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from polarization resistance measurements using the CORFIT computer program
showed that with decreasing film thickness the corrosion reaction becomes
charge transfer controlled. Laboratory and outdoor exposure tests have shown
that corrosion rates increase drastically when the electrolyte layers become
very thin during the drying out process at RH <100%. This phenomenon has been
studied in detail by evaluating the effects of corrosion product chemistry,
RH andT§92, For these studies a two-electrode ACM has been used to which a

al difference AE = 30 mV was applied, the polarity of which was reversed
every 50 sec. The electrochemical results have been analyzed in terms of total
electricity flow during the drying-out period. The inhibiting effects of NaN02
and dichan, a vapor phase inhibitor, have been evaluated also in this manner
briefly with the result that inhibition is satisfactory in chloride but not
in sulfate environments. This effect was confirmed in weight loss experiments
under thin electrolyte layers, in which the electrolyte was allowed to dry out
at relative humidities RH< 100%. These experiments showed that corrosion rates
are much higher - at least for neutral environments - under thin layers than
during immersion in bulk electrolytes. For steel an accelerating effect of
additions of 1 ppm S0 to air was observed, while for zinc $02 had an inhibit-
ing effect in acid chloride media reducing corrosion rates to those observed
in acid or neutral sulfate media.

Y

dA comparison of corrosion rates obtained under identical conditions in weight
loss and electrochemical experiments has been carried out for steel and zinc
as _a function of RH and electrolyte concentration. It has been determined
that the electrochemical data underestimate corrosion rates most likely due to
resistive effects and uncertainties in the conversion from polarization re-
sistance to corrosion rate data. This problem makes the electrochemical
technique a semi-quantitative tool in laboratory studies, which is, however,
still very useful in indicating fast changes in corrosion behavior when one

of the parameters which determine atmospheric corrosion kinetics is changed.
Based on the comparison of weight loss and electrochemical data a ‘‘cell factor'
can be determined which can be used to correct the electrochemical data ob-
tained in outdoor exposure.

The ACMs have been used extensively to monitor atmospheric corrosion behavior
|_in_outdoor exposure, On the Science Center roof, ACM data, RH and temperature
In St. Louis, Mo.
where an exposure program was conducted for the EPA, ACMs were also exposed

at up to four test sites. Time-of-wetness data have been determined for both
locations, which show large fluctuations with the time of the year. For the
Science Center roof, time-of-wetness corresponds closely to the time for

which RH 280%. The corrosion current has also been determined as a function ofj
RH for four months in 1978 by evaluating the statistical distribution of RH
and log Ig as a function of time. A log log dependence of the corrosion

:Jln the final phase of this project surface analyses have been carried out for
4130 steel and zinc which had been corroding under thin electrolyte layers.
These scanning Auger microprobe (SAM) analyses have shown that sulfide in-
clusions in the steel act as nucleation sites for corrosion of the steel.

When S02 was present in the air, sulfate was observed on the steel and zinc
which acted as nucleation sites for corrosion in the case of steel. For zinc,
nucleation sites were not observed in either case. The SAM data are especially
valuable since they show the distribution of sulfur compounds over the surface
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During the course of this program, the more important papers on basic aspects

of atmospheric corrosion have been collected. A report has been prepared \
which lists these papers in a chronological sequence with the title, name

of authors and abstract if provided by the authors. A total number of 171

papers has been listed.
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ABSTRACT
Electrochemical studies of atmospheric corrosion phenomena have been

