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Standard Practice for
. - - 1
Conducting Atmospheric Corrosion Tests on Metals
This standard is issued under the fixed designation G 50; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon €) indicates an editorial change since the last revision or reapproval.
1. Scope season, exposures should be made either at the same time of

1.1 This practice defines conditions for exposure of metal§n€ year to minimize variability or these differences should be
and alloys to the weather. It sets forth the general proceduredstablished by multiple exposures. _
that should be followed in any atmospheric test. It is presented 3-2 Control specimens should always be employed in
as an aid in conducting atmospheric corrosion tests so thjféathering tests. The control specimens should be from a

some of the pitfalls of such testing may be avoided. As such, ifaterial having established weathering characteristics. A sub-
is concerned mainly with panel exposures to obtain data foptantial amount of corrosion data shall have been accumulated

comparison purposes. for the control specimens. It is also good prac_tice to retain
1.2 This standard does not purport to address all of theSamples of all materials exposed so that possible effects of

safety concerns, if any, associated with its use. It is thdong-term aging can be measured.

responsibility of whoever uses this standard to consult anql_ Test Sites

establish appropriate safety and health practices and deter-

mine the applicability of regulatory limitations prior to use. 4.1 Test sites should be chosen at a number of locations

representative of the atmospheric environments where the

2. Referenced Documents metals or alloys are likely to be used. If such information is not
2.1 ASTM Standards: available, the selection should include sites typical of indus-
A 380 Practice for Cleaning, Descaling and Passivation offidl, rural, and marine atmospheres. _

Stainless Steel Parts, Equipment, and Systems 4.2 Exposure racks should be located in cleared, well-

D 2010/D 2010M Test Methods for Evaluation of Total drained areas such that the exposed specimens will be sub-
Sulfation Activity in the Atmosphere by the Lead Dioxide Jected to the full effects of the atmosphere at the location of the

Techniqué test site. Shadows of trees, buildings, or structures should not
G 1 Practice for Preparing, Cleaning, and Evaluating Corfall on the specimens, and local contamination of the atmo-
rosion Test Specimefis sphere should be avoided, unless the specific influences of such
G 33 Practice for Recording Data from Atmospheric Cor-conditions are intended to be assessed. _
rosion Tests of Metallic-Coated Steel Specinfens 4.3 In special cases, the exposure racks may be partially
G 46 Guide for Examination and Evaluation of Pitting Sheltered to allow accumulation of corrosive materials from the
Corrosiort air but at the same time prevent washing by rain. If sheltering
is used, its purpose and configuration should be described in
3. Significance and Use detail.

3.1 The procedures described herein can be used to evaluatet-4 If local pollution effects are to be investigated, the
the corrosion resistance of metals when exposed to the weathéamples should be exposed at different distances from the
as well as to evaluate the relative corrosivity of the atmosphergource and at different elevations. Where it is particularly
at specific locations. Because of the variability and complexitymportant to obtain corrosion rates involving a micro-
of weather effects and the industrial and natural factor€nvironment, samples should be mounted directly on the
influencing the atmospheric corrosivity of a test site, a multi-Structure involved. Suitable attachment must be devised for
year exposure period should be considered to minimize thefach case.
influence. Also, as corrosivity may vary at a site from season t%_ Exposure Racks and Frames

5.1 Test racks and frames should be constructed of a
*This practice is under the jurisdiction of ASTM Committee GO1 on Corrosion material that will remain intact for the entire proposed period
of Metals, and is the direct responsibility of Subcommittee G01.04 on Atmospherigyf exposure. Galvanized pipe has been found adequate for rack
Corrosion. K . . .
Current edition approved Aug. 27, 1976. Published March 1977. COﬂSt!’UCtIOﬂ In most environments (_NOIe 1)' Type. 304 stainless
2 Annual Book of ASTM Standardgol 01.03. steel is adequate as a frame material for all environments. For

® Annual Book of ASTM Standardgol 11.03. marine exposures, alloy 400 UNS No. N04400 or Type 316
4 Annual Book of ASTM Standardéol 03.02.
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stainless steel has also been successfully used. Aluminum5.7 Arack of the design and dimensions shown in Fig. 2 will
(5052 and 6061-T6) and copper frames also have givegive the correct exposure angle and can support the specimen
satisfactory service in a wide range of environments. Carérame described in 5.4.

should be observed in the use of copper frames, as corrosion5.8 The ground under the racks should be kept free of
products splashed during rainfall might affect the corrosion ofweeds, bushes, and debris. Organic herbicides, defoliants, or
other metals such as aluminum or magnesium. pesticides should not be used for this purpose.

