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Introductio

Molten hydroxides are used in d
for ferrous alloys

Data on the anodic film compos
Kinetics on these materials in mc
are very scarce
No electrochemical studies of
steel in molten hydroxide have L




Aim of the wo

To characterise the anodic film c
molten NaOH at different tempe
electrochemical impedance spec
complemented with surface anal

To propose a kinetic model of the

on ferritic steel and to estimate
parameters




Experimental

Working electrode material — ferritic stee
0.5%Ni, 0.09%C, 0.8%Si, 0.7%Mn, bala

Electrochemical cell: Ni-crucible counter
reference electrode (E=+0.8 V vs. horme
electrode)

Electrochemical measurements - curre
curves and impedance spectra at differe
registered — Autolab PGSTAT 30 + FRA

Surface Analysis - X-ray photoelectron
(XPS) - ESCALAB MK II (VG Scientific)

Fit and simulation — Maple 8.1 and Micr
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Cation vacancies consumed

Mixed Conduction Mode

and positive defects injected
at the inner interface

“\\ T 3 >

Cation vacancies generated
via dissolution, positive
defects consumed at the outer
interface during growth
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\ Transport of ionic

defects assisted
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SIOIIL Main equatic

Transfer function of the MCM
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Impedance due to the electronic properties of t
_ -
1+ jor e’

Z, =- P I . —» CPEfc
JoC_ 1+ Jor,

Impedance due to the ionic transport through the

tanh/ jor.

J]jo
rs - Interfacial capacitance, Ry g - charge transfe
<c - Space charge layer capacitance, o, - Warbur
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R, - uncompensated resistance of the melt,

* C5-double layer capacitance at the film / melt
Interface,

* Rgs - charge transfer resistance of the reaction of
secondary layer deposition at the film / melt interface,

« Z.- electronic contribution to the impedance of the
passive film,

e Z-Ionic contribution,

e The function Z, can be regarded as the non-ideal
capacitance of a semiconductor layer,

« /; accounts for the faradaic impedance of generation,
transport and consumption of ionic point defects.
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Comparison with experiment

* The transfer function fitted to the experimental
spectra at each potential with C_, Cr/s, Rg/s, G
and T, as free parameters.

e The good correspondence between the
calculated and experimental spectra
demonstrates the ability of the model to account
for the present experimental data.

* Next, the dependencies of the parameters Cg,
Crs: Rejss 05 and 1, on potential and temperature
are compared with the model predictions.
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Comparison with experiment (2)
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Ze~[p/joC.]IN[(1+jotexp L/p))/(Q+jor,)]

 C_.- capacitance of the space charge layer,
e L - barrier layer thickness,

 E - field strength in the barrier layer,

e D, - diffusivity of electronic,

e D,- diffusivity of ionic defects,

 R_- resistance of ionic defect migration,

* ci(L) - concentration of ionic defects at the metal / film
Interface,

o - polarisability of the film / solution interface,
* Kk, - rate constant of generation of interstitial cations,

* Ky - rate constant of their consumption at the oxide/melt
interface,

BT - time constant transport process,



@@?M ;:' At the F/E interface cation vacancies are t

generated via the ejection of cations in the

solution, interstitial cations are dissolved
The basic idea of the MCM either isovalently or oxidatively and
is that cation vacancies are oxygen vacancies react with OH or O%
annihilated and positive lons from the melt resulting in film growth.
defects (interstitial cations
and oxygen vacancies) are [y | |M" [—M b
injected at the M/F interface. J A
In the bulk film, transport of
\ ionic defects assisted by
concentration and potential

m

p gradients takes place
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The electric field %
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and independent of \

applied electrode JM At stead
_ y state the
potential. VM V,\,I growth reaction is
I balanced by the
Steel Oxide Melt | chemical

dissolution of the
film.
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Conclusions

« The temperature in the range 370-4/0 C does not h ave a
significant influence on the composition, the electrical and
electrochemical characteristics of the oxide.

 This fact can be explained by assuming that the processes of oxide
growth on ferritic steel in molten hydroxide are controlled by a thin
barrier sublayer, the properties of which are not qualitatively altered
by temperature.

» This barrier sublayer can be regarded as an Intrinsic n-type
semiconductor with the principal ionic carriers (iron interstitial
cations) playing the role of electron donors.

* Their transport through the oxide and the reaction of precipitation of
an outer layer at the barrier sublayer / electrolyte interface can be
assumed to be the rate-limiting steps of the overall anodic oxidation
process.