performed over a 42 months period. The kinetics of corrosion reactions oc-
curring under thin electrolyte layers (100-1000 um) have been studied for steel,
zinc, Cu and Al by recording potentiodynamic polarization curves using a modi-
fied atmospheric corrosion monitor (ACM). Normal Tafel behavior was observed,
the limiting current for oxygen reduction increased linearly with inverse film
thickness. Similar experiments in which corrosion kinetics were determined
from polarization resistance measurements using the CORFIT computer program
showed that with decreasing film thickness the corrosion reaction becomes
charge transfer controlled. Laboratory and outdoor exposure tests have shown
that corrosion rates increase drastically when the electrolyte layers become
very thin during the drying out process at RH<100%. This phenomenon has been
studied in detail by evaluating the effects of corrosion product chemistry,
RH and S0,. For these studies a two-electrode ACM has been used to which a
potential difference AE = 30 mV was applied the polarity of which was reversed
every 50 sec. The electrochemical re;u]ts have been analyzed in terms of
total electricity flow during the drying-out period. The inhibiting effects
of NaNO2 and dichan, a vapor phase inhibitor, have been evaluated also in this
manner briefly with the result that inhibition is satisfactory in chloride but
not in sulfate environments. This effect was confirmed in weight loss ex-
periments under thin electrolyte layers, in which the electrolyte was allowed
to dry out at relative humidities RH <100%. These experiments showed that
corrosion rates are much higher - at least for neutral environments - under
thin layers than during immersion in bulk electrolytes. For steel an acceler-

ating effect of additions of 1 ppm SO2 to air was observed, while for zinc
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502 had an inhibiting effect in acid chloride media reducing corrosion rates
to those observed in acid or neutral sulfate media.

A comparison of corrosion rates obtained under identical conditions in
weight loss and electrochemical experiments has been carried out for steel
and zinc as a function of RH and electrolyte concentration. It has been ‘
determined that the electrochemical data underestimate corrosion rates most
likely due to resistive effects and uncertainties in the conversion from
polarization resistance to corrosion rate data. This problem makes the electro- 1
chemical technique a semi-quantitative tool in laboratory studies which is,
however, still very useful in indicating fast changes in corrosion behavior {
when one of the parameters which determine atmospheric corrosion kinetics is
changed. Based on the comparison of weight loss and electrochemical data a
"cell factor" can be determined which can be used to correct the electrochemical
data obtained in outdoor exposure.

The ACMs have been used extensively to monitor atmospheric corrosion |
behavior in outdoor exposure. On the Science Center roofs ACM data, RH and A
temperature have been monitored Simultaneously for almost three years. In

St. Louis, Mo., where an exposure program was conducted for the EPA, ACMs

o

were also exposed at up to four test sites. Time-of-wetness data have been |
determined for both locations, which show large fluctuations with the time

of the year. For the Science Center roof, time-of-wetness corresponds closely

to the time for which RH>80%. The corrosion current has also been determined

as a function of RH for four months in 1978 by evaluating the statistical |
distribution of RH and log I_ as a function of time. A log log dependence of

g
the corrosion current on RH seems to be indicated.
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In the final phase of this project surface analyses have been carried
out for 4130 steel and zinc which had been corroding under thin electrolyte
layers. These scanning Auger microprobe (SAM) analyses have shown that
sulfide inclusions in the steel act as nucleation sites for corrosion of
the steel. When 502 was present in the air, sulfate was observed on the
steel and zinc which acted as nucleation sites for corrosion in the case of
steel. For zinc, nucleation sites were not observed in either case. The SAM
data are especially valuable since they show the distribution of sulfur com-

pounds over the surface of the test samples after exposure to air + 502.

During the course of this program, the more important papers on basic
aspects of atmospheric corrosion have been collected. A report has been pre-
pared which 1ists these papers in a chronological sequence with the title,
name of authors and abstract if provided by the authors. A total number of 171

papers has been listed.
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I.  INTRODUCTION

This report summarizes work performed over a 42 months period under
contract with the Office of Naval Research in the area of atmospheric cor-
rosion. Despite its great importance as a corrosion mechanism which can
lead to catastrophic failure of airplanes, bridges, electronic equipment,
etc. comparatively little basic research has been carried out which evaluates
atmospheric corrosion phenomena. A large number of exposure tests over long
time periods have been carried out, in the United States for example by
various ASTM groups, and much work has been devoted to studies of organic
coatings which are used to protect metals from atmospheric corrosion. Uhlig (1)
has estimated that about $1.25 billion annually are spent on corrosion pro-
tection by paints and lacquers to which an average cost for labor of applica-
tion equalling two or three times the cost of the paint has to be added. While
field tests provide reliable information concerning the corrosion behavior of
a given metal at a given test site, these tests have the disadvantage that
they take a long time and are difficult to interpret in terms of the influence
of the many atmospheric variables on the observed corrosion behavior.

