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Conducting Exfoliation Corrosion Tests in Aluminum Alloys
This standard is issued under the fixed designation G 112; 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 epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope G 92 Practice for Characterization of Atmospheric Test

1.1 This guide differs from the usual ASTM standard in that Site
it does not address a specific test. Rather, it is an introductorg ;
. o . Terminolo
guide for new users of other standard exfoliation test methods, ! o .gy - ) _

(see Terminology G 15 for definition of exfoliation). 3.1 Definitions of Terms Specific to T_hls Standard:

1.2 This guide covers aspects of specimen preparation,,3-1-1 panel—a flat, rectangular specimen n.ormally taken
exposure, inspection, and evaluation for conducting exfoliatiofVith the test surface parallel to the longitudinal and long-
tests on aluminum alloys in both laboratory accelerated envitransverse dimensions of fabricated product. For thin sheet and
ronments and in natural, outdoor atmospheres. The intent is @x{rusions, the thickness may be the full thickness of the part.
clarify any gaps in existent test methods. 3.1.2 sample—a portion of a large piece, or an entire piece

1.3 The values stated in SI units are to be regarded as tf2t Of @ group of many pieces, that is submitted for evaluation
standard. The inch-pound units given in parentheses are §nd consfldered represgntatlve_of the larger piece or popglanon.
information only. For castings and forgings, this may be an extra portion or

1.4 This standard does not purport to address all of theProlongation, or in the case of small parts, an entire extra piece
safety concerns, if any, associated with its use. It is thd@ken from a specific lot. _ _
responsibility of the user of this standard to establish appro-_3-1-3 sSpecimen-the actual test piece to be corrosion tested.
priate safety and health practices and determine the applicaFréquently this has a specific shape with prescribed dimen-

bility of regulatory limitations prior to use. sional tolerances and finishes. ,
3.1.4 test plane—the plane in the thickness of the sample
2. Referenced Documents that is being tested. Generally this is the fabricated surface or
2.1 ASTM Standards: some specified interior plane. Interior planes typically used are:
G 1 Practice for Preparing, Cleaning, and Evaluating Cor{&) T/10 =10 % of the thickness removed, (this is representa-
rosion Test Specimefs tive of a minimal machining cut to obtain a flat surfacej) (
G 15 Terminology Relating to Corrosion and Corrosion /4 = quarter plane, 25 % of the thickness removed, and (
Testing T/2 = midplane, 50 % of the thickness removed.

G 34 Test Method for Exfoliation Corrosion Susceptibility

in 2XXX and 7XXX Series Aluminum Alloys (EXCO 4. Significance and Use

Test? 4.1 Although there are ASTM test methods for exfoliation
G 50 Practice for Conducting Atmospheric Corrosion Testdesting, they concentrate on specific procedures for test meth-
on Metal@ odology itself. Existent test methods do not discuss material

G 66 Method for Visual Assessment of Exfoliation Corro- Variables that can affect pe_:rformanc_e. L_iI_<eWise they do not
sion Susceptibility of 5XXX Series Aluminum Alloys address the need to establish the suitability of an accelerated
(ASSET Test) test for alloys never previously tested nor the need to correlate

G 85 Practice For Modified Salt Spray (Fog) Tesfing results of accelerated tests with tests in outdoor atmospheres

and with end use performance.
[ 4.2 This guide is a compilation of the experience of inves-
* This guide is under the jurisdiction of ASTM Committee GO1 on Corrosion of tigators skilled in the art of conducting exfoliation tests and
E:/Ietals'anslreiztsthe direct responsibility of Subcommittee G01.05 on LabOratOfyassessing the degree and Signiﬁcance of the damage encoun-
ngfrlggt editioln approved October 1, 2003. Published October 2003. Originall)}ered' The focus is on two general aspects: gwdes to teChmques

