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The electrospray process

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

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

Small and highly charged
liguid droplets are radially
dispersed by Coulomb
repulsion.
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Electrospray
application to
fuel cell
technology

Colloidal inks: deposition of particles
for nanostructures

Usually applied to produce catalytic layers or -

gas diffusion layers.

More recently, it has been applied to produce
superhydrophobic protective coatings.




Electrosprayed CB/Nafion colloidal
inks: particularities and properties.

Conventional CL ‘ Electrosprayed CL

- Hydrophobicit

- Porosity

Fractal-like structure




Main objective of the study:

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

 Which are the main factors influencing the
electrospray process on Nafion/CB inks?

e |s there any relationship between the microstructure
of electrosprayed layers, the ink composition, and
the electrospraying conditions?

* |s the CB-Nafion interaction relevant for the
electrosprayed layers?




Our approach

Analyses of Nafion solutions by mass spectrometry dosed by
electrospray ionization (ESI-MS).

Analysis of films prepared by ESI of CB-Nafion inks under different
conditions.

Film characterization by:

- SEM

- Tensiometry (Water contact angle)
- TG/MS

- XPS




The electrospray ionization process for Nafion
solutions.

LR

Negative Water

ESI-MS technique:

Isopropyl
Positive alcohol

Acetone




lonization mode Nafion EW=1000
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Very different fragmentation pattern is found for the “as-
received” Nafion solution under positive and negative
ionization modes
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Concentration
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By increasing
concentration,
higher
fragmentation is
favored under
positive ionization

Positive ionization (IPOH)

Negative ionization (IPOH)
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The electrospray process for Nafion solutions.

Positive ionization e
Negative ionization
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lonization of inks:
applied voltage & CB-Nafion film microstructure

Negative
lonization

Positive
jonization

Superhydrophobic films




XPS analysis of ES CB-Nafion films

20wt% Nafion on CB
Ols

-CF,-O-CF -

S/F ratio: C=0

0.017
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XPS analysis of CB-Nafion films

20wt% Nafion on CB

Cls

Intensity

C-C

Cc-O

C-C

300 295 290 285 280
Binding energy (eV)

Aerography
F/C ratio : 0.28

Electrospray 7 kV
F/C ratio : 0.53

Perfluorinated
chains are better
distributed on the
CB surface

O1ls

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

S/F ratio: 0.024

S/F ratio: 0.012

Binding energy (eV)




XPS analysis:

protection against corrosion of CB—Nafion films

SS plate covered with a thin film of 20wt% Nafion on CB

Corrosion test

Oxidized film
Aerography Corroded plate
After 30 h
CV (0.1-0.9 V)

Stable film
Protected plate

Electrospray

545 540 535 530 525
Binding energy (eV)

Binding energy (eV)




TG/MS - Nafion thermal decomposition

Self-supported Nafion vs CB-supported Nafion
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The most labile sulfonic groups are stabilized
in the presence of CB.




TG/MS - Nafion thermal decomposition

Self-supported Nafion vs CB-supported Nafion

Arrange of Nafion

perfluorated chains for

CF3 groups __ miz=69 ionized samples SO;H grou!o§ miz=64
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The most labile sulfonic groups are stabilized
in the presence of CB, even when no ionization
is applied



MS: ES CB-NAFION films (+7 kV)

thermal decomposition at increasing Nafion loadings

Aerography
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Proposed model for ES CB-Nafion films

groups above the first monolayer
are more labile but main oriented
towards the CB surface: multilayer
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Very stable groups interact
strongly with the carbon surface in the
absence of solvent




Conclusions

e Electrospray deposition of CB-Nafion inks allows the
preparation of fractal-like films of superhydrophobic
properties that constitute good protective barriers for
metals against corrosion.

» Electrospray ionization induces some changes in the
PFSA ionomer arrangement, which depend on the

solvent, applied voltage, ionomer concentration, and e
the presence of CB in the ink. ™
» Electrospray always favors the orientation of side Electrasprayed €l

chains toward the carbon surface.

« Amounts below 20wt% are enough to form a
monolayer on Vulcan CB.
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