Verdugo et al., ChemSusChem, 2012, 5, 790 — 798
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CONCLUSIONS

1. Excellent monophasic reaction media for BIOCATALYSIS
» HIGH ACTIVITY AND OPERATIONAL STABILITY

2 SLILs: Temperature switchable solid/liquid phases
> Easy separation of pure products and SLILs for recovery and reuse

A new clean and sustainable platform for synthesis and
separation of pure products is demonstrated. !!
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