approved in 1992. Last previous edition approved in 1997 as G 112 — 92 (1997).
2 Annual Book of ASTM Standardgol 03.02.
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that will enhance the likelihood of obtaining reliable informa- tible to exfoliation, especially if the grain size is large. Often
tion, and tips and procedures to avoid pitfalls that could lead tahe recrystallized surface layer on products such as extrusions,
erroneous results and conclusions. forgings, or sheet will not exfoliate, even though it corrodes
4.3 The following three areas of testing are considered: thetergranularly.
test materials starting with the “as-received” sample up through 5.4 Sample TemperWhen a large sample is obtained as a
final specimen preparation, the corrosion test procedures irstock item for use over a long time period, the extra material
cluding choice of test, inspection periods, termination pointshould be stored in a stable temper and at a low enough
and rating procedures, and analyses of results and methods f@mperature so that no further precipitation will occur to alter
reporting them. the starting condition of the metal. The unaged W temper of
4.4 This guide is not intended as a specific corrosion test XXX alloys is not stable and will continue to age harden at
procedure by which to evaluate the resistance to exfoliation ofoom temperature. Room temperature storage of such material

an aluminum alloy product. should be limited to a couple of months at most. Natural aging
4.5 This guide is not intended as a basis for specification®f these alloys can be retarded almost completely by storing the
nor as a guide for material lot acceptance. material in a freezer at —40°C (—40°F) or colder. This factor is

of even more importance in determination of mechanical

5. Material properties than the investigation of corrosion resistance.

5.1 Sample Size-Most exfoliation tests do not require any

particular specimen size, but when beginning a new investigag. Selection of an ASTM Test Method
tion it is best to obtain considerably more material than the - :
- .~ 6.1 Selection of the appropriate ASTM test method(s) to use
0,
minimum: amount .neede_d. About 50 to 100 A’ overage Ig,q, depend primarily on the type of alloy and on the end use
recommended. This avoids the need of procuring a secon

le. that h diff t : let vironment. When testing a new alloy or temper, a test
sampié, that may have a difierent reSponse, 1o cComplete anyqinqq known to be applicable to the most similar commercial
confirmatory retests or extensions to a specific program.

o o ? alloy is normally selected. The user is cautioned, however, that
2.2 Sa_mple _Reproduublllty—The specific location of %ven small changes in alloy chemistry, or changes in process-
. ) ; g method (for example, rapid solidification processes) can
are q beyonq the Scope Olf this é:]mde_. When tesgngh I"’“%‘?narkedly effect resistance of an alloy and the appropriateness
roducon e, & ks procdur 51 et both endh ot matnod.Nomaly elalon et e oo
the product is 66 m (2 ft) or more in width. Thick products ngot metallurgy alloys, that tend to have the elongated grain

: i : . structure prone to exfoliate. The known alloy applicability of

should be tested at various planes through the thickness. the ASTM test methods are listed below. Included are some

5.2.1 In addition, some assessment should be made of trl)ebserved instances where a test method was found to be

umfprmlty .Of a large sample, or of numerous small Sampl.esinappropriate, or at least produced results different than those
Typical quick check methods would be to measure elecmca!)bserved on the initial qualification alloys

conductivity or hardness. If the material variability has a 6.1.1 It is advisable to initially employ more than one

pattern, for_example, a_dlfference between front and rear of f’aboratory test method and determine whether they agree; or if
long extrusion, then this should be noted and the specimens

segregated accordingly. If the variability is random, then ot, WhICh mgthod s the most d|scr|m|n_at|ng. One procedure
multiple test specimens .should be randomized ’ for doing this is to apply different fabrication procedures to the
: R o . metal that are known to generally affect resistance to exfolia-
=.3 Sample Microstructure-The directionality of the grain tion and determine which of the test methods best detects
structure of aluminum alloys will markedly affect the suscep-

tibility to exfoliation. When a product shaoe and allo aredifferences in the corresponding resistance to exfoliation.
ity P P : P y Fabrication variables that often affect resistance to exfoliation
being tested for the first time, it is advisable to macroetch full

thickness by longitudinal and by transverse slices to establis re variable quench cooling rates, slow quenches being ad-
the directionality and uniformity of the grain structure. Test erse; and variable amounts of aging, underaged, or peak aged

o ndition nerall ing mor ible than over
panels are normally positioned such that the test surface 'angi:ignz (%)3 erally being more susceptible than overaged