It has been recognized for a Tong time that atmospheric corrosion is of
electrochemical nature,and Rosenfeld (2), Evans (3), Barton (4) and Kaesche (5)
among others have made attempts to describe the electrochemical reactions oc-
curring under atmospheric corrosion conditions. The nature of the atmospheric
corrosion process presents an experimental problem which makes such studies
much more complicated than the normal electrochemical corrosion studies. The
electrolyte layers encountered under atmospheric corrosion conditions are

usually very thin and subject to changes when moisture condensates or evaporates.

‘1‘ Rockwell International
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The presence and chemical composition of corrosion products is likely to
play an important role since they favor condensation at relative humidites
(RH) less than 100%. Gaseous pollutants can also be of major importance
although only SO2 has been considered in most exposure studies as an ac-
celerating factor. The characteristic feature of the atmospheric cor-
rosion process is the discontinuous nature of corrosion which can only
occur when electrolyte is present due to condensation from precipitation,

dew, fog, etc. The total corrosion loss K can be expressed as:

where r is the average corrosion rate during the time-of-wetness 7. The
task to be carried out in monitoring the kinetics of atmospheric corrosion
and evaluating the effects of different constituents of the atmosphere on
the corrosion behavior, is therefore, the continuous determination of r

and 7. A large part of this project was devoted to this problem.

The success with electrochemical corrosion cells - the atmospheric
corrosion monitor (ACM) (6) - in monitoring the time-of-wetness in outdoor
exposure (7) led to the proposal to develop an electrochemical approach

to basic studies of atmospheric corrosion phenomena.

The proposed program included an investigation of corrosion kinetics
under thin electrolyte layers (Task 1) with the purpose of determining

whether the relationships between potential and current which have been




R

’l‘ Rockwell International ’

Science Center
SC5030.7FR

developed for exposure to bulk solutions are valid under atmospheric cor-
rosion conditions. It was necessary to develop a new experimental approach
for this task in which atmospheric parameters such as RH, SO2 level, etc.
were also to be varied. In Task 2 these effects as well as the influence
of electrolyte and corrosion product chemistry were to be studied. Task 3
proposed to carry out weight loss experiments in the laboratory under con-
ditions which simulate atmospheric corrosion conditions. Electrochemical
corrosion rate measurements were to be carried out under identical condi-
tions and the results compared in order to determine whether the polarization
resistance measurements can be used as a quantitative measure of corrosion
rates in laboratory and outdoor exposure. An extension of the previous
efforts on monitoring of atmospheric corrosion phenomena was proposed in
Task 4 with the aim of improving the experimental technique and determining
the relationship between RH, time-of-wetness and corrosion rates. Since cor-
rosion products play an important role in condensation of electrolytes, time-
of-wetness and carrosion rates, it was proposed to perform surface analyses
of corrosion products formed on steel and zinc under conditions similar to
those used in the weight loss experiments and to determine the location of
initiation sites for corrosion as well as the distribution of compounds
such as sulfur and chlorine (Task 5).

Since a large number of publications dealing with atmospheric cor-
rosion phenomen was expected to be collected during the duration of the
proposed research, it was suggested to issue as part of this final report

a selected bibliography of atmospheric corrosion.

