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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

rawn 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 patent 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

Intergranular corrosion (IGC) is a form of localized corrosion which occurs along grain boundaries. IGC
of stainless steel is attributable to grain boundary segregation and precipitates. When the formation
of chromium-rich grain boundary carbides occurs, it leads to continuous chromium depletion adjacent
to the grain boundary, and IGC occurs in certain corrosive media. This process is usually known
as sensitization. Sensitization of stainless steel can be evaluated by ISO IGC tests for austenitic
stainless steels: such as ISO 3651-1, ISO 3651-2, and ISO 12732. On the other hand, oxalic etching
tests (JIS G0571:2003 and ASTM A262-15 Practice A) cannot evaluate sensitization, however, they
can evaluate non-sensitized condition of austenitic stainless steels and suspicions of sensitization by
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selves. If sensitization is suspected, IGC tests, ferric sulfate-sulfuric acid test (sée

ISO 3651-2),

nitric acid test (see ISO 3651-1), copper sulfate-sulfuric acid test (see 1SO,-:3651-2] or EPR test

2732) should be conducted to evaluate sensitization of austenitic stainless.steels.

hain benefits of these oxalic acid etching tests are that they are simple, easy an

documment is based on JIS G0571:2003.

1 rapid. This
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etching test for intergranular corrosion of austenitic
stainless steel

1 S

cope

This ¢
using
obser]
(here

2 N

The f
const
undat

ISO 3
and fé
loss i

ISO 3
auste

ISO 3
ISO 8
ISQ 1
using
3 1
For th

ISO a1

q

et

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

an oxalic acid etch. This method can evaluate non-sensitization of austenitic stain
ving the structure of the etched surface with a microscope after performingrelectra
nafter called “etching”) on austenitic stainless steel in an oxalic acid solution,

ormative references

bllowing documents are referred to in the text in such a way‘that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced documenty(including any amendmg

b51-1, Determination of resistance to intergranular corrgsion of stainless steels — Part
rritic-austenitic (duplex) stainless steels — Corrosion‘test in nitric acid medium by me
mass (Huey test)

b51-2, Determination of resistance to intergraitular corrosion of stainless steels — Pa
hitic and ferritic-austenitic (duplex) stainlesssteels — Corrosion test in media containing

96:1987, Water for analytical laboratory use — Specification and test methods
D44, Corrosion of metals and alloys =~ Vocabulary

732, Corrosion of metals and.alloys — Electrochemical potentiokinetic reactivation
the double loop method (based on Cihal's method)

erms and definitions

e purposes ofthis document, the terms and definitions given in ISO 8044 and the fol

]

ocument specifies a method to test for intergranular corrosion (IGC) in austeniticstainless steels

ess steels by
lytic etching

their content
applies. For
ents) applies.

1: Austenitic

asurement of

rt 2: Ferritic,
| sulfuric acid

measurement

owing apply.

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

LCElectropedia: available at https://www.electropedia.org/

3.1

sensitization
effect coming when austenitic stainless steels are slowly cooled through the range 550 °C to 850 °C or
heated in the range 550 °C to 850 °C for more than a certain time, they frequently become susceptible to
IGC in a corrosive medium

3.2

stabilized austenitic stainless steel
austenitic stainless steel that contains stabilizers such as titanium or niobium, which form carbides
that are more stable than chromium carbides

© IS0 2023 - All rights reserved
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4 General principles

Observing the structure of the etched surface with a microscope after performing etching on austenitic
stainless steel in an oxalic acid solution will determine whether or not ISO 3651-1, ISO 3651-2, or
[SO 12732 shall be used.

5 Apparatus

5.1 DC supply, a variable resistor and an ammeter should be used to control the DC power supply,
which can supply a sufficient amount of current for etching the test piece. For example, a DC power
supply with fatedoutput voitage 15 Vand rated current output 20 A, would be suitabte.

5.2 Cathode, an austenitic stainless steel beaker - or a piece of austenitic stainless) steell with

sufficient arg¢a - should be used as a cathode.
5.3 Holdel bde in
the test soluf

[, a properly shaped electrical holder should be used to retain the test.piece as an an
ion.

5.4 Testv
an austenitid

bssel should be made of an inert material. For example, corrosion resistant alloys sych as
stainless steel, may also be used as a cathode.

5.5 Thern
+1 °C should

jometer, capable of measuring the temperature of¢the test solution with an accurjcy of

be used.