par_allel fo the plane in the product with the most elo_ngate 6.2 Test Method G 66 Acidified Salt Solution Exfoliation
grain structure. Complex shaped parts, such as certain extw—est (ASSET) is used for 5XXX alloys containing 2.0 % or

sions or die forgings, may have several categories of gra'?nore magnesium. The round robin qualification tests for this

structures and grain flow that do not necessarily follow the par. est method were conducted on alloys 5086 (3.5 to 4.5 % Mg)
geometry. Grain structure of such parts must be determined bé(nd 5456 (4.7 t0 5.5 % Mg)2) Howeyver Test Method G 66
macroetching o from prior experience. . (ASSET) gives problem free exfoliation indications with all
5.3.1 For a given temper condition, unrecrystallized, pangy vy alloys

cake shaped grains, _that are long and wide but relatllvely th'.n’ 6.3 Test Method G 34 Exfoliation Corrosion (EXCO) Test is
are the most susceptible. Pancake shaped recrystallized grain

. ! 7 inten for with high strength 2XXX and 7XXX ingot
as in sheet, are the next most susceptible. This is followed b)r/;ﬁfe ded for use gh streng and 90
the long, rod shaped grains found in extruded or rolled rod and

bar with a symmetrical cross section, for example, circle
squarg, hex, or a reCt?-ngle W|th_ the width npt more than twice ®The boldface numbers given in parentheses refer to a list of references at the
the thickness. An equiaxed grain structure is the least susceprd of the text.
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metallurgy alloys, a 96 h period being prescribed for the 2XXX 6.6 Practice G 85 Annex A4 (SALT/SCspray Testing) was
alloys and a 48 h period for the 7XXX alloys. developed using the same, 2XXX and 7XXX alloys as men-
6.3.1 For the 2XXX alloys, the round robin qualification tioned above for the EXCO methdd).
tests were conducted on alloys 2024 and 2124 in the T351 and 6.7 Both the methods in Annex A3 and Annex A4 of
T851 tempers. The appropriateness of the method has not beBractice G 85 result in more gelatinous corrosion products than
fully established for all other 2XXX alloys. It has been does Annex A2. This tends to increase pitting corrosion on the
reported as being too aggressive and nonrepresentative gpecimens. Annex methods A2, A3, and A4 in Practice G 85
performance in outdoor atmospheres for alloys 2219, 2419 angre not equivalent, and the user should determine which
2519 in the T851 temper@) and for various Al-Li alloys in method best suits the alloys and applications under investiga-
both as-quenched and artificially aged temp@js tion.
6.3.2 For the 7XXX alloys the round robin qualification . .
tests were conducted on alloy 7075 in the T651, T7651, ang' Baseline Experience _
T7351 tempers and alloy 7178 in the T651 and T7651 tempers. /-1 The best check on the appropriateness of an accelerated
Experience has shown that the EXCO method can be used fé#st is to determine whether the results it produces agree with
7050 and 7150 alloys in the T651, T6151, T7451, T7651, anNOWn service experience. . _
T7751 temperS, but the test is somewhat more aggressive On7.2 'When there is no actual service experience, then expo-
these alloyg4). This method also was evaluated with copperSuré in a severe outdoor atmosphere known to produce
free alloys such as 7021-T6 and 7146-T6, but generally agxfoliation corrosion is a useful approximation of the condi-
abbreviated exposure period of 16 to 24 h was used. tions a part will encounter in service. The most frequently used
6.3.3 Exposure of the powder metallurgy alloys 7090 andfnvironments are seacoast sites and highly industrialized urban

7091-T6 specimens to EXCO results in rapid dissolution andPcations. Selection of the particular environment to use can
powdering of the specimen, due to continuous drop of th&?€St be based on the intended end use. If there is no prior
extremely fine grains. Four years of exposure of the same parfXPerience with the particular alloy being tested, then outdoor
to seacoast atmosphere resulted only in mild general corrosidfiStS should be started as soon as possible to establish a
and no exfoliation(5). baseline for eventual comparison. _