S ERE G v e o Lod o e
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C. Experimental Results and Discussion

Description of Experimental Methods

Under this contract a number of electrochemical methods have been
evaluated for use in studies of atmospheric corrosion phenomena in the
laboratory and in outdoor exposure. The design of the atmospheric corrosion
monitor (ACM) (Fig. 1) had Been completed before this effort was started (6).
Various modifications were then made in the fabrication of the ACM and in the
design for two- and three-electrode systems. The basic principle of the
ACM was first discussed by Tomashov (&), and Kucera and Mattson (9). A des-
cription of the ACMs built in this laboratory has been given earlier in
two publications (6,10).

In most cases, ten plates (0.06 cm thick) each of Cu and steel or
zinc are arranged in a holder in a way that adjacent dissimilar metals were
separated by mylar spaces (0.006 cm thick) leading to a sequence: metal A -
space - metal B - space - metal A (6). A1l plates of metal A are electri-
cally connected as are all plates of metal B. The wﬁgle arrangement is cast
in epoxy and then mechanically polished on one side to expose the cross-
section of the plates. The total exposed geometric area of each type of metal
was about 4.6 cm* (ten plates).

For the case of a diffusion controlled corrosion reaction which can

be assumed to occur in neutral, aerated solutions, the galvanic current I

g
flowing between the two groups of dissimilar metal plates represents the
corrosion current I .. 100 ):

Ig 5 Icorr (1)

The recording of the ACM signal represents, therefore, a continuous record
of the instantaneous corrosion rate of the anode in the ACM (steel, zinc).
For monitoring of atmospheric exposure data it would be desirable to obtain
the total electricity flow by integration in addition to the time dependence

of Ig. However, since no simple, inexpensive integration system with con-

S T .
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Fig. 1

Atmospheric corrosion monitor (ACM).
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| tinuous display was available, only Ig

} Since Ig changes over many orders of magnitude between dry and wet conditions,

was recorded in outdoor exposure tests.

the galvanic current as measured with a Zero0 resistance ammeter (ZRA) was fed
f into a logarithmic converter, the output of which was recorded on a strip chart
recorder.

-For laboratory experiments, it was of interest to measure the
corrosion rate of a metal under thin layers of electrolyte using the polar-
ization resistance technique for two- and three-metal electrode systems (11).
Only one type of metal was used in this arrangement, alternating plates
serving as members of one of the electrodes. Usually a total of ten plates
was used for both systems. For the two-metal electrode system, a potential
pulse &E = 30 mV was applied using a potentiostat and a function generator.
After 50 sec the polarity of AE was reversed in order to avoid constant polar-
ization of one group of plates as anodes or cathodes. Using the polarization
resistance principle the corrosion current I can be calculated from the

corr
current 130 measured at AE = 30 mV according to:

2

1 = ==

corr AE I30 i kI30 (2)

where B is a combination of Tafel slopes:

b.b
8 = 7 3035,5,) 3)
: a*be
’ For this type of measurement, the Tafel slopes are not measured in the same

experiment. Assumptions have to be made, therefore, concerning the most

likely values of the Tafel slopes. For diffusion controlled processes,

. bc = % and :
< Ll
8= 2,303 (4)
( Theoretical values of ba range from about 30 mV to about 120 mV (11). For an

exact determination of corrosion rates and evaluation of corrosion kinetics

under changing atmospheric conditions, it is necessary to obtain the Tafel
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slopes at the same time as the polarization resistance. This approach is

made possible through use of the computer program CORFIT (12) by which potentio-
dynamic polarization curves (2mV/sec) obtained in a potential region of 30 mV
from the corrosion potential are analyzed. The polarization resistance Rp,

the Tafel slopes ba and bc and the corrosion current Icorr ére obtained
simultaneously. The ACM was modified for this approach to contain four plates
each serving as working and counter electrode and two plates as reference
electrode. 4130 steel, Cu, zinc and Al 6061 were studied under the conditions
described in Task 1.

