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@ — CCM: Catalyst Coated Membrane
-— PEM: Polymer Electrolyte Membrane

Inkjet manufacturing of CCMs for PEMFC by development of catalytic inks & their deposition

Take home message: Inkjet-printed catalyst layers on PEM Key findings
employing bio-based ionomers and microwave synthesized catalysts
are functional and pave the way for affordable and sustainable
energy (SDG 7) and innovative industrial processes (SDG 9)

* Inkjet-printed CCMs perform better than state-of-the art ultrasonic sprayed ones
at significantly lower Pt loading

* Synthesized bio-based ionomers present good and temperature stable ionic

Objectives of the project conductivity

* Microwave synthesis of Pt/C catalysts are basis for core shell catalyst development

* Newly developed materials show performance comparable to commercial ones

* Simulation of catalyst distribution generates better understanding for processes

* Project results meet industrial target performance parameters

1. Inkjet-ink preparation and inkjet printing process
2. Flexibility in design with new material system

3. Advanced mathematical modelling of stack

4. Short stack fuel cell demonstrator

=) =
L m

/ PrOCESS Workﬂow \ /Catalyst design Technische Universitat Bergakademie Freiberg, Germany égGAK»a!o% TU BAF\

The University of Resources.

( 2t ) /ﬁg; TUBAF | /% Fraunhofe > / CHEMISTRY AND N platinum Alloy Catalyst

D [ )
Universidad  Euskal Herriko \",o U The University of Resources. r TECHNOLOGY Pu re Platlnum cataIVSt | | | |
el Pafs Vasco  Unibertsitatea Ppipge®  Since 1765 ENAS PRAGUE o e e e e Platinum alloys with nickel and cobalt have superior
: : : . inu | | iliz u ) :
ionomer design catalyst design ink formulation & evaluation of PEMFC (approx. 50 nml)o PP catalysis properties when compared to pure

digital inkjet printing L Bl S el o G platinum (111)
Polymer electrol o R atinum Farticie size < 19 hm e Cobalt and nickel are significantly harder to produce

* Synthesis via polyol process enhanced via microwave reactor :
: . o via the polyol process as they have a lower reduce
* High efficiency and short reaction times of under one hour S

Carbo n p
S

_inkiet
Ty

NLPtC_13_synthesis in EG ‘* ix{“\. —

0
+

" o

..........

L Catalyst
ionomer ink

"
at

-
+

" #

..........

: : * Characterization of CCMs
* Synthesis of * Synthesis of C/Pt NPs * Inkjet printing process « Degradation kinetics

polymers » Synthesis of core/shell NPs * Layer properties (long-term stability)

* Post-mortem analysis of the MEA
 Simulation of stack

o m | kM 100 nm
\ / TEM images: right, Pt on Carbon produced with EG to water (v:v) 1:2 Photograph: metallic cobalt particles amassed
and Pt on Carbon with EG to water content (v:v) 2:1 around poles of magnetic stirring bar
+ Higher amount of reductive agent ethylene glycol speeds up + Increase in pH necessary to prevent formation
reaction and simultaneously acts as capping agents reducing of highly stable EG-metal ion complexes and
crystal size and preventing aggregation, homogeneous PDS enhance reduction
— Precursor is significantly less soluble in pure ethylene glycol + Lower material cost

— Elevated temperature at boiling point of EG

\ — Increase in reaction time by 200 % /
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» Direct deposition of catalyst ink by industrial inkjet printhead Piezo inkjet
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lll.  CONCLUSIONS 1° » Tailored catalyst design (e.g. flowfield, in-plane gradients)
XL_Poly(ISOMA)_3 % ionomer looks as a promising material for PEMFCs: Poly (IBOMA-co-NaSS-co-CARMA-co-EA)_15 % showed: . .
v Reduced swelling. v Thermally stable : Tg~180 °C v Biggest water uptake capacity v Thermally stable : Tg~170 °C Fully inkjet printed CCM with printed membrane > In kjet pri nted membranes

\ v Great proton conductive at elevated T: 5:103 S/cm. v Great proton conductive at elevated T: 3-:10* S/cm. / \ /

/ PEMFC evaluation and simulation Of stack University of Chemistry and Technology Prague, Czech Republic\

UNIVERSITY OF
. o . . CHEMISTRY AND TECHNOLOGY
Comparison of inkjet printed and ultrasonically coated catalyst layers PRAGUE
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Inkjet-printed layers:

- Better performance at low Pt loadings

- Lower Ohmic and polarization resistance at low Pt loadings 35me
- Higher electrochemically active catalyst area

- Homogeneous Pt distribution at lower Pt loadings
- Homogeneous pore structure and higher porosity — better gas transport
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Macrohomogeneous 3D simulation of PEM FCs with gradient Pt distribution
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