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Traditional processes for syngas-to-fuels
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Conversion of biomass to sustainable hydrocarbon products
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Conversion of biomass to sustainable hydrocarbon products
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DME homologation on acid zeolites
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DME homologation on acid zeolites ...
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DME homologation on acid zeolites and the limitations
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DME homologation on acid zeolites and the limitations
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Cu-modified beta zeolites for DME conversion
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Cu-modified beta zeolites for DME conversion
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Cu-modified beta zeolites for DME conversion
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Utilizing zeolites in a single reactor for syngas conversion
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Utilizing zeolites in a single reactor for syngas conversion
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Conversion of syngas in a single reactor system

Cu modified (Cu/BEA)
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[Reaction 3; HOG synthesis]
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[Reaction 4; water-gas shift reaction]
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Conversion of syngas in a single reactor system

COy-rich Syngas
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Conversion of syngas in a single reactor system

€O ,-rich Syngas
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Conversion of syngas in a single reactor system

CO,-rich Syngas
2 yng | CO + 2 Hy «» CH;0H
|| [Reaction 1; methanol synthesis]

|2 CH30H « CH;0CH; + H,O
220 °C, 750 kPa, [Reaction 2; methanol dehydration]
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0+H20<—)002+H2
[Reaction 4; water-gas shift reaction]
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Conversion of syngas in a single reactor system
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Conversion of syngas in a single reactor system
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Reactor configuration influence on syngas conversion
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Reactor configuration
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Consideration of Cu/BEA content on hydrocarbon formation
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Consideration of Cu/BEA content on hydrocarbon formation
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Consideration of Cu/BEA content on hydrocarbon formation
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Consideration of Cu/BEA content on hydrocarbon formation
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Syngas conversion compared to DME conversion

CZA+A|Cu/Beta
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Syngas conversion compared to DME conversion

Syngas: H,:CO 2:1 220 °C, 750 kPa, WHSV 0.3 h-'
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Syngas conversion compared to DME conversion

CZA+A|Cu/Beta
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Direct syngas to hydrocarbon performance improved

over DME homologation while maintaining high
selectivities to HOG range products

Q. Wu et al. Appl. Catal. B, 2021, 287, 119925
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Introduction of CO, into syngas

|
Catalysis §
® A

Biomass Gasification ~ C1 Building
Blocks

CO,-rich Syngas
FHETVIEE A1 co + 2 Hy > CHyOH

-l | [Reaction 1; methanol synthesis]

2 CH30H > CH3OCH3 + H20
[Reaction 2; methanol dehydration]

H;0CH; + H; — CHjpez + HO
[Reaction 3; HOG synthesis]

0+H20<—>C02+H2

[Reaction 4; water-gas shift reaction]
Hydrocarbons
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Introduction of CO, into syngas

|
Catalysis ';
o

glls  Biomass derived

Biomass Gasification ~ C1 Building

Blocks —e .
sources of syngas
. H co co
CO,-rich Syngas 2 2
‘ +2 Hp <> CHyOH Feedstock  (vol%)  (vol%)  (vol %)

[Reaction 1; methanol synthesis]

Miscanthus 57.8 21.6 20.4
2 CH30H > CH3OCH3 + H20

Reaction 2; methanol dehydrati

[Reaction 2 methanol dehydration] Switchgrass 57.9 22.2 19.7
m H;0CH; + H; — CHjpez + HO
[Reaction 3; HOG synthesis] Forest 56.7 20.0 299
Residue '

O+ Hzo «— C02 + Hz
[Reaction 4; water-gas shift reaction]

D.P. Dupuis et al. Appl. Energy, 2019, 241, 25
Hydrocarbons
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Introduction of CO, into syngas

Assess syngas conversion in the
single reactor with co-fed CO,
— Molar ratios of H,:CO:CO,
2:1:0.8
— CZA+A|Cu/BEA bed
composition 3:1|3

/Coz-rich Syngas

+ 2 H, & CH;0H
[Reaction 1; methanol synthesis]

|2 CH30H > CH3OCH3 + H20
[Reaction 2; methanol dehydration]

H;0CH; + H; — CHjpez + HO
[Reaction 3; HOG synthesis]

0+H20<—>C02+H2

[Reaction 4; water-gas shift reaction]
Hydrocarbons
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Introduction of CO, into syngas

Assess syngas conversion in the

single reactor with co-fed CO, CZA+A|Cu/BEA 3:13
— Molar ratios of H,:CO:CO,
2:1:0.8 Without CO,  With CO,
— CZA+A|Cu/BEA bed
composition 3:1|3 CO+CO, Conversion % 77.3 27.0
C,. Product Yield % 40.8 23.8
CO, Selectivity % 38.3 28.4
/C'Oz-rich Syngas Hydrocarbon Productivity 0.008 0.054

+2 H, «» CH;OH (9 Icusen" h)
[Reaction 1; methanol synthesis]

|2 CH30H > CH3OCH3 + H20
[Reaction 2; methanol dehydration]

H;0CH; + H; — CHjpez + HO
[Reaction 3; HOG synthesis]