For most experiments the ACMs were wet polished down to 600 SiC
paper, rinsed with dist. H20 and dried. The resistance between the different
groups of plates was meaSuréd and the ACM was judged acceptable if 1 M2 was
exceeded. For most experihents the ACM was placed in a glass cell through
which humid air or other gases such as argon or nitrogen are flowing at
selected relative humidities (RH). The RH could be varied by mixing dry
and wet‘air using precision flow meters. Additions of gaseous pollutants could
be made in the same manner. For the studies reported here 502 was added at
0.1 and 1.0 ppm levels. The flow rate of the gas through the cell was 2¢/min.
The gas mixing system was calibrated by measuring the RH in the test cell
and the flow rate and SO2 concentration at the exit side of the cell. Provi-
sions were made for electrical connection of the ACM leads to the electronic
equipment through the glass cell. '

For typical experiments a thin layer of electrolyte was placed on
a freshly polished ACM which had been positioned horizontally in the glass
cell. The electrochemical measurement was carried out until the surface
layer had dried out or until a certain test procedure had been carried out.
For some cases rust powder was placed on ACM surfaces and the response varia-

tions of RH and/or SO2 additions measured.

10
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A description of certain details of the experimental techniques

h including a unique weight loss technique under thin electrolyte layers is

given in the tasks in which they were applied.
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Task 1. Kinetics of Corrosion Reactions Under Thin Electrolyte Films

While electrochemical corrosion studies are usually carried out in
bulk solutions with small samples which have been carefully cleaned, it is
characteristic for atmospheric corrosion that only small amounts of electro-
lyte are pre;ent and only at certain times and that the corrosion product
chemistry plays a dominant role. In order to evaluate the kinetics of atmos-
pheric corrosion, a different experimental approach has to be used, therefore,
which takes into aécount the fact that corrosion takes place under thin electro-
lyte layers, the thickness of which can be time dependent, and that the metal
surfaces to be studied are in most cases covered with corrosion products.

In addition, the chemical composition of the atmosphere in contact with the
electrolyte might change due to different levels of gaseous pol]utants.

A first attempt has been made to develop an experimental approach
for the study of atmospheric corrosion under carefully controlled conditions
in the laboratory. A study of the literature (13) has shown that only very
few thin layer studies which simulate atmospheric cpfrosion phenomenon have
been published. Rosenfeld and his co-workers have been very active in this
field and an account of this work is given in Rosenfeld's book. (2).

In the studies conducted during the first year of this contract it
became evident that a number of experimental problems have to be solved before
electrochemical studies of the kinetics of corrosion reactions can be carried
out under thin layers of electrolytes (1000-100 um). After evaluating the
approach of Rosenfeld and co-workers (2), who used rather complicated arrange-
ments of test, counter and reference electrodes, it was decided that a modified
version of the ACM would be best suited for electrochemical corrosion studies
under thin layers. The ten metal plates of an ACM were connected in a way

that the inner two plates serve as reference electrode, the outer four plates

L ared A
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were used as counter electrode and the four plates between reference and
counter electrode served as working electrode. The advantages of this very
simple arrangement are that all three electrodes are located in the same
plane, which avoids the problems often encountered in other attempts to
study corrosion behavior under thin layers (14).

In the first series of experiments (15) layers of 0.1N NaCl or O.1IN
Na2504 were deposited on steel, zinc, Cu and Al samples in thicknesses of
1000, 700, 400 and 100 um exposed to laboratory air (RH = 30-50%). After
a few minutes at the open circuit potential a potentiodynamic sweep (2mV/sec)
was carried out either in the anodic or cathodic direction. From the anodic
curve the anodic Tafel slope was determined and the corrosion current Icorr
obtained by extrapolation to the corrosion potential. From the cathodic
curve the limiting current IL for oxygen reduction was determined. These
data were compared with data for metals totally immersgd in bulk electrolyte.
Figure 2 shows the anodic curves, while Fig. 3 shows tﬁe cathodic curves
obtained for 4130 steel. Tafel behavior is observed even at 100 um film
thickness, the anodic Tafel slope seems to decrease slightly with film thickness
(Fig. 2). These findings are in contrast with those of Rosenfeld et al (2)
who reported "anomalous anodic polarization curves". Their results were
probably due to experimental problems related to the fast increase of the
current with potential observed in Fig. 2. Also listed in Fig. 2 are the
corrosion d.c. 1corr’ which are higher in Na2504 than in NaCl except at
1000 um. For compar1sqn Fig. 4 shows the results obtained for iron in bulk
electrolytes. As also observed for Cu, the rate of the anodic reaction is
slower in NaCl than in Na,S04.

