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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. Esch 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, govern- 
mental 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. 

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

International Standard ISO 9400 was prepared by Technical Committee 
ISO/TC 156, Corrosion of mefals and alloys. 

Annex A of this International Standard is for information only. 
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All rights reserved. No part of this publication may be reproduced or utilized in any form 
or by any means, electronie or mechanical, including photocopying and microfilm, without 
Permission in writing from the publisher. 
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Nickel-based alloys - Determination of resistance to 
intergranular corrosion 

Section 1: General 

1.1 Scope 

This International Standard specifies four methods 
for determination of the susceptibility of nickel- 
based alloys to intergranular corrosion. 

These methods are for laboratoty testing of suscep- 
tibility only, and a direct correlation with inter- 
granular corrosion in actual seivice may not occur 
unless the Service medium is the Same as the test 
medium. 

The methods covered are as follows: 

- Method A: iron(lll) sulfate - sulfuric acid test 
(section 2); 

- Method B: topper - topper-sulfate - f6 % 
sulfuric acid test (section 3); 

- Method C: hydrochloric acid test (section 4); 

- Method D: nitric acid test (section 5); 

The appropriate method for use with a given alloy, 
the selection of sensitizing treatment, and the ac- 
ceptance criteria to be used in any evaluation have 
to be agreed between the buyer and Seller of the 
alloy. As a guide, the methods specified in this In- 
ternational Standard should be applicable to those 
nickel-based alloys used for corrosion Service and 
listed in ISO 6207c11. 

1.2 Definition 

For the purposes of this International Standard, the 
following definition applies. 

nickel-based alloy: An alloy which includes nicke1 as 
the predominant element. 

NOTE 1 This definition is consistent with that given in 
ISO 6372-1123. 

1.3 Apparatus 

The recommended apparatus is shown in figure 1. 
The cold-finger type of condenser with Standard 
Erlenmeyer flasks should not be used except for 
method D. 

The following items are required. 

1.3.1 Four-bulb Allihn or Soxhlet condenser with 
45/50 qround glass joint. . 

1.3.2 Erlenmeyer flask, capacity 1 dm3, with 
45/50 ground glass joint. 

NOTE 2 The use of round flasks with a heating jacket is 
also acceptable. 

1.3.3 Glass cradle or other equivalent means of 
specimen support, such as glass hooks or stirrups. 
The cradle should have three or four holes in it, to 
increase circulation of the test Solution around the 
specimen (see figure 1). 

1.3.4 Boiling Chips to promote uniform boiling and 
to prevent bumping. 

For method A, these boiling Chips should be made 
of pure alundum. 

1.3.5 Silicone grease for application to the ground 
qlass joint of the condenser and flask. c 

A PTFE sleeve for the joint is also acceptable. 

1.3.6 Heating device such as an electrically heated 
hot-plate, for continuous boiling of the test Solution. 

1 
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1.3.7 Analytical balance capable of weighing to at 
least the nearest 1 mg (if mass loss is to be deter- 
mined). 

1.3.8 Stereoscopic microscope capable of magni- 
fication of 5x to 2Ox, with a good light Source, for 
examination of the tested specimen (for method 8). 

1.4 Preparation of test specimens 

The following requirements for the preparation of 
test specimens are common to all four test methods. 
Additional requirements are given, where necess- 
ary, in the section describing the particular method. 

A speci men having a total surface area of 20 cm* to 
30 (31772 is recomme nded . As-welded specimens 

Cooling water out 

Use Silicone stopcock grease 
or a PTFE sleeve on the 
ground glass joint 
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should be tut so that no more than a 13 mm width 
of unaffected base metal is included on either side 
of the weld and heat-affected Zone. 

lt is intended to test a specimen representing as 
nearly as possible the surface of the material used 
in Service. Surface finishing should be performed 
only as required to remove foreign material and ob- 
tain a Standard, uniform finish to represent the ap- 
propriate surface, while maintaining reasonable 
specimen size for convenience in testing. Normally, 
removal of more material than necessary will have 
little influence on the test results. However, in the 
special case of surface carburization (sometimes 
encountered, for instance, in tubing when 
carbonaceous lubricants are employed), it may only 
be possible to remove the carburized layer com- 
pletely by heavy grinding or machining. Such treat- 

