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A. INTRODUCTION

Spectacular corrosion failures occur frequently as a result of exposure of engineering materials to
aggressive aqueous and nonaqueous process fluids. Many materials of construction are not exposed
to such conditions but, rather, are used in the naturally occurring atmosphere and are subject to
degradation processes that limit their ability to function in the desired manner. While often plain in
appearance, corrosion in the atmosphere is recognized as the single most severe form of corrosion on
a tonnage basis. Knowledge of the expected corrosion performance of a material in the atmosphere is
needed when designing engineered components and assemblies. The purpose of this chapter is to
provide information to allow design and materials selection engineers to decide if atmospheric
exposure tests are a necessary part of their function and, if so, to provide them with guidelines to
conduct a successful test or to interpret existing test data.

B. PURPOSE OF TESTING

Before committing to the effort and expense of long-term corrosion testing, it is important to
understand and record the reasons why test data are needed. The specific application, the material
attributes important to that application, and the desired form of the final data must all be considered.
Atmospheric corrosion test data typically are required to determine or to predict the following types
of information:

Material lifetime in a specific atmosphere.
How long will it last before failing to satisfy a key performance indicator?

Pick-the-winner of a group of materials in a specific atmosphere.
Is material A better than material B?

Corrosion rate in a specific atmosphere.
What is the rate of material thickness loss?

Atmospheric corrosivity comparisons.
Is atmosphere A more aggressive than atmosphere B?
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Examples of material applications that may require the collection or interpretation of atmospheric
corrosion data are

Bridge work.
Highway guardrails.
Utility poles.
Power lines.
Electrical switchgear cabinetry.
Automatic teller machine cabinetry.
Building siding and roofs.
Automobile bodies.
Airplane skins.
Refrigerator wrappers or back plates.
Outboard motor housings.
Oil derricks.
Mail boxes.
Chain link fences.
Stadium seats and decks.

The material attributes or performance indicators that may be measured to provide information for
proper materials selection and life prediction include

Weight loss.
Thickness loss.
Loss of impact strength.
Loss of tensile strength.
Loss of ductility.
Pitting.
Perforation.
Coating life.
Discoloration or other measure of appearance.
Contact resistance.

The data should be reported in a format that allows it to serve the desired function of the test;
comparison with existing or future data is frequently, but not always, required.

C. TYPES OF ATMOSPHERES

The wide variety of possible climatic conditions, combined with a multiplicity of geometric and
spatial arrangements of materials, provides an unlimited assortment of atmospheres to which
materials of construction may be exposed. A given material performance in one atmosphere or
application should in no way be interpreted to mean that said performance would be repeated for
other conditions. Many examples that demonstrate this principle exist and provide the impetus and
justification for continued testing of existing and new materials in known and untested atmospheres
and applications.



Despite the poorly defined target, standards organizations have used different procedures to
define general classifications of various atmosphere types [1,2]. General atmospheric classifications
are needed in order to limit the number of candidate materials for an application. Classifications
provide qualitative or quantitative descriptions of the key characteristics of the atmosphere that
contribute to corrosion behavior.

Time-of-wetness.
Sun load [exposure to ultraviolet [UV]-B radiation].
Seasonal temperature and humidity cycles.
Natural contaminants (sea salt, particulates).
Manmade contaminants (SO*, NOx, road deicing salt, tropospheric ozone, particulates).

Other characteristics that may be unique to specific locations, geometries, or applications are

Proximity to contaminant point sources.
Shelter from direct rainfall or sun load.

The simplest atmospheric classification scheme is based on the primary aggressors for most metallic
materials in atmospheric corrosion: moisture, fallout of industrial pollution, and the chloride ion.
Accordingly, the simplest classifications are

Rural (very little fallout).
Industrial (primarily sulfur-containing fallout).
Marine (chloride-containing fallout).

A refinement of the method includes some of the location characteristics cited earlier but provides
better discrimination [3]:

One entry from each of the three columns provides a reasonable qualitative description of most
common atmospheres.

The international program ISO CORRAG (ISO Technical Committee 156, Working Group 4) is
nearing completion of an effort to characterize and classify comprehensively dozens of atmospheric
locations globally. The ISO classifies atmospheric corrosivity by two semiquantitative methods. One
concentrates on the predicted corrosivity based on time-of-wetness and contaminant measurements
[2, 4] while the other relies upon actual corrosion rate measurements on standard metal specimens
[2, 5, 6]. The following descriptions are now standard.