6.4 Annex A2 of Practice G 85 Modified ASTM Acetic Acid 7.3 Seacoq;t atmospheres are representapve Of. the more
Salt Intermittent Spray Test, (MASTMAASIS) was developedXl'éme conditions most parts can encounter in service. How-
using alloys 2024, 2124 70’75 and 7178. This method usuall§Ve" it is noteworthy that “Seacoast Atmospheric Conditions”
is run in the wet’bottorﬁ conélition (some solution and high revail only in the immediate vicinity of the seashore. Gener-

humidity always present). A dry bottom condition (no solution all_?/ “s;afoast"fcondsﬁonshno ll_onger exist after 0.4 Km (0.25
present and gradually falling humidity during the purge andml7e)3 1lssa:3r:§icfnr?diffeersenocr:smheéW been noted in tests con-
non-spraying periods) has been recommended for 2Xx}%ucted at the two beach sites at Kure Beach, NC which are

alloys.
: ocated 25 and 250 m (80 and 800 ft) from the shore(Blke
6.4.1 The test cabinets used to conduct the MASTMAASIg 7.3.2 Anotable example of this effect is observed at the U.S.

test, and the salt fog tests subsequently described in 6.5 arAdrmy’s exposure sites at Fort Sherman, at the Caribbean

SIGS,teergg g’r:gdg;;ge?y ef)fr\:s:ral cs;np?jlilf?er?.al—geh;\?g drzlrlj\ijearl ntrance to the Panama Canal. The Breakwater and Coastal
Yy 9 yca : gradualidiies are within sight of each other and have been photographed
evolved. Consequently some cabinet to cabinet variability Ny one picture. However, the Breakwater site incurs direct

e B o sauter Spray fom wave acton of the Carboean S
q ) y 9 NSy hereas the Coastal site is about 50 m (165 ft) from the shore
non-spray portions of the cycle.

h . 4 of th . and is protected from wave action by a coral reef. Depending
6.4.2 T ere Is no record of the MASTMAAS|S EnVIroN- o the season of the year and the length of exposure, corrosion
ment being unrealistically aggressive, causing exfoliation of 8 ta5 of iron and steel were two to nine times higher for the

material that did not subsequently exfoliate in the seacoast. A q o water site compared with the Coastal {&p

such any occurrence of exfoliation in this test most likely 7.3.3 At least two years exposure is needed at a seacoast site
indicates susqeptibility under some service conditions. Thgn order to be considered a significant length of exposure.
converse of this statement has not been observed. Materials with marked susceptibility to exfoliation normally
6.4.3 MASTMAASIS is not appropriate for 5XXX alloys, pegin to show some evidence of it within 6 to 24 months.
becau;e it does not always det.ect exfoliation susceptibility ifaterials showing very mild susceptibility to exfoliation in
materials proven to be susceptible by other test methods.  ccelerated tests may require as long as seven to nine years of
6.4.4 MASTMAASIS has been used with some success O@xposure at a seacoast site to develop a similar degree of
6XXX series alloys. However, in some cases it caused seveigfoliation (10).
intergranular corrosion that could be confused with exfoliation
corrosion unless specimens are examined metallographically8. Specimens
6.5 Annex A3 of Practice G 85 Seawater Acetic Acid Test 8.1 Specimen SizeThere is no required specimen size or
(SWAAT) was developed using the same 5XXX, 2XXX, and shape, but it is advisable not to use too small a specimen since
7XXX alloys as mentioned above for the ASSET and EXCOvisual inspection is a key interpretation method. Specimens
methods(6). should be at least 50 mm (2 in.) long and 25 mm (1 in.) or more
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in width. This surface area permits visual interpretation as tearthward surface usually is more prone to exfoliate than the
whether any exfoliation is just protruding whiskers of metal,skyward surface. Joint Aluminum Association-ASTM groups
small flakes, or delamination of strips of metal. Typical sizeson atmospheric exfoliation testing have recommended earth-
are: 38 to 50 by 100 mm (1.5 or 2 by 4 in.) for the Test Methodward exposure to avoid washing of exfoliated surfaces by
G 34 EXCO test, and the Method G 66 ASSET test, 75 by 150ainfall. When conditions are not known for a particular test
mm (3 by 6 in.) for the Practice G 85 Modified Salt Fog tests,site or a new material, it may be advisable to initially use
Annex A.2 (MASTMAASIS), A.3 (SWAAT) and A.4 (SALT/ duplicate panels exposing the test surface both skyward and
S0,), and 100 by 150 to 300 mm (4 by 6 to 12 in.) or larger for earthward. Single specimens can be used when the more
outdoor atmospheric tests. critical exposure position has been established.