Dimens in mill imetres 

Allihn condenser 
4 bulbs, 45/50 joint 

Erlenmeyer flask (1 dm3) 
with 45/50 joint 

Glass cradle Boiling Chips 

a) Assembled apparatus b) 

Figure 1 - Recommended apparatus 
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ment of non-carburized test specimens is not 
permissible, except in tests undertaken to demon- 
strate specific surface effects. When samples are tut 
by shearing, the deformed metal shall be removed 
by grinding or machining Prior to testing. 

Prior to testing, the test spec imens sha II be de- 
greas ed with a c hlorine-free sol vent a nd ri nsed. 

1.5 Sensitiration of test specimens 

1.51 Spetimens to be given a thermal treatment 
Prior to testing shall be clean of carbonaceous ma- 
terial Prior to the thermal treatment. Otherwise, 
carburization may invalidate the test results. A light 
surface grinding or pickling followed by washing and 
rinsing in a non-chlorinated solvent should provide 
a clean surface. lt is recommended that the effect 

of the pick .ling bath o n the sp ecimen be te 
to the envi ronmental exposur *e. 

sted Prior 

1.5.2 Spetimens of alloys to be‘ given a 
sensitization treatment Prior to testing shall be 
placed in a furnace at the required temperature and 
for the required time, and shall then be water 
quenched. The use of a sensitization treatment shall 
be agreed upon between buyer and seller-. 

1.5.3 Spetimens of alloys that are not given a 
sensitization treatment shall be tested in a condition 
simulating end-use conditions. Spetimens from ma- 
terial that is intended to be welded or heat treated 
shall be welded or heat treated in nearly the Same 
manner as the material will experience in fabri- 
cation or Service. The specific treatment shall be 
agreed upon between buyer and Seller. 
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Section 2: Method A - Iron(lll) sulfate - Suifuric acid test 

2.1 Scope 

This section describes the procedure for conducting 
the boiling iron(lll) sulfate - sulfuric acid test to de- 
termine the susceptibility of nickel-based alloys to 
intergranular attack. 

2.2 Iron(lll) sulfate - sulfuric acid test 
solution 

Prepare 600 cm3 of test Solution as follows. 

Measure 400 cm3 of distilled water into a 500 cm3 
graduated cylinder and pour into the Erlenmeyer 
flask (1.3.2). 

Measure 236 cm3 of reagent grade 95 to 
98 % (r7z/m) sulfuric acid into a 250 cm3 graduated 
cylinder. Add the acid slowly to the watet- in the 
Erlenmeyer flask to avoid boiling by the heat 
evolved. (Loss of vapour results in an increase in 
the acid concentration.) 

Weigh 25 g of reagent grade iron(lll) sulfate 
nonahydrate [ Fe,(SO,),.SH,O, containing about 
75 % Fe,(SO,), 1, and add it to the sulfuric acid sol- 
ution. A trip balance may be used. 

Drop several boiling Chips (1.3.4) into the flask. 

Lubricate the ground glass joint with Silicone grease 
(1.3.5). 

Fit the flask to the condenser (1.3.1) and circulate 
cooling water. 

Boil the Solution until all the iron(lll) sulfate is dis- 
solved. 

2.3 Preparation of test specimens 

See clause 1.4. 

2.4 Procedure 

Measure the dimensions of the specimen to the 
nearest 0,5 mm, including the inner dimensions of 
any holes, and calculate the total exposed surface 
area. 

Degrease the specimen using a non-chlorinated 
solvent, dry and then weigh to the nearest 1 mg. 

Place the specimen in a glass cradle (1.3.3) and im- 
merse it in boiling test Solution (clause 2.2). 

Testing of a Single specimen in a flask is preferred. 
However, several specimens may be tested simul- 

4 

taneously. The number is limited only by the number 
of glass cradles that tan be fitted into the flask 
(usually three or four). In no case shall different al- 
loys be tested together. Esch specimen shall be in 
a separate cradle so that the specimens do not 
tauch. 