Dampness

Dry
Humid
Marine

Temperature

Tropical
Temperate
Arctic

Contaminants

Rural
Urban
Industrial

Category

tl

T2

T3
T4

T5

Time-of- Wetness (%)

<0.1
0.1-3
3-30
30-60
>60



Combinations of the T, P, and 5 categories are used to estimate the corrosivity category, C, for carbon
steel, zinc, copper, and aluminum based only on measurements of the environmental characteristics,
as summarized here for a 1-year exposure [2]:

Corrosion Rate (urn/year)

Category

Ci
C2

C3

C4

C5

Steel

<1.3
1.3-25
25-50
50-80
80-200

Zinc

<0.1
0.1-0.7
0.7-2.1
2.1-4.2
4.2-8.4

Copper

<0.1
0.1-0.6
0.6-1.3
1.3-2.8
2.8-5.6

Aluminum

Negligible
<0.6
0.6-2
2-5
5-10

The American Society for Testing and Materials (ASTM) provides atmospheric classification
methodologies similar to those of ISO. Standards exist for site characterization [1], time-of- wetness
monitoring [7], and pollution monitoring [8, 9]. In addition, a fast and convenient method to compare
atmospheric corrosivities is the CLIMAT (CLassification of Industrial and Marine ATmospheres)
test [1O]. It consists of a number of aluminum wires wound tightly around threaded bolts of different
materials, usually nylon, steel, or copper. Exposure of the wound wire-on-bolt assembly in an
environment of interest will result in various amounts of uniform or galvanic corrosion of the
aluminum wire, which may be used as a corrosivity index for that atmosphere.

It is critical to remember that the most important material and atmospheric data are not those
reported by ISO CORRAG, ASTM, or any other source, but those data that pertain to the application
of interest. For instance, it has been shown that the ISO atmospheric corrosivity categories do not
pertain to many sites throughout the world, including very cold areas and those where dew formation
may occur in a relative humidity of < 80% [U].

D. STATISTICAL CONSIDERATIONS

The long-term time commitment (several months to several decades) required to obtain meaningful
atmospheric corrosion data is sufficient justification to be particularly careful to perform the tests in
the desired manner the first time. The expense of repeating a failed testing program due to an
ineffective experimental design is unfortunate enough, but pales in comparison to the unrecoverable
time lost.

The type of experimental design is dependent on the purpose of the testing and the desired use of
the data. The time to decide what type of statistical techniques to use for the experimental design and

Category

P0

Pi
P2

P3

Category

S0

Si
S2

S3

Pollution (SO2, Jig/m2)

< 12
12-̂ 0
40-90
90-250

Chloride (mg/m2-day)

<3
3-60
60-300
300-1500



data analysis is long before any material is secured for testing. In any event, careful observance of the
basic principles of replication, randomization, and blocking are a minimum requirement.

Attrition of specimens is a particular problem for long-term programs. It is important to adjust
replication accordingly or to be prepared to decrease the expectations of the program postmortem.
Long-term programs often gain additional expectations as they mature; extra replicates to
accommodate future brainstorms are rarely wasted. It is a common misperception that specimens of
a given type that are part of a periodic removal schedule should be counted as replicates for that
material. In reality, only those specimens that are evaluated, either destructively or nondestructively,
at a given time can be counted as replicates for that material type; subsequent evaluations comprise a
different response characteristic and, thus, cannot be pooled to create a larger number that enhances
the data artificially. In addition, the practice of measuring a given response at different locations on
the same test specimen may be expedient, but does not provide independent measurement of the
response and, thus, provides no more than one replicate.

Randomization of specimen mounting locations within the given atmospheric corrosion test site
and on the individual racks and frames should be practiced when possible to reduce the possible
detrimental effects of nommiform time-of-wetness at different frame locations (top-to-bottom of
frame, edge-to-center of site) and nonuniform contaminant fallout (animal droppings are a
noteworthy problem in this regard.) This randomization of specimens within the atmospheric
corrosion test site is, of course, in addition to the random selection of specimens from the population
of material under study.

