
Paloma Ferreira Aparicio

6th De Nora R&D Symposium Agenda
Milan, September 27, 2017

K3



CEDER (Soria)
CIEDA (Soria)

PSA (Almería)

Moncloa (Madrid)

CISOT (Barcelona)

CETA (Trujillo)



DIRECTOR GENERAL

DEPARTMENT OF 

ENERGY

FUEL CELLS UNIT

NATIONAL FUSION 

LABORATORY

DEPARTMENT OF 

ENVIRONMENT

DEPARTMENT OF 

TECHNOLOGY

DEPARTMENT OF 

BASIC RESEARCH

SUBDIRECTORATE GENERAL OF 

SAFETY AND REFURBISHMENT 

FACULTY

SUBDIRECTORATE GENERAL OF 

INSTITUTIONAL RELATION AND 

KNOWLEDGE TRANSFER

GENERAL 

SECRETARIAT



• Photovoltaic solar energy

• Solar thermal energy

• Aplications of solar radiation

• Wind power

• Bioenergy

• Marine power generation

• Energy efficiency

• Other technologies: energy storage, fuel cells and Geographic
Information Technologies (GITs) for integrating renewable energies

CIEMAT is working on the following lines:



Fuel cells Unit

Low Temperature FCs High Temperature FCs FC systems and 
integration

H2-operated fuel cells with Nafion Proton Exchange Membranes
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Single cellStack



Components:

• Endplates

• Fasteners

• Insulators

• Current collectors

• Gaskets

• Flow-field plates

• Membrane-electrode assembly (MEA): 

• electrodes (catalytic layer (CL),

• microporous layer (MPL), 

• gas difussion layer (GDL), 

• proton exchange membrane (PEM)
MEA



Synthesis, characterization, activity tests.Electrocatalysts

Catalytic inks preparation, and deposition on gas 
diffusion subtrates or on polymer membranes.

Catalytic layers

Thin film preparation for catalytic layers and 
coatings for other components.

Ink deposition
techniques

Evaluation of MEAs in single fuel cells and in stacks.
Membrane-
electrode
assemblies

Air-breathing fuel cells: design, fabrication, 
evaluation od cells and characterization of 
materials and components.

H2 -PEMFCs
and stacks
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+ =

Highy surface area
Good electrical conductivity
High chemical stability

Formation of small and well dispersed Pt particles

High activity for H2 oxidation, for O2 reduction
High chemical stability
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Precipitation-reduction method

The duration of this step is key
for particle size control
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The control of duration of the precipitation-reduction step in 
the synthesis is the key for obtaining well dispersed particles
and reducing the average Pt particle size

TEM

Short step
(15 min)

Long step
(30 min)

Aggregation
of small
particles
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XRD technique overvalue largest particles

H2 chemisorption XRD

Catalyst
d

(nm)
A

(m²/gPt)
d

(nm)
A

(m²/gPt)
L1 4,0 ± 0,4 70 ± 7 6,5 ± 0,2 43 ± 2

L2 1,5  ± 0,1 182 ± 18 3,0 ± 0,2 93 ± 7

XRDH2 Chemisorption

Better agreement with statistical TEM measurements
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TPO

CO2 peaks
(catalyzed 
support
oxidation)

The temperature for the
support oxidation depends

on the size of the Pt 
aggregates:

smaller particles
reduce Tox

Increasing particle size
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• Carbon Blacks
Vulcan XC72 (Cabot Corp.)
Ensaco 350G (Timcal, Imerys)

• Graphites
HSAG300 (Timcal, Imerys)
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TGA (N2/O2) – Temperature programmed oxidation

715ºC 830ºC

Graphites are more stable against corrosion than CBs

Carbon blacks Graphite
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Catalyst properties synthesized by the precipitation-redu ction method.

Catalyst
Pt 
(%)

dDRX
[5]

(nm)
ADRX

(m²/gPt)
H/Pt
quim

Aquim
(m²/gPt)

PtG3 (HSAG) 15,0 2,5 ± 0,2 111 ± 9 0,95 234 ± 23

PtXC (CB) 14,1 2,4 ± 0,5 116 ± 25 0,33 82 ± 8
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TGA (N2/O2) – TPO

Higher dispersion
and stability against
corrosion
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Gas diffusion layer (GDL)

Microporous layers (MPL) 

25 �m

Catalytic layer (CL)
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Deposition procedures for catalyst layers

Electrocatalyst + ionomer = Catalyst Ink

Aerography Electrospray

(Nafion)
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Colloidal inks: deposition of particles for nanostructures

Usually applied to produce catalytic layers or 
gas diffusion layers.

More recently, we are applying this technique to produce 
superhydrophobic protective coatings.
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Droplet 
no electrical 

charge

Taylor-cone 
electrical 
charge

Grounded substrate

Hot plate

+

High voltage 
application to 
disperse a liquid 
supplied through an 
emitter. 