Mark the liquid level on the flask with a heat- 
resistant marker to provide a check on vapour loss. 
If there is an appreciable Change in the level, repeat 
the test with fresh Solution and a new specimen. 

Continue immersion of the specimen for a period of 
24 h or 120 h, then remove the specimen, rinse in 
water and acetone, and dry. For alloys containing 
less than 18 % chromium the exposure time is typi- 
cally 24 h. For alloys containing more than 18 % 
chromium the exposure time is 120 h. 

Weigh the specirnen and subtract the mass from the 
original mass. 

NO-T-ES 

3 No intermediate weighings are usually necessary. The 
tests tan be run without interruption; however, if prelimi- 
nary results are desired, the specimen tan be removed 
at any time for weighing. 

4 Not hanges 
the test period. 

in the test Solution are necessary during 

5 Additional iron(lll) sulfate inhibitor may have to be 
added during the test if the corrosion rate is unusually 
high, as evidenced by a Change in the colour of the sol- 
ution. More iron(lll) sulfate has to be added if the total 
mass loss of all specimens exceeds 2 g [during the test, 
iron(lll) sulfate is consumed at a rate of approximateiy 
10 g for each 1 g of dissolved metal]. 

6 During testing, there is some deposition of iron oxides 
on the upper part of the Erlenmeyer flask. This tan be 
readily removed, after completion of the test, by boiling 
a 10 % (H@I) Solution of hydrochloric acid in the flask. 

2.5 Evaluation 

2.5.1 The effect of the test Solution on the material 
tan be measured by determining the loss of mass 
of the specimen. Calculate the corrosion rate as fol- 
lows: 

k x Am corrosion rate = Y------ 
Axfxp 

where 

k is a constant (see note 7); 

is the exposure time, in hours; 
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n is the exposed area, in Square centi- 
metres, of the sp ecime n; 

AW! is the mass loss, in grams; 

P is the density, in gram 
m etre, of the spe cimen 

s per cubic centi- 

NOTE 7 Using the above units for t, A, Am and p, the 
corrosion rate tan be calculated in a variety of units using 
the appropriate value of k: 

Corrosion rate units desired Value of k to be used 

mils [milliinches] per year (mpy) 3,45 x 106 

inches per year (ipy) 3,45 x 103 

inches per month (ipm) 2,85 x 102 

millimetres per year (mmly) 8,76 x 104 

micrometres per year (rlm/y) 8,76 x 107 

picometres per second (pmls) 2,78 x 106 

2.5.2 The presence of intergranular attack is usu- 
ally determined by comparing the calculated corro- 
sion rate to that for properly annealed material. 
Even in the absence of intergranular attack, the rate 
of general or grain-face corrosion of properly 
annealed material will vary from one alloy to an- 
other. The corrosion rate considered acceptable 
shall be determined between buyer and Seller. 

2.53 As an alternative or in addition to calculating 
a corrosion rate from mass loss data, 
metallographic examination may be used to evalu- 
ate the degree of intergranular attack. The depth of 
attack considered acceptable shall be determined 
between buyer and Seller. 
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Section 3: Method B - Copper - Copper sulfate - 16 O/o sulfuric acid test 

3.1 Scope 

s.l.1 This section describes the procedure for 
conducting the topper - topper sulfate - 46 % 
sulfuric acid test to determine the susceptibility of 
certain nickel-based alloys to intergranular attack. 
This test detects susceptibility to intergranular at- 
tack associated with the precipitation of chromium 
carbides or nitrides. 

3.1.2 This test may be used to evaluate the heat 
treatment accorded to as-received material. lt may 
also be used to evaluate the effectiveness of stabi- 
Iizing element additions (Nb, Ti, etc.) and reduction 
in interstitial content to aid in resistance to inter- 
granular attack. lt may be applied to all wrought 
products and weld metal. 

