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DURAMET objectives:
Duramet is addressing improved
durability and cost-effective DMFC

components for application in portable power and assiste

The final target of the project is to demonstrate the newly developed or optimized DMFC
components, i.e. catalysts, membranes and MEAs, in single cells and in short stacks.

Approach in performing the activities:

Portable DMFC Applications APU /remote & micro-
distributed
Ambient to 60-80° C " Target . 120° C
(rapid start-up) operating temperatures (rapid start-up)
Sulfonated polysulfone/ Membranes Polyphosphonic/ mixed .re
Sulfonated PEEK/ functionalities/ doped PBI/ Durability
novel PFSA SPEEK/ZrP Performance
Low-PtRu noble metal Electrocatalysts Low-PtRu noble metal Cost-
loading/ loading/ Pd-based (Pt/Ru effectiveness
Pd-based (Pt/Ru free) free)/
Oxide catalysts & supports Non noble metal catalysts
Oxide supports
Porosity & Hydrophobicity Membrane-electrode assemblies (MEAS) Porosity & Hydrophilicity
tailored tailored
Monopolar configuration Validation in short and mini stacks Bipolar configuration
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DURAMET targets:

v | Membrane

A W e

at 1-10 M conc. at the targeted temperatures

Conductivity better than 50 mS/cm
& MeOH cross-over lower than 5x107 mol-cm2min!

Catalysts

A R

PGM loading <0.5-1 mg cm™; ORR overpotential< 0.4 V;

MOR overpotential < 0.3 V at 0.125-0.5 A cm™
for LT and HT operation

MEAs

\

M36\

Performance > 250 mW cm-2 for HT operation;
>50 mW cm™2 for LT & passive mode operation;
degradation a factor of 2 smaller than benchmark MEAs

Validation in short stacks

Stacks

___________ (150 W active, and 1 W passive mode);
500 hrs durability test
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Testing procedures

Four public deliverable reports have been produced and submitted. These regard
characterization and assessment of membranes, catalysts, MEAs and stacks for DMFCs

Membrane development http://www.duramet.eu/

FuMA Tech:

-Long side chain (Fumion) PFSA blends (F-1850 ): 47 mS/cm at 60 ° C

-mixed functionality sulfonic-phosphonic acid (~¥30-40 mS/cm at 120 ° C, 50% RH)

- sulfonated polyetheretherketone (E-730); MeOH cross-over 6-26 mA/cm2 at 30° /60° C

CNRS:
- SPEEK-ZrP and PFSA-ZrP (50 mS/cm at 120 ° C, 95%RH)
-phosphoric acid doped PBI >150 mS/cm at 140 ° C (dry conductivity cell)

AL

CNR-ITAE:
- Composite sulfonated polysulfone sPSf and silica sPSf- SiO,-S:
\_ 50 mS/cmis 60 ° C; Methanol cross over 6-20 mA/cm? at 30 and 60 ° C

Cross-over ~5 times lower than Nafion membrane of similar thickness at comparable
proton conductivities; high conductivity achieved at high temperature and low RH
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Electrocatalyst
development

Half-cell reactions

Oxygen reduction &
Xyg uctl Methanol oxidation

tolerance to methanol

o
o

- Cathode  PtCo-based | > 60° C,C2MMeOH  Anode
v Sug, 1mgPtcm? | © 05 - .
HGL_J ...“::::‘(“g“’ ‘g .o ::----I-III
X 06- "ew T 04 e L
‘U_-J' Pd-based (50 pg Pt cm?; with 1 mg Pd cm2) L_:__J --':"’
o 0.3 1

L .| 60° C,0,(Naf.,, 2 M MeOH) - Nmor ~ 0-33 V @ 0.125 A cm2
2 Norg ~ 0.4V @ 0.125 A cm? [l
T 02 = + 85% PtRu/C (7 mg cm-2) /7/~=
=R ¢ Cathode polarization 50%PtCo/KB /7za= | & 0.1 _
o o g = 85% PtRu/C (1 mg cm-2) + TiO2
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Current density / A cm™

Current density / A cm™

Reduction of reaction overpotential at practical current densities

and low Pt loading with respect to conventional electrocatalysts




MEA performance

assessment
. Fzp- | Fzp- | Fzp- FX- + | Nafion
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MEAs durability testing
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MEA validation
in short stacks

Passive mode operation monopolar
ministack for portable applications

Specifications :
Power density: 20-50 mW/cm?
Nominal Power ~ 1 W
Single cell active area: 4 cm?

