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Foreword 

The text of the International Standard IS0 3651-2:1998 has been prepared by Technical 
Committee ISO/TC 17 "Steel" in collaboration with Technical Committee ECISSRC 1 "Steel 
testing", the secretariat of which is held by AFNOR. 

This European Standard shall be given the status of a national standard, either by publication 
of an identical text or by endorsement, at the latest by November 1998, and conflicting 
national standards shall be withdrawn at the latest by November 1998. 

According to the CENICENELEC Internal Regulations, the national standards organizations 
of the following countries are bound to implement this European Standard: Austria, Belgium, 
Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, 
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United 
Kingdom. 

NOTE FROM CEN/CS: The foreword is susceptible to be anmended on reception of the 
German language version. The confirmed or amended foreword, and when appropriate, the 
normative annex ZA for the references to international publications with their relevant 
European publications will be circulated with the German version. 

Endorsement notice 

The text of the Intemational Standard IS0 365 1-2: 1998 was approved by CEN as a European 
Standard without any modification. 
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Foreword 

IS0 (the International Organization for Standardization) is a 
worldwide federation of national standards bodies (IS0 member 
bodies). The work of preparing international Standards is normally 
carried out through IS0 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. IS0 collaborates closely 
with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

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 IS0  3651 -2 was prepared by Technical 
Committee ISOTTC 17, Steel, Subcommittee SC 7, Methods of 
testing (other than mechanical tests and chemical analysis). 

This second edition cancels and replaces the first edition 
(IS0 3651 -2:1976), which has been technically revised. 

IS0 3651 consists of the following parts, under the general title 
Determination of resistance to intergranular corrosion of stainless 
steels: 

- Part 1: Austenitic and ferritic-austenitic (duplex) stainless steels 
- Corrosion test in nitric acid medium by measurement of loss 
in mass (Huey test) 

- Part 2: Ferritic, austenitic and ferritic-austenitic (duplex) stainless 
steels - Corrosion rest in media containing sulfuric acid 

Annexes A and B of this part of IS0 3651 are for information only. 
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Introduction 

The term "intergranular corrosion test" denotes the corrosion test 
carried out by means of preferential attack of the grain boundaries. 

Ferritic, austenitic and ferritic-austenitic (duplex) stainless steels 
may be subject to such an attack when they are held at a 
temperature between about 500 OC and 1 O00 OC. This heat cycle, 
which may provoke sensitization to intergranular corrosion, may 
occur during hot-forming (forging, rolling) as the result of incorrect 
solution treatment or during a welding operation. 

NOTE - In the field of application of this test, intergranular corrosion may be 
connected with the presence along the grain boundaries of a chromiurn-depleted 
region due to precipitation of chromium carbides, sigma phase or other 
intermetallic phases. 
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Determination of resistance to intergranular corrosion of stainless 
steels - 
Part 2: 
Ferritic, austenitic and ferritic-austenitic (duplex) stainless steels - 
Corrosion test in media containing sulfuric acid 

1 Scope 

rhis part of IS0 3651 specifies methods for the determination of the resistance to intergranular 
corrosion of ferritic, austenitic and ferritic-austenitic (duplex) stainless steels in media containing sulfuric 
acid. It also specifies the purposes which may be assigned to the test. The test methods included are: 

- method A: the 16 % sulfuric acidcopper sulfate test (Monypenny Strauss test); 

- method 6: the 35 % sulfuric acidkopper sulfate test; 
__ 

- method C: the 40 % sulfuric acidferric sulfate test. a m 
E 

_. - 
E 

- 
I - - 

The methods are applicable to stainless steels supplied in the form of cast, rolled or forged products 
and tubes and intended for use in a mildly oxidizing acid medium (for example, sulfuric acid, phosphoric 

Unless specified in the product standard, the method to be used, A, B or C, shall form the subject of an 
agreement between the interested parties. 

>c acid). 
m 

>c 

Annex A gives examples of application of the three methods on stainless steels. 

