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Interesting facts on thermocatalytic methanation

Disovered in beginning of

20th century by Sabatier and Sabatier won Nobel prize in
Senderens chemistry in 1912

CO methanation used for SNG
production during oil crisis in NASA research to utilize CO,
70s and produce water
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https://arc.aiaa.org/doi/pdf/10.2514/6.2005-2706
https://www.nobelprize.org/prizes/chemistry/1912/sabatier/biographical/
https://www.sciencedirect.com/science/article/pii/S0016236115011254
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Methanation reactions

Water-Gas-Shift: CO, + H, CO + H,0 AHR298K = + 41 kJ mol?

[

CO methanation: CO +3H, 2 CH, + H,O AHA298 K = 2206 KJ mol ™’

CO, methanation: CO, +4H, 2 CH,+ 2H,0 AH 298 K = - 165 kJ molt

The thermochemical methanation is the hydrogenation of a carbon source to methane and water.

— CO or CO, as carbon source and hydrogen
— Low temperature

— Reactor with catalyst

— High pressure
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Choosing the right catalyst

Usually, supported catalysts are used for N :
high dispersion of metal — R ——

Li Be B C N O F Ne

— Active metal Na [P 5 U A

— Oxidic support material % Ca Zéc”v “Cr fﬁn 7n Ga Ge As Se Br Kr
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Rb Sr Y .Nb Mo Ag Cd In Sh Sb Te | Xe
Niis a good choice as catalyst, because: S5 56 SN 12 78 s &2 83 84 85 8

g yst Cs Ba Hf TaWRe Os Ir Pt Au Hg TI Pb Bi Po At Rn
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https://www.mdpi.com/2073-4344/7/2/59
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P |
Reactors for thermochemical methanation roduct gas recycle

Most commonly: fixed-bed reactors

— adiabatic
— cooling

Multi-stage fixed-bed reactors
— Intermediate cooling
— Gas recycling

Research:

e.g. Fluidized bed reactors, Structured reactors,
multi phase reactors

H,O-removal
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https://www.sciencedirect.com/science/article/pii/S0016236115011254
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High pressures for high conversions

CO, methanation: CO, +4H, 2 CH,+ 2H,0 AHR298 K = — 165 kJ mol™t
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High pressures for high conversions

CO, methanation: CO, +4H, 2 CH,+ 2H,0 AHR298 K = — 165 kJ mol™t
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Why Methane? And why transform H, into Methane?
Gém Energy carrier 1. Energy density: £19
(9.3 kKWh/m3) | z 8
— CH, has 3-fold higher 3 j
ﬂ; High temperature energy density 82
’ generation & ©
1 2. Infrastructure:
uel

 CH,: distribution network in GER ~ 530.000 km

Precursor for * H,: no nationwide infrastructure of its own yet
chemical synthesis

— Theoretically, 10 % H, can be added to the gas

— Especially interesting with renewable methane grid

©2024 DBFZ | Pilot-SBG | Selina Nief3 Gas network in GER:


https://gas.info/gas-im-energiemix/gas-infrastruktur
https://gas.info/gas-im-energiemix/gas-infrastruktur/wasserstoff-im-gas-netz

Pilot-SBG project
A pilot scale biorefinery

An example for the é.,,
production of renewable bl

m et h n Usage of residual and Climate-friendly,
a e waste materials for renewable methane as

biofuel production fuel
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Methanation

Anaerobic fermentation
(continous stirring tank and plug flow reactor)

Digestate processing and
recovery of valuable by-products

HTP (pre-)treatment of
substrates and digestates

=gy g G residues

(CHOlu(C}

Collecting and | ﬁléa Urban Pretreatment Anaerobic
providing residues digestion

Digestate

Biogas component | concentration

CH, 40 - 75 vol%
Co, 25 - 60 vol%
Traces” Rest

*Traces may contain catalyst poisons like
H,S, NH; and siloxanes
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A pilot scale biorefinery SBG

Methanation

Anaerobic fermentation
(continous stirring tank and plug flow reactor)

Digestate processing and
recovery of valuable by-products

Green @0

HTP (pre-)treatment of hydrogen

substrates and digestates

;é:%& /% l &. residues @@ﬂ ; H,

Collecting and | ﬁié: Urban Pretreatment Anaerobic Catalytic Renewable Renewable
providing residues digestion methanation methane LNG

Biogas component | concentration
CH4 40 - 75 vol% Digestate ®
treatment Process water

co, 25 - 60 vol%

Fertiliser

Traces” Rest

*Traces may contain catalyst poisons like
H,S, NH; and siloxanes
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Biogas component | concentration

CH, 40 - 75 vol%
Co, 25 - 60 vol%
Traces” Rest

*Traces may contain catalyst poisons like
H,S, NH; and siloxanes

Special features of biogas methanation:

* Biogas cleaning required
— Usually with activated carbon or
metal oxide adsorbents

« No need to separate CH, and CO,, for Adsorption units
methanation

— CH, improves temperature
distribution
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Adsorbents

Breakthrough tests (lab): How long does it take until 50 ppm H,S are detected in the product gas?

Metal oxide

‘ Activated carbon

2,000 ppm H,S

Fixed bed reactor
d =38 mm

Vieg =22 cm?3
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Adsorbents

Breakthrough tests (lab): How long does it take until 50 ppm H,S are detected in the product gas?

* Adsorption capacities:
Calculated for H,S uptake until 50 ppm
H,S are detected in product gas

100 |

0
o

— Higher H,S uptake with
activated carbons

[+2]
o

cads / mg gl

S
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— Kl not suitable 20 I H T

T T
L L

Fe-based Cu-based K,CO, Sio, K,CO; NaOH KOH Ki
Ca0
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Catalysts

Small-scale testing of pilot plant operating parameters

Catalyst: 5327 h

1 4.7
GHSV 1

Fixed bed reactor 177365}?§V. ¥ /
64 ml | 570 ml ° 3.8 H,/CO,

[ O o

o
Operating parameters: 2.9
8 bar(a)| 20 bar(a) / o /
250 - 400 °C | variable ) 250 °C 30;) °C 350 °C
1776 - 5327 h' | variable >~ 3 easy-to-change parameters for DoE (small scale):
[ Inlet gas: * GHSV

+— CH,, CO,, (H,S) + H, | biogas + H, ) * Hy/CO,
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Catalysts

100

* CH, has no adverse
effect

T|GHSV|H,/CO,

Ru2/Al,04 350°C|1776 h'1|2.9
Ni20/Al,0, 300°C|1776 h1|3.8
Ru0.3/Al,04 400°C|1776 h'1|2.9

Rul/Al,O4 350°C|1776 h'1|2.9
e Especially promising is

| Ni20/Ce0, 250°C|1776 h'1|2.9
catalyst with Ni and CeO, Ru0.3/Ce0, 300°C|1776 h'1|3.8
Ru1/Ce0, 300°C|5327 h1|3.8

0
Ru2/ Ni20/ Ru0.3/ Rul/ Ni20/ Ru0.3/ Rul/
ALO; AlLO; ALO, AlLO; Ce0, CeO, CeO,

©O
00

(e}
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* Fuel conditions (CH,T,
CO,|, H, < 2 vol%) met
with several catalysts

©
D

O
N

prodct gas/vol%
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