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INTRODUCTION

Electrochemical reduction of CO, and/or H,0O

to produce CO and/or H, could provide the basis
of large-scale energy storage to smooth the
dynamics of renewable power sources and
electrical power demands (Figure 1), and if
operated with renewable power sources, could
mitigate CO, emissions from e.g. steel and
cement production.

Micro-tubular solid oxide electrolysers and fuel
cells are robust to thermal cycling, have fast
start-up, facile to seal 34, and their volumetric
power densities (e« w/d) increase with decreasing
tube diameter (d), so exceeding the values for
planar structures.
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Figure 1: Seasonal (daily average) and weekly (daily variation) UK power demand 1. 2],

SOLID OXIDE ELECTROLYSER REACTIONS

Overall reaction:

co, > co+ 150,

O(aa)

|
e O2(aq)
I

Figure 2: Schematic of
electrolyser with oxide
lon- conducting
membrane operating at
700-800 °C. Working
principles explained for
CO, reduction.
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REACTOR FABRICATION

Electrolysers of the form Ni-YSZ|YSZ|YSZ-LSM|LSM (Figure 3) were prepared in two-steps

» Dual-layer co-extrusion phase inversion to produce Ni-YSZ|YSZ hollow fibre

precursors (co-sintered at 1500 °C — 10 hours)

» Brush-coating of LSM-YSZ|YSZ layers followed (sintered at 1100 °C — 3 hours).
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Figure 4: Phase inversion system to fabricate
dual-layer hollow fibre precursors.
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Figure 3: Reactor geometry
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Figure 5: Scanning
electron micrographs of
(reduced) cross-
sectioned fibres (post-
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The oxide ion flow across the anode|electrolyte|cathode cross-section during
electrolysis has been visualized using isotopic labelled C'80, and Secondary lonic

Mass Spectrometry (SIMS).
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Figure 13: Oxygen-18 fraction map of anode|electrolyte|cathode
cross-section at j=0.27 A cm-? for 30 seconds (A) and open circuit
potential difference (B). Hollow fibre reactors operated simultaneously.

measured at open circuit potential difference.

Successful fabrication of Ni-YSZ|YSZ|LSM-YSZ|YSZ micro-tubular electrolysers using dual-layer phase inversion

and sintering

Maximum performance of 1.0 Acm2 at 1.8 V in CO, electrolysis mode for 15 um thick electrolyte

Wires (21-31 %) and contact losses (51-64 %), rather than the electrolyte itself (28-5%) were major contributors to

ohmic losses

Reactors can be operated reversibly (electrolyser and fuel cell mode)

The oxide ion flow within the electrolyte could be visualized.

Ways to minimize the contact losses and long-term degradation are currently being investigated.

Comparison between H,O and CO, electrolysis: up to 68 % (800 °C) performance enhancement for H,O and co-

electrolysis compared with reduction of CO, alone.
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Figure 12: Effects of applied current density (j) and operating
temperature on cell potential difference (U) using a 50 um thick
electrolyte for different CO,/CO gas feed compositions.
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