IJOTE - It is important to note that the result of the corrosion test is only strictly valid for the corrosive medium used in the 
test. It constitutes a basis for estimating the resistance to intergranular corrosion but may not be used to check resistance to 
other forms of corrosion (general corrosion, pitting, stress corrosion, etc.). It is necessary for the user to adapt the specified 
corrosion test to the use which will be made of the alloy. These test should, in no case, be considered as an absolute criterion 
of the quality of the metal. 

2 Purpose of the test 

This intergranular corrosion test may have either of the purposes given in 2.1 and 2.2. 

~ 

2.1 Verification of the intrinsic resistance of the steel to intergranular corrosion 

This verification applies only to low carbon steels (C S 0,03 %) and stabilized steels specified for 
resistance to intergranular corrosion. The metaf is inspected after having undergone a heat treatment 
for sensitization which can be a heat treatment or welding for sensitization (see clause 3). 
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2.2 Inspection of the efficiency of the solution treatment 

This inspection is only carried out on thin products for which the cooling speed may be made sufficiently 
rapid. It is only of interest for the steels which are not defined in 2.1. The metal is inspected in the state 
in which it is delivered to the user, without heat treatment for sensitization. 

3 Sensitization treatment 

3.1 Sensitization heat treatment 

In order to verify the intrinsic resistance to intergranular corrosion (see 2.1), it is necessary to carry out 
a heat treatment for sensitization for stabilized steels and steels with low carbon content. 

The sensitization heat treatment can be: 

- T1: heating the specimen at 700 OC k 10 "C for 30 minutes followed by water cooling; 

- T2: heating the specimen at 650 OC k 1 O "C for 1 O minutes followed by water cooling. 

The above defined treatments only apply to austenitic and duplex steels. 

The type of sensitization heat treatment shall be defined in the product standard or in the order. If not 
specified, heat treatment T1 shall be applied. 

3.2 Sensitization by welding 

Sensitization by the preparation of welded test pieces may be used as an alternative to 3.1 by 
agreement between the interested parties. Test pieces which are not solution annealed after welding 
shall be tested in the as-welded condition. No additional sensitization heat treatment shall be performed. 

Sensitization by welding applies to all the stainless steels covered by this part of I S 0  3651. 

4 Corrosion test 

4.1 Principle 

A test piece, prepared as specified in 4.2 and 4.3, is immersed in a solution according to method A, B 
or C for a specified time. The test piece is then subjected to a bend test. The convex surface of the test 
piece is examined after bending in order to reveal any cracks caused by intergranular corrosion. 

For small diameter tubes, up to 60 mm (tube diameter shall be compatible with the aperture of the flask 
containing the solution), a flattening test is used instead of the bend test. 

4.2 Test pieces 

4.2.1 Dimensions 

The test piece shall have a total surface area of 15 cm2 to 35 cm2. In the case of sheets with a thickness 
greater than 6 mm, the test piece shall have a maximum thickness of 6 mm and one of the rolled 
surfaces shall be retained. 
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The test pieces are selected from the product as defined in the product standard. In case of dispute, a 
flat test piece, when possible, shall be used having the following dimensions. These dimensions should 
be used in relation to the available bending apparat¡: 

- thickness between 2 mm and 6 mm; 

- width at least 1 O rnm; 

- length at least 50 mrn. 

4.2.2 Welded test pieces 

Welded test pieces are prepared as follows. 

For flat products, two pieces about 100 mm long and ab-ut 50 mm wide are welded together and thl 
test piece is cut according to figure 1. 

! 

For tubes with a circumferential weid, the test piece is cut according to figure 2. 

When four pieces are welded together to form a cross weld, the first-laid weld bead shall be in the 
longitudinal direction of the test piece as shown in figure 3. 

If the thickness of the material is > 6 mm the test piece shall be machined down to 6 mrn from one side. 
The retained surface shall form the convex side of the test piece after bending. 

For welded tubes with outer diameter over 60 mm, the test pieces with length of at least 50 mm and 
width of at least 20 mm are prepared as shown in figure 4. 