6 Sensitization heat treatment for test specitnens

A sensitizati
austenitic st
The heat tre

on heat treatment for the test specitnens should be applied for the ultralow c
ninless steel type (carbon mass fraction <0,030 %) and stabilized austenitic stainless
itment shall be performed before ‘polishing. As an example, the specimen could be h

hrbon
steel.
eated

an be
0 heat

for 30 min a
heated for 1(
treatment m

L a temperature of 700 °C * 10 °C, and then cooled with water. And the specimen @
min at a temperature of 650\°C + 10 °C, and then cooled with water. The sensitizatio
hy be altered with the agrieement of relevant parties.

7 Test specimens

ith a
heat-
to be

rties.

7.1 The tegst specimen(should be arranged so that the etched surface can be examined W
microscope. [When a welded part is included, its section shall include regions of base material,
affected zon¢ and weld/material. If the specimen has a complex shape, the direction of the surface
examined with a miieroscope may be altered according to the agreement between the relevant pa

7.2 Typically,asaw can be used to cut specimens, although other methods such as guillotine or water-
jet cutting can be used if available.

7.3 The etched surface to be examined with a microscope shall be finely polished by buffing (for
example by polishing with a diamond particle suspension) prior to etching and examination.

7.4 Parts other than the etched surface to be examined with a microscope shall be isolated from
the test solution with an insulating material. Paraffin wax, plastic tape, resin or paint can be used as
insulating material.

8 Test solution

The test solution shall be prepared using analytical quality reagents, as follows:

2 © IS0 2023 - All rights reserved
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Dissolve 100 g of oxalic acid crystals (H,C,0, - 2H,0) in 900 ml of distilled water or deionized water,
IS0 3696:1987, Grade 3, and stir until all crystals are dissolved.

In the case of molybdenum-containing steel types, in which the step structure is difficult to generate,
an ammonium peroxodisulfate [(NH,),S,0g4] solution can be used instead of an oxalic acid solution. For
the solution in this case, dissolve 100 g of ammonium peroxodisulfate in 900 ml of distilled or deionized
water and stir until all the crystals are dissolved.

9 Test procedure

The test procedure shall be as follows:

a)

b)

The temperature of the test solution shall be 20 °C to 50 °C.

et

1 the case of the test solution temperature over 50 °C, a usable etched surface‘cannot

The polished surface by buffing of the test piece shall be placed as an anode in the ox
plution. Etching shall be performed for 90 s at a current density of 1 A/cm?2.

%)

et

10 min at a current density of 1 A/cm?2.

(sl

Alfter etching is performed, the test piece shall be remoyéd)from the test solution,
inning water and dried. The entire area of the etched surface shall be observed with

Furthermore, the microscopic magnification shall be,200x to 500x for rolled, forged
steel products, welded areas or similar.

Table 1 — Classification showingthe crystal grain boundary condition

be obtained.

alic acid test

I the case of using the ammonium peroxodisulfate solution, etching’shall be perfornped for 5 min

iwashed with
h microscope

r
tp determine the classification of the etching structure based on Table 1 and Fiaures 1 to 3.

oducts, cast

Etching structure

Symbol

Explanation
Name

This’structure appears because the corrosion rate differs

p Step structure the crystal orientation (see Figure 1).

Hepending on

Grooves are formed at the crystal grain boundaries. Howeve
B Dual structurg

crystal grains completely surrounded by grooves (see Figun

I, there are no
e 2).

C Groove structure

(see Figure 3).

There are one or more crystal grains completely surroundé

d by grooves

20pum

Figure 1 — Step structure (symbol A)
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©

Figure 2 — Dual structure (symbol B) «
)

K
Figure 3 — Grooved structure (symbol C)
&
A\

10 Evaluation of etching structure

Specimens having a step structure or dual structure need not be subjected to the ferric sulfate-sulfuric
acid test (see 1SO 3651-2), 65 % nitric acid test (see ISO 3651-1), copper sulfate-sulfuric acid test (see
ISO 3651-2) or EPR test (see ISO 12732). Specimens having the grooved structure are suspected of
sensitization and should be subjected to the ferric sulfate-sulfuric acid test (see ISO 3651-2), 65 % nitric
acid test (see ISO 3651-1), copper sulfate-sulfuric acid test (see ISO 3651-2) or EPR test (see SO 12732)
in order to evaluate sensitization of the specimens.

11 Testreport
The test report shall include the following information:

a) areference to this document, (i.e. [SO 4212:2023);

4 © IS0 2023 - All rights reserved
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b) steel grade;

c) the nature of the test specimen;

d) the sensitization heat treatment, when applied;

e) the test solution and etching time for the ammonium peroxodisulfate solution;
f) the etching structure;

g) the temperature of the test solution;

h) anv.deviations from the prnr‘pdnrp QpP{‘ifiPd'

i) ahy unusual features (anomalies) observed during the test;

he date of the test.
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