Bipolar short stack

for APU applications
Specifications :

Power density: 100-250 mW/cm?
Nominal Power: 100-150 W
Single cell active area: 100 cm?
Operation temperature: 90-130
°C
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Expected output AIP

Area: Early Markets

Topic: 4.4 Components with advanced
durability for Direct Methanol Fuel Cells.

Objectives
of the project

Results to date

Call: 2010
Proof-of-concept on the Conductivity better than Proton Conductivity >50 mScm!
component level 50 mS/cm & at 60 ° C for sPSf, F-1850 and
-1 o
MeOH cross-over lower >5_0 ;nS cm Zt sl C 2l
e Al el @ e mix.funct. and composite
membranes
-MeOH cross-over < 6-20x1077
mol.cm=2.min! (permeation)
New components for Performance > 50-250 mW | Performance > 70 mW cm™ at LT
DMFCs with improved cm2 for LT, HT operation; (low PGM);
durability, efficiency Degradation: two times less | ~250 mW cm2 at HT (high PGM);
Expected than benchmark MEAs Stability over 1500 hrs;
Outcomes

Integration in at least one
DMFC stack solution and
proof of durability under
simulated real operating
conditions

Validation in short stacks

(150 W active, and 1 W
passive mode );

500 hrs durability test

Promising results in short stacks
under passive mode operation
using the novel components.

New components for
DMFCs with superior cost
efficiency

PGM loading <0.5-1 mg
cm2; Novel hydrocarbon

membranes; cheap catal.

PGM loading <0.5-1 mg cm;
Hydrocarbon membranes;

| Non noble metal catalysts
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e Technology Transfer / Collaborations

e Jink to previous work concerning with DMFC characterization carried out
within the framework of Dreamcar (FP5) and Morepower (FP6) projects.

e Collaboration between CNR Italy-CNPQ Brazil, CNR Italy-NRC Canada,
CNR Italy-NRC Egypt and CNR Italy- CSIC Spain bilateral project on
alcohol oxidation.

e Collaboration between POLITO and NRC Canada.

e Project Future Perspectives

e Collaboration with other projects, institutes, and other entities are
expected during the prosecution of the project

e Need/opportunities for international collaboration
e Possible contribution to the future FCH JU Programme
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DURAMET addresses and contributes to:

» Training/education of 2 Ph.D. student (POLITO, TUM), 4 post-doctoral researchers in
materials science processing and assessment (CNR, POLITO, TUM);

» Dissemination of project results through publication in international peer-reviewed
journals, conference presentations and via the project web
site:http://www.duramet.eu/

v' 5 Articles published on peer reviewed journals
v" 10 Conference presentations;

v Workshop planned for 2014; =» CIMTEC 2014 Symposium FA (Fuel cells)

v’ Edition of a brochure

» Public awareness: information activities to increase public awareness of alcohol-
fed fuel cells including direct ethanol fuel cells during dissemination activities
addressed to university and high school students with the visit to the research
laboratories, etc.
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Exploitation and Post-Project Activities

» The market segments for DMFC devices developed in the project concern with
portable generators, UPS, back-up power systems and portable micro-fuel cells

» The consortium covers the manufacturers of DMFC basic materials, MEA, stack, system
as well as an end-user.

» Exploitation of the project results is thus mainly carried out inside the consortium

» The industrial partners will seek to inform potential customers of results arising from
the project in accordance to the IPR considerations.

Recommendations towards the Programme
» |dentify quantitative targets for DMFCs in the AIP/MAIP; increase the
support on focused research programs

»More support should be addressed to research efforts for breakthrough
materials for alcohol fuel cells.



