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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 21610 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 156, Corrosion ofmetals and alloys.
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Corrosion of metals and alloys — Accelerated corrosion

test for

intergranular corrosion susceptibility of austenitic stainless

steels

1 cope

1.1 | This International Standard specifies accelerated methods for the determination of the

intergranular

corrogion susceptibility of austenitic stainless steels. The methods specified by the'standard provide results

identfcal to those obtained when using ISO 3651-1 and ISO 3651-2, but the test period for the
corrogion test is shorter.

accelerated

1.2 | This International Standard is applicable to the testing of various-kinds of metal production, including

two-layer rolled metal, welded joints, deposited metal and weld seamdnetal.
1.3 | Two test methods are specified:

— ethod A: corrosion test in a solution of copper sulfate,and concentrated sulfuric acid in the
etallic copper;

— thethod B: corrosion test in a solution of coppef/sulfate, sulfuric acid and copper fluoride in
of metallic copper.

2 ormative references

presence of

he presence

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition eited applies. For undated references, the latest edition of the¢ referenced

document (including any amendments) applies.
ISO 3651 (all parts), Determination of resistance to intergranular corrosion of stainless steels

ISO 8044, Corrosion-of metals and alloys — Basic terms and definitions

3 erms-and definitions

4 Test specimens
41 Test specimens may be taken from

— any position within steel plates with a width equal to or less than 10 mm, or from strip or wire,

— the axis zone (in the longitudinal direction) of rolled metal (rolled section metal and shaped rolled metal

with a round, square or hexagonal cross-section),
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— any convenient position in other kinds of rolled metal,

— the axis zone (in the longitudinal or cross-sectional direction) of tube samples,

— any convenient position in tubes,

— the body or spare material from forgings, or

— the bosses of casts or specially cast test pieces.

4.2 Testsp

ecimens-should be
GHREeRS-SRoUtHGB

roduced-from-samuples-of varicous-tuynes—as-indicated-in-Tabhle-1
GHceaHOoM-SaRPiesS-o Va3 HoUS Y PeS;asHaGicat8cH—apie—-

D
pProcuc

Table 1 — Types of specimen

Types of sample

Test specimens

weld seams

Steel plates, $trip, wire, rolled section or shaped rolled Flat (see Table 2)
metal, tube sgamples, forged pieces, cast pieces, metal from

Cylindrical with a diameter of not less than 10 mm

Cylindrical (see Table 2)

Tubes

Flat, segments, rings (DS h), tubular (D < /) (see Tabl¢ 2),
where D is the external, diameter and / is the height

It is permissible to

— subject fings and tubular samples with a specified wallsthickness of not less than 1,5 mm to reaming,
straightgning or flattening and subsequent cutting :0f>the sides with the purpose of producing flat
specimens,

— remove the wall of a tubular specimen for 1/2 oftits circumference from one of its ends or in the midfle of
its lengtl for 1/2 of the overall length (see Table 2), and

— manufaq
productd
removal

ture specimens from rolled ¢lad plate or bimetallic tubes in the same way as from flat pheet
and ordinary tubes, respectively (specimens may be produced from the basis layer following the
of the other layer and interfacial region by machining).

© 1SO 2009 — All rights reserved
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ISO 21610:2009(E)

Specimen Specimen Specimen with welding
type without welding Type 1 Type 2
Flat 1-1
o7 - o7
B a N B a N B a _
Tubufar PU- oU oU
ol © c
N
A A
< =
H  J Y
Ring 90
c
— .- =t
| A Y Y
~—— |
< <
\ \|/ A A
Segment
2 2
ob ®b ®b
NEZMB ;¢b" RELED
Cylindrical
A\
7
S
S
y
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4.3  For the purpose of revealing cracks, the specimen size should allow the following:

a) flat specimens, segment specimens, cylindrical specimens with a diameter of no more than 5 mm and
tubular specimens with a diameter of no more than 5 mm to be bent at an angle of (90 + 3)°;

b) ring and tubular specimens with a diameter of more than 5 mm to be flattened and formed into a cone;

c) examination of the surface of the bend in a section with sufficient thickness to provide reliable recognition
of intercrystalline cracks.