8.2 Specimen Identification and Record€onsiderable 8.6 Surface Preparation-Specimens should be degreased
material may be lost in the testing of susceptible materials, s#ith a suitable solvent and it is advisable to remove any mill
scribed or stenciled specimen numbers often are inadequaggale by mechanical methods such as machining or standing,
Some sort of permanent identification should be used. Onand so forth, or by appropriate etching. A frequently used etch
method for accelerated tests is to number the back side of tHechnique is to etch for 1 min in 5% by weight sodium
specimen and then mask-off that area. A separate tag of Rydroxide solution at 80°C (175°F), rinse in water, desmut 30
non-corrodible, non-conducting material is another method. S in concentrated nitric acid at room temperature, rinse with

8.2.1 On-site tests frequently run for many years and may béistilled or deionized water, and air dry.
evaluated by several persons. It is important, therefore, to have = | )
good initial records describing the original material, the speci- Initiation of Specimen Exposure
mens, the test purposes, and the intended periods of exposure9.1 It is advisable to start short term tests, such as the 24 h
Clear records should also be maintained with descriptivéASSET test and the 48 h EXCO test, early in the day so that the
remarks or illustrative photographs for each inspection periodspecimens can be given an initial inspection before the end of
8.3 Specimen Machining-Specimen edges may be sawedthe work day. o .
or machined. If panels are obtained by shearing, the edges 9.2 Corrosion will initiate and progress sooner during the
should be dressed back by machining, sanding, or filing to #armer months at outdoor tests that experience appreciable
depth equal to or greater than the specimen thickness. THeasonal changes in temperature and other climatic conditions.
cladding should be removed from the test surface of specimen&hen possible, it is best to start outdoor tests at the beginning
from alclad sheet and either removed or masked off on the backf the warmer seasons.
(non-test) surface. When machining panels for exposure of
interior planes (T/10, T/2, and so forth.) the final machining cutl0. Test Controls
should be a light one of 0.635 mm (0.025 in.) or less to avoid 10.1 It is always advisable to include control specimens
having a highly worked surface. The grain structure of such &rom known materials representing both high and low resis-
worked surface may not exfoliate and instead create a misleatance to exfoliation. This is recommended for both accelerated
ing artifact by peeling off in one layer when the underlying and outdoor tests. Such controls verify the validity of a
structure corrodes. For very thick plate and other thick prodparticular test and permit the investigator to make some
ucts, a good procedure is to saw off most of the material andssessment of the normalcy of a particular test run. For
machine only the last 2.5 mm (0.100 in.) or so. If any cosmetie@xample, it cannot be concluded that a new material is resistant
differences (for example, color changes, scratches, surfage exfoliation if the susceptible control specimen did not
roughness, and so forth.) are noted on the as-machinaskfoliate to the usual degree. In outdoor tests, the condition of
surfaces, they should be recorded. Subsequently the investigite susceptible control serves as an indicator of when a
tor should establish whether these visible differences had asignificant exposure period has been accrued. Controls are
effect on initiation or development of exfoliation. especially advisable in outdoor tests that encounter variable
8.4 Specimen Framing-Guidelines for outdoor exposure of conditions in temperature, rainfall, airborne pollutants, and so
metals are given in Practice G 50. Specimens exposed outdod@th, beyond the control of the investigator.
should preferably be held in place by inert, non-conducting
fasteners and holders. Any metallic fasteners must be galvanil. In-Test Inspection
cally compatible with the test specimens, or be insulated from 11 1 Periodic Inspection-Even though there usually is a
them. It is advisable to have the panels offset from theprescribed test period, it is a good practice to inspect the panels
mounting rack, regardless of the material of construction of then-sijty during the course of the exposure to note when
rack. Normal corrosion test procedures should be used texfoliation begins and how it progresses. Care should be taken
ensure that each specimen is electrically isolated from othefo as not to dislodge any exfoliated metal from specimens
specimens and from specimen holders. Ceramic, fiber, ashowing appreciable corrosion. A specimen is usually removed
plastic washers are often used to mount outdoor specimens afR@m test when it becomes so severely exfoliated that there is
the crevice created between the washer and the test specimgnrisk of the exfoliated metal falling off with continued
may hasten the onset of exfoliation. exposure.
8.5 Many outdoor exposure tests expose the principal test 11.2 EXCO specimens, that are usually exposed for 48 h,
surface skyward to incur maximum exposure to sunlight anatan be inspected afterd 6 h (or at the end of the first working
airborne pollutants. However, experience has shown that théay) and after 24 h exposure. Salt fog (MASTMAASIS and
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SWAAT) specimens can be inspected after periods of 3, 7, 1Gpgether with probable clean-up efforts. Ideally atmospheric
and 14 days. If the investigator has no idea what to expect afonditions should be continuously monitored, by means such
a new alloy or temper, it is advisable to expose replicateas those covered in Practice G 92. This includes both collection
specimens that can be removed individually as significanbf atmospheric data and periodic exposures of standard speci-
progress in exfoliation is noted. mens of known response.