For welded tubes up to 60 mm outside diameter, the test piece shall be a full cross section of the tube 

- 
K - 
E - - - 
it 
u) * 

and will be subject to a flattening test (see 6.4). 

Dimensions in millimetres 

I/ ‘2 

Key 
1 Weld 
2 Axis of the bending mandrel 

Figure 1 - Test piece for testing of plates 
and strips with welded butt joint 

Key 
1 Weld 

‘I 

Figure 2 - Test piece for testing 
of tube with welded butt joint 
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Key 
1 Weld 
2 Axis of the bending mandrel 

Figure 3 - Test piece for testing of plates and strip with cross welded butt joint 

Figure 4 -Test piece for testing the longitudinal weld of welded tubes 

4.3 Preparation of test pieces 

Depending on the purpose of the test (see clause 2), the test piece, either with or without sensitization 
treatment, shall be prepared as specified in either 4.3.1 or 4.3.2. Unless otherwise stated on the order, 
the method of preparation shall be left to the manufacturer and shall be recorded in the test report. 

4.3.1 Mechanical preparation 

The test piece shall be descaled mechanically by grinding in the longitudinal plane on all surfaces and 
sharp edges with grade 120 or finer, iron-free abrasive paper or cloth. 

Over-heating of the test piece shall be avoided. 

4.3.2 Chemical preparation 

In order to have a surface free of oxide without any previous mechanical treatment the test piece 
shall be descaled for no more than one hour, either in a solution of 50 volumes of hydrochloric acid 
(pz0 = 1,19 @mi), 5 volumes of nitric acid (p20 = 1,40 g/mi) and 50 volumes of water at 50 to 60 OC, or 
in a solution 50 volumes of hydrochloric acid and 50 volumes of water at ambient temperature. i 

In the case of the chemical preparation, it shall be necessary to ensure in advance that intergranular 
corrosion does not occur due to the preparation. This should be achieved by micro examination of 
samples of each steel grade tested. 

1 
I 
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4.3.3 Degreasing 

The test piece shall be degreased in a suitable nonchlorinated agent, rinsed and dried before being 
placed in the corrosive solution. 

5 Apparatus 

5.1 
condenser with at least four balls. 

Erlenmeyer flask, capacity 1 I, or other suitable flask of optional capacity fitted, with an Allihn 

5.2 Support for the test piece, generally of glass, for method C. 

5.3 Heating device, to keep the solution boiling. 

6 Test methods 

6.1 Method A: The 16 % sulfuric acidkopper sulfate test (Strauss test) 

6.1.1 Corrosive solution - - - 
The test solution shall be prepared as follows using analytical quality reagents. s - = - - 

7 - 
E Dissolve 100 g of copper (Il) sulfate pentahydrate (CuSO,.SH,O) in 700 ml of distilled water. Then add 

184 g (1 O0 mi) of sulfuric acid = 1,84 g/ml) and make up to 1 O00 mi with distilled water. * m 
>c 

6.1.2 Procedure 

More than one test piece may be tested in each flask provided that the volume of solution is at least 
3 mi-cm-2 of the total surface area of the test pieces. The test pieces are embedded in electrical grade 
zopper filings on the bottom of the flask. The amount of copper shall be at least 50 g/l of solution. The 
test pieces shall be in metallic contact with the copper but not with each other. The test pieces are firstly 
immersed in the cold test solution following which the solution is brought to the boil, from which point 
onwards the test duration commences. The solution shall be maintained at boiling 20 h f 5 h. In case of 
dispute, the duration of the test shall be 20 h. 

The copper filings may be reused if they are cleaned in warm tap water after each test. The corrosive 
solution shall be used only once. 