4.4 Specimens of the required thickness are produced from the blanks by machining.

a) For metgl plates, the specimens should be taken from only one side; if one of the plate sides has|been
treated, the specimen should be taken from the treated side.

b) For rollgd metal (rolled section and shaped), forgings, castings and tube samples the speecimens should
be taker] from any convenient surface.

c) For tubgs after hot or cold deformation, the specimens should be taken from the qutside.
d) For hot-folled tubes, the specimens should be taken from either the inner or.outer surface.

e) For tubgs that have been exposed to operating conditions, the specimen should be taken from thg side
that wag| in contact with the service environment.

4.5 The following types and kinds of specimen should be produced out of welded joints (see Table 2).

— Flat speimens of types 1 or 2 should be produced out of joint welds of plate, section or shaped f[olled
metal, cast pieces and forged pieces.

— Ring, tubbular and segment specimens of type 2 should be produced out of electrically welded tubes.
— Segment, ring or tubular specimens of type-1\should be produced out of ring welded joints of tubes.

— Flat spegimens of types 1 or 2, and segment, ring or tubular specimens of type 1, should be producgd out
of welded joints of two-layer tubes.

4.6 For welded specimens (Table 2, types 1 and 2), the reinforcement of the welded seam should be
removed by machining to a depthrhot exceeding 1 mm.

The desired thickness of the\specimen should be achieved by means of machining, and the metal shoyld be
removed from the side that was not in contact with corrosive medium. If it is not known which side was in
contact with the corrgsive medium, the machining should be carried out on the side where the metal ¢f the
welded sean) wasexposed to the least heating during welding.

The wall thickness of welded tubular specimens should be decreased in accordance with 4.4.

4.7 Coated electrodes, filler wire and tape should be checked by means of tests on deposited metal or weld
seam metal produced from these materials.

Deposited metal should be tested through the use of flat specimens (see Table 2). The specimens should be
cut out of multi-layer deposits made from checked welding materials (the bottom layers of the deposits, which
are not used for test specimen production, could be made from different materials of similar chemical
composition). Where the chemical composition of the plate on which the metal is being deposited is similar to
the chemical composition of the deposited metal, the number of the lower layers, which should not be used for
specimen production, may be decreased to three.

Metal from the weld seam should be tested using flat specimens, which should be cut from the upper layers of
the multi-layer seam of the welded joint being checked. The seam thickness in the zone from which the

4 © 1SO 2009 — All rights reserved
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specimen is cut out should not be less than 15 mm. The plates used for the welded joint should be of steel
with a chemical composition similar to that of the weld metal.

When thin plates are being used to provide the desired weld seam thickness, special weld backing may be
used. This is produced from steel of chemical composition similar to that of the plate. (Where preliminary
additions are to be made to the edges of thin plate specimens, similar additions should be made to the whole
surface of the weld backing.)

The metal of the weld seam should be tested through the use of flat welded specimens (see Table 2, types 1
and 2) which are produced from control-welded joints made of steel that is resistant to intergranular corrosion,
and preferably using filler materials intended specially for welding the steel in question.

4.8 | The recommended sizes of the specimens are indicated in Annex A. However, it is alse/germissible to
use different specimen sizes.

4.9 | For the purpose of testing plate, tubes, metal sections, wire and tape, a set'of at lgast two test
specimens should be produced.

Not Igss than four test specimens (two of which should be for reference purposes) should be pfoduced from
each(forging, casting and weldment for all types of steel and alloy of interest:

Control specimens should be bent to an angle of (90 + 3)° and should’ not be exposed to th¢ boiling test
solution. If it is necessary to check the specimens from both sides, they should be bent into a Z-shape.