Note 1—If galvanized pipe is field-threaded, thread areas must bes. Test Specimens

protected to ensure joint integrity for long exposure periods. In severe ¢ 1 \whan the material to be tested is in sheet form, a
environments, additional coatings may be required to provide corrosion- . . . . .
free service. specimen size of 4 by 6 in. (100 by 150 mm) is appropriate.
Specimens may be larger, for example, 4 by 8 in. (100 by 200
5.2 Racks and frames also may be constructed of woodnm), to suit a particular test; however, the specimens prefer-
Insulators may be attached to wooden frames with aluminuraply should not be smaller than 4 by 6 in.
bronze, alloy 400, or stainless steel screws. In such a case, n06.2 To assure adequate rigidity of the specimens on the rack,
wood sections should be used with dimensions less than 2 ky minimum thickness of 0.030 in. (0.75 mm) is suggested. It
4 in. (50 by 100 mm), and at least two coats of an exterioimay be difficult to accommodate thicknesses greater than 0.250
grade paint or enamel over a suitable primer must be appliedn. (6.25 mm) in the insulator grooves. (Special deep-throated
Periodic maintenance will be required on all wood construcinsulators can be obtained to accommodate thicker specimens,
tion. or the edges of thicker specimens can be machined to fit
5.3 Solid, glazed, electrical insulator knobs should be usedtandard insulators.)
to hold the specimens on the frames, using stainless steel, alloy6.3 When it is desired to test samples of odd shapes, such as
400, aluminum, nylon, or bronze bolts and nuts. Specimenbolts, nuts, pipes, angles, assemblies, and structures, etc., a
shall be mounted in the grooves of these insulators. In selectingeans of supporting them in the test racks must be devised. It
fasteners for use on specific frame materials, care should B& important that the specimens be electrically insulated from
taken to avoid unfavorable galvanic relationships. their respective supports and from each other to prevent
5.4 A suitable frame for mounting the insulators is shown inunintentional' ga}lvgnic corrosion. However, if desired, galvanic
Fig. 1. This frame will accommodate 70 standard 4 by 6-in.couples of dissimilar metals can be exposed on these frames.

(100 by 150-mm) specimens; other sizes can be mounted fforts should be made to minimize crevices between speci-

rearranging the insulators in the holes provided. It is acceptabl@€NS and support materials. _ ,
to slot the holes in the frames in such a manner that the 6-4 The total number of test specimens required should be

mounting frames are adjustable for specimens of other Sizegetermined from a knowledge of the duration of the test and the

This is a convenience when it is not possible to preparé’la”ned removals of the specimens for intermediate evalua-

specimens of a preplanned size, and it is often helpful in fittinggo_ns' Usually it should not be necessary to remove specimens

the specimens snugly into the frames rior to completing one year’'s exposure, unless specific data

. . are required for corrosion occurring during earlier stages of
| 5.5 The racksf tshhoulddbe %es%nte;]d to give exposure to.b posure. For reliable results, sufficient specimens should be
arge an area of the underside ot the Specimens as posSbifse for multiple removals at each exposure period. Triplicate
Structural members of the rack should not be located directl

der th . here th Id shelter th dersid ¥pecimens for each examination period will usually satisfy this
E[Jhne zgec?rsgﬁgmens where they would shelter the underside quirement. A suggested suitable removal schedule is 1, 2, 4,

) . ) 8, and 16 years. Removal schedules for tests of different
5.6 As most published data on atmospheric corrosion Operiods of total exposure should be adjusted accordingly.
metals are based on an exposure angle of 30 deg from theg 5 |ncluded with each series of test specimens should be an

horizontal, facing south, it is recommended that this angle b@ppropriate number of control specimens, as defined in 3.2.
used. Racks should be designed so that the lowest specimens

are at least 30 in. (760 mm) above the ground. 7. Preparation of Test Specimens

Nore 2—Maximum exposure to the sun may be obtained by exposin 7.1 Specimens should be identified in a manner that will
specimens facing south (for the northern hemisphere) at an angle equal d.ure for the life of the test. A good methOd Is the use of a
the latitude of the test site. Exposure at this angle will yield the Iowestser'e§ of edge notches or_ drilled holes 'n. the body of the
corrosion rates for most materials. Although these corrosion rates wilBPecimen arranged aCCOfd'_ng to some desired code. Another
change at other angles of exposure, the order of merit established for eathethod is to attach a stainless steel tag by means of an
material will be the same. insulated cord and a suitably located hole. Numbers stamped

