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CONVENTIONAL DME SYNTHESIS
»Methanol synthesis: COy + 3Hy = CH30H + Hy,O
»Methanol dehydration: 2 CH30H = CH30CH3 + Hy0
)Reverse water-gas shift: Hy + COp = CO + Hy0
H,/CO/CO; recycle Methanol recycle
v I v |
' Methanol Methanol . .
Syntgsems_» . : | DME synthesis —» DME separation = DME
8 synthesis separation
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SORPTION-ENHANCED DME SYNTHESIS (SEDMES)

) Direct DME: 2 CO9 +6Hy » CH30CHg + 3 H4O
) Direct DME: 2CO +4Hy - CH30CHg + H50
» Adsorption: H>O (g) » H5O (ads)

Optional CO recycle

v I

5V”§Q§5'5—> SEDMES [—» DME separation —> DME
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FEED FLEXIBILITY
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EXPERIMENTAL: SEDMES

syngas

Cu/ZnO/Al,O4 catalyst

adsorption ) regeneration
275 °C 300 - 400 °C
25 - 40 bar(a) 3 bar(a)

Zeolite LTA

effluent
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FEED FLEXIBILITY

20 )CO, feed
"M = ([Ho]-[CO,D/([COH[CO,]) = 2

)275 °C & 40 bar(a)

- e= CO
— —co» 'Regeneration 400 °C

DME
MeOH

GC concentration (mol%)

0 50 100
Time (min)
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FEED FLEXIBILITY

25 )CO feed

"M = ([Ho]-[CO,D/([COH[CO,]) = 2

N
o

)275 °C & 40 bar(a)

15 - — o
— —co» 'Regeneration 400 °C
10 DME
MeOH

GC concentration (mol%)

0 50 100
Time (min)
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FEED FLEXIBILITY

) Direct DME synthesis 100%
) 275 °C & 40 bar(a) 90%

) Thermodynamic equilibrium 80%
70%
60%
50%
40%

30%

Product C-distribution (mol%)

20%
10%
0%
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FEED FLEXIBILITY

) Sorption-enhanced DME synthesis 100%
) 275 °C & 40 bar(a) 90%

) Experimental results 80%
70%
60%
50%
40%
30%

20%

Product C-distribution (mol%)

10%
0%
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REGENERATION CONDITIONS

) Catalyst & sorbent regeneration

at 300 °C
) CO,:.CO=1:2 g
) M = ([H]-[CO,D/N(COJH[CO,]) = 2 % - — O
o 9

) 275 °C & 25 bar(a) g - = CO2
§ e DME
§ e CH30H
8 = == H20

. y . . Time (min)
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REGENERATION CONDITIONS

) Catalyst & sorbent regeneration 16 1 -
at 400 °C 14
) CO,CO=1:2 g127
) M= ((HCOD/(COH[CON =2 S0 -
) s hlh\ TN em-—-. - -
) 275 °C & 25 bar(a) §s. N \ 57 ~~-o_____ - — o2
g = DME
S 6 e CH30H
3 4 = = H20
2 -
[/
0 - . :
0 50 100

_ N _ _ Time (min)
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SUB CONCLUSION

) Regeneration
) Temperature swing required
1. Increased adsorption capacity
2. Increased steady state DME vyield

Regeneration Conditions as Key to Sorption-Enhanced DME Synthesis 22 May 2018



TU/e Z ECN) TNO i

SEDMES TPSA CYCLE

) Example: 4-step TPSA cycle design
1 Adsorption

2. Depressurisation (blowdown)

3 Temperature swing & purge

4 Repressurisation

Adsorption

)
S o
2 S
T o
o 3
Q. D
& c
L =
= &

Regeneration Conditions as Key to Sorption-Enhanced DME Synthesis 22 May 2018



TU/e Z ECN) TNO i

PROCESS CONSIDERATIONS

Purge
DME DME
reactor

SEDMES
240 °Cinlet (CACIOM
25 bar(a) H,0
One reactor (tubular) Vv
Direct DME catalyst 275 °Cinlet H,0
(Cu/ZnO/Al,O; + H-ZSM5) 25 bar(a)

4 columns
Catalyst + sorbent packed bed
(Cu/ZnO/AL O, + LTA)
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SORPTION-ENHANCED DME SYNTHESIS (SEDMES)

)Direct DME: 2 002 +6Hy - CH3OCH3 +3H
)Direct DME: 2CO +4 H2 — CH3OCH3 +H

» Adsorption: H>O (g) » H5O (ads)
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SORPTION-ENHANCED DME SYNTHESIS (SEDMES)

)Direct DME: 2 002 +6Hy - CH3OCH3 +3H -122 kJ/mol
)Direct DME: 2CO+4 H2 - CH3OCH3 + HHO -204 kJ/mol

» Adsorption: H>O (g) » H5O (ads) -45 kJ/mol
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PROCESS CONSIDERATIONS
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CONCLUSION

) Sorption-enhanced DME synthesis (SEDMEYS):
) Proof-of-concept
) High DME yield pre steam breakthrough
) Feed flexibility = CO, utilisation
) Temperature swing regeneration to 400 °C
) Improves DME vyield pre and post steam breakthrough
) Adsorbent capacity increases
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OUTLOOK

) Sorption-enhanced DME synthesis (SEDMEYS):
) Regeneration
) TSAvs PSA

) Heat management
) Heat mitigation to direct DME reactor
) Adiabatic or non-adiabatic operation
) Integration of temperature swing regeneration
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OUTLOOK
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OUTLOOK

'Catalyst &
adsorbent
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OUTLOOK

.Smml
scale

~ reactor
Catalyst &

adsorbent
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