11.3 Outdoor Tests-Specimens exposed outdoors to natu- .
ral atmospheres should be examined twice per year, or more3- Post-Test Appraisal
often, during the first two years of exposure and at least yearly 13.1 Visual inspection-The first post test appraisal should
thereafter. In regions where the climate varies seasonally, sonzways be a visual inspection with no cleaning done to the
investigators prefer to make the biannual inspections in earlgpecimens. Photographs may be advisable at this stage, (see
spring and late fall rather than on a strict semiannual basis. 13.4.1). After the panels are rated in this manner, their

11.3.1 Frequently a specimen is photographed when exfezondition may warrant cleaning by rinsing in water and then
liation is first noted, and again when appreciable changesoaking in concentrated nitric acid and rinsing (see Practice
occur. Visual inspection may not be able to establish whethe® 1), but no scraping or abrasion should be done. This is
exfoliation is present on an atmospheric specimen showingpllowed by reappraisal and photographing as needed.
only mild surface corrosion. In such cases it may be advisable 13.2 Standard Terminology and Ranking Guigelsluch of
to remove a small coupon from a corner for metallographiche interpretation of exfoliation test results is given in qualita-
examination of the cross-section to establish the type ofive descriptions of the specimens, and not in any sort of
corrosion present. Specimens should be returned to test asmerical data. It is important therefore to use accepted
quickly as possible, and care should be taken to avoiderminology to avoid confusion between the writer and reader
contamination of the test surface with materials not present aif the report. To date an attempt at such a standard is contained
the outdoor site. Time spent out of the intended atmospherim Test Methods G 34 and G 66 that have the first three
should be recorded, along with any unintended circumstance @ategories listed in Table 1.
incident.

TABLE 1 Descriptions and Ranking Codes

12. Duration or Termination of Exposure

. . L . Classification Code
12.1 In any environment, testing of individual specimens _
generally is terminated when they become so corroded tha2oProrese &/as N
further exposure is likely to result in complete loss of theexioliation Four degrees, EA, EB, EC, and ED
exfoliated metal, or when the material’s performance is judged , in order of increasing severity.
to be too poor to be of commercial interest. P asion °

12.2 Accelerated TestsStandard tests generally are con-
ducted for the recommended exposure period. If no appreciable
exfoliation is observed on a new alloy or temper, the period can nore 1—Test Methods G 34 and G 66 both use the same rating code,
be doubled. If this still does not produce significant exfoliationput different illustrative photographs.
it generally can be concluded that the material is not suscep-
tible to exfoliation in that test method.