In cases where randomization is not possible, it is permissible (or even desirable) to create
statistical blocks that are easily handled statistically. Replication, randomization, and blocking are
covered in detail in a variety of statistics texts and handbooks [12-14].

E. HARDWARE, MAINTENANCE, AND PRACTICAL CONSIDERATIONS

Several excellent documents and manuals that give detailed plans and drawings for atmospheric
corrosion test sites, hardware, and administration are readily available and should be consulted
before constructing an atmospheric exposure site [15-23].

Many existing sites contain instrumentation and maintain historical databases on temperature,
relative humidity, time-of-wetness, chloride, and sulfur dioxide, all of which have direct and usually
dramatic influences on the corrosivity of the atmosphere. While it is not critical to have such data for
a single test in a single atmosphere, comparison of several tests in several atmospheres certainly
would be facilitated.

In general, an atmospheric corrosion test site should be located in a well-secured area, not subject
to frequent disturbance by human or other passersby. Racks should be constructed of a corrosion-
resistant material that has been shown to last at least as long, preferably much longer, as the expected
test in the given atmosphere. The bottom edge of the rack should be 750 mm or more from the ground
to reduce the possible interference of plant growth. Herbicides, fungicides, and insecticides should
never be used on or around the atmospheric corrosion test site due to the possible corrosion inhibitive
nature of some of their contents. Many sites are covered with thick polyethylene and up to 200 mm of
crushed rock or gravel to discourage plant growth and to eliminate ongoing maintenance. Be it grass,
concrete, sand, or gravel, the ground should be flat and of uniform composition throughout the site so
that any influence of moisture evaporation is distributed evenly throughout. Periodic inspection of
the mounting of each and every specimen is recommended due to loosening by windstorms,
breakage of insulators, and dissolution of the specimens themselves.

Attachment to the rack depends on the type of specimen, but should always be done with
insulated hardware to eliminate galvanic effects between the specimens and the racks. Metal sheet
specimens are usually mounted so that they face skyward at 30° to the horizontal, toward the
predominant direction of the sun (facing south in the Northern Hemisphere.) In seacoast exposures,
the specimens usually face the surf regardless of compass direction. Painted metal sheet specimens



are exposed in the same manner as their unpainted counterparts, but typically are placed at a 45°
angle. It is common to analyze the skyward and groundward surfaces together in performance
determinations, but it is important to ensure that the groundward surface is not shielded from the
ground by rack support brackets. If determination of the skyward and groundward behaviors is
required, appropriate masking with organic materials may be used with the recognition that diligent
periodic maintenance will be required. Specimens with unusual shapes should be oriented in a
manner consistent with their in-service application; however, mounting unusually shaped specimens
in a variety of orientations may provide unexpectedly useful performance data. The U-bend
specimens for stress corrosion cracking (SCC) susceptibility [24] should be mounted in such a way
as to approximate the expected service orientation. Racks may include covers of various types to
simulate sheltered conditions; periodic inspection of the covers is necessary to detect and repair
leaks.

Specimen preparation usually involves trimming to a uniform size and removing any processing
fluids with an inert cleaner. Specimens should be marked in a manner that is not obliterated by
corrosion. Drilled holes or cut notches have proven to be effective for long term exposures, but add
complications where coatings are breached. Various paints, inks, and plastic labels may be
appropriate for very short-term exposures or in cases where frequent periodic maintenance of the
labels is planned.

Meticulous record keeping is a necessity. It is common for a long-term testing program to have
several caretakers over its lifetime. An accurate description of every experimental detail and a vivid
account of reasoning behind any decision are always useful to whomever is given the task of
maintaining a periodic removal schedule and reporting the long-term data. Standard records forms
for data to be collected before, during, and after exposure are useful [15, 18, 19].

It is common to calculate the weight loss of exposed specimens by subtracting the weight of the
individual specimens after cleaning [16] from their weight before exposure. Dividing the weight loss
by the exposed surface area, and dividing that quotient by the material density provides the uniform
material thickness loss. This practice provides useful information for loss of load-bearing capacity,
but must be interpreted carefully. The conversion of weight loss to thickness loss assumes uniform
material density and uniform corrosion over the entire specimen. Pitting corrosion results in minimal
weight loss but dramatic localized thickness loss that frequently is of catastrophic consequences. In
addition, different layers of coated materials may be of different densities, or may corrode at
different rates.
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