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1. Introduction

PolyTetraFluoroEthylene (PTFE) is a fluorocarbon-based
polymer belonging to the oliefins class of polymers. Due the 
usual high physical and chemical stability under very harsh 
environmental and experimental conditions, PTFE is major 
applied where properties such electrical insulation, mechan-
ical strength and surface protection (lubricity and nonstick 
e.g) are required[1]. The intermolecular forces due to the
fluorine atoms oriented along the chain with helical confor-
mation provide a shielding effect that leads to chemical in-
ertness and hydrophobicity[2]. PTFE has been recently ap-
plied in gas diffusion systems (GDE) ensuring that the pore
wall of the electrode will selectively act upon the gas pas-
sage and not be blocked by the aqueous solution during the
cell performance[3]. Despite the good performance of the
electrodes, the real stability of the polymer throughout the
NaOH electrolyte penetration process still needs attention.
Hence, we examined the silver-based gas diffusion elec-
trodes with 10 wt% and 2 wt% of PTFE before and after elec-
trochemical tests. For a clear understanding of what was the
most important parameter on PTFE instability, we investi-
gate also the influence of parameters such temperature,
time and voltage potential.

2. Experimental

To analyze the 3D microstructure, the GDE prepared on Ni 
mesh were analyzed by synchrotron and laboratory X-Ray 
radiography. Thermal performance was investigate using 
Thermogravimetry analyse coupled with mass spectroscopy 
(TGA-MAS) and Differential scanning calorimetry (DSC).  In-
frared spectroscopy (FTIR) and Raman spectroscopy were 
applied to determine the chemical structure and morpho-
logic aspect.  

3. Results

The synchrotron radiography (Figure 1a) shows the GDE mi-
crostructure. The Ni mesh is dark grey in contrast with the 
brighter grey from Ag. The porus system was analysed with 
more detail using focused ion beam (FIB) which showed with 
more sensitivity the presence of PTFE  deposited on the sil-
ver grain boundaries [3]. Operando laboratoty X-Ray images 
measuremnt was used to analyse droplets formation and 
distribuition during the GDE cycles (Figure1b).  

Thermogravimetry analyse coupled with mass spectros-
copy (TGA-MAS) shows that all samples present two second-
ary mass loss temperature (85°C and 380°C) below the PTFR 
thermal degradation temperature (550 °C). The first degra-
dation is accompanied by the emission of OH and Oxygen 
ions. Differential scanning calorimetry (DSC) confirmed that 
before this temperature degradation, samples present an 
endothermic peak transition characteristic of water bonded 
salt solution evaporation, indicating an accumulation of 
electrolyte in the polymer channels. Infrared spectroscopy 
(FTIR) reveals the presence of carboxyl group (signet at 1700 
cm-1) formed as a sub product during the electrolyte pene-
tration. Raman spectroscopy was able to identify polymer
debris in the electrolyte side, possible caused by the electro-
lyte penetration and a significant reduction of crystallinity of
PTFE in the gas side, especially decreasing with the time.
Furthermore, Raman shows a peak associate with the so-
dium carbonate (Na2CO3) at 1080 cm-1 that agrees of FTIR
results.

Reduction of crystallinity in PTFE indicated for Raman 
spectroscopy is showed in Table 1. 

Table 1 – Reduction of crystallinity in PTFE samples 

Sample Gas side Electrolyte side 

Standart 1h 0.2V 60% 74% 

Temperature 80 °C 75% 93% 

Potential 0.9V 65% 100% 

Time 24h 0.2V 58% 80% 

4. Discussion

These results together shows that the PTFE is sensible
to the electrolyte penetration over the electrochemical tests 
and gives a little description how the interface are changing 
during the process.  It is very clear that the electrolyte solu-
tion retention lead to a degradation of the polymer and the 
gas permeation promote the, so to speak, amorphization of 
the crystalline polymer, probably due to the interaction be-
tween the gases and the fluorine, promoting a disorganiza-
tion of the polymers chains. 
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Fig. 1. Synchrotron radiography (a) and Laboratory X-ray, operando 

measurement ofGDEwith 97 wt.% Ag and 3wt% PTFE (b).  

5. Conclusions 

In this investigation, severeal measuremets were applied 
before and after the electrochemical performance of GDE 
containing 3 wt% of PTFE and different condition, eg. Tem-
perature, time and voltage potential. Operando X-ray radi-
ography and the correlation with thermal and spectroscopy 
experiments shows the relationship between the structure 
and degradation of PTFE with the effect of overpotential 
that lead the saturation and and droplets effect of electro-
lyte. This set of results demonstrate that the morphology of 
PTFE can be modified throughout the electrode perfo-
mance. This can also lead to reduced hydrophobicity and al-
low percolation of the electrolyte liquid, as shown by the ac-
cumulation of droplets. These results demonstrate that the 
morphology of PTFE can modify the system hydrophobicity, 
which is reduced with the polymer disorder. 
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