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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

International Standard 1SO 11881 was prepared by ISO Technical Committee ISO/TC 156, Corrosion of metals and
alloys.

Annex A of this International Standard is for information only.
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All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from the publisher.
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INTERNATIONAL STANDARD ©1SO ISO 11881:1999(E)

Corrosion of metals and alloys — Exfoliation corrosion
testing of aluminium alloys

1 Scope

WARNING: This International Sandard may involve hazardous materials, operations and equipment. It does
not purport to address all of the safety problems associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

1.1 This International Standard describes procedures for constant immersion accelerated exfoliation corrosion
testing of aluminium alloys primarily for the purpose of research, development and quality control.

1.2 It covers aspects of the corrosive solution, specimen preparation, exposure, inspection and interpretation of
test results.

1.3 This International Standard is applicable primarily to the testing of wrought aluminium alloys in the form of
semi-finished mill products and parts produced both from conventional ingot metallurgy processes and from powder
metallurgy processes, as well as aluminium alloy metal matrix composites including those produced by mechanical
alloying.

1.4 1t can also be used for testing ingots and cast aluminium alloys when oriented structures such as columnar
grains or striated segregations are present.

1.5 The results of these tests are most applicable to research studies of trends in alloy development and should
not be considered as an absolute criterion of the resistance to exfoliation. When these tests are used for production
control of exfoliation-resistant materials, limits of acceptable performance should be the subject of an agreement
between concerned parties.

2 Normative references

The following standards contain provisions which, through reference in the text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods.
ISO 8044:—1), Corrosion of metals and alloys — Basic terms and definitions.

ISO 11846:1995, Corrosion of metals and alloys — Determination of resistance to intergranular corrosion of solution
heat-treatable aluminium alloys.

1) To be published. (Revision of ISO 8044:1989)
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3 Definitions

For the purposes of this International Standard the following definition as well as those given in ISO 8044 applies.

3.1
exfoliation corrosion

stratified form of subsurface corrosion of susceptible wrought alloy mill products having a highly directional grain
structure, accompanied by detachment of separate layers from the body of the material, formation of cracks and
finally possible complete layer-by-layer disintegration of the metal (see also the definition of “layer corrosion” in
ISO 8044)

NOTE Exfoliation generally proceeds along grain boundaries, but with certain alloys and tempering it may develop along
transgranular paths or a mixed intergranular/transgranular path.

4 Principle

4.1 Test specimens are continuously immersed in aqueous solutions of specified composition and temperature for
short periods depending on the type of alloy and corrosive solution.

4.2 The relative susceptibility to exfoliation corrosion is qualitatively assessed by visual examination, with
performance ratings determined by reference to standard photographs or numerical exfoliation ratings.

5 Significance and interferences

5.1 This International Standard provides a useful prediction of the exfoliation corrosion susceptibility of aluminium
alloys in various types of outdoor service, particularly in marine and industrial environments. The test solutions are
very aggressive and represent the more severe types of environmental service.

5.2 Interference with the realistic exfoliation ratings of certain materials can occur as a result of:

a) powdering of the specimen surface due to severe general corrosion and the continuous dropping of extremely
fine particles;

b) the removal of exfoliation blisters or delaminations by aggressive cleaning after exposure.

6 Test specimens
6.1 Size

There is no required size or shape but it is advisable that the specimen be not too small as visual inspection is the
key evaluation method. It is recommended that flat specimens at least 50 mm X 75 mm in size and full section
thickness with the specimen length oriented in the direction of principal deformation of the product be used when
practicable. For convenience in handling during exposure, specimens of convenient thickness may be sawn from
the surface region of thick sections or bulky products.

For comparable results with a series of material variants, the size and shape should be one and the same.

6.2 Location

The test surface for semi-finished products should be either the as-fabricated surface or some specified interior
planes. Interior planes typically used are:

a) T/10 = 10 % of the thickness removed (this is representative of a minimal machining cut to obtain a clean flat
surface);

b) T/4 = quarter plane, with 25 % of the thickness removed;
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c) T/2 = midplane, with 50 % of the thickness removed.

These interior planes are representative of many of the exposed surfaces of parts machined for aircraft components
and may expose regions in the grain structure with the highest exfoliation susceptibility.

When removing test specimens from extrusions and forgings, specimen locations underneath flanges, ribs, etc.or
where the grain structure is usually variable, shall be avoided.

The test surfaces should be machined and/or chemically milled to produce a uniform surface free of heat treating
films, alclad coatings, uneven surface layers of recrystallized grains, traffic nicks and scratches, etc. unless it is
desired to test the metal in an as-received condition.

6.3 Machining

When machining specimens for exposure of interior planes (T/10, T/4, etc.) the final machining cut shall be a light
one of about 0,635 mm or less to avoid the creation of a highly worked surface (an artifact which could influence the
perception of exfoliation of relatively resistant materials).

The roughness parameter of machined test surfaces, R, shall not exceed 2,5 um unless it is required to simulate an
as-manufactured surface condition.

The test specimens shall have edges dressed by machining or filing to a depth sufficient to remove deformed metal
and residual short transverse tensile stresses. If the thickness of the sheared specimen is <3 mm the edges
should be machined to a depth of 100 % of the specimen thickness, and if its thickness is = 3 mm, the edges
should be machined to a depth of at least 50 % of the thickness.

6.4 Alclad products

The cladding shall be removed from the test surface of specimens of alclad products and either removed or masked
off on the back (non-test) surface. The cladding may be removed either by machining or chemical milling.

6.5 Weldments

For testing weldments of semi-finished products or parts the weld shall be positioned in the centre of and
perpendicular to the long side of the specimen.