Note 3—In special instances, it may be desirable to orient racks andn the back of the specimen and further protected by covering
frames in the direction of a specific corrodent source, for example, thgvith a good grade of electrical tape is a suitable technique for
ocean, fgr marine. ?”V"O”"?elms; Also, th'fs p“”f‘Ct'Ce thou'd ’?;?t beshort-term exposure tests. For materials that do not exhibit
construed as prohibiting special orientation of test frames for specific teséi nificant atmospheric corrosion (copper, aluminum, stainless

purposes, but it is strongly suggested that in such cases testing also . . " e
done in accordance with this practice so that a basis point for comparisoﬁ eels, etc), it is sufficient to stamp the identification on the

with available data is determined. Any special orientation or preferentiaf@Ce Of t.he panel. _ _
source of corrosion should be specifically identified in the exposure site 7.2 Oil, grease, and dirt should be removed by degreasing
description. with a solvent cleaner or scrubbing, or both, to remove
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Metric Equivalents All dimensions shown are outside dimensions and are in inches.
n. mm n mm MK  Req. Material Description
a 6.35 31 82.6
Y 9.52 Y 95.2 gles
% 127 4 101.6 Length Leg Leg
Z‘ 153 plion e X 16 16 Ga Stainless 0% e 1%
4 N R
/) 222 6% 171.4 Channels
1518 23.8 7Y 1969 Length Flange Web  Fange
1% 31.8 14%s 369.9 . : -
1% 349 40% 10287 w 1 14 Ga. Stainless 40'%e 1Y 2 1Va
2 50.8 400 1036.6 v 1 14 Ga. Stainless 40'%1e 1Va 2 1Va
2ue 2 2% 1851.8 U 1 14GaStmniess 72% 1% 2 1%
T 1 14 Ga. Stainless 722% 1Va 2 1Y

FIG. 1 Suitable Test Frame

insoluble soils (see Practice G 1). Any mill scale or rust shouldrequently weighed to the nearest 0.1 mg. When deemed
be removed from all ferrous specimens unless it is specificallgppropriate, the specimens should be photographed to take into
desired to perform the test with the mill scale intact. Picklingaccount pre-exposure surface defects. Records should be kept
with inhibited acid as well as blasting with sand or grit are of the weight, dimensions, and appearance of each specimen at
acceptable descaling methods. If acid pickling is used, carthe beginning of the test. Data to be recorded prior to exposure
must be taken to stop the pickling action as soon as the mithre explicitly outlined in Practice G 33. Changes in the
scale and rust have been removed. Stainless steels should fifeysical appearance and any corrosion losses of the specimens
pickled in accordance with Practice A 380 to ensure surfacedue to weathering can then be determined. If information on
free of iron contamination. changes in mechanical properties is desired, initial measure-
7.3 Specimens should be weighed to at least the nearestents should be determined on materials in test (see also 3.2).
0.01 g before exposure. More corrosion-resistant materials afeor materials that change their mechanical properties on aging
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Note 1—Items 1, 2, 3, 4, 5, and 8 aré/l-in. (31.8-mm) hot-dip galvanized pipe.
Note 2—Fill all legs with concrete to about 6 in. (152 mm) above ground line.

Metric Equivalents

ft-in. m ft-in. m Req. Item Name
0-10 0.254 3-7 1.092 12 10 Plugs
1-7 0.483 5-5Ys 1.654 8 9 4-way fittings
1-10%a 0.565 6-1 1.854 26 8 Tees
1-10.5 0.572 6—6Ys 1.984 4 5 Joining braces 28%4 "L
2-2 0.660 9-0 2.743 7 4 Cross braces 22¥4 "L
2—-4%a 0.730 11-9%> 3.594 10 3 Stringers 11'-9%2 "L
2-6 0.762 12-2 3.708 6 2 Front legs 5'-5%s "L
3-0 0.914 60-10 18.542 6 1 Back legs 6'—6%s "L

FIG. 2 Suitable Test Rack Support

at the temperature of the test site, mechanical properties shal/aluations annually, whether specimens are removed or not.
be determined on separate specimens stored at that temperatData to be recorded during exposure are also outlined in
but protected from corrosion. Practice G 33.

