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A correlation between thermal and anodic
oxide growth behaviour on some meftals

A systematic and comprehensive investigation
of the comparative thermal oxidation behaviour
of the elements of the periodic table has been
recently reported by Stone [l]. A parameter,
Tp, was chosen as the measure of the com-
parative ease of oxidation; this T is the tem-
perature for every element, in °C, at which a
weight change of 1 mg cm~2 4h~* was achieved.
The parameter 77 is thus only a rough index of
the relative oxidation rates of metals because it
fails to take into account the differences in the
densities of oxides; thus the same rate of weight
gain may not correspond to the same amount
(e.g., in milliequivalent or millimoles) of oxide
formed under the same conditions. However, for
the purposes of comparison of relative trends
of various metals for the thermal oxide growth
process, Tp is indeed a satisfactory index, as
shown by Stone [1].

The purpose of the present note is to show that
the relative ease (or difficulty) of thermal
oxidation of various metals is related to their
relative ease (or difficulty) of amodic oxide
growth; the oxide formed in the latter process
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results from the electrochemical processes
occurring on the anode dipped in an electrolyte
solution and placed in an electrolysis con-
figuration [2].

In the thermal oxide growth, the overall
process is:

M+ O,— MO, 4]

where M is the metal. In the anodic oxide growth,
the corresponding reaction in acidic or neutral
solutions is:

M + x HyO — MOy + 2xH* + 2xe.  (2)

In the alkaline solutions, the anodic oxide
growth occurs by the reaction:

M + 2xOH- - MO, + x H,O + 2xe. (3)

The driving force for oxide growth during the
thermal oxidation is the temperature. When one
adopts Tp as the parameter denoting ease of
oxidation, after Stone [1], higher 7} values
indicate that larger driving force (i.e., tem-
perature) is needed to force the oxidation;
alternatively, lower 7}, values show that the
thermal driving force needed is rather low.

In the anodic growth, the driving force
(corresponding to the T}, of thermal growth) is
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Figure 1 A plot of Ty, in °C, for the thermal oxidation of
the shown metals versus the field required to sustain a
typical ionic current density (1 x 10~* A cm~2 in the
present case) during anodic oxide growth. The T values
are defined in the text and are from [1]; the values of the
anodic field are taken from a previous paper [5].
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the field needed to sustain a given value of the
ionic current density, the latter being responsible
for the conversion of the metal to the corres-
ponding oxide in accordance with the well-
known Faraday’s laws of electrolysis. For the
metals for which the data are available in the
literature, the driving force needed for the
thermal oxidation (7%) and that for the anodic
oxidation (field at a given current density)
appear to be roughly correlated (Fig. 1). It is
clear that higher T}, values herald higher fields,
notwithstanding the broken scale in Fig. 1,
which was necessary to accommodate Si. Very
high Ty values tend to be associated with very
high fields as for the case of Al and Si; con-
versely, low fields tend to be associated with low

Ty values as in the case of Bi. The purpose of this
correlation (Fig. 1) is only to show that roughly
similar trends are followed by metals with regard
to thermal and anodic oxidation. This is, of
course, not entirely unexpected since in Equa-
tions 1 to 3 the same reaction is always carried
out, namely, conversion of M to MO,, although
the means of negotiating the activation energy
barriers involved in these reactions are different
in the two cases, namely, temperature in the
thermal oxidation and applied field in the anodic
oxidation. .

It should be mentioned that reliable data on
the fields required during anodic oxide growth
on metals other than those in Fig. 1 are not
reliable. In fact, it is not possible to sustain
appreciable anodic oxide growth on many other
metals simply because anodization in electrolyte
solutions can lead to other parallel reactions,
occurring preferentially to oxide growth; e.g.,
oxidation of the electrolyte components, oxygen
evolution and anodic dissolution of the metal,
etc [3, 4].
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A metallic replica technique for scanning
electron microscopy

The scanning electron microscope (SEM) is a
very useful tool for observing the surface topo-
graphy of materials. For most metals, it is
unnecessary to give the sample any treatment
before  observation. For non-conductive
materials, such as polymers, the usual method to
prepare the surface for observation in the SEM
is to deposit a thin metal layer on the sample
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surface. This treatment is usually found to be
satisfactory for low magnification (x 100 to
1000). For higher magnification, where higher
time-averageelectron beam densities are required,
the sample will distort, degrade and often crack
in the region of scanning. In an electron beam,
polymers do not merely distort owing to dif-
ferential expansion of different crystalline
regions but also undergo irreversible structural
changes. For crystalline polymers, such as
polyethylene, the electron beam can influence
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