— part I: ink development

Solid Oxide Fuel Cells Electrode powders properties

Anode material: NiO/YSZ Cathode material: LSM/YSZ
- As obtained Ball milled at 700rpm for 30 min

- Current i
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gasification - SOFC (GASOFC)
and Direct Carbon Fuel Cell
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Ink development of inkjet inks

Inkjet Printing Depaosition

Inkjet printing deposition is a mask-less and automated
approach on thin film fabrication, based on the drop generation
of the developed active material ink.

NiO/YSZ Water-based Inks Composition LSM/YSZ Water-based Inks Composition
Ink code H,0 Ethanol powder loading  Polyvinylpyrrolidone &= Oxide particle Ink code H,0 Ethanol powder loading  Polyvinylpyrrolidone

suspension ink
Wi-1 80 vol% 20 vol% 1wt 10 witto - WI-2 80 vol% 20 volos 3 Wi 10 Wi%

Wi-2 80 vol% 20 vol% 3 witto 10 wtt% . WiI-7 80 vol% 20 vol% 5wt 10 wit

e 0 Vol 20 Vol Hee st e 70 volis 30 volsh 3 whh 10 wit Recomended inkjet ink properties:
Liquid Ink '
Wi-4 80 vol% 20 vol% 3 Wtk on substrate wi-8 70 vol% 30 vol% 5 Wt o LA Particles diameter less than 400 nm
zZle — \

ge
NiO/YSZ PG-based Inks Composition o I LSM/YSZ PG-based Inks Composition Noz
erma

Ink code Propylene Glycol Butanol powder loading Triethanolamine treatment Ink code Propylene Glycol Butanol powder loading Triethanolamine Piezoelectric

Droplet —— l
filing transducer Surface Tension 28 — 33 mN/m

oH 4-9

Viscosity about 12 mPa-s

MNI-4 80 vol% 20 vol% 5wt 1 vol% NI-4 80 vol% 20 volv% 5 Wit 1 vol% Sbaale

NI-5 80 vol% 20 vol% 5 wt% 2 vol% T NI-5 80 vol% 20 vol%e 5 wi 2 vol% T
olid film on Substrate Motion
NI-6 70 vol% 30 vol% S witt 1 vol% substrate NI-6 70 vol% 30 vol% 5 wi% 1 vol%

NI-7 70 vol% 30 vol% 2 vol% NI-7 70 vol% 30 vol% 2 vol¥h

Jepaosited thin films morphology

Particle dispersion properties

The effect of powder ball-milling Inks surface tension over time

50 X10,000. " 1pm : X15,000 1pm X30 X30

WI-8: 70% H20, 30% ethanol
WI-7: 80% H20, 20% ethanol
NI-5: 80% PG, 20% butanol
WI-5: 70% H20, 30% ethanol
NI-4: 80% PG, 20% butanol
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20kV X30 500um

Surfae Tension (mN/m)

PG-based inks

paseq-9d

30 40 50 20kV ~%X1,500 10}ifﬁ . - 20KV X1,500..  10pum 20k\. :X15,000. 1pm 9 20Kk ©X45,0005 Tpm
Drop age (sec)

LSM/YSZ inks

NiO/YSZ inks

Particle size over storage
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7] NiO/YSZ Water-based inks ‘ ] LSM/YSZ Water-based inks
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WI-1: 1 wt% NiO/YSZ

WI-2: 3 wt% NiO/YSZ

: P WI-3: 1 wt% NiO/YSZ .

Wi-4: 3 Wt% NiO/YSZ 20KV X1,500 - 10pm . 20kV . X1,500 - 10pm ‘ 0 A 20KV X45,000" < 1pm
WI-2: 3 wt% LSM/YSZ g

WI-7: 5 wt% LSM/YSZ . . .

S s NiO/YSZ films LSM/YSZ films

WI-8: 5 wt% LSM/YSZ

NI-4: 5 wt% LSM/YSZ

NI-5: 5 Wt% LSM/YSZ

NI-6: 5 Wt% LSM/YSZ
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80 vol% water & 20 vol% ethanol
90 vol% water & 10 vol% ethanol
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* Progress on the ink development of anode and cathode materials for inkjet
P P remeraturece printing deposition of SOFC

LSM/¥SZ PG-based inks Optimal inks properties . . | N | |
T NIE Wi A novel series of inks were tested on normal storage conditions, with the inks

nkeode ™ | <1z MYSZ  NIiO/Y with ball-milled powders exhibiting week-long dispersion stability

g |
i
i

it

v(iggc:g;y LRk 1848 2328 * Optimization of composition for the LSM/YSZ ball-milled ink, with adequate

Surface characteristics for use in inkjet printing
Tension 21to 20 28 to 20
(mN/m)

Density
g/cm?)
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Water-based inks of both materials are much less stable than the PG-based
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Annealing of the water-based films, leads to massive cracking and destruction of films
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Annealing of the PG-based films, leads to denser films with sintered nanoparticle
interfaces, formation of small cracks on the layer, and alteration of the film porosity
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