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Making valuable bulk chemicals from (crude) glycerol
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Catalysis for Renewables: The Biorefinery

* future biorefinery operations need to produce high value biobased
chemicals in addition to lower value biofuels to achieve a proper return
on investment

* biorefineries can thus achieve their energy and economical goal,
fulfilling their green potential

Bozell, Green Chem. 2010, 12, 539




Catalysis for Renewables: The Biorefinery

» Cheicals ‘

Biobased chemicals production is challenged by:
* a lack of broad-based conversion technology

* an overabundance of targets

» Catalyst development

Catalysis for Renewables

* Biomass-derived feed is highly functionalized, oxygen-rich and markedly
different from petrochemical feed

* New catalysts have to be developed

Challenges faced:
- Selective transformations
- Ability to deal with feeds of varying quality and composition

- Catalyst stability/corrosion under highly polar (aqueous)
conditions

- Catalyst deactivation phenomena




Catalysis for Renewables: Glycerol
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Catalysis for Renewables: Top 10 Revisited

The US Department of Energy’s new top chemical opportunities from
carbohydrates:

-Ethanol -Succinic acid

-Furans -Hydroxypropionic acid
-Glycerol and derivatives -Levulinic acid
-Biohydrocarbons -Sorbitol

-Lactic acid -Xylitol
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* technology for production is established
* processes for conversion into high value chemicals receive significant attention
* high value products provide important revenue stream for biodiesel industry
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Chemicals from glycerol

Catalytic glycerol conversion:

- Selective oxidation

- Selective hydrogenolysis

- Selective dehydration

- Transesterification/etherification
- Carbonylation

- Gasification




Chemicals from glycerol

Glycerol oxidations:
- complex pathways result in an array of products

- development of selective heterogeneous oxidation catalyst is the main challenge
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Chemicals from glycerol

Glycerol reduction:

- Catalytic hydrogenolysis yields ethylene glycol, propylene diols, acetol, ....
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ethylene glycol acetol 1,2-propanediol 1,3-propanediol




Chemicals from glycerol

Glycerol dehydration:

-Catalytic dehydration yields hydroxypropionaldehyde, acrolein, or acetol

NO Q
M _on HO._~_0
acrolein acetol 3-hydroxypropionaldehyde

Chemicals from glycerol

Glycerol ethers:

- glycerol tert-butyl ethers are suitable diesel fuel additives that lower NOx and
fine particle emissions
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- glycerol oligomers find application in cosmetics, additives in nutrition or as

lubricants
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Catalytic Biomass Conversion in Utrecht

- Catalyst development
- Mainly focused at bulk biobased chemicals production

- Application of in-situ (micro)spectroscopy to biomass conversion processes

Glycerol Valorisation

1. Glycerol oligomerization over solid base catalysts

solid base
OH catalyst OH OH OH OH OH

HO._~__OH = Ho_Ah_o_AL_on + wo_L_o_L_o_L_on




Glycerol oligomerization

= glycerol oligomers find application in cosmetics, lubricants,
food additives

= currently produced with homogeneous catalysts (e.g. alkali
hydroxides and carbonates)

= poor selectivity, broad spectrum of oligoglycerols produced

* Objective: Tailor-made solid catalyst for di- and tri-glycerol
synthesis

Glycerol oligomerization
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= basic catalysts are preferred for glycerol oligomerization
= basic alkaline earth metal oxides as heterogeneous catalysts:

MgO, Ca0, 5r0, BaO

Ruppert et al, Chem. Eur. J. 2008, 2016




Glycerol oligomerization: Catalyst Activity

sSro Ca0o

MgO Na2C03

Catalyst Basicity

BaO 17.2 > pK gy, > 15
SrO 17.2 > pK gy, > 15
Ca0 13.4> pK gy, > 11
MgO 8.2>pK gy, > 6.8

* good conversions for the low surface area oxides (BET 2 m?/g)

* conversions follow order of basicity

Conversion after 20 hours of reaction. Ar, 220°C; no solvent

Glycerol oligomerization: Catalyst Activity and Selectivity
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* activation period observed for all catalysts

* 90% selectivity to di/triglycerol at 60% conversion




sion: Catalyst Activity

* moderate conversion for Ca0

* most attractive material of oxides
tested (toxicity)

* improvement of activity needed

BaO Sro Ca0o MgO Na2CO3

P
(m?/g)

. ?.raricuus ce.nlf:iumloxides prepared with o 13.4> pK s > 11 5
higher basicity, higher surface area

Ca0-C  15>pK gy, > 134 54

Glycerol oligomerization: Catalyst Activity
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* Ca0-C: higher surface area material (BET 54 m?/g)

* conversion increased, selectivity maintained

Conversion after 20 hours of reaction. Ar, 220°C; no solvent




