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• The electrospray process applied to FC technology

• Main objetive of the study

• Our approach

• Results and conclusions
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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.
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• Which are the main factors influencing the 
electrospray process on Nafion/CB inks?

• Is there any relationship between the microstructure 
of electrosprayed layers, the ink composition, and 
the electrospraying conditions?

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

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

properties.



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



ESI-MS technique:

Ionization

mode:

Positive

Negative

Solvent:

Isopropyl

alcohol

Water

Acetone

[Nafion]

1% wt.
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4% wt.
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Very different fragmentation pattern is found for the “as-
received” Nafion solution under positive and negative

ionization modes

Nafion EW=1000



Larger fragments are 
obtained for:

AC > IPOH > W

Isopropyl alcohol (IPOH)
Acetone (AC)
Water (W)

1001



By increasing
concentration, 
higher
fragmentation is
favored under
positive ionization
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Superhydrophobic films
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Aerography

Electrospray 7 kV
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Aerography
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Sulfonic groups

Self-supported Nafion vs CB-supported Nafion

The most labile sulfonic groups are stabilized 
in the presence of CB.
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5wt% Nafion on CB

10wt% Nafion on CB

20wt% Nafion on CB

40wt% Nafion on CB

By increasing Nafion 
loadings, the
stabilization of 
sulfonic groups
decreases.
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SO3 groups above the first monolayer 
are more labile but main oriented 
towards the CB surface: multilayer 

structure

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

absence of solvent

MONOLAYER



• 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 
the presence of CB in the ink.

• Electrospray always favors the orientation of side 
chains toward the carbon surface.

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