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High temperature electrolyser with novel proton ceramic tubular @

modules (2014-2017)
Fabrication of BZY-based segmented-in-series e[em

tubular electrolyser cells 1 kW module development

H, production from DME/Ethanol production from
steam and electricity steam, CO, and electricity
“ 'f‘ Qe
i 2H,0 ZHZO\_/ 3/20,
: omml 4H (
(4 2H, |
OZ
Presentation: Einar Vigllestad et al. (22/09) 0 £ N CO+2H,
2
Development of mixed o ‘:’ = mw
roton-electron wiEE - - —
p - s r%__ Pressurized Zone o, \::(l)ﬁ
conducting anodes s I e P stcam sm - racrone

e

LS Eol
: Tp - CA'I‘HODE @, “a VLA
‘ prpr | sepa rator

L CH,0HH, 0
REACTOR: Recyciing
& Direct DME Synthesi

c s l C CQ’)RSTEK UiO ¢ Department of Chemistry A \ 5 ABENGOA HIDROGENO @A SINTEF

MEMBRANE SCIENCES University of Oslo Tes:tinioalogies

33

uuuuuuu

Presentations:
e Nuria Bausd et al.: LSM/BZCY (19/09) E . L
‘ g‘ e

* Ragnar Strandbakke et al.: BGLC / BZCY (20/09) J—

Pting



' : @)
Scaling up tubular proton ceramic electrolysers ©clecha

 Why tubular design?

e Simpler sealing technology, lower sealing area

e Better stress distribution during transient

conditions Courtesy: UiO

 Module design enables to close off a tube /
replace it

 Segmented-in-series cells

e Higher tube voltage — lower tube current

Courtesy: CSIC
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Segmented-in-series cells by STACKING @dlecha

Solid state reactive sintering:

e Limited number of
processing steps

* Fast sintering

* Lower CO, emissions

* Lower cost

CORSIEK
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Segmented-in-series cells by PRINTING-MASKING @dlecha

Easier fabrication route Novel interconnects 1| = Bzey7

Mass scale production H,0+0, electrode 4
> Step 1: | \ BZY10 or BZCY72
Materials screening , 21 7 +nio
(sintering shrinkage; TEC; Electrolyte s YOO — B
reactivity study, etc.) Hyelectrode — = | || |

5 BZCY72 or
BZY10

» Step 2: 1 Porous support

Selection of most promising
materials and processing routes

Oxides (SINTEF, UiO)
» Step 3: Glass composites (CSIC)

Manufacturing of half-cells

BaZr;90Y100;
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Manufacturing process based on SSRS @dlecha

Pastes

preparation / \
Clean room class 7

Production of Dip-coating of fuel
tubes by extrusion electrode and

Powder

conditioning Dip-coating of

and collars electrolyte interconnect

* Milling of BaSO,,

CeO,, Y,0;, ZrO, Slurries * Drying * Drying step

povyders preparation * Cutting @controlled T g
* Drying
* Sieving
* Batching

e Water based slurry
for SSRS mixtures

dip-coater for 1 m

long sample (batch SINTEF

Automatic 40 tons extruder with
capping, cutting systems and air lifted of 8 samples)
conveyor belt



Challenges

Co-sintered support + electrode + electrolyte
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Routes for tailoring shrinkages

@dlectha

[ Pore formers and sintering aid ] [ Various thermal profiles ]
e Addition of pore formers e Addition of sintering aid
(A) in the electrode + + pore formers (B) in the Temperature: weowh
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Sintering shrinkage @dlectha

SUPPORT WITH ADDITION OF SINTERING AID +
_ ELECTRODE with PF + ELECTROLYTE
Temperature fC Temperature /C
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Sintering @ 1550 °C - 5h @dlectha

NiO- NiO- NiO-
BZCY BZCY  Support pzcy BZCY Support gscy

N e Y Y e L

Collar for
hang-firing
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Sintering 1550 °C - 5h

BZY10: 26 microns

BZY10 — NiO: 34 microns

Polished sample in resin: one segment

BZCY72 + 1wt.% NiO

@dlectha

SINTEF



Sintering 1550 °C - 10h @ dlecha

| BzCY72

NiO-BZCY72
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BZCY72

BZCY72

NiO-BZCY72

BZCY72
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Interconnects @dlecha

Interconnect

required in air and Ni - BZCY | ] | ] l

reducing conditions
- (Gas tightness Porous support
- TEC similar to other

K components /

Contact area between BGLC//interconnect//Ni : ~1.5 cm? LSCM Glass - Metal BGLC -
Thickness of interconnected area ~20 um (SINTEF, UiO) composites TiNb,0,
Total resistance: 10-3 Q with interconnect conductivity of 1 Scm-L, (CSIC) (SINTEF, UiO)

SINTEF
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Dense pellets prepared by co-sintering LSM and LSC (1:1 mol. ratio) at
1500 °C; XRD analysis + Rietveld refinements + SEM: single phase

Conductivity in air and 5 % H, in Ar '
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Spray-coating of interconnect '
* Crushed pellets D(10)= 1,6 um
PR Peewvmin p(50)- 41 um
* Sieving ’

D(90)= 15,6 um
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Compatibility after

Spray-coating of LSCM and sintering at 1500 °C on SIS cells

sintering in air at
1600 °C - 10h
(SEM-EDS, XRD)

LSCM
BZCY72
NiO-BZCY72

BZCY72
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@dlectha

Conclusions

e Segmented-in-series tubular cells
e Protocols for manufacturing of cells currently being tuned to tailor thickness and porosity/density of
the functional layers
e |nvestigation of interconnect materials in progress:
e Several materials under investigation

e Various protocols for coating and sintering under investigation
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