0+H20<—>C02+H2

[Reaction 4; water-gas shift reaction]
Hydrocarbons
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CO, incorporation into hydrocarbon products

Assess syngas conversion in the
single reactor with co-fed CO,

— Molar ratios of H,:CO:CO,
2:1:0.8

— CZA+A|Cu/BEA bed
composition 3:1|3

r—“c labeled CO,

CO,-rich Syngas |
T / |

Hydrocarbons Monitored by Mass
VSpeCtI"OSCOpy NREL | 43



CO, incorporation into hydrocarbon products

Isobutane

Assess syngas conversion in the
single reactor with co-fed CO, _ 300
— Molar ratios of H,;:CO:CO, & 250 +
2:1:0.8 g 200+ \
— CZA+A|Cu/BEA bed ‘g“ 150
composition 3:1|3 2 100- m/z 43
< 50
CcoO, 36 38 40 42 44 46 48
V m/z
CO,-rich Syngas |
- / |
Hydrocarbons  Monitored by Mass o
NREL | 44

¥ Spectroscopy



CO, incorporation into hydrocarbon products

Assess syngas conversion in the

single reactor with co-fed CO, . 390
— Molar ratios of H,:CO:CO, & 230
2:1:0.8 8 200
— CZA+A|Cu/BEA bed g 130
composition 3:1|3 2 100
< 50

0bihih

Isobutane

12C0O,
13CO,

RN
m/z 44 °—'{

m/z 45

b 38

f—“"c labeled CO,

CO,-rich Syngas |
T / ||

Rydrocarbons Monitored by Mass
¥ Spectroscopy

m/z
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CO, incorporation into hydrocarbon products

Assess syngas conversion in the Isobutane 160. 2-methylbutane
single reactor with co-fed CO, . 390 I
— Molar ratios of H,:CO:CO, g 2501 8 120
2:1:0.8 8 200+ 8 0
— CZA+A|Cu/BEA bed g 1307 g 7
composition 3:1[3 3 1001 3 40
A i
[ SUNN HANEF SN T U SN B N 1 [ SS——— et ML "ch!.:”rlwl'w" “““““““““““ N
13C labeled CO, 36 38 40 42 46 48 3 40 44 48
V m/z m/z
CO,-rich Syngas |
T | ] Isohexane 44 Triptane
|| 512 = 2o,
‘s—u" 1 E’ 13CO
© 8 O 2
o o
E g
i p | ‘ -
A1) |1 EE T | TR
40 50 60 70 80 40 50 60 70 80 90 100
m/z m/z

Rydrocarbons Monitored by Mass
¥ Spectroscopy
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CO, incorporation into hydrocarbon products

Assess syngas conversion in the Isobutane 160 2-methylbutane
single reactor with co-fed CO, . 390 =
— Molar ratios of H,:CO:CO, g 2501 8 1204
2:1:0.8 8 200+ 8 0
— CZA+A|CU/BEA bed g 1901 g
composition 3:1|3 é 100+ 3 40
50 | <
01.‘..‘..‘1.'\".‘:[1.-‘r.u‘lm-r..wm(. 7T 0‘
13C labeled CO, 36 38 40 42 46 48
V m/z
CO,-rich Syngas |
T | ] Isohexane 4+ Triptane
|| 512 = 2o,
‘s—u" b E’ 13CO
® 8- 03 2
o o
s | | § 2
=] T
m _§ 4 “ _§ 14
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70 80 40 ' 100
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CO, incorporation into hydrocarbon products

Assess syngas conversion in the |sobutane 160 2-methylbutane
single reactor with co-fed CO, . 390 =
— Molar ratios of H,:CO:CO, & 230 8 1201
2:1:0.8 8 200+ 8 oo
— CZA+A|CU/BEA bed g 150 3 ]
composition 3:1|3 3 100+ 3 40

T L
O’HHI\IHJI'\IH\H"HH "IH\IHH \'IH|‘m\'IHI\ImlHHI\IH‘IHHI\ 0_ --------------- 3 |'-'wlw'w|wm| wwwww e mmw'!uim' wwwww |\'wm|w wwwwwwwwwwwwwwwwww n
13C labeled CO, 36 38 40 42 44 46 48 36 40 44 48
V m/z m/z
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-
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Conversion of CO,- rich syngas in a single reactor system

Beta zeolite (BEA)

€O ,-rich Syngas
Z yng | CO + 2 H, < CH30H

-l > | [Reaction 1; methanol synthesis]

2 CH3OH > CH3OCH3 + Hzo
[Reaction 2; methanol dehydration]

H3;0CH; + H; — CHjpez + HO
[Reaction 3; HOG synthesis]

O+ Hzo > COZ + Hz
[Reaction 4; water-gas shift reaction]

- . ) _ — Hydrocarbons
Systematic configuration & composition changes

demonstrate ability to improve performance

Direct syngas to hydrocarbon performance improved over DME
khomologation while maintaining high selectivities to HOG range products
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Oxygenate Free C-Selectivity (%)
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