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Electrochemlcal processes (high and low
temperature electrolysis, fuel cells, closed
batteries, redox flow batteries, e-metals,
power-to-power systems, plasma
processes)

= Thermochemical processes (chemical
looping, thermocatalysis, solar chemicals)

.........

P — ‘7 . = CO, capture and conversion (membranes
' s /- / and ionic liquids, chemical looping)

/ey RN = e-chemicals
https:/[youtu.be/qUxnzP2J4yk = solar chemicals



https://youtu.be/qUxnzP2J4yk
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Co-ionic (H* + O~") ceramic membranes (24 i

Nano-Engineered Co-lonic Ceramic Reactors for CO,/H,0 Electro-conversion to Light Olefins
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Development of Cathode Materials: Triple conducting (H*, O%, e-
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SFNM Sr,FeNi; ;M0 504

Reduction with H, -> exsolved
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SFNM turns into a perovskite-like
phase Sr;Mo0Og_,, along with the
exsolution of a Ni-Fe-rich alloy
Strong catalytic effect on CO,
reduction

12.1+3.0 nm

200 nm

Post-TPR 850 °C
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Cell modeling: co-ionic (H* - 0%") transport e

Cell model SRUIStqck model onic transport in the membrane (Nernst-Planck-
s N\ ~N Poisson governing equations)
2D 3D
p|c|nc|r+tubu|c|r (Defect conservation equation \

0[ X ] .
e e | atk TV Tk = ok

_ iff Defect transport flux (Nernst-Planck)

Jie = =Di(VIXil] + 25 (X199, )

Gauss Law
V- (er2,V0)==p = —F ) 7[X,]

Conductivity (Nernst-Einstein)




CFD model development and simulations of the ci-EMR cells/stacks s
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Section of the SRU °
« Tubular SRU model modeled 0.05

External current
connector

External electrode
Electrolyte

OLEFINS

Internal electrode

Main characteristics
4 )
« Tube in shell configuration leading to sealed chambers:
- Internal chamber with olefins production (avoids olefins dilution and allows recirculation)
- External chamber with by-product (oxygen recovery with economic valorization)

- Porous conductive medium between electrode and external shell (lower losses and higher
area)

* Self-contained modular sub-assembly for easier scaling and integration into larger systems




CFD model development and simulations of the ci-EMR cells/stack:

« Planar SRU modelling
- 3D geometries
» Implementation of thermal model

distribution in cell

V_cell(2)=1.4V

Temperature

Temperature distributicn (°C)
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* Imposed potential

Lei L. et al. “Energy storage and hydrogen production by proton conducting solid oxide electrolysis cells with a novel heterogeneous design” (https://doi.org/10.1016/j.enconman.2020.113044)



https://doi.org/10.1016/j.enconman.2020.113044

CFD model development and simulations of the ci-EMR cells/stack&& i

Electrochemical olefins production

- CO, electro-hydrogenation to light-olefins || * Co-ionic reactions at the electrodes only linked to

enhanced by co-ionic membranes the overall conductivity
200, + 4H* + 12~ &C,H, + 407~
3C0, + 6H™ + 18e~=C3H, + 602~ « Improvements currently evaluated:

4C0, + BH* + 24e~=C,Hy + 802"
Olefins molar fraction over cell length (V=1.9V) ||  _ re|ation between partial current density of single
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Thermochemical pathway: solid oxides for chemical looping &k

Chemical Looping based H,0/CO, conversion

co.
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Experimental activity: structural evolution vs T e i

v Investigating the structural evolution vs temperature o0 , TR\ — *\
+ Temperature Programmed Reduction (TPR) 5 &0 H/'lf | \\ | r[f \\
- In situ X-Ray Diffraction (HC-XRD) - // I \\ /| \\
- Diffractograms at 50, 550, 650, 800, 850 °C (blue arrows) s 1] "/ \
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time [min]
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after nd *
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Experimental activity: long tested samples

« lLong-tested sample was analysed via HAADF-STEM, HRTEM and EDX

Exsolution-enhanced
reverse water-gas shift
chemical looping activity
of Sr,FeMog gNij 4O

5 double perovskite
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« Exsolution leads to the formation of core-shell structures
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« The core contains Ni-Fe, while the matrix and the shell Contoiné < __________________________ maximizing the CO vyield:
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https://www.sciencedirect.com/journal/chemical-engineering-journal

Experimental activity: SFNM redox stability (1)
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v Assessing the material stability and CO yield repeatability

2400 |
326 cycles (isoT @850 °C)
. - i ili 2 5% Hy/N,
Long-duration stability was explored through 320+ 2200 © 20% COUN,
isothermal cycles at 850 °C (optimal T from previous tests) = .
£ .
* 5% H,/N, = 20% CO,/N, 20 1 > 1500 umolco/g
. . . . o .
« Fixed-bed reactor coupled with online gas analysis 51800 3
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Filter Vent System : « Long-tested SFNM thus seems to ensure
e ! MFC ST — E
L . | Water :  good redox performances
€0, m Dry Gas Discharge s
| Analyser |
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Scale-up and future concept

= Testing receiver/reactor in solar concentrator

4

a X Exp. (Le Gal et al.)
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Multiphysics modeling — Reduction

Mass and momentum conservation (Brinkman)

d
a(epp) + V- (pu) =Qn

p (Ou u) _ Jx n_ 2 wvowoll| - (Fy e
€p<at +@-v) ep) =-Vp+V Lp {u(Vu+ (Vu)T) 3u(v u)I}] <K+ 61%)“
Chemical species transport (Chapman-Enskog)
n -1 g -1
. X; 0.00266 TZ 1 1 N
Di = D_ Dl] = 1— Ml] =2 M + M {l,] = AI', 02}
=1 Y pM2aZQp : )
ji j-y
Local Thermal Non-Equilibrium
T,
(1- ep)pscp.sﬁ +V-qs = qu(Te — To) + (1 - €p)Qs Qs = hgr Ay
oT (literature correlations
€p Ppr,fa—tf + peCpu - VT + V- qf = qsp(Ts — Tp) + €,Qs for dual scale RPC)

Internal radiative heat transfer (P1 approx.)
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1
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Redox thermodynamics
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1 hour simulation results.

The model will be used to:

Compare different operational regimes (e.g., sweep vs vacuum)
Explore the effect of the porous medium morphology

Couple reduction and oxidation models via consistent initial
conditions in the fluid domains




Scale-up and future concept (i pottecic
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Plasma-assisted Chemical Looping
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Improving CO, Conversion by Plasma-Assisted Chemical Looping

o®3H,

3H,0

29% conversion 'y

Fe,0,

ns-pulsed

plasma

3CO

C‘ 60% conversion
3002\

Experimental setup:

cold plasma is used to

Plasma Torch
(Openair- Plasma)

dissociate CO..

Reduced SFNM material, "
placed downstream of )
the plasma, is expected

to capture oxygen to

prevent CO Nozzle

recombination

Main expectations:
achieved up to 60%
instantaneous CO:
conversion in plasmai:
the process exhibited a
2-4-fold increase in CO:
conversion compadred to
plasma or material
alone*

Optical
probe

Plasma-based set-ups can be
combined with a packing material,
usually referred to as plasma-catalysis

Average
synergistic effect

Cumulative effect

Plasma-alone

@ 773 K ; 1 atm

Material-alone

0

'
10 20 30 40 50 (60) 70

CO, conversion (%)

[3] https://doi.org/10.1021/acsenergylett.2c00632
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