3.1.3 This test does not detect susceptibility asso- 
ciated with Chi-Phase, Sigma-Phase, or titanium car- 
bides or nitrides. For detecting susceptibility in 
environments known to Cause intergranular attack 
due to these phases use method D. 

3.2 Acidified topper sulfate test solution 

Dissolve 100 g of copper(ll) sulfate pentahydrate 
(CuS0,.5H20) in 700 cm3 of distilled water, add 
100 cm3 of sulfuric acid (H*SO,, reagent grade 
~3 1,84 g/cm3), and dilute to 1 000 cm3 with distilled 
water. The Solution will contain approximately 
6 % (m/m) of anhydrous copper(ll) sulfate (CuSO,) 
and 16 % (m/m) of H2S0,. 

3.3 Copper 

Electrolytic grade topper shot or turnings may be 
used. Shot is preferred for its ease of handling be- 
fore and after the test. 

The topper shot or turnings may be reused if 
cleaned in warm water after each test. 

3.4 Preparation of test specimens 

See clause 1.4 

Since the evaluation is done by bending, the shape 
of the test specimen shall be such as to allow 
bending to be accomplished with the original sur- 
face on the outside of the bend. 

6 

3.5 Procedure 

The volume of test Solution (clause 3.2) used shall 
be sufficient to completely immerse the specimen(s) 
and provide a minimum ratio of Solution volume to 
total specimen surface area of 8 cm?cm? 

As many as three specimens tan be tested in the 
Same flask, provided that all of the specimens are 
of the Same grade and that the ratio of Solution vol- 
ume to total specimen surface area is maintained. 

The specimen(s) shall be immersed in the test sol- 
ution. A sufficient quantity of topper shot or turnings 
(clause 3.3) shall be used to cover all surfaces of 
the specimen, whether it is in a vented cradle or 
embedded in a layer of topper shot or turnings on 
the bottom of the flask. The amount of topper used, 
provided that an excess of metallic topper is pres- 
ent, is not critical. 

Heat the Solution to boiling and maintain boiling 
throughout the test period. Begin timing the test pe- 
riod when the Solution reaches the boiling Point. 
Mark the liquid level on the flask with a heat- 
resistant marker to provide a check on vapour loss. 
ff there is an appreciable Change in the level, repeat 
the test with fresh Solution and a new specimen. 

NOTE 8 Measures should be taken to minimize bumping 
of the Solution when glass cradles are used to support 
specimens. A small amount of topper shot (8 to 10 pieces) 
on the bottom of the flask will conveniently serve this 
purpose. 

The test shall consist of a 24 h period. However, 
longer periods may be employed, in which case the 
exposure time shall he included in the test report. 
Fresh test Solution is not needed for test periods up 
to 72 h. (If any adherent topper remains on the 
specimen, it may be removed by a brief immersion 
in concentrated nitric acid at room temperature. The 
Sample is then rinsed in water and dried.) 

3.6 Evaluation 

3.6.1 The specimen shall be bent through 180” 
over a radius equal to twice the thickness of the 
specimen. In no case shall the specimen be bent 
over a smaller radius or through a greater angle 
than that specified in the product specification. In 
cases of material having low ductility, such as se- 
verely cold-worked material, a 180” bend may prove 
impractical. Determine the maximum angle of bend 
without causing Cracks in such material by bending 
an untested specimen of the Same configuration as 
the specimen to be tested. 
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Welded s amp les shall be b ent in such a mann 
the weld and heat-affected zone are str ained. 

er that 

Samples machined from thick se ctions shall have 
the origin al surface on th e outside of the bend. 

3.6.2 In the case of tubes up to 40 mm i 
diameter, the specimen shall be flattened 
tance between the platens after flattening, I 
under load, shall not be greater than the 
value, h, in millimetres: 

fl 
1,09m - - 

0,091) + 6 

n outsi de 
. The d is- 
measur ed 
followi w 

is the specified wall thickness, in milli- 
metres; 

is the outside diameter of the tube, in 
millimetres. 