4.10 | Sensitization treatment
4.10.1 Non-stabilized steels

Non-gtabilized steels should be tested using specimens in the as-delivered condition provided they do not
contdin titanium or niobium, provided they have a\specified maximum carbon content of more {han 0,030 %
and provided they are to be used in the as-delivered condition, unless there are indications to the contrary in
the apcompanying technical documentation:

4.10.2 Stabilized steels

4.10.2.1 Stabilized steels apdalloys containing titanium or niobium with specified maximum carbon
contgnts not in excess of 0,030 %, if to be used as-delivered, should be tested using specimens made from
meta| taken from the production line and then subjected to heat treatment at up to (700 £ 10) 9C for 30 min
with gubsequent cooling. ib-water (see 1ISO 3651-1 and ISO 3651-2).

A different sensitization heat treatment may be carried out with the agreement of the customer.

Either the samples from which the specimens are made or the specimens themselves may pe given the
sensitizationsheat treatment.

If digctepancies arise in the interpretation of the test results, the samples should be supjected to a
sensitizationm hreattreatmeTtprocedure.To do S0, degreased sampies shoutdbeptacedimafurnace which
has been pre-heated to the sensitization temperature.

4.10.2.2 Steels which are to be used in a cold-worked state or in a semi-cold-worked state should be
tested using specimens that have not been given a sensitization heat treatment.

410.2.3 At companies which manufacture welded joints, test specimens from weldments can be used
without sensitization heat treatment if the welding conditions have been properly controlled.

4.10.2.4 Where steels and alloys are to be tested after repeated heat treatment which differs from the

sensitization heat treatment, testing should be carried out in accordance with this subclause (4.10) as for the
testing of a new batch of metal.

© 1SO 2009 - All rights reserved 5
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4.10.2.5

In cases when, during the manufacture of an item, control-welded joints are subjected to heat

treatments that can influence their properties, the test specimens should be treated under similar conditions.

4.10.2.6

Scale that forms on the test specimen surface during hardening or sensitization heat treatment

should be removed by chemical or electrochemical etching or by a mechanical process before grinding and
polishing. The depth of any surface treatment should not exceed 1 mm.

Chemical etching should be carried out either in the following solution:

(620 = 3) ml of HNO3 (0,0 = 1,35 g/ml);

— (76,0 + GHgofNHzF;
— water (3P0 + 3) ml;

or electrolyti
(34+1)
(11£1)

water (9

current ¢

The test spe
carefully rins

Other etchin
removal and
along the grg

temperature (20 £ 5) °C;

ally as follows:
ml of orthophosphoric acid (p,q = 1,68 g/ml);
ml of HNOg (090 = 1,35 g/ml);

55 + 3) ml;

temperature 40 °C to 50 °C;

ensity 0,5 x 104 Am—21t0 0,6 x 104 Am==2.

Cimen should be etched to completely remove any scale. After etching, the specimens shou
ed with water.

j solutions and etching regimes may-be used for scale removal if they provide complete
for steels that are resistant to, intergranular corrosion, also prevent both preferential ef
in boundaries and pitting corrosion.

Where discrgpancies arise in the test(results, etching should be carried out only with the solutions presg

above.

411 Therg
The required

ughness of the controlled surfaces of test specimens prior to testing should not exceed 0,
finish should be achieved by polishing or grinding. Overheating of the surface should be avq

Test specimé¢ns whicH are produced from tubes that have been subjected to cold or hot deformation on

cold-rolled o
subjected to

cold-drawn metal products or from metal products with special surface treatments should r]
polishing or grinding unless this is called for in the technical documentation.

Id be

Scale
ching

ribed

B um.
ided.

from
ot be

4.12 Specin

nens should be marked Defore testing. [he identrication marks should be applied elth

er by

stamping or by electrical discharge machining of brittle material at one or both ends of the specimen at a

distance of 5

mm to 10 mm from the edge.

4.13 Before testing, the specimens should be degreased using suitable organic solvents of high quality
(reagent grade). If the specimens are placed in the test vessel directly after the completion of etching or

rinsing proce

dure, the degreasing procedure may be omitted.

© 1SO 2009 — All rights reserved
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5 Test methods

5.1

5.1.1

Method A

Principle of the method

The specimens of steel together with metallic copper should be placed into an aqueous solution of H,SO, and
CuS0,-5H,0 of higher concentrations than for the method specified in ISO 3651-2.

