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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.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

lrawn to the possibility that some of the elements of this document may-be the subject of
4. ISO shall not be held responsible for identifying any or all such patend rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO's adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 156, Corrosion of metals and alloys.

Any feedback or questions on this document should be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found atwww.iso.org/members.html.
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Introduction

Aluminium and aluminium alloys show excellent corrosion resistance in near-neutral environments as
a result of the formation of an oxide or hydroxide film on their surface, thereby achieving passivation.
However, if the environment contains the chloride ion, the passive film will be broken, and localized
corrosion, such as pitting corrosion, can occur. Aluminium-clad material is used to prevent localized
corrosion by galvanic protection. In this method, the underlying core aluminium is protected by a
sacrificial layer whose pitting potential is lower than that of the core aluminium. Therefore, in order to
estimate the performance of galvanic protection, it is important to obtain the pitting potential.

Although .nu

the same specimen, which is particularly useful for measurement of the-depth profile
pote
alloyd,
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Two-electrode method using acetic acid to measure pitting
potential of aluminium and aluminium alloys in chloride
solutions

1 Scope

This dlocument specifies a test method for the measurement of the pitting potential of aliminium and
aluminium alloys in sodium chloride solution of a mass fraction of 5 %, with a fixed‘don
acetid acid as the oxidant, using a two-electrode system. This document provides a)simpl

ranki

hg aluminium alloys and is especially useful for evaluating galvanic protéction pe

thin dlad materials because the test method causes little specimen damage.

2 Normative references

Therd are no normative references in this document.

3 Terms and definitions

No te

ISO a1

]

'ms and definitions are listed in this document.

$0 Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://sww.electropedia.org/

4 Hield of application

This

envir
prote
perfo
condi

fest method can be used;t0 estimate the corrosion resistance of aluminium alloy
bnments, the galvaniccorrosion between an aluminium alloy and other metals, and
ction of aluminium~products. In particular, it is useful for estimating the galvan
Fmance of aluminium-clad materials used in heat exchangers in the automot
fioning fields.

5 (omparison with conventional methods

5.1

centration of
e method for
“formance of

1d IEC maintain terminology databases for use‘in standardization at the following addresses:

5 in chloride
the galvanic
c protection
ive and air-

Anodic polarization curve measurement

This test method has several advantages compared to the anodic polarization curve measurement,
including less specimen damage, a shorter measurement time and smaller specimen area, the possibility
of multiple measurements, and the use of a two-electrode system. In an anodic polarization curve
measurement, the specimen is severely corroded due to excessive polarization. The method described
here causes less specimen corrosion, as the degree of polarization is small because the potential is
maintained near the pitting potential. This makes it possible to perform repeated measurements with
the same specimen, which is particularly useful for the measurement of the pitting potential at intervals
of around 10 pm.
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5.2 Corrosion potential

ASTM G69 provides a method for measuring the corrosion potential of aluminium alloys and is widely
used to obtain the pitting potential without an anodic polarization curve measurement. In ASTM G69,
1 M of sodium chloride is used as the solution and hydrogen peroxide is used as the oxidant.

6 General principles

In this test method, acetic acid is added to the sodium chloride solution of a mass fraction of 5 % as an
oxidant at a concentratlon 1n Wthh the corrosion potentlal is always above the pitting potentlal of the
range of alu ]
without much change in potentlal (see igure 1), the corrosion potent1a1 at which the cathodlc red
of protons iptersects the anodic curve reflects the pitting potential of the alloy (to a reasgnable
approximatipn). This assumes that there is no effect of the alloy on the cathodic current ifthe [latter
is activation|controlled. Thus, a simple measurement of the corrosion potential using ‘aworking and
reference elgctrode provides a measure of the pitting potential.

Y

1

Key
electrode|potential
current dpnsity

anodic pdlarization curve in sodium chloride with and without acetic acid

cathodic polarization curve in sodium chloride with acetic acid
cathodic polarization curve in sodium chloride without acetic acid
corrosion potential = pitting potential

Ul A W N R =< X

corrosion potential < pitting potential
Figure 1 — Effect of acetic acid on corrosion potential

In pitting tests by a conventional anodic polarization measurement, the potential is commonly driven
to values significantly above the pitting potential and the specimen can be severely corroded. The
method described in this document causes less specimen corrosion, as the degree of polarization is
small because the potential is maintained near the pitting potential.

2 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4f863eeb903d6ca3829ef1ad0292a6a7

ISO 3079:2022(E)

ASTM G69 also describes a method for measuring the corrosion potential of aluminium alloys, in 1 M
of sodium chloride, using a two-electrode system but with H,0, as the oxidant. The test method in this
document provides advantages over ASTM G69. In particular, it causes less specimen damage and has a
more stable oxidant with a buffer action.