In the c ase of wel ded tube, 
Po int of ma ximum flatt ening 

the weld shall be at the 

3.6.3 The bent or flattened specimen shall be ex- 
amined using a stereoscopic microscope (1.3.8). The 
appearance of fissures or Cracks indicates the 
presence of intergranular attack. Cracking that orig- 
inates at the edge of the specimen should be disre- 
garded. The appearance of deformation without 
accompanying Cracks or fissures should also be 
disregarded. 

3.6.4 When an evaluation is questionable or as an 
alternative to 3.6.3, the presence or absence of in- 
tergranulat attack shall be determined by 
metallographic examination of the specimen. 

NOTE 9 Cracks suspected of arising through poor 
ductility may be investigated by bending a similar speci- 
men which was not exposed to the boiling test soiution. 
A visual comparison between the exposed and unexposed 
specimens should assist in interpretation. 
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Section 4: Method C - Hydrochlorit acid test 

4.1 Scope 

This section describes the procedure for conducting 
the hydrochloric acid test to determine the suscep- 
tibility of certain high molybdenum nickel-based al- 
loys to intergranular attack. 

4.2 Hydrochlorit acid test solution 

Prepare 600 cm3 of test Solution as follows. 

Measure 306 cm3 of distilled water into a 500 cm3 
graduated cylinder and pour into the Erlenmeyer 
flask (1.3.2). 

Measure 300 cm3 of reagent grade 37 to 
38 % (m/m) hydrochloric acid into a 500 cm3 qradu- 
ated cylinder. Add the acid slowly to the water‘in the 
Erlenmeyer flask. 

Drop several boiling Chips (1.3.4) into the flask. 

Lubricate the ground glass joint with Silicone grease 
(1.3.5). 

Fit the flask to the condenser (1.3.1) and circulate 
cooling water. 

Degrease the s pecimen using a non-chlo 
solvent, dry and then wei gh it to the nearest 

ri nated 
mg- 

Place the specimen in a glass cradle (1.3.3) and im- 
merse it in the boiling test Solution (clause 4.2). 

Testing of a Single specimen in a flask is preferred. 
However, several specimens may be tested simul- 
taneously. The number is limited only by the number 
of glass cradles that tan be fitted into the flask 
(usually three or four). In no case shall different al- 
loys be tested together. Esch specimen shall be in 
a separate cradle so that the specimens do not 
touct1. 

Mark the liquid level on the flask with a heat- 
resistant marker to provide a check on vapour loss. 
If there is an appreciable Change in the level, repeat 
the test with fresh Solution and a new specimen. 

Continue immersion of the specimen for a period of 
168 h, then remove the specimen, rinse in water and 
then in a non-chlorinated solvent and dry. 

Weigh the specimen and subtract the mass from the 
original mass. 

NOTES 

NOTE 10 For nickel-chromium-molybdenum alloys, the 
same test procedure tan be used except that a 
10 O/o (m/m) Solution of hydrochloric acid should be used. 

11 No intermediate weighings are usually necessary. 
The tests tan be run without interruption; however, if 
preliminary results are desired, the specimen tan be re- 
moved at any time for weighing. 

4.3 Preparation of test specimens 

See clause 1.4. 

12 No changes in the test Solution are necessary during 
the test period. 

4.4 Procedure 

Measure the dimensions of the specimen to the 
nearest 0,5 mm, including the inner dimensions of 
any holes, and calculate the total exposed surface 
area. 

4.5 Evaluation 

Evaluate the results of the test in accordance 
with clause 2.5. 

8 
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Section 5: Method D - Nitrit acid test 

5.1 Scope 

This section describes the procedure for conducting 
the nitric acid test to determine the susceptibility of 
certain nickel-based alloys to intergranular attack. 

5.2 Nitrit acid test Solution 

The test Solution shall be (65 + 0,2) % (m/m) nitric - 
acid determined by analysis. This Solution may be 
prepared by adding distilled water to concentrated 
nitric acid (reagent grade HNO,, p 1,42 g/cm3) in the 
proportion of 108 cm3 of distilled water per cubic 
decimetre of concentrated nitric acid. 

