Study of the Anodic Overvoltage During the
Electrolytic Production of Fluorine Gas

H. Groult, D. Devilliers, F. Lantelmé&
C. Belhommé F. Nicolag and J.-P. Caife

D Université Pierre & Marie Curie, LI2C —UMR 7612,
4 Place Jussieu, 75252 Paris Cedex 05, France.
2 Comurhex-Cogema, BP 29,

26701 Pierrelatte Cedex, France.
®ENSEEG, INPG, Domaine Universitaire,
1130 rue de la Piscine, BP 75,

38402 Saint-Martin d’'Heres Cedex, France

Much attention have been paid to the electrogeioerat
of bubbles at gas-evolving electrodes (1-3). The
mechanism of bubbles evolution involves usually the
formation of a gas-supersaturated solution (withfdt
example) in the region near the electrode / elgd&ro
interface. In that region, the formation of smalbble
nuclei occurs at nucleation sites which correspond
generally to imperfections of the surface.

In the case of fluorine evolution in KF-2HF, a larg
contact angle (about 120-160°) is usually observed
giving rise to strongly adherent bubbles to theboar
anodes surface (1,4-8) due to the presence ofid sol
carbon-fluorine surface film (denoted C-F) genetate
during electrolysis.

Recently, we have proposed (1,7) a rdmsgcription of
the electrode/electrolyte interface (Fig. 1) tolakpthe
origin of the anodic overvoltage and also to unigeid
how the current can flow at the electrode/KF-2HF
interface even if a complete coating of the elat#rby

a fluorine gaseous film is observed. In this modet
presence of an intermediate layer called “fluidized
layer sandwiched between the C-F surface layettlznd
gaseous film (Fig. 1) is suggested. This interntedia
layer, which is supposed to be composed of a mixed
phase of KF-2HF and dissolved fluorine gas, is
characterized by its resistivity, It was concluded that
the total anodic overvoltageyr, is the sum of two
contributions: the C-F film giving rise tg..¢ (activation
overvoltage for the fluorine evolution reactionjdathe
intermediate “fluidized” layer/.q. (0hmic drop in the
“fluidized” layer).

In the present work, the model proposed above is
confirmed by SEM observations of the surface of
carbon anodes before and after electrolysis. Tlease h
shown (Fig. 2) that the electroactive species aaaiy
consumed at the edge of the electrode and thegiitise

is rather completely inactive. Finally, the caldida of

the contributions (Fig. 3) due to the “fluidizedyer,
Nhuid., and to the C-F film,jcr to the total anodic
overvoltage,n7r, is performed by numerical simulation
for variousp values.
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Fig. 1. Schematic representation of C/KF-2HF interface.

The electroactive specie$iF, ) as well as Kand HF

present in the electrolyte diffuse simulta-neously under
the gaseous filmia the lateral sides of the electrode.

Fig. 2. Scanning electron microscopy image of the

surface of carbon anode activated at 40 V in KF-2HF
during one minute showing a smoothing and a cleaning
of the lateral side of the electrode.
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Fig. 3. Variation of the overvoltage in the “fluidized”
layer, Nauig., iN the C-F layernc.r vs distance, r, for
several values of the resistivity of the “fluidized”
layer.nt =2.5V, T =95°C.