8. Procedure 8.5 Establish a removal schedule (see 6.4).

8.1 Mount the specimens on the racks so that they arg. Evaluation of Test Specimens
supported by the insulators and do not make electrical contact .
with each other or with the supporting racks. _ 9.1 Remove specimens from exposure at the scheduled
8.2 Atmospheric factors such as time of wetness of thdntervals. _ _ . _
specimens, temperature of the specimens, and the concentra2-2 Following recording of data in accordance with Practice
tion of atmospheric contaminants such as sulfur dioxide an 33, clean all surfaces of specimens in accordance with
chlorides in the local environment have a great influence on thBractice G 1 and reweigh specimens to the nearest 0.01 g (or to
corrosion rate of many metals, particularly in the early stage§h® same precision as originally weighed). For certain tests, it
of exposure. Therefore, if possible, expose the test materials iy be of interest to preserve corrosion products for laboratory
an environment similar to that to which they will be subjectedanalysis.
in actual use. 9.3 When appropriate, determine the mass loss of each
8.3 Periodic observations of weather factors and a means f@pecimen and convert the results to a corrosion rate (Practice
determining atmospheric variables may be incorporated in th& 1).
test> Also see Test Method D 2010. 9.4 Where the corrosion that occurs is highly localized (as
8.4 Make periodic evaluations as to the conditions of bothn pitting) and the loss in mass is low, mass loss results can be
the top (skyward) and the bottom (groundward) surfacesmisleading. In such cases, other means of evaluation are
noting whether or not any oxide coating is tightly adhering ornecessary; for example, the tensile strengths of the exposed
if it continues to flake off as it oxidizes. Also record the color specimens can be determined after cleaning and compared with
of the oxide coating, uniformity, and texture. Make suchthe tensile strengths of unexposed specimens cut from the same
material (see 3.2 and 7.3 and Practice G 46).

5 Guttman, H., and Sereda, P. J., “Measurement of Atmospheric Factors Affecting NOTE 4—When using tensile strength determinations to evaluate cor-
the Corrosion of Metals,Metal Corrosion in the Atmosphere, ASTM STP 438, rosion effects further, the investigator should be aware of the possible
Soc. Testing Mats., 1968, pp. 326-359. effects of sensitivity to pitting, stress corrosion cracking, intergranular
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corrosion, or influences of specimen geometry on tensile properties of altimate user of the metal or alloy tested. When pitting occurs,
material to avoid misinterpretation of the data obtained. the procedure outlined in 10.5 should be followed.

9.5 Measure the depth of any pits on the skyward and 10.5 Any changes in the physical appearance of the speci-
groundward surfaces. Where many pits occur, measure th@ens during the exposure period should be noted. If the
deepest pits. For this purpose, a depth gage, calibrated-focgsrrosive attack is nonuniform (that is, if pitting is predomi-
microscope, or micrometer calipers with pointed anvils arenant), the corrosion rate data can be misleading. In cases where
suitable. It may also be of interest to determine the pit densitgorrosion is in the form of pitting, a pitting factor should be
(pits per unit area). Microscopical examination of metallo-reported in accordance with Practices G 1 or G 33. Depths of
graphic sections also is a useful method of determining deptpitting may also be recorded for the skyward and groundward
and type of localized corrosion (see Practice G 46). surfaces. Changes in mechanical properties and metallographic

9.6 Report the nature, depth, and frequency of any localizedectioning can further define damage not identified by mass
corrosion attributable to contact with the supports, or any otheloss or corrosion rate calculations.
form of crevice corrosion that may have occurred; for example, 10.6 The corrosion rates as determined by 9.3 will be the
when riveted or complex specimens are exposed. average of the top and bottom surfaces. It has been observed in
10. R weathering tests that the bottom surface often corrodes at a

. Report di

. ] o ifferent rate from the top surface.
10.1 The report should include detailed descriptions of the 14 7 |t the tensile strength is measured on the exposed

exposed speci_mens, pertinent d'a'ta on exposure conditions, tQﬁecimens when the corrosion is highly localized and the mass
method of rating surface conditions, and the results of thqe

corrosion evaluation (see Practice G 33) oss is low, any loss in tensile strength should be reported as a
10.2 Data for the exposed specimens should include dimerP—ercentage of the.orlglnal tensile stre_ngth.
sions, chemical composition, metallurgical history, surface 10'.8 A comparison .Of the corrosion data from the_test
preparation, and post-corrosion cleaning methods. specimen with corrosion data. from the control _specimen
10.3 Details of exposure conditions should include its Ioca-Obt"’“n.ed In one environment will allow an e_valanon of the_
tion, dates and periods of exposure, and a description of th@ate”al being t?StEd' The degr?e of corrosion In ot_her envi-
atmospheric conditions prevailing during the exposure periodr.onr_nents may phffer, but the rela_tlon_sh|p establlshed in the test
A general description of these conditions on a yearly basis i?”"'?mme”t V\."I! usually be mamtalned, depending upon the
normally sufficient. A more detailed compilation might be Felative corrosivity of the test site.
justified for certain tests.
10.4 The results of the tests may be expressed as corrosi&flr' Keywords
rates in either penetration per unit time (for example, mils or 11.1 atmospheric corrosion; exposure angle; evaluation—
millimetres per year) or loss in thickness over the exposur@tmospheric test; exposure site design; frames; marine expo-
period (see Practice G 1). The latter is more meaningful to theures; racks; specimens; specimen preparation

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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