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Foreword

The symposium on Atmospheric Corrosion of Metals was presented at
Denver, Colorado, 19-20 May 1980. The symposium was sponsored by
ASTM Committee G-1 on Corrosion of Metals in cooperation with the Na-
tional Association of Corrosion Engineers. S. W. Dean, Jr., Air Products
and Chemicals, Inc., and E. C. Rhea, Reynolds Metals, Co., are editors of
this publication.
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Introduction

The American Society for Testing and Materials (ASTM) has been one of
the most important sources of information on atmospheric corrosion tech-
nology in the 20th century. The leadership provided by ASTM has resulted
from a need to develop performance data on metallic materials which are
used in natural atmospheres. At the outset it was recognized that there was
no satisfactory method for predicting the performance of materials in the
atmosphere. Therefore it was necessary to run tests in the atmosphere to de-
velop the data required to specify materials and design devices and structures
for use in the atmosphere. As products entered the marketplace with systems
designed to protect them from atmospheric corrosion, it became necessary to
have standards which would accurately describe the performance of the sys-
tems. There was also a real need to understand the variables which affect at-
mospheric corrosion so that designers and engineers could work intelligently
with the metallic materials in atmospheric service.

In the decade of the 1960’s, Committee G-1 was formed for the purpose of
bringing together and coordinating all standards-writing activities pertaining
to metallic corrosion. As part of this work, Subcommittee GO1.04 was
created to handle atmospheric corrosion. The decades of the 1960’s and
1970's witnessed some subtle, but important, changes in the field of atmos-
pheric corrosion. Environmentalists brought strong pressure to bear on so-
ciety and industry in particular to minimize or eliminate pollution. This,
coupled with the dramatic changes in costs of energy from various fossil
fuels, has brought about a fundamental change in the types of atmosphere
engineers have had to deal with. Industrial atmospheres could no longer be
assumed to be heavily polluted with sulfur oxides. Another important
change during this period was the development of sophisticated electronic
instruments which allowed a wide variety of chemical and other types of
measurements to be made. These instruments, together with digital compu-
ters, made possible a wide variety of correlations and other types of studies
which heretofore were beyond the scope of laboratories involved in atmos-
pheric corrosion work.

Earlier symposia held in 1973' and 1976° by Committee G-1 had papers

! Corrosion in Natural Environments, ASTM STP 558, American Society for Testing and Mate-
rials, 1974.

2Arma.vpheric Factors Affecting the Corrosion of Engineering Metals, ASTM STP 646, S. K.
Coburn. Ed.. American Society for Testing and Materials, 1978.
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concerned with these various questions. Two Special Technical Publications
(STP’s) have resulted from these symposia and provided a record of the ear-
lier work on these questions. However, because atmospheric corrosion is a
process requiring 10 to 20 years to become fully established, there is a real
need to fortify these earlier studies with additional results as new data be-
come available. Thus, the purpose of the 1980 symposium on atmospheric
corrosion sponsored by Committee G-1 through Subcommittee GO1.04 was
as follows:

1. To document how pollution control measures over the years have af-
fected materials of construction and specifically various metallic materials
used in the atmosphere.

2. To record information on the corrosion resistance of newer alloys and
composites in the atmosphere in comparison with older, more traditional
materials.

3. Todiscuss the mechanism of atmospheric corrosion and specifically the
kinetics of atmospheric corrosion as determined by the variations of specific
active species in the atmosphere.

4. To develop better systems for classifying the corrosivity of the atmos-
pheres, including the use of electrochemical testing methods to characterize
atmospheric corrosion behavior.

5. Finally, to show how laboratory tests can be used to simulate atmos-
pheric corrosion.

The 1980 Atmospheric Corrosion of Metals Symposium met the objectives
for which it was organized. A number of papers were presented on the be-
havior of engineering materials, including two on weathering steels, three on
copper alloys, two on aluminum alloys, two on metals with metallic coat-
ings, and one on zinc. In addition, two papers were presented on monitoring
of atmospheric exposure sites using time of wetness or electrochemical cor-
rosion monitoring systems. Two papers were also presented on laboratory
tests and their correlation with atmospheric corrosion. Finally, there were
papers concerned with characterizing atmospheric exposure sites and classi-
fying the corrosivity of such sites, some work on the evaluation of microcli-
mates and corrosion of metals, and the prediction of long-term corrosion
rates of structural steels from short-term data.