Nebuliser
gas (N2)

Fused
silica
capillary

The liquid reaching 
the emitter tip forms 
a Taylor cone. A 
liquid jet is emitted 
through its apex. 

Charged micro /nano-sized 
particles sprayed towards 
grounded electrode

Coulomb repulsion

Small and highly 
charged liquid droplets
are radially dispersed 
by Coulomb repulsion.
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- +

- +

Conventional CL Electrosprayed CL

Hydrophobicity

Porosity

Fractal-like structure
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• Which is the effect of the electrospray ionization on the Nafion solutions?

• Is the CB–Nafion interaction relevant for the electrosprayed layers?

Deeper knowledge on factors affecting the structure 
of electrosprayed layers to tailor their properties.

F

O

S

H

C

NAFION
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Ionization
mode

Solvent
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Positive ionization
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Negative
Ionization

Positive 
ionization

Superhydrophobic films
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Nafion vs Nafion-CB
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The fluorinated chains
decompose at lower

temperatures in the presence
of CB when applying ESI
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The most labile sulfonic groups are 
always stabilized in the presence of 

CB, even when no ionization is
applied
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Aerography

Electrospray
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Perfluorinated chains are better 
distributed on the CB surface in 
ES samples
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C-C

S/F  ratio : 0.012

S/F  ratio : 0.024

A higher proportion of ether groups  
as compared to sulfonic groups is 
always found for ES samples
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CB

F

O

S

H

C

SO3 groups above the first monolayer are more 
labile but they remain oriented towards the CB 

surface: multilayer structure

Very stable SO3 groups interact 
strongly with the carbon surface in the 

absence of solvent

MONOLAYER
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Property of interest: superhydrophobicity

New focus of research:

application of electrosprayed films to 
produce superhydrophobic protective 
coatings on metals.
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SS plate covered with a thin film of 20wt% Nafion-CB

Oxidized
film
Corroded
plate

Stable film
Protected
plate

Aerography

Electrospray
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Improved mass
transport for
ES-CLs

Accelerated stress tests by
start-up/shut-down of the cells

Mass transport limitation
at the cathode outlet at 
high current densities

Lower
degradation rate
for ES-CLs
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� PEMFC bench for performance evaluation of 
cells and stacks following standard 
protocols.
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• Fuel cells are apparently simple devices. 

• They need many auxiliary elements to obtain high performance.
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Conventional PEMFC systems:
• Very complex
• Very heavy
• Very voluminous

Demanding
higher

autonomy
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• Fuel cells towards 

miniaturization

• Passive systems will 

yield lower 

performance but 

higher energy density

Natural 
convection
of ambient

air
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Progressive modification of the concept of a 
conventional PEMFC.
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Cathode plates allowing 

for air accessibility and 

water removal 

Homogeneous 

distribution of the 

clamping pressure

Efficient current 

collection from the GDE 

(metal mesh)
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Material properties (stiffness, flexural strength)
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The evolution
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Dead-Ended Anode 
(DEA) mode and natural 
air convection cathode 
are preferred for 
compact FC systems. 

Optimal operation:  
usually achieved with fully 
humidified flow-through 
anode (FTA).
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For completely passive air-breathing PEMFCs, water 
management poses a big challenge under DEA operation. 
This new configuration allows continuous stable performance.

Perforated anode colector & 
flow field plate

Gas-tight
hydrophilic
membrane

Sealing & 
drying anode

plate
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ES 2466590 A1 

10/04/2014

AIR BREATHING FUEL CELL: 

A NOVEL HARDWARE CONFIGURATION

• Completely passive.

• Novel anode design for 
dead-ended operation

• Stoichiometric H2

consumption. 
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Self-Regulating Humidity Anode
under Dead-Ended operation
with dry H2 (SRHA-DEA)
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40% RH in climatic chamber
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SRHA-DEA performance is less 
dependent on external temperature 

than CA-FTA up to 40ºC.



System components and assembly



• Improving the cell

• Fabricating test planar passive stacks

• Demostrating their operation in portable 
applications



Applications of reduced
graphene oxide (rGO) and 
graphene oxide (GO) on FC 
contacts and other surfaces: 
water management

Applications of electrosprayed carbon
coatings in contacts and electrodes: 
corrosion protection and hydrophobicity

Applications of additive manufacturing
(FDM) to reduce cost, and weight. 
Tests with different termoplastic polymers.
3D printed PEMFCs



Fuel Cells - PEMFC group

Microscopy and Surface Analysis

Electronics

Energy Systems Analysis



Next application:

Zeppelin with 3 motors.
powered by
Ciemat’s air breathing
PEMFC stack.



http://projects.ciemat.es/web/elige

http://rdgroups.ciemat.es/web/pilascomb/pemfc
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