The cathodic polarization curves in Fig. 3 show an increase of the

1imiting current IL with decreasing film thickness. The limiting c.d. i
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is inversely proportional to the thickness of the diffusion layer:

C

iL = nFD

oo

(5)

where n = 4, since four electrons are exchanged per molecule of oxygen.

If one assumes D = 1.9 * 10™% cm’/sec for the diffusion coefficient of oxy-
gen in 0.1N NaCl at room temperature and Co = 2.52 x 1077 mole/cm® for oxy-
gen solubility, then one obtains (2):

| i,8 = 1.91 x 107 (A/cm) (6)

In Fig. 5 the limiting c.d. i, is plotted vs. the inverse film thickness d

L
for Cu, 4130 steel and Al 6061 in 0.1N NaCl and 0.1IN Na2504. Straight line
relationships are observed with a slope which is close to the one calculated
in Eq. 6 except for the Al 6061, for which a much lower slope is observed
probably due to the presence of the oxide film. At lower thicknesses (d =

155 or 110 #m) deviations from the straight lines are observed in Fig. 5.

It is likely that these very thin films evaporate when applied to the metal
surface leading to an even thinner film at the time of the measurement. It
will be also noticed that the shape of the cathodic polarization curves in
Fig. 3 has changes for the lower d-values which makes determinétion of iL
more difficult. The results in Figs. 3 and S5indicate that for d < 1000 um
the diffusion layer thickness corresponds to the electrolyte thickness. With
decreasing electrolyte layer thickness a pronounced increase of the rate of
oxygen reduction occurs which can lead to similar increases of corrosion

rates provided that the corrosion reaction remains diffusion controlled even
at the lower d-values. The drying-out experiments discussed below have always
shown a drastic increase of the galvanic current during the time period when
the visible electrolyte layer disappeared, which corresponds to a thinning

of the film.
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While the polarization curves for steel (Figs. 2-4), Cu, Al and
In showed the general polarization behavior as a function of film thickness,
it was also of interest to investigate the corrosion kinetics as a function
of time simulating the drying-out process and also in the presence of
pollutants such as 502. For these purposes, the recording of polarization
curves such as shown in Figs. 2-4 is not suitable since the measuring pro-
cess alters the nature of the test electrode surface and contaminates the
electrolyte with corrosion products and reaction products from the counter

electrode. The corrosion c.d. L PR and the Tgfgl's]opes ba and bc were,

therefore, determined from po]arizatiqg/eﬂFVés obtained within £ 30 mV from

- -

the corrosion poteﬁtfaT‘dEé;;Zmﬁﬁ;reby avoiding excessive polarization. These

curves were then analyzed with the computer program CORFIT (12). Figure 6
shows as an example the inverse polarization resistance RB‘, the corrosion
current Icorr’ the Tafel slopes and the constant B. Corrosion current
and Rp are related by:

babc

= -l_-
Icorr 2.3Zba+bc$ Rp 5

:olw

o (7)

