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Conversion of biomass intermediates to light olefins
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Glycerol conversion to propylene
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Glycerol HDO: Product distribution over Mo-based catalyst

Catalyst: 20wt% MoO; on carbon black
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o Propylene is the main product with selectivity which increases with glycerol conversion

o 100% propylene selectivity in gas phase

o Other products - partially deoxygenated compounds with low selectivity

Zacharopoulou et al, Green Chem. 17 (2015) 903
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Po=80 bar (H,)
T=300 °C t=0-6 h




Glycerol HDO under continuous flow: Effect of operating variables

Reactor: fixed bed, operation at 280°C
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Glycerol HDO under continuous flow: Effect of operating variables

Reactor: fixed bed, operation at 280°C

100

o (+]
B PP et

=22
o o _
® PP alyc =45

=80

Catalyst: 8.7 wt% MoO, on carbon black

A P Hz}p" '
Variable
PO

H2

I:mH2/ Pleyc

W/F B Propylene
I Propanal

80 - [ 1-Propanol

100 L AN Conversion|

LHSV Maximum propylene yield 65% &

6ot N rate 3.1 mmol;,6/8..:h
oL A\ at T=280 °C, P,=60 bar, P°,,,/P°,, =90,
LHSV=1.2 h't, W/F=211 g_,, h/mol

e Glycerol cc

glyc

20

* Propylene
25 < PO, +
90 < P°,,/
at LHSV =

Converison & Products Selectivities (%)

a0

loannidou et al, Catal. Today 423 (2023) 113902

W/F (gcat/mOIglych)



Glycerol HDO: Effect of catalyst pre-reduction

Catalyst: 8.7% Mo/BC (reduction 500°C, 30min)
Reaction Conditions: 10wt% aqueous glycerol solution
T=280 °C, P°,, = 60 bar,
LHSV = 1,2 h1, TOS = 4h
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v' 65% propylene yield over reduced catalyst v" Fresh catalyst consists of MoO; while after reduction
the crystal phase is MoO, indicating reduction of Mo
v" Non reduced catalyst is less active and totally from +6 to +4

unselective to propylene

loannidou et al, Catal. Today 423 (2023) 113902 7



Catalyst: 8.7% Mo/BC (reduction 500°C, 30min)
Reaction Conditions: 10wt% aqueous glycerol solution

Conversion & Products Selectivities (%)

v' 65% propylene yield over reduced catalyst

v" Non reduced catalyst is less active and totally
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Glycerol HDO: Effect of catalyst pre-reduction

T=280 °C, P°,, = 60 bar,
LHSV = 1,2 h'l, TOS = 4h
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loannidou et al, Catal. Today 423 (2023) 113902
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Main reaction pathways

2-Propenol HDO

Conversion
B Propylene
I Fropanal
B 1-Propanal

Reaction tests of partially deoxygenated
compounds — possible intermediates
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Reverse Mars-van Krevelen mechanism
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https://www.scopus.com/sourceid/12000154478?origin=resultslist
https://www.scopus.com/sourceid/12000154478?origin=resultslist

Conversion & Product Selectivities (%)

Crude glycerol HDO to propylene

Crude glycerol Composition
91% glycerol, 3.5% H,0, 3.5% MONG, 2% salts

Reaction conditions: T=280 °C,P =60 bar, P°,,/ P°,,,=90,
LHSV=1.2 h'l, W/F=211 gcat/molg,ych, TOS=4 h
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v' Mo-based catalyst proved active and selective towards
Propylene using crude glycerol
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Concluding remarks

Molybdena-based catalysts tested under batch and flow conditions showed a promising performance in
one step glycerol hydrodeoxygenation yielding propylene (>65% vyield)

Pre-reduction of the catalyst is crucial for the formation of the active MoO,, species over which the C-O bond is
selectively cleaved via the reverse Mars van Krevelen redox mechanism

Hydrogen availability is the key parameter for the deoxygenation reaction towards propylene

Preliminary testing with crude glycerol looks promising
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