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Mechanism of Atmospheric Rusting

U.R.Evans and C. A.J. Taylor*

Abstract

The present paper describes a research on Atmospheric Rusting, which has been in progress for 5 years

in the Department of Metallurgy at Cambridge University. The discussion is designed to present the

connection between the electrochemical mechanism of atmospheric corrosion with that of corrosion under

immersed conditions.
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Fig.1 Experimental vessel. The specimen (r) is we-
dged into the waxed-paper tube (b), being sup-
ported by false bottom (c}; the waxed-paper
tube is itself placed in a glass tube(a), being
supported by false bottom (d). A small amount
of dilute H,SO,, usually containing K,S,0;, is.
placed at the bottom of (a) but does not wet (b).
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Fig. 2. Derusting vessel. The glass jar(J), fited
with a large steel frame (f) is filled with dilute
HCL The specimen (r) makes electrical contact
with the frame-a plan which prevents serious
attack on the iron substrate of the specimen.
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Fig.3. Ezperiments showing influence of S0,. Curves A relate to iron exposed to moist air without SO, and
curves B to iron in moist air with SO, both gain and loss of weight are much greater when SO, is
present. Curves C represent two-stage experiments; after 4h in moist air containing S0,, the specimens

were moved to moist air without SO,; yet the weight-change is similar to B,

showing that when once

FeSO, has been formed, SO, in the gas-phase is not necessary. Curve D represents three-stage experi-
ments; after 4 h in moist air with SO,, the specimens are placed in water for 1d and then in moist air
without SO,; the weight-change is small, because the FeSO, has been removed.
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Fig. 4. Experiments with replenishment of SO,.

Curves E represent specimens exposed for 4 h to
moist air with SO,, and then moved to a tube
containing fresh moist air with SO,; thus they
receive a double ration of SO,. Curve B, in
which the specimen receives a single ration, is
reproduced for comparison. The final effect of
the double ration is nearly to double the weight-
change, although the initial effect of the extra
80, is a slight retardation.
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Fig. 5 Experiments with variation of the amount of
SO,. Curves F represent specimens exposed to
moist air containing different quantities of SO,
for 4 h, and then to moist air without SO, for
44 h. The final weight-change increases with
increasing SO, up to a point, and then decre-

ases, confirming Fig. 4.
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Fig.6. Experiments with variation of time in moist
air containing SO, Curves G represent speci-
mens exposed for different times to moist air
containing a standard quantity of SO, and
then to moist air without SO, for a period ma-
king a total of 48 h. The weight-change becomes
constant when the first stage exceeds about 2h-
presumably the time needed to use up the SO,
in forming FeSO,.

Table 1. Ratio of weight-changes in set C

Duration of .
second stage Weight-gain Weight-loss Ratio
d (mg {mg)

11.3 14.5 1.2
1 12.0 16.0 1.3 1.33
12.7 17.5 1. 38
27.2 39.2 1. 44
2 29.5 43.3 1.4 1. 45
29.8 43.8 1.4
40.2 61.0 1.5
4 32.5 50.0 1. 54 1.53
38.8 59.1 1.52
39.7 59.4 1.49
8 48.4 73.8 1.52; 1.53
41.8 65. 8 1.57
55.8 95.7 1.71
16 43.6 75.4 1.73; 1.68
49.0 78.8 1.61
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Fig.7. Ezperiments with variation of relative hu-
midity. Curves H represent specimens exposcd
to moist air with SO, for 4h, and then to air
without SO, but at different humidities. The
weight-change rises abruptly about r.h. 709;.
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Fig.8. Plate experiments. A weighed metal specimen
is covered with filter-paper soaked in M/10 Fe
SO, and in most experiments this is covered
with plastic or rusted metal;the latter in some

cases is joined electrically to the lower specimen,

either directly or through a milliammeter The
specimen loses or gains weight in different cases
as explained in the text. The results favour
the Elecetrochemical Mechanism and not the
Acid Regeneration Cycle.
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Table 2. Weight-changes in mg in plate experiments
lasting 1 hour

Iron electrodeposited

Steel on steel basis

Set I +1.46, +0.83, +0.50
J +0.08, =0. 31, +0. 20
K 229, +1.00, +1.70
L +0.24, +0.23, +0.11
M —0.48, —1.59, —0. 84
N —4.00, —1.20, —1.18

+0.3, +1.0, +0.7
+0.1, nil, +0.3
+1.1, +1.9, ~1.5
+0.2, +0.2, +0.2
—0.8,—0.4,—0.3
—1.0,—0.4,—1.0
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Fig.9. Current passing between rusted iron above
and weighed specimen below. In this experi-
ment, the upper specimen is inverted every
5 min, so that the magnetite formed by cathodic
reduction of the ferric rust is re-oxidized by air
to the ferric state. The milliampere-howrs are
roughly equivalent to the weight-loss «f the
lower specimen in the sense of Faraday's Law—
as shown in Table 3.
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Table 3. Comparison between electrochemical
measurement and weight-losses

Experiment number b @ B @
Steel Steel
1.95 50 5.1
202 52 53
.97 7.0 7.0

Material Iron Iron
2.35
Theoretical weight-loss* (mg) 2. 44
2.18

Milliampere-hours

Actual weight-loss (mg)

* Assuming that only Fe?** jons are formed.
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Fig.10. Probable situation of iron developing rust
in moist air but protected from rain. Anodic
attack on the iron at XX’ is balanced by cath-
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verted to black magnetite during rain-spells, but
this will be largely re-oxidized to brown ferric
rust during intervening dry weather)
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