The proposed method is an accelerated one and should be used for verifying the grades of steel considered in

ISO

651-2

5.1.2

The
adde

51.3
5.1.3
resis
place

Itis p

a)

After|the solution has been poured into the vessel, it is heated to its boiling point and boiled aj

5.1.3}3.
5.1.3}2 Heating of the condenser should be avoided.
5.1.3|3 The)time of boiling should be (8,00 + 0,25) h. In the case of a forced interruption g

test gpecimens should not be removed from the test solution. The duration of the test is deter
sum of all.boiling periods.

Test solution

est solution is prepared as follows, using analytical-grade reagents: (50 + 0,4)'g of Cu
d to (1 000 * 3) ml of water, then (250 + 3) ml of H,SO, (p5q = 1,84 g/ml) is added in small p

Sequence of test steps

1 The test is carried out in a glass flask fitted with a condenser or in a vessel made
ant stabilized chromium-nickel steel with a cover and a condefiser. A layer of copper filin
d on the bottom of the reaction vessel, with the specimens onstop of it.

ermissible to do the following:

Use suspended copper plates with holes of diaméter 5 mm to 7 mm having sharp edge
opper filings where reliable contact with both the, top and bottom of the specimens can b
rder to ensure good rinsing of the specimens®y the test solution and the reliable remova
roducts. Should discrepancies occur in the assessment of metal quality, the test should be
e presence of copper filings.

xpose several rows of specimens/where there is reliable contact of the specimens (from bo
e copper filings or reliable two-sided contact between the specimens and the copper plates

3045H20 is
ortions.

of corrosion-
s should be

s instead of
e assured in
of corrosion
carried out in

h sides) with
. The level of

e test solution should be 20.cm. higher than the upper level of the test specimens or the copper filings or

e copper plates.

specified in

f testing, the
mined as the

5.1.3.

|

If discrepancies occur in the results of interrupted tests, a repeat test should be carried out with

continuous exposure to boiling conditions in the glass flask. In this case, the solution volume should be not

less t

5.1.3.

han 10 ml per 1 cm?2 of specimen surface.

5

After testing in the boiling solution is over, the specimens should be rinsed with tap water and

dried. In cases where a copper layer which cannot be washed off with water is deposited on the specimen
surface, the copper layer should be removed by rinsing with a 20 % to 30 % nitric acid solution.

5.1.3.

6 The repeated use of the test solution is permitted provided that the colour of the solu

tion does not

change. The only exception to this is where there is disagreement between the parties interested in the results
of the tests.

©I1SO
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5.1.3.7

storage, they should be rinsed in 20 % to 30 % nitric acid solution and then in tap water.

5.2 Method B

5.21

Principle of the method

Copper filings or copper plates may be used repeatedly. Should surface darkening occur during

The specimens of steel should be placed in an aqueous solution of CuSO,, H,SO, and NaF, in the presence
of metallic copper.

5.2.2 Test solution

Using analyfical-grade reagents, (50 +0,1) g of CuSO,45H,0O and (128 +0,1) g of NaF are disselv

(1000 = 3)
overheating
should be pr

| of water, then (250 = 1) ml of H,SO,4 (050 = 1,84 g/ml) is added in small portions to pri
bf the solution. The (128 + 0,1) g of NaF may be replaced by (177 + 0,1) g of KF) The so
bpared in a polyethylene vessel.

5.2.3 Sequence of test steps

5.23.1
and 30 °C, b

5.2.3.2
for steel whidg

5.2.3.3

5.2.34
and 5.1.3.7.

6 Evalug

6.1 To rev
through an a

Table 3 giveq
be bent.

6.2 Wher¢

The test is carried out in a polyethylene vessel, covered by a lid, at a\temperature between

Lt otherwise in accordance with 5.1.3.1.

The duration of the test is (2 £ 0,1) h for steel which does not€ontain molybdenum and (3 +

h contains molybdenum.
A\fter the test, the specimens are treated in accordance with 5.1.3.5.