This collection of papers should be very useful to engineers involved with
designing and specifying materials for use in atmospheric applications, both
in architectural structural and automotive applications. This publication
should also be helpful to materials scientists interested in developing acceler-
ated laboratory tests for predicting the long-term behavior of metallic mate-
rials in the atmosphere. The results herein should be useful to those planning
new atmospheric corrosion exposures, both from the viewpoint of determin-
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ing better monitoring methods for exposure sites and as a record of tests
underway and recently completed. In addition, the data provided here
should be of interest to those concerned with the economics of corrosion and
how some of the newer alloy compositions behave.

In assembling the papers in this STP we have tried to provide a link be-
tween the past work and the future directions of ASTM in atmospheric cor-
rosion testing, and specifically Committee G-1. There is no question that fu-
ture symposia will be necessary, and we hope this volume will be an adequate
progress report on the state of the art of atmospheric corrosion at the begin-
ning of the decade of the 1980's.

S. W. Dean, Jr.

Air Products and Chemicals, Inc., Allentown,
Pa. 18105; editor.

E. C. Rhea
Reynolds Metals Co., Richmond, Va. 23261;
editor.
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D. Knotkova-Cermakova,' J. Vickova,' and J. Honzak,'

Atmospheric Corrosion of
Weathering Steels

REFERENCE: Knotkova-Cermakova, D.. VI¢kova, J.. and Honzak, J., “Atmospheric
Corrosion of Weathering Steels,” Aimospheric Corrosion of Metals, ASTM STP 767,
S. W. Dean, Jr., and E. C. Rhea, Eds., American Society for Testing Materials,
1982, pp. 7-44.

ABSTRACT: A general research program to study the corrosion behavior of weathering
steels is being completed by the State Research Institute for Materials Protection.
Three stages of research are discussed:

1. a description of the corrosion characteristics of these materials,
2. the corrosion behavior of weathering steels in structural service, and
3. the evaluation of the applicability of weathering steels for typical real structures.

The results of this program were used to formulate the corrosion section of the specifi-
cation: Technical Direction for Application of Weathering Steels.

A comparison of the cost of construction using conventional paint coatings on steel
versus the use of weathering steel is provided. including the protection and operation
of construction.

KEY WORDS: atmospheric corrosion. weathering steel. corrosion tests on atmospheric
sites, atmospheric pollution, outdoor and sheltered exposure, behavior of steel on
structural elements. bolt joint. model crevice. patina rust layer. applicability on real
objects, masts, industrial constructions, bridges. buildings

The corrosion of structural steels is a very serious technical problem. The
volume of the steel constructions exposed to a corrosive environment is very
high. The corrosivity of the atmosphere in which most steel structures are
used is increasing and the application of the suitable protective systems is
very complex and involved from both the raw material and energy points of
view. In addition, the maintenance of the surface coatings on existing struc-
tures is laborious and expensive.

For these reasons, any system which allows the use of steel structures
while minimizing cost during the service life is highly desirable. In addition,
it is also desirable to obviate the need for both complex technological
equipment for the production of the steel components in the structures and
for labor for their maintenance in service. Thus, weathering steels which

'G. V. Akimov State Research Institute of Material Protection, Prague, Czechoslovakia
(SVUOM).
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have an increased resistance to atmospheric corrosion and have been pro-
duced for many years under various commercial names—Cor-Ten, Mayari
R. I0CHNDPS, Atmofix, etc.—enjoy an outstanding reputation in a wide
range of applications.