6.2 Method B: l h e  35 % sulfuric acidlcopper sulfate test 

6.2.1 Corrosive solution 

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

Add carefully 250 ml of sulfuric acid (pz0 = 1,84 @mi) to 750 ml of distilled water. Dissolve 11 O g copper (Il) 
sulfate pentahydrate (CuSO4.5H,O) in the warm solution. 
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6.2.2 Procedure 

More than one test piece may be tested in each flask provided that the volume of solution is at least 
10 ml.cm-2 of the total surface area of the test pieces. The test pieces are embedded in electrical grade 
copper filings on the bottom of the flask. The amount of copper shall be at least 50 g/l of solution. The 
test pieces shall be in metallic contact with the copper but not with each other. The test pieces are firstly 
immersed in the cold test solution following which the solution is brought to the boil, from which point 
onwards the test duration commences. The solution shall be maintained at boiling during 20 h f 5 h. In 
case of dispute, the duration of the test shall be 20 h. 

The copper filings may be reused if they are cleaned in warm tap water after each test. The corrosive 
solution may be used more than once provided it is not discoloured and that its density has not changed. 

6.3 Method C: The 40 % sulfuric acicüferric sulfate test 

6.3.1 Corrosive solution 

The test solution shall be prepared as follows using analytical quafity reagents. 

Add carefully 280 ml of sulfuric acid (pz0 = 1,84 @mi) to 720 ml of distilled water. Dissolve 25 g ferric 
sulfate (Ill) [Fe2(S0,)J-xH,0], containing about 75 % ferric sulfate) in the warm colution. 

NOTE - Corrosion rates are expected to increase if all the ferric sulfate is used up. 

6.3.2 Procedure 

More than one test piece may be tested in each flask provided that the volume of solution is at least at 
10 ml-cm'2 of the total surface area of the test pieces. The test pieces are firstly immersed in the cold 
test solution following which the solution is brought to the boil, from which point onwards the test 
duration commences. The solution shall be maintained at boiling during 20 h I 5  h. In case of dispute, 
the duration of the test shall be 20 h. 

The test solution shall not be used more than once. 

6.4 Bend test 

Cylindrical and flat test pieces from wrought products shall be subject to a bend test after corrosion test. 
The test piece shall be bent to at least 90" over a mandrel with a radius not exceeding the thickness of 
the test piece. For cast products, the radius of the mandrel shall be no more than twice the thickness of 
the test piece. 

Tubes with up to 60 mm outside diameter shall be subject to a flattening test. The distance between the 
platens after flattening, measured under load, shall be no greater than the following value, H, in 
millimetres: 

1,09Dt 
0,09D + t H =  

where 

t is the specified wall thickness, in millimetres; 

D is the outside diameter of the tube, in millimetres. 
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Welded tubes shall have the longitudinal weld at the point of maximum strain except when the purpose 
of the test is to test a cross weld according to figure 2. 

NOTE - A determination of the weight loss may be used as a complement to the bend test or the flattening test for tubes 
with up to 60 mm outside diameter according to 5.4. it is to be noted, however, that the weight loss will not measure the 
intergranular corrosion only but also any general corrosion occuring. 

7 Evaluation 

The bent test piece shall be examined under low magnification (about 10 x), in order to detect cracking. 

Cracking that originates at the edge of the specimen should be disregarded. The appearance of 
deformation lines, wrinkles, or "orange peel" on the surface, without accompanying cracks or fissures, 
should also be disregarded. 

'f it is questionnable whether intergranular corrosion is the cause of the cracking, a 90 o bend test or a 
lattening test shall be carried out on a second test piece prepared in a similar way but without having 

been submitted to the corrosion test. The comparison of the two pieces enables it to be established 
whether or not the cracks observed on the corroded test piece are due to intergranular corrosion. 

NOTE - When an evaluation is questionable a metallographic examination of a longitudinal cross section of the test piece 
may be used to detect the presence of intergranular corrosion and to measure the depth of penetration. 

reference to this part of IS0  3651, ¡.e. IS0 3651 -2:1998; 

steel grade; 

testing method applied (A, B or C); 

method of preparation (mechanical or chemical); 

nature of the test piece; 

nature of the sensitization heat treatment, when applied; 

results of the test; 

any incident which may have an effect on results. 
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Annex A 
(informative) 

Examples of application 

The method to be applied shall be specified in the product standard or defined by agreement. The 
following examples are given as information. Note that more than one method may be applicable for a 
specific steel grade. 

