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SElySOs Project 6

European fund H2020 - EU.3.3.8.2.

Increase the energy efficiency of production of hydrogen mainly from water electrolysis
and renewable sources while reducing operating and capital costs, so that the
combined system of the hydrogen production and the conversion using the fuel cell
system can compete with the alternatives for electricity production available on the

market.

SElySOs: Development of New Electrode Materials and
Understanding of Degradation Mechanismson Solid Oxide High
Temperature ElectrolysissCells

+ Modified solid oxide cathode Ni-based cermerfs.

« Alternative perovskite-type materials.

« Thorough investigation on the O, electrode, where new more efficient O, evolving
electrodes are going to be examined and proposed.

« Development of a theoretical model for description of the performance and
degradation of the SOEC fuel electrode.

« Coping with SOECs degradation and performance, having a strong orientation on

the market requirements.



Solid oxide co-electrolysis

Co-electirolysis cell
« Cathode - porous Ni-YSZ cermet
« Electrolysis of water vapour and carbon dioxide

« Products — hydrogen, water gas, etc.
2H20 —— 2H2 + 02
2C0, ) 2CO + 0,

Operating conditions
« High temperature 700 — 200 °C

e Pressure 1 -50 bar
Motivation

« Estimation of minimal energy requirements
« Prediction of cathode behavior e.g. formation of higher

hydrocarbons, formation of soot




15t step — Open circuit condition

« Useful for minimal energy requirements estimate of co-

electrolysis.

Questions
«  What is equilibrium gas composition in cathode under open
circuit conditions with respect to initial gas compositione

«  Whatis the value of open circuit voltage?

Open circuit approach

« Open circuit === no flux of charge across the cell

« Zeroionflux === electrochemical reaction in cathode is
automatically in equilibrium

« Gas composition in anode simplifies to solving chemical

equilibrium of inlet gasses



Giblbs energy minimization

Chemical potential Gibbs energy
ug(T) i RTln% Ideal gas
Ho = P G = znaua
w2 Solid o

p — T & chemical equilibrium e== Gibbs energy minimum

Nequilibrium = argfnin G(n)
n

Possible constraints

a) Meguitibrium cONtains the same amount of elements as 7;,;4ia;.
b) ﬁequilibrium is function of reactions extents respecting some nipitial



Gas-carbon equilibrium in cathode (5

Simulation conditions

« Constant temperature and total pressure

Initial composition of gasses in cathode

- Presence of gaseous C0,, H,0, H,, CO

Equilibrium composition in cathode
« Admissible gasses C0,, H,0, H,, CO, CH,, CH,0, CH,O,
HCOOH, C,Hq, C,H,

« Solid carbon — numerically challenging



Recovering OCV (5

Cathode chemical equilibrium == zero electrochemical affinity

«  Water vapor reduction reaction

reduction

2H,0 (cathode) ——— 2H,(cathode) + O,(anode)

cathode

« Cathode part: H,0 + 2e- —— H, + 0%~
anode
« Anode part: 0?~ — 0, + 2e~

1 1 1
A¢ - F <_ Z Hoxygen — E Hhydrogen + E Hwater vapour)

« Contributions of ionic electrochemical potential cancel out

« Checked against carbon dioxide reduction reaction



Open circuit voltage
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Temperature and pressure dependence

* Xhydrogen,initial = 0.05, Xwater, initial = 0.45, Xcarbon dioxide, initial — 0.5
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Carbon formation — heuristic approach

Motivation

« |dentification of operating conditions potentially hazardous for soot

formation - inside cathode - preventing electrode degradation.

Detection method

« Assuming non-zero conversion of C0,, H,0 therefore artificially

introducing H,, CO to initial composition.

Xhydrogen,init. *+ Xwater, init. T Xcarb.diox, init. T Xcarb.monox, init. = 1

« Searching for configurations of temperature, pressure and initial
composifions which relax to states with non-negligible carbon molar

fraction.

Applies when...

« Close to “lower conversion” locations in running co-electrolysis cells.

« Simulates relaxation after sudden co-electrolysis cell shutdown.




Important reactions

Carbon monoxide reduction

CO + H, —  ((s) + H,0
Steam reforming

CO + 3H, =  CH, + H,0
Boudouard reaction

2C0 —  (C(s) + CO,

Water gas shift reaction

CO+ H,0 ==  (CO, + H,
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Carbon formation showcase |

Initial composition - 80% water conversion
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Carbon formation showcase 2

Initial composition - 80% total conversion

Xwater= 0.09, Xhydrogen = 0.41, Xcarb. diox. = 0.1,
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Summary 6

OCV simplification
« Appropriate reduction of open circuit conditions into chemical
equilibrium of gaseous mixture with solid.
« Demonstration of theoretical dependence of OCV with respect to initial

composition, femperature and pressure.

Carbon formation heuristic

* Marking specific regions of pressures, composition and temperature

relaxing into equilibrium state forming solid carbon in cathode.

Computation

«  Home made MATLAB code coping with the challenging solid carbon

« Numerical simulations are in good agreement with results of ASPEN and
The NASA Computer program CEA (Chemical equilibrium with
Applications)
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