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Closing the gap: ICAO vision (2017) — “Power-to-Liquids:
Sustainable alternative fuels produced from renewable electr|C|ty”
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Power-to-Liquid Process
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Power-to-Liquid Process — RWGS operating conditions

Increasing temperature...

e Reaction kinetics e Material

Most investigations at elevated pressure use high

temperature steel or stainless steel reactors

e Equilibrium composition ° Higher work-input
* Less coke, CH, for compression of
 More CO recycle stream

— Pressure range: 1-25 bar (FTS at 25 bar)
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RWGS in Inconel 600 reactor
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« Bustamente et al. (2004) found high CO, conversion in an Inconel reactor

100
S
=
2
£ ¢ Inconel reactor
“ ®  [nconel reactor, Inconel-packing
=] ® Quartz reactor
& ey s .

- = = Equilibrium conversion
0-1 B - - B -
0.01 c
0.0 0.1 0.2 0.3 0.4 0.5

Residence time (5)

Figure 16. Reverse WGS reaction in an Inconel 600 re-
actor. 1173 K, 0.101 MPa, [H,], = [CO,],.
i DLR

Equilibrium conversion at these conditions is 55%.

Conversion was found to be 2
orders of magnitude higher than

in quartz glass reactor

Inconel 600: approx. 72 % Ni-

content, Nickel catalyzes

reaction
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RWGS in stainless steel reactor

Stainless steel (1.4571) with 10.5-13.5 % Nickel content
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e EqUilibrium
& Experiment
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Temperature / °C
« Equilibrium composition (Gibbs in Aspen Plus with CO, CH, and C as
possible products) reached for T > 600 °C
« To investigate performance of catalyst: High temperature zones must

be inert (e.g. by using quartz glass)
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Novel reactor concept

Challenges:

« High temperature zone: inert

* Thermal expansion (Glass vs. Metal)

» High stress for reactor wall due to high temperature and elevated pressure
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Novel reactor concept

Challenges:
« High temperature zone: inert
* Thermal expansion (Glass vs. Metal)

» High stress for reactor wall due to high temperature and elevated pressure
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Novel reactor concept

Challenges:
. |Hi§h temperature zone: inert |

* Thermal expansion (Glass vs. Metal)
» High stress for reactor wall due to high temperature and elevated pressure
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Novel reactor concept

Challenges:
* High temperature zone: inert
« | Thermal expansion (Glass vs. Metal)|
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» High stress for reactor wall due to high temperature and elevated pressure

1.10m | Cooling trap
Cooling
Gas zone ﬂ
(~200°C) pn Silicone m
Preheating gs I Insulation Steel wool
l mmmray 2P WA gimn TN AN N ) N A A 1] [Max.
0 s 203 | 200 ¢
T \ C st I [
—— — ' Pressure
T — : /'\_AK\/\_% | Heating coil @ PFESSM- sensor
F sensor
Water Quartz I \ E —[g )
(~ 250 °C) glass tube \ E Gas
Stainless steel Bypass

Quartz glass tube containing
thermocouples

i DLR

tube

i




DLR.de + Chart 14 > Experimental investigation of the reverse water-gas shift reaction at high temperature and elevated pressure > Sandra Adelung « WCCE10

Novel reactor concept

Challenges:

« High temperature zone: inert

« Thermal expansion (Glass vs. Metal)

. |iiqh stress for reactor wall due to high temperature and elevated pressure|
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Reactor setup
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Process scheme
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Experimental results in new reactor

« Before: equilibrium composition reached above 600 °C

* With new setup:
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« CO, conversion in empty tube can be decreased significantly (below 2 %)

« Catalyst’s performance can be investigated with new reactor
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First results with noble catalyst (0.1 g catalyst)
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Summary and Outlook

Summary
* Investigation of RWGS at elevated pressure relevant in PTL concept
« RWGS significantly catalyzed by stainless steel

* New reactor concept allows investigation of catalyst's performance
at up to 900 °C and up to 25 bar

Outlook
« Kinetic performance of monolithic catalysts?
» Coke formation?
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Thank you for your attention

Sandra Adelung
Institute of Engineering Thermodynamics
German Aerospace Center