These steels were manufactured in Czechoslovakia as early as before World
War II, but a systematic regulation of their use occurred only in the late
1960’s. At this time, extensive research programs were undertaken. The work
started at that time had to yield, as quickly as possible, technical results suf-
ficient for the state-aided application of these steels in practice. The research
was, therefore, carried out as an extensive team effort which involved the col-
laboration of a number of the research institutes, for example, the Research
Institute of Ferrous Metallurgy, Technically-Economic Research Institute of
Metallurgy, the Research Institute of Steel Constructions, and the Welding
Research Institute. This extensive research project was aimed at developing
information concerning the metallurgy, corrosion resistance, fabrication
techniques, and economics of weathering steels. The results of this research
were used in the preparation of the very extensive and specific standard:
“Czechoslovak Directions for the Application of Weathering Steels,” pub-
lished in December 1978 [1).?

The extent of the work carried out and the knowledge gained are much
wider than reported earlier, and it is impossible to condense it in even one ex-
tensive publication. For this reason, only a section of our information on the
atmospheric corrosion of weathering steels is discussed herein on the follow-
ing three topics:

1. Description of the atmospheric corrosion characteristics.

2. Corrosion behavior of weathering steels on structural members in typi-
cal atmospheres.

3. Evaluation of the usability of weathering steels for real typical structures.

Atmospheric Corrosion Tests of Weathering Steels
Aim, Extent, and Method of Tests

The results of corrosion tests from the network of atmospheric testing sta-
tions forms a basis for establishing the corrosion performance of various
materials. Such tests are carried out in a standardized mode and in well-
defined conditions, and so the results for a particular material are comparable
to results from other sources. However, the application of these results to an
actual structure is neither simple nor unambiguous.

In the present study, three types have been used:

1. Tests at atmospheric exposure stations where the atmospheric condi-

?The italic numbers in brackets refer to the list of references appended to this paper.
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tions are well known and the test technique has been standardized. Specifi-
cally, Location 1 involved in outdoor atmospheric exposure with specimens
on stands, inclined 45 deg to the horizontal and facing south. Location 2 in-
volved vertical specimens using a standard Stevenson screen.’

Most of the tests were carried out in the SVUOM main atmospheric testing
stations where conditions were monitored regularly and the corrosivity of
the station atmosphere was measured periodically. The results of these cor-
rosivity measurements are reported in Table 1. These tests were carried out
over a 15-year period.

Tests also were performed, to a lesser extent, at single-purpose sites selected
so that they could provide more detailed data on the corrosion behavior of
selected steels in atmospheres having smaller variations in sulfur dioxide
(SO2) content for 5-year testing periods.

2. Tests at the single-purpose test stations, which are located in rural,
urban, and industrial atmospheres in Category 2 exposures, that is. in sheds.
Category 3 exposures involving indoor tests were also carried out. The present
study required information on the effect of sheltering on the corrosion of
these materials because most structural applications have some portions of
the steel surface exposed in this mode. However, conventional station tests do
not provide this information. These tests were carried out for 5 years on
simple Novodur stands with actual construction geometries in exploitation
microclimates.

3. Atmospheric exposures were carried out at test stations in specific loca-
tions to evaluate unusual and extreme effects. Three- to five-year exposures
were made in various production plants to determine the corrosion behavior
of these steels in specific industrial atmospheres. Such test results are not us-
ually applicable to other environments.

4. Atmospheric exposures were carried out at test stations to evaluate
special arrangements of the specimen, including the effect of orientation of
the corroding surface, effect of specimen mass, and the individual corrosion
rates of top and bottom sides of the specimens. The duration of these tests
was 8-10 years.

Seven test programs of the type described under No. 1 of the foregoing
have been initiated. Sixty different types of steels have been included in these
tests.

Table 2 gives the compositions of the Atmofix type of Czechoslovakian
commercial steels together with the composition of the comparison steel.
The compositions of the other steels in these programs will be provided only
when specific results are reported.

Only two types of steels were subjected to the tests described in Nos. 2
through 4 of the foregoing. These steels were the low-alloy Atmofix 52A steel

*The Stevenson screen is a louvered cabinet which shields specimens from direct exposure to
the elements.



