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ALCOHOL TO ALKENE \

BIOALCOHOLS TO BIOCHEMICALS /SIMULATION METHODS

Bioalcohols can be converted to biochemicals and biofuels Periodic density functional theory calculations (DFT- Ts 1S
by means of zeolite-catalyzed processes: D//DFT-D) of electronic energy and vibrational frequencies: 76-OH + ROH : . :'1
»alcohol-zeolite interactions are treated under periodic boundary €- * et ! i,
BETE process ) L condition, using the PBE functional. 4 | i E'y \
Oligomenization >dispersion (D) correction is included to account for the van der /E, \ / Alkene + Water
Ethanol O Cracking Waals (vdW) interactions. Cony AE.. | \ Lo-L.
I :r;ma!rzfar/on Sisig O‘Z“ERSIQN MEC ads Alkoxy + Water
e[y r;)_tlon Dehydrati Ethene ransfer Paraffins BOL T, HANISM ‘ ’
(lowT) (highT) Aromatics TaRg 0G { i .
o Adsorbed
: DEE H,0 H-FAU H-MOR H-ZSM-5 H-ZSM-22

Ea E'a Ea E’a Ea E’a Ea E'a
Ethanol 157 92 155 87 146 95 129 95
1-Butanol 156 77 157 93 149 99 137 99
2-Butnol 119 65 - - - - - -

Insight into the detailed mechanism of the zeolite-catalyzed
alcohol conversion is largely lacking and difficult to
interpret from experiment only.

This poster presents molecular insight into the first alcohol- Statistical thermodynamicswas used to obtain macroscopic TButanol 117 18 : ) B ) : ;
Qal kene reaction step. @as (AS?, A HO and AGP) at desired temperature. J
/ STABLIZING INTERACTIONS: HYDROGEN BOND vs. vdW \ VALIDATION I: IR SPECTRA
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AH . ROH > ALKENES > ALKANES
pys carbon number carbon number
HB (ROH) > n (ALKENES)
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ETHANOL DEHYDRATION RATES

Koo = Kaena K
K=k exp - AG? comp - Tdefyd T ads PHYSISORPTION CHEMISORPTION
devd T RT k,T AG? + AG s
Th T R e ™\
VALIDATION II: ADSORPTION ENTHALPY
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A H-ZSM-22 mH-ZSM-5 OH-MOR & H-FAU Periodic DFT-D//DFT-D is acomprehensive smulation package for ROH-Zeolite.
Lattice effectsare electrostatic & vdW interactions to govern adsorption strength.
Alcohol to alkoxy is the rate-determining step of the a cohol-to-alkene conversion.
Kaenya! S (500 K) 1910 ti10e 711 1.19 Activation energy (E,): (i) decreases in going from large-pore to medium-pore zeolites.
Kaad Pat 4610 48106 9410 4810 o) ’ ' 9 .g 9 P ' P
Keomy/ S* P&’ (500 K) 8.916 5116 6.7 10 5716 (if) decreases in going from primary to tertiary alcohol.
Q-ZSM-S isthe most active zeolite for ethanol-to-ethene conversion step (300-800 K). )
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