Method A: 

- austenitic steels with more than 16 % Cr and up to 3 % Mo; 

- ferritic steels with 16 to 20 % Cr and O to 1 Yo Mo; 

- duplex steels with more than 16 % Cr and up to 3 % Mo. 

Method B: 

- austenitic steels with more than 20 Yo Cr and 2 Yo to 4 % Mo; 

- duplex steels with more than 20 YO Cr and more than 2 % Mo. 

Method C: 

- austenitic steels with more than 17 Yo Cr and more than 3 % Mo; 

- austenitic steels with more than 25 % Cr and more than 2 % Mo; 

- ferritic steels with more than 25 YO Cr and more than 2 % Mo; 

- duplex steels with more than 20 ?'O Cr and 3 Yo or greater Mo. 
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Annex 6 
(informative) 

Sensitizing Exposure Angle of Bending Examination 
treatment duration bending diameter magnification 

700 "C for 30 min i )  20 h 2, > 90" st approx. 10 x 

650-675 "C for 60 min 24 h 180" t 5-20 x 

Comparison of commonly available national standards and this part of IS0 3651 

DIN 50914:1984 

NF A 05-159:1981 

6-10 x 700 "C for 30 min 15h  90" 4t 

700 "C for 30 min (11) 20 h 2, 90" t l o x  

1 ' BS5903:1980 I unspecified 1 24 h 1 90" I t I =s l o x  

L I 

SIS 117105:1977 unspecified 20 h 90" t 10 x 

- 
I 

- I - 
I 
E 

- - 
JIS G0575:1970 650 "C for 120 min 16h 180" approx. t 5-15 X 

1 ) Proposed sensitization treatment (Tl). 

2) It is acceptable, in certain circumstances, to extend the duration to 24 h. 
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BSI - British Standards Institution 

BSI is the independent national body responsible for preparing British Sandarh. It 
presents the UK view on standards in Europe and at the international level. It is 
incorporated by Royal Charter. 

Revisions 

British Standards are updated by amendment or revision. Users of British Standards 
should make sure that they possess the latest amendments or editions. 

It is the constant aim of BSI to improve the qualiw of our products and services. We 
would be grateful i? anyone finding an inaccuracy or ambiguity while using this 
British Standard would inform the Secretary of the technical committee responsible, 
the identity of which can be found on the inside front cover. Tel 0181 996 9000. 
Fax: 0181 996 7400. 

BSI offers members an individual updating service called PLUS which ensures that 
subscribers automatically receive the latest editions of standards. 

Buying standards 

Orders for aU BSI, international and foreign standards publications should be 
addressed to Customer Services. Tel 0181 996 7000. Fax 0181 996 7001. 

In response to orders for international standards, it is BSI policy to supply the BSI 
implementation of those that have been published as British Standards, unless 
otherwise requested. 

Information on standards 
BSI provides a wide range of information on national, European and international 
standards through its Library and its Technical Help to Exporters Service. Various 
BSI electronic information services are also available which give details on all its 
products and services. Contact the Information Centre. Tel 0181 996 7111. 
Fax: 0181 996 7048. 

Subscribing members of BSI are kept up to date with standards developments and 
receive substantial discounts on the purchase price of standards. For details of 
these and other benefits contact Membership Administsation. Tel 0181 996 7002. 
Fax: 0181 996 7001. 

Copyright 

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of 
the publications of the international standardization bodies. Except as permitted 
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced, 
stored in a retrieval system or transmitted in any form or by any means - electronic, 
photocopying, recording or otherwise - without prior written permission kom BSI. 
This does not preclude the free use, in the course of implementing the standard, of 
necessary details such as symbols, and size, type or grade designations. If these 
details are to be used for any other purpose than implementation then the prior 
written permission of BSI must be obtained. 

If permission is granted, the terms may include royalty payments or a licensing 
agreement. Details and advice can be obtained from the Copyright Manager. 
Tel 0181 996 7070. 
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