12.3 Outdoor Tests-Past experience has shown that mate

13.2.1 Two types of corrosion often are encountered that are
not listed in Table 1. These are general corrosion, that can
. R : " ~"approach uniform corrosion, and intergranular corrosion with-
rials that are very prone to exfoliation in service conditions will  + any presence of exfoliation. These two additional classifi-

show mafked exfoliation within four years exposure at SeVer@ g and a corresponding code are listed below the exfolia-
outdoor sites, such as seacoast and certain highly mdustrlallzq n ratings in Table 1 for the user's consideration

urban areas. If test space is limited, specimens surviving this 13.2.2 Certainly there is no confusion over the first two
length of exposure at outdoor sites known to cause exml'at'o"bategories in the ranking code of Table 1, especially if the

can be termma’ged and considered *not highly susceptible.y;g, ) rating is substantiated by metallographic examination.
However, some investigators now have programs of 20 Or MOrg . ersely: the proper classification is not always obvious for
years duration and the indication is that continued exposurg, e imens showing various degrees of exfoliation. Two sets of
W|II.d|scr|m|nate_be.tween ma_tenals with _the be.“ef a”‘?' best illustrative photographs have been developed for Test Method
resistance. At this time there is no established time period aftek 3,4 bt confusion still exists when the appearance of a test
which it can be concluded that exfoliation will never occur. Forpane,I is borderline between adjacent groupings, Categories A
long life applications, the limiting maximum exposure most B, or B to C, and C to D. Thus a rating differ,ence of one

Iirlfellyfhas to be agree;d#pon k(ij users and producers, based Qo grade is not uncommon when a set of panels is ranked by
the lire exrp])ectalncy of the product. d d th more than one rater. For the best consistency and reproducibil-
12.4 When long time outdoor tests are conducted, gy iy rating it is recommended that glossy prints of the

investigator must rgalize that_ all outdopr environmgnts 'Qtandard photographs be used, and that these photographs be
changeable. Most sites experience cyclic atmospheric cond aced next to the specimens being rated

. » . )|
tions. Also these conditions may increase and decrease In
corrosiveness, often as a function of surrounding environmen-
ta_-l fQ.CtOFS beyond the Cont_r_0| OT the mves_tlgator._ Th|$ IS 4 Enlarged glossy prints of Figs. 1 through 6 in Test Method G 34 are available
highlighted by the current critical issue of acid precipitation,from ASTM headquarters. Order PCN 12-700340-22.
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13.2.3 Much of this variability results from individual  13.6 Metallographic Examinatior-Unless there is clear
interpretation and judgment as to: how uniformly the surface ievidence that the specimen is definitely exfoliated, it is
exfoliated and whether attention is given to an isolated site ofdvisable to metallographically examine a cross-section of the
increased severity, how obvious it is that shreds or flakes o$pecimen for determination of the type and extent of corrosion.
metal are protruding and actual delamination occurred, an&or example, an Al-Li alloy that was expected to be susceptible
how deeply exfoliation has penetrated into the specimen. Alsto exfoliation did in fact delaminate, but the exfoliated layers
some raters view specimens orily-situ, while others may were still so tightly adherent that this condition could be
carefully remove them from the solution for viewing under detected only when magnified. Conversely, other specimens
more optimum lighting, or at different angles of view. such as certain 2XXX-T8 or 7XXX-T7 type alloys can corrode

13.2.4 Until better descriptors of exfoliation are developed@PPreciably in the EXCO test and be covered with corrosion

it probably is best to use the coding and photographs in Tedebris not readily distinguishable from genuine exfoliation.

Method G 34 as a relative ranking guide. For the most part the etallographic examination is needed to establish whether the
' lqherent type of corrosion is merely pitting, with perhaps minor

have been adequate for development or characterizatia ; | . dal tity of residual
projects wherein the investigator primarily seeks to establist! ergrandu atr. corrostlonl Zml a _ar?_e qltj)an_ Ity 0 re3|| ua ?olr_ro-
whether the degree of susceptibility is increasing or decreasin%,'gr? product; or actual delamination by intergranuiar exiofia-

or is significantly affected by process changes.