Both the test solution and the metallic copper.-niay be used repeatedly in accordance with 5

tion of intergranular corrosion

eal any intergranular corrosion after testing in the test solution, the specimens should be
ngle of (90 + 3)°.

b suitable radii for arbors’ around which specimens taken from various kinds of metal produc

of the speci

When speci

the exposed(surface of a specimen that has been exposed in service is not identified, both
en should be-checked after testing. For this purpose, the specimen is bent into a Z-shape.

ens made from rolled clad plate or bimetallic tubes are being tested, they should be bent in

a way that the slrface of the specimen from which material has been removed is on the inside.

ed in
bvent
ution

PO °C

D,1) h

1.3.6

bent

may

sides

such

Table 3 — Bending radii of specimens

Kinds of metal product

Radii of arbors to be used for bending specimens

Plate, rolled section metal, tubes, forgings

1 mm for specimens with thicknesses of not more than 1 mm.

Not more than the specimen thickness for specimens with
thicknesses in excess of 1 mm.

Castings, welded joints, weld seam metal,
built-up weld metal

2 mm for specimens with thicknesses of not more than 1 mm.

Not more than twice the specimen thickness for specimens with
thicknesses greater than 1 mm but not more than 3 mm.

10 mm for specimens with thicknesses in excess of 3 mm.

© 1SO 2009 — All rights reserved
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6.3 Flat and segment specimens should be bent into a Z-shape if they are made from seamless tubes or
cut out of straightened or flattened rings or tubes.

If specimens cannot easily be bent into a Z-shape, twice the number of specimens should be used for the test.
Half of them should be bent from the convex side and the other half from the concave side.

The external surface of specimens made from seamless tubes with an external diameter of not more than
5 mm should be assessed after bending. The internal surface should be assessed either metallographically or,
in cases where part of the tube wall has been removed (see 4.2), by bending.

Ring and tubular specimens made from seamless tubes with diameters in excess of 8 mm should be

AL

~ A b flott H th EH TN I'H £+ H f. H LL K th 1
assegsed-byflattening-themuntiHthe separationof- the-compressingsurfacesis Hmmwheretheyvalue of H is

calculated from Equation (1):

K =1,08Dc/(0,08D + ¢) (1)
wherg
D is the external tube diameter, in millimetres;
¢ is the wall thickness, in millimetres.

The |nternal surfaces of ring and tubular specimens should be asSessed metallographically. I the case of
austgnitic steels, the assessment of internal ring surfaces may be carried out by “beading] (i.e. locally
reduging the diameter) to a value which is calculated from Equatien (2):
d=156¢ (2)
where d is the internal ring diameter, in millimetres.

6.4 | After testing, welded specimens should bebent in accordance with 6.1.
a) Type 1 specimens (see Table 2) should-be bent

1) along the weld when the weld metal is being assessed;

2) along the heat-affected zone when the parent steel is being assessed.

When the weld joint as ad@vhole is being assessed, some of the specimens should be bent along fthe weld and
somg along the heat-affected zone.

b) Type 2 speciméns (see Table 2) should be bent

1) transversely when the weld metal, the heat-affected zone or the weld joint as a whole is being
assessed;

gAY HY Z la | laadla s £ 4l H | al
<) U a L=oTaptc WITCTT DULT Palto UT T SPTUNTITIT Al UTITTY dSoSTooSTU.

6.5 In order to reveal weld boundaries, it is permissible to etch specimens lightly for 0,5 min to 1 min using
one of the solutions specified in 4.10.2.6.

6.6 The bend should be made in such a way that the weld surface that is normally in contact with the
operating environment is located on the outside of the specimen. If it is not known which side of the specimen
is in contact with the operating environment, then the side of the weld which had the most heating should be
on the outside of the specimen.

6.7 In cases when the specimen surface has been mechanically processed, the specimen should be bent
away from the side which was not processed.

© 1SO 2009 - All rights reserved 9
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Ring and tubular specimens with longitudinal or circumferential weld seams should be flattened in accordance
with 6.3. In such cases, the ring seam should be placed along the direction of the flattening load and the
longitudinal seam should be placed at right angles to the direction of the flattening load and in the diametrical
plane.
6.8 The bent specimens should be examined using a magnifying glass with a magnification of 8 to 12 times.
6.9 When cracks are not found in specimens which have been bent after testing (apart from longitudinal

cracks and cracks directly on the edges), the material is considered to be resistant to intergranular corrosion.
However, if cracks are found, testing may be repeated, this time in accordance with ISO 3651-2.

