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Climate change challenges III
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Forecast primary energy mix III

Introductic COP 26 pledges
NetZero scenario
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—> [Natural gas is a keystone of energy transition (blue hydrogen, power, industry, ...) ]
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uction Natural gas panorama III
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uction

Methane catalytic upgrading

> Indirect route >

(=

Via methanol
synthesis

/ Olefins \

500-600°C, 1 atm
Sapo-34
Gasoline
400 - 500 °C, 1 atm

Steam reforming of methane (Eq. 1-1)

CH, + H,0 2 CO + 3 H, Ni-based catalysts

700 - 1000°C
AHZQS = + 207 k] mﬂl_l 15_30 atm

Partial oxydation of methane (Eq. I-2)
CH, + 102 2C0+H, Ni-based catalysts
2
AHy0e = — 36 kJ mol™*  700-900°C, 1 atm

Dry reforming of methane (Eq. I-3)
CH,+C0,=22C0+2H, Ni-based catalysts
AHoog = + 248 k] mol™? ~900 °C, 1 atm
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/ Wax/ diesel fuels \

200 - 240°C, 20-40atm

Co-based catalysts

Olefins/liquid fuels/
oxygenates

300-350°C, 20 - 40 atm

\ Fe-based catalysts /
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Methane dehydroaromatization under non oxydative conditions III
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Products valorization 3 Majors hurdles 1

\ o  Thermodynamic conversion ~12.5% at 700 °C
9 Highly selective towards benzene ~70%  * *

o Rapid catalyst deactivation : ~ 10 hours

Energy vector o Selectivity in Naphthalene : 30 %
5




How to increase the benzene yield? Catalyst optimization III

Optimisation of the Balance Mo/H*
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Beuque, A et al. How Does the Balance of Metal and Acid Functions on the Benchmark Mo/ZSM-5 Catalyst Drive the Methane Dehydroaromatization Reaction? Catalysis Today 2022.




How to increase the benzene yield?  Catalyst optimization
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How to increase the benzene yield?  Catalyst optimization III
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TR, 0.03 molCg_,,™
400 -
()
0 :
£ 300- Cumulative .
5 yield !3en.zene yield
-2 200 (Benzene) is still too low
=
100
ol :
4 8 12 16 0 1
Molybdenum content (wt. %) 0 molC g,
Reversible deactivation by pore blocking Irreversible deactivation by zeolite amorphization
[:» Selection of the well-balanced catalyst (2.7-MoHz-15)
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How to increase the benzene yield?

Catalyst structuring

i
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Reaction issue
* Low weight of catalyst per unit
volume

=>» short contact time

geome

4 3D printing )
monoliths

3D channels,
interconnected
pore system

* Efficient heat
removal

* Low mechanical
strength

e Ultrahigh variety
of geometry

Cellular structures = Standalorn

e reactors

J\. J

.S etal. (2022) Front. Chem. Eng. 4. DOI:10.3389/fceng.2022.834547




Influence of design >~ VIto III
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How to increase the benzene yield? Process optimisation III
N,
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Why the deactivation mitigation is limited ? --I

Inhibition of the active sites by the reaction products

Benzene adsorption Naphthalene adsorption

“E Eads (C,.H.) = -0.65eV
E.4s (CHe) = -0.78eV (C1oHs)

7~
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Eads (C,,H; + H,) = +0.68
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Presence of hydrogen reduces s1t4rength of the benzene adsorption on active sites

Beuque, A et al. How Do the Products in Methane Dehydroaromatization Impact the Distinct Stages of the Reaction? Applied Catalysis B: Environmental 2022, 309, 121274




How to valorize naphthalene? III

Catalytic
hyd rogeion Naphthalene
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Tandem catalysis for biogas to Liquid Organic Hydrogen Carrier
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Conclusion III
Tandem catalysis for biogas to Liquid Organic Hydrogen Carrier
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Importance of the regeneration step III

Reaction

o oAy =X+ 9
Extremely endothermic
AH? =532 k] mol™1
Thermodynamically limited

~12% at 700 °C
Long contact time

Deactivation few hours

) _ _ Spent catalyst
3wt. %Mo/H-ZSM-5 Regeneration ~ 8%wit. of

E‘EE + “ N ..‘ carbon

Highly exothermic
AH? = —283 k] mol™1
Short contact time

Risk of thermal runaway




Management of the regeneration step III

Regeneration
Air 140 mL min?
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Coke combustion = oxygen comsommation

CS+02 - COZ

Reach 700°C in the reactor

Formation of extraframework species Al,(MoO,),
=» collapse of the internal zeolite structure Highly exothermic
AH? = —2j|3 k] mol™1

Irreversible deactivation Key point to manage heat temperature
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