The acid used shall be of analytical reagent grade, 
with the following maximum residual contents: 

Fixed residue 50 mg/kg 

Pb 5 mgwl 

Fe 2 mg/kg 

Mn negative test 

As 0,05 mg/kg 

Cl 1 mg/kg 

so4 IO mg/kg 

po4 2 mg/kg 

F 1 mg/kg 

Care shall be taken to prevent contamination of the 
test Solution, especially by fluorides, either before 
or during the test- Experience has shown that the 
presence of even small amounts of hydrofluoric acid 
will increase the corrosion rate. lt is not permissible, 
for example, to conduct nitric-hydrofluoric acid tests 
under the Same hood as nitric acid tests. 

5.3 Apparatus 

When evaluating stainless steels using this test, a 
1 dm3 wide mouth Erlenmeyer flask with a cold- 
finger type of condenser (see figure2) is commonly 
used. The use of this apparatus is acceptable if 
agreed upon between buyer and Seller. 

As an alternative to the apparatus specified in 
clause 1.3, it is permissible to use a multi-specimen 
testing apparatusI31 designed to permit the testing 
of a large number of specimens simultaneously, by 
providing for replacement of the acid in contact with 
the specimens several times per hour with 
redistilled acid. Because of the lesser accumulation 

of corrosion products in the test Solution, the corro- 
sion rates obtained with the multi-specimen testing 
apparatus are consistently lower than those ob- 
tained with the conventional apparatus; the differ- 
ences are small on properly annealed or stabilized 
material, which will show low rates in both types of 
test, but tan be very large for sensitized specimens. 
For research purposes or where results are to be 
compared directly, it is essential that the Same type 
of apparatus be used for all tests. 

5.4 Preparation of test specimens 

See clause 1.4. 

5.5 Procedure 

Measure the dimensions of the specimen to the 
nearest 0,5 mm, including the inner dimensions of 
any holes, and calculate the total exposed surface 
area. 

Degrease the specimen using a non-chlorinated 
solvent, dry and than weigh to the nearest 1 mg. 

The volume of test Solution (clause 5.2) used shall 
be sufficient to completely immerse the specimen(s) 
and provide a minimuni ratio of Solution volume to 
total specimen surface area of 20 cm3/cm? 
Normally, a volume of about 600 cm3 is used. 

The best practice is to use a separate Container for 
each specimen. For routine evaluations, it is ac- 
ceptable to test as many as three specimens in the 
Same Container provided that they all are of the 
Same grade and all show satisfactory resistance to 
corrosion. However, if more than one of the speci- 
mens tested in the Same Container fail to pass the 
test, it is necessary to retest all specimens in sep- 
arate Containers since excessive corrosion of one 
specimen may result in accelerated corrosion of the 
other specimens tested with it. Excessive corrosion 
may offen be detected by changes in the colour of 
the test Solution, and it may be appropriate to pro- 
vide separate Containers for such specimens without 
waiting until the end of the test period. A record 
should be made showing which specimens were 
tested together. 

NOTE 13 If a multi-specimen testing apparatus 
(clause 5.3) is employed, a large number of specimens 
may be tested in the large Container provided. 

Place the specimens in the test Solution in the con- 
tainer, pass cooling water through the condenser, 
heat the Solution to boiling and maintain boiling 
throughout the test period. 
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After each test period, rinse the specimens with 
water, strub with a nylon or natura1 bristle brush 
under running water to remove any adhering corro- 
sion products, rinse in acetone, dry and weigh. 

and two 96 h periods (not necessarily in that Order) 
instead of five 48 h periods may be acceptable for 
routine evaluations. 

To obtain the most consistent results, the test should 
consist of five boiling periods sf 48 h each, with a 
fresh test solution being used in each period. By 
mutual agreement, a combination sf one 48 h period 

5.6 Evaluation 

Evaluate the results of the test in accordance with 
clause 2.5. 

Dimensions in millimetres 

Condenser Flask wlth condenser in plnce 

NOTE - The condenser Is mnde of Pyrex or equlvalent heat-reslstlng glass. 