The length of the test specimen should be such that the distance from the outside edges of the heat-affected zones
to the specimen ends is at least 30 mm.

6.6 Surface preparation

Degrease the specimen test surfaces with a suitable organic solvent and, if desired, give further cleaning by
appropriate etching. A frequently used etch technique for Al-Mg series alloys is to immerse specimens for 60 s in
5 % (m/m) sodium hydroxide solution at 80 °C, rinse in water, desmut 30 s in concentrated nitric acid (p = 1,4 g/ml)
at room temperature, rinse with distilled or deionized water and air dry (see ISO 11846).

6.7 Specimen identification

Because of the nature of exfoliation corrosion considerable surface metal may be destroyed along with specimen
identification numbers during the exposure of susceptible materials. A permanent number can be scribed at one end
of the back (non-test) surface and covered by a protective coating. A separate tag of a non-corrodible, non-
conducting material is another method. Any method that deforms the material shall be avoided.

6.8 Specimen replication

Sampling procedure and the number of replicate specimens to be tested are not covered by this International
Standard.
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6.9 Control specimens

6.9.1 To provide an indication when some inadvertent deviation from the specified test conditions may have
occurred, it is always advisable to include control specimens from known materials representing both high and low
susceptibility to exfoliation. Such controls verify the validity of the particular test run.

6.9.2 The best check on the appropriateness of an accelerated corrosion test is to determine whether the results
agree with known service experience. When there is no actual service experience, then exposure in a corrosive
outdoor atmosphere known to produce exfoliation corrosion is a useful approximation of the conditions a part will
encounter in service. The most frequently used environments are sea coast sites and highly industrialised urban

locations [7-9.

7 Test solutions

7.1 1t would be ideal if a single testing solution were equally effective for all aluminium alloy systems, but such is
not the case with the present state of the art. Recommended test solutions for specific exfoliation — susceptible alloy
systems are given in Table 1.

7.2 Testing conditions along with notations of applicable national standards and supporting published references
are given in Part | of Table 2. Part Il contains additional testing conditions which have shown promise for certain
alloys, but with less general experience. Continued evaluation of these test solutions is needed, including
comparisons with service environments.

7.3 For research studies of new types of alloys and mill products it is advisable to experiment with more than one
of these test solutions, all of which have been found to have some merit and to consider a milder cyclic acidified

salt-fog cabinet type of test [14. 15],

7.4 Solutions containing hexavalent chromium (Cr %) ions are not desirable in some countries due to health and
environmental considerations.

7.5 All test solutions shall be prepared with reagent grade chemicals and distilled or deionized water with a
conductivity not greater than 10 uS/cm (see ISO 3696).

7.6 Use a fresh solution at the start of each test.

8 Apparatus

Any suitable glass, plastic or other inert container may be used to contain the corrosive solutions and specimens
during the period of test. Depending on the shape and size of the test specimens, rods or racks of glass, plastic or
any inert material shall be used to support the specimens above the bottom of the container. The container shall be
fitted with a loose-fitting cover to reduce evaporation.

9 Testing procedure
9.1 General procedure

Tests may be conducted in vessels of various capacities and the specimens arranged so that they are fully
immersed in the test solution. More than one specimen may be immersed in the same container provided that the
prescribed solution volume per area of exposed metal is maintained and specimens do not touch each other.

9.1.1 Specimens may be positioned either vertically or horizontally in the test solution. The vertical position is
usually preferred for the Al-Mg and the Al-Zn-Mg series alloys which are relatively resistant to general corrosion [11],
The horizontal position is preferred for the less corrosion resistant Al-Cu and Al-Zn-Mg-Cu series alloys in solution
number 2 to prevent the falling off of loosely adhering exfoliation products. For horizontally exposed specimens the
test surface should be uppermost, with the bottom side being masked with a suitable protective coating.
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9.1.2 Specimens of different alloy systems shall not be exposed together in the same container (e.g. alloys
containing less than 0,25 % copper with those containing greater amounts of copper).

9.2 Test duration

Even though there is a prescribed test period for a given test solution, (see Table 2) it is a good practice to inspect
the specimens in-situ during the course of exposure in order to note when exfoliation begins and how it progresses.

Standard tests are generally conducted for the recommended period of exposure. However, if no appreciable
exfoliation laminations are observed on specimens of a new alloy or product (especially from thick sections) it may
be useful to double the recommended test duration.

NOTE The length of time to develop exfoliation in material of a given alloy and temper can vary with the mill product form,
with some materials developing severe exfoliation in much shorter periods than those specified.

9.3 Post-test appraisal

Carefully remove exposed specimens from the test solution at the end of the test period to prevent loose exfoliation
particles floating away. Then rate their performance in accordance with Clause 11 while the specimens are still
moist, taking into account all loose exfoliation products lying on the test specimen or on the bottom of the container.
Photographs may be advisable at this stage.

If, in some cases, it is impossible to distinguish mild forms of exfoliation from general corrosion, it may be helpful to
chemically clean the specimens by soaking them in concentrated nitric acid (p = 1,4 g/ml) at room temperature for
only a few minutes, just sufficient to dissolve corrosion products without dislodging layers or flakes of true
exfoliation, followed by gentle rinsing with tap water.

NOTE Avoid prolonged soaking or scraping of the specimen test surface as this can cause the loss of exfoliation
delaminations and result in erroneous performance ratings. The ratings may be too severe if general corrosion products are left
on the specimen test surface, or too mild if the cleaning is too vigorous.

10 Interpretation of results
10.1 Visual exfoliation ratings

Two widely used procedures are recommended depending on the alloys being evaluated and the test solution
employed (see Table 1).
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