6.10 In casg
a) the contfol specimens break or
b) cracks gre found in specimens which were bent after testing (apart from longitudinal cracks and cracks

directly ¢on the edges) or

c) the spedimen thickness is less than 0,1 mm and intergranular corrosion is not found, or

d) itis impgssible to bend the specimen because of its size,

then the intefgranular corrosion susceptibility should be evaluated by metallography.

6.11 Before
undergone ¢
tested specin

In the case
perpendiculd

metallographic evaluation of the intergranular corrosion:susceptibility of specimens that
prrosion testing, the specimen for metallographic examination should be cut out of the corrg
nen along a cutting plane perpendicular to the speciméen surface under assessment.

of metallographic specimen preparation from>welded specimens, the cutting line shou
r to the weld line and the cutting plane should*include both the weld metal and the metal

have
sion-

d be
bf the

heat-affecteq zone.

The recomm
20 mm.

ended metallographic specimen length from the surface to be assessed should be 15 mm to

The cut surfgce should be coincident with~the metallographic specimen surface.

The metallographic specimen should\be produced in such a way that no corner breaks or fins are generated.
6.12 To rev
etched meta

produce only

eal intergranular ©orrosion and evaluate the depth of any corrosion-related cracking, prev
lographic specimens should be examined at a magnification of 200 times. The etching s
slight attack_ of the grain boundaries.

ously
hould

A list of recolnmended-etching reagents and procedures is given in Clause A.2.

The surfaces

under investigation of the metallographic specimens should be examined.

The maximum depth of attack should be evaluated for six different fields of view. The sites with the greatest
depths of intergranular corrosion should be included in these fields of view.

6.13 The material may be reported as being resistant to intergranular corrosion if the metallographic
assessment reveals the maximum depth of corrosion attack to be not more than 30 ym, unless the
specifications for the metal products contain other requirements. For specimens produced from metal
products with thicknesses of less than 1,5 mm, the maximum depth of corrosion should be not more than
10 um.
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ISO 21610:2009(E)

Test report

The following information should be included in the test report:

a)

the steel grade;
the type of metal product;
the method of manufacture of the product;

the heat treatment used;

e test specimen type and size;
e test method used;

the result of the test, i.e. whether the specimens are resistant to intergranular corrosion or nq
intergranular corrosion.

© 1SO 2009 - All rights reserved
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Annex A
(informative)

Recommended standard specimen sizes and recommended chemical
and electrolytic cleaning procedures for removal of corrosion products

A.1 Recommended standard specimemnsizes
Table A.1 — Standard specimen sizes
Material Standard specimen sizes
mm
A B C D H
Steel plates df thickness less than 10 mm Not less 20,0 £ 0,5 | As for blank — —
than 50
Wire, rolled sgction or shaped rolled metal of Not less As for blank | As.for’blank | As for blank —
thickness or diameter in excess of 10 mm than 50
Steel plates df thickness in excess of 10 mm Not less 20,0 £ 05 3to5 — —
than 50
Forged pieces$, cast pieces, rolled section or Not less 1010 20 3to5 — —
shaped rolled metal of thickness or diameter than 50
in excess of 410 mm
Steel plates df thickness in excess of 10 mm Not less 20,0+0,5 Not more — —
than-50 than 5
Seamless tubes of flat or segment Not less Not more Not more — —
diameter in excess of specimens than 50 than 20 than 5
5 mm:
ring or tubular — — Not more Not more Not Ig¢ss
specimens than 5 than 40 than P,5
Seamless tubes of diameter less than(5 mm Not less — — — —
than 80
Cut wall at
1/2 of height
and over a
length of 35
to 40
Seamless binetallic flat or segment Not less Not more Not more — —
tubes: specimens than 50 than 20 than 5
ring or tubular — — Not more Not more Not less
specimens than 5 than 40 than 0,5
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