The evaluation with the CORFIT nrogram provides the error of each parameter
which is also shown in Fig. 6. The electrode area was 1.70 cm’. The results
in Fig. 6 show that the cathodic Tafel slope bc decrease significantly during
the time of the experiment while the electrolyte which is exposed to labora-
tory air, dries out. This finding indicates that the corrosion mechanism
changes from diffusion control (bc'*'”) at the beginning of the experiment to
charge cransfer control (bc = 40-120 mV) as the electrolyte layer becomes
thinner. The anodic Tafel slope ba’ on the other hand, decreases only slightly

during the time of the experiment. Similar results were observed in many
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experiments with steel in NaCl or Na2504. The corrosion current density
decreased slightly during the experiment shown in Fig. 6 from about 50uA/cm?
which is in the range of the values obtained by Tafel extrapolation (Fig. 2).
The sharp increase of the limiting current observed during drying out in ACM
experiments (see below) and indirectly in the results of Fig. 5 could not be
followed entirely in these measurements because the potentiostat becomes
unstable when the electrolyte layers become too thin.

A comparison’ of the corrosion c.d. obtained for 4130 steel from
the polarization curves in Fig. 2 and from the experiment of Fig. 6 with
the changes of the limiting c.d. iL for oxygen diffusion and the changes of
the cathodic Tafel slope bC during thinnihg of the electrolyte suggests that
while the electrolyte film becomes thinner the corrosion mechanism changes

from diffusion control (b =%, i = iL) to charge transfer control

c corr

(bC <120 mv, i For this case the anodic and‘cathodic Tafel lines

< i
corr 1L)'
intersect at a current which is smaller than the limiting current. While

the 1imiting c.d. i, increase to 190-230 uA/cm®* when a film thickness of

L

100 um is reached, the corrosion c.d. i observed are in general below

corr
80 uA/cm* even at the time when the electrolyte film is evaporating.

Further studies involved the comparison of the galvanic current

Ig measured with Cu/steel ACM and the corrosion current Icorr obtained with

a three-electrode steel ACM. The theory of galvanic corrosion shows that

for a diffusion controlled process the galvanic c.d. i, equals the limiting

9

c.d. for diffusion iL’ which in turn equals the corrosion c.d. 1corr:

f. %% =9 (8)

g L

Experimental proof for Eq. 8 was provided in the experiment of Fig. 7, in

corr’

which ig as determined from a Cu/steel ACM and 1corr as determined from a

steel ACM are compared. Both devices were covered with a layer of 0.1N NaCl
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and exposed to laboratory air at RH = 36%. Fig. 7 shows similar behavior
within a factor of two of the two measured quantities which confirms the
assumption that measurements made with a Cu/steel ACM represent the corro-
sion rate of steel. Due to instabilities experienced with the potentio-
static three-electrode system the drying-out period could not be followed
with the modified all-steel ACM.

The experiments conducted during the first and second year of this
contract did not show any definite effects of 502 on corrosion of steel
covered with thin layers of NaCl, Na2504 or with artificial rust which was
clean or doped with chloride or sulfates (10). In order to investigate
this phe.omenon in more detail the corrosion kinetics of steel covered with
0.IN or 1.0N NaCl or Na2504 were studied as described above starting with an
electrolyte thickness of about 1000 um (15). In the presence of 1 ppm 502,
which was added to humid air (RH = 38%) in the gas mixing system developed
under this contract, the corrosion kinetics were very similar to those ob-
served in the absence of 502 (Fig. 6). The cathodic Tafel slope bC showed
the same decrease with time while the electrolyte dried out; the corrosion
c.d. was slightly higher in the presence of 502. The results for 0.1N NaCl
and 0.1N Nazso4 are.summarized in Figs. 8 and b, which contain also data
for bulk electrolytes free of 50,. When the experimental polarization curves
for bulk solutions through which 502 had been Bubb1ed prior to the recording
of the polarization curve were analyzed with the CORFIT - program, analytical
solutions were obtained which included negative bc-va1ues. Since Tafel slopes
are by definition positive one has to assume that the presence of SO2 gas
in the bulk electrolyte has altered ihe corrosion kinetics in a way that
the simple exponential relationship between potential and current was no

longer valid.
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