13.3 The investigator must realize, however, that the limit of 13.7 Quantitative ‘Analysis-No_satisfactory quantitative

tabl forman Ilv is established b rod ethod has as yet been established for the analysis and ranking
acceptabie periormance usuafy 1S esiablishec by a proauicey degrees of exfoliation. Investigators are urged to continually

user agreemgnt bas?d on exfoliation t?St resu!ts, other qes'%bkfor improved analytical tools, especially when developing
and economic considerations, and prior service experience... materials or new test techniques

Such a determination is beyqnd the scope of this guide. 13.7.1 Relative comparison of the gross depth and extent of
13.4 Photographs-If there is any doubt as to how to rank eyfgliation may be a useful method of analysis for specimens

a specimen, it probably is best to use photographs 10 adsyposed simultaneously to the same test. However, current

equately describe its condition. Often this is necessary fofmprecision in exfoliation test procedures has precluded at-

atmospheric specimens that do not exfoliate uniformly and fQempts to establish precise criteria.

the same degree over the entire panel. Most investigators use a;3 7 » Attempts have been made to evaluate the extent of

photographic magnification as close as possiblexdthatis,  eyfoliation in accelerated tests by mass loss, after removing the
full size) since this will minimize the possibility of exaggerat- loosely adherent metal by cleaning and scrubbing with a bristle
ing or underplaying the specimens visual appearance. Expefisysh. Such an approach may be useful, but the investigator
ence, plus the condition of the specimen, will help decidest has to establish that all exfoliation occurs uniformly over
whether to focus straight down on a specimen, or to view it athe surface and that the exfoliated metal can be readily
an angle with lighting from the side to emphasize the laminaremoved. Panels of susceptible 5XXX series alloys and low-
tions and lifting of the exfoliated metal. copper 7XXX alloys often delaminate, but the overlying metal
13.4.1 Photographs first should be taken of the specimen abes not become dislodged. Corrosion products can become
removed from the test without any chemical cleaning. Panelentrapped so that such specimens show a mass gain. A mass
from immersion or fog tests should be photographed as quicklgain does not occur uniformly enough to be used as a method
as possible, since they will continue to corrode and change iof appraisal.
appearance even though they have been removed from the test.
Frequently it is advisable to wet them slightly, being careful14. Reporting
not to dislodge loosely adherent metal. Adamp surface helpsto 14 1 \jost standard test methods have sections covering the
give a sharper focus to the edges of metal flakes, than igpe of things that should be reported. Examples are a full
possible with a completely dry specimen. description of the material, the tests conducted, and any
13.5 Chemical Cleaning-Sometimes it is helpful to clean divergency from standard procedure, and so forth. Such re-
specimens by a brief immersion (up to about 10 min) inquirements are taken for granted in this guide, and the intent is
concentrated nitric acid to remove loose corrosion products ang comment only on suggestions of reporting techniques unique
salt deposits, while taking care to retain the adherent exfoliateth exfoliation tests.
metal. The specimens should be gently immersed into the acid 14.2 |f there are a lot of specimens to be reported, the
and kept in a relatively horizontal position at all times, with theinvestigator should first tabulate them, describing the material
exfoliated surface upwards, so as to avoid dislodging any mor@ariables and test results of each specimen in detail. If very
metal than is inevitable. If the cleaning operation enhances thigngthy, this could be an appendix. The investigator should
ability to rate the specimen, then it is probably worth repho-then try to group results, and compare specimens graphically
tographing. Such cleaning generally is necessary if the invessy code or an arbitrary number system. This will assist the
tigator wants to retain the corroded specimen for displayeader to group similar specimens more quickly, and to grasp
purposes. Cleaned exhibit specimens can also be shrinkhe magnitude of relative differences between specimens and
wrapped in plastic, or merely wrapped in a commercial plasticpecific test parameters. The investigator should also note
“cling-wrap” to help prevent loosely adherent exfoliated metalwhether the performance of replicate panels was consistent, or
from being dislodged. whether there was variability in the material’'s performance.
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14.3 If the investigator has prior knowledge of the minimumalloys; atmospheric tests; exfoliation corrosion; immersion
performance needed for a specific application, then the tesésts; salt fog (spray) tests; test procedures; test problems
results should be analyzed in that manner as well, for example,
does not meet, meets, or exceeds requirements for service, and
so forth.

15. Keywords
15.1 accelerated test; 2XXX aluminum alloys; 5XXX alu-

minum alloys; 6XXX aluminum alloys; 7XXX aluminum
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