Glycerol oligomerization: Catalyst Stability

* Activation period observed for all heterogeneous catalysts

* catalyst leaching might occur
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Glycerol oligomerization: Catalyst Stability
* colloidal particle formation:

* colloidal particle formation also
confirmed by SLS
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* average particle size of 93 nm

* colloids show high activity in catalysis
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Glycerol oligomerization: conclusions

¢ Activity of low-surface area basic oxide materials parallels their
basicity: BaO > SrO > Ca0 > MgO

* (a0 can be made more reactive than Na,CO, and BaO provided the

right preparation method is applied

* (a0 colloidal particles are highly active in glycerol oligomerization
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Glycerol Valorisation

2. Etherification of glycerol with alkenes over solid acid catalysts
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Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols

+ linear Esomers

* direct acid-catalyzed etherification of glycerol with 1-octene provides long
alkyl ethers with interesting applications

* screening of solid acid catalysts for etherification activity

Ruppert, Parvulescu et al, J. Catal. 2009, 268, 251

Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:
Catalyst Screening

o glycerol conversion ® monoether selectivity w diether selectivity W byproduct selectivity
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* pTSA and Amberlyst 70 give higher glycerol conversions than the zeolites,
* but yield little mono- and diether products

* mostly formation of unwanted byproducts

Etherification conditions: 1 g catalyst, 10 h, 413 K, 10 bar Ar, 1-octene: glycerol 2:1




Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:
Catalyst Screening

® glycerol conversion ® monoether selectivity & diether selectivity ¥ byproduct selectivity
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* zeolites generally give excellent selectivities for mono- and diether (>90 %)

* H-Beta zeolites give the most promising results

Uelveesleels Dzache Etherification conditions: 1 g catalyst, 10 h, 413 K, 10 bar Ar, 1-octene: glycerol 2:1

Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:
H-Beta
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* low conversion caused by deactivation due to coke formation




Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:

H-Beta
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* catalyst deactivation is reversible

* catalyst can be recovered and re-used after calcination

H-Beta: Crude Glycerol Etherification
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* no activity with crude glycerol (from methanolysis process)

* alkali metal ions detrimental for activity, not water content

Solution a - 86 wt. % glycerol, 10wt. % water, 2 wt. % sodium oleate, 2 wt. % NacCl;
Solution b — 86 wt. % glycerol, 10 wt. % water, 2 wt. % hexanoic acid, 2 wt. % NaCl




Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:
Substrate Scope

W alcohol conversion @ monoether selectivity @ diether selectivity ™ byproduct selectivity

* much improved activity (46 -90%)

* still excellent selectivity (> 85%)

Ruppert, Parvulescu et al, 1. Catal. 2005, 268, 251

Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:
Deactivation
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* deactivation is much less severe for the glycols

* full recovery of activity after calcination




What about the substrate-dependent catalyst deactivation
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* microspectroscopic mapping of catalyst deactivation by confocal
fluorescence microscopy

* spatially resolved visualisation of formation and distribution of coke at
the catalyst particle level

Parvulescu et al, submitted

What about the substrate-dependent catalyst deactivation

== Caan bl
hezad

o

* large H-Beta zeolite crystals (9 um) synthesized as model catalysts

* catalytic runs monitored in time, fluorescence profiling of sampled
crystals

Weckhuysen, Angew. Chem. Int. Ed. 2009, 48, 4910




What about the substrate-dependent catalyst deactivation

Glycerol EG 1,3PG 1,2PG

5 um

0090

* distribution of fluorescent coke-species over the catalyst body is
substrate-dependent

* microspectroscopic results aid in catalyst design

Parvulescu et al, submitted

What about the substrate-dependent catalyst deactivation

1-hexene 1-octene 1-dodecene

5 pm
* distribution of fluorescent coke-species over the catalyst body is
substrate-dependent

* microspectroscopic results aid in catalyst design

Parvulescu et al, submitted




What about the substrate-dependent catalyst deactivation

Gly+1-octene 1,2PG+1-octene

* distribution of fluorescent coke-species over the catalyst body is
substrate-dependent

* microspectroscopic results aid in catalyst design

Parvulescu et al, submitted

Solid Acid-Catalyzed Etherification of Biomass-Derived Alcohols:
Conclusions

» Heterogeneous etherification of bio-alcohols with various alkenes was achieved

» H-Beta was found to be the most active and selective catalyst under solventless
conditions

» The catalyst can be easily recovered and re-used

» Fluorescence microscopy shows that the alkene causes deactivation and that the
etherification takes place on the external surface of the zeolite.
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3. Telomerization of glycerol with butadiene

Palladium-Catalyzed Telomerization of 1,3-Butadiene

* H-Y: any nucleophile with an acidic proton (e.g. H;0, MeOH, NH3, ...)
= glycerol is almost unexplored as nucleophile (telogen) in telomerization
= commonly used ligands:
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Behr et al, Angew. Chem. Int. Ed. 2009, 3598



