7 Apparatus

The measuring apparatus shall be a combination of the following. Figure 2 provides an example of a test

appar

atus.

7.1

An infernal resistance of potentiometer shall be larger than 10° Q.

7.2

Dad ] =
I'UCIIUVUIIICTLCI

Working electrode

The working electrode should be taken from the test material with the test area of 1 cnp2. The other

area {

7.3

The reference electrode should be a saturated silver/silver. chloride electrode (SSE). Ot}

electy

relatiye to the standard hydrogen electrode at 25 °C aregiven in ISO 17474.

7.4

The stirrer and stirrer bar are used to stir the solution at a speed of at least 60 rpm. Stirring
for sthble measurement of the corrosion potential, as in measurements of pitting poten

stirri
betwy¢

hall be masked by or embedded in an inert material such as resin,

Reference electrode

odes, i.e. saturated calomel electrode (SCE), can beyused. The potentials of theg

Stirrer

g accelerates the cathodic reactiofi;by acetic acid and reduces local differences in
pen the anode site and cathode site.

ler reference
e electrodes

isimportant
tial, because
the solution
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3 working glectrode
4 solution
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8 Specini

The specime
specimen sh
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Figure 2 — Example of test apparatus

en

n shall'be taken from a test material with the test area of 1 cm?2. The other area
hll-be masked by or embedded in an inert material such as resin. There is a possibilif

bf the
y of a

crevice attaa

k i1 the resin. The aluminium and resin should be closely attached so that there is

0 gap

between them.

9 Test procedure

9.1 Soluti

on

The solution shall be prepared using reagent-grade chemicals and high purity water. The solution is
prepared by creating an aqueous solution with a sodium chloride and glacial acetic acid or diluted acetic
acid. The ratio of the volume of the solution to the test area of the specimens shall be at least 100 ml/
cm?, The chloride ion concentration, which strongly influences the value of pitting potential, is adjusted
with a sodium chloride mass fraction of 5 %. To determine the appropriate concentration of acetic acid,
immerse the specimen and the reference electrode and connect them via a potentiometer in a sodium

© IS0 2022 - All rights re
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chloride solution, repeating the addition of acetic acid to the solution and the measurement of corrosion
potential after 30 min of stirring, up to constant corrosion potential. The appropriate concentration
of acetic acid is the concentration where corrosion potential becomes constant (see Figure 3). 1 ml/I
glacial acetic acid is enough to measure the pitting potential in a sodium chloride mass fraction of 5 %
for almost all aluminium alloys except for highly pure aluminium.

Y

NP

7 /
%

X
Key
X agetic acid concentration, in ml/1
Y c¢rrosion potential
1 appropriate concentration
2 pltting potential

Figure-3— Effect of acetic acid concentration on corrosion potential

9.2 |Test set-up

9.2.1| The temperature of the solution shall be 25 °C + 1 °C. The test solution shall b¢ agitated by
stirripgZat a speed of at least 60 rpm.

9.2.2 As a pre-treatment, immerse the specimen in a sodium hydroxide aqueous solution of 50 g/1 at
a temperature of 60 °C for 30 s. Then, rinse the specimen with distilled water or ion-exchanged water.
Next, immerse the specimen in a nitric acid aqueous solution of a mass fraction of 30 % at a temperature
of 25°C = 5 °C for 60 s. Then, immerse the specimen in distilled water or ion-exchanged water and rinse
the specimen. After pre-treatment, immediately immerse the specimen in the solution while still wet.

9.2.3 Connect the specimen and the reference electrode via a potentiometer and measure the
potential. Measurements shall be performed at intervals of 1 min. The duration of the test shall be
60 min.

© IS0 2022 - All rights reserved 5
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9.3 Evaluation

9.3.1 The corrosion potential is the arithmetic average value of the measured values from 30 min to
60 min. The number of repeated tests required is more than two.

9.3.2 Examine the pits on the test area (see Figure 4) and check that there is no crevice attack under
the resin after the test.

\
O
C)\\ : 10 pm :

-

Figure 4 — Pits @‘face of specimen after measurement

10 Test report %\
The test repgrt shall incl@gt least the following information:

a) referencp to thi @cument, i.e. ISO 3079:2022;

b) the com osai('k?ﬁ of the specimen, and its temper;

c) the composition of the solution;

d) the pH of the solution;

e) the ratio of the volume of the solution to the test area of the specimen;
f) the temperature of the solution;

g) the agitation rate of the solution;

h) the pre-treatment of the specimen;

i) the duration of the measurement;

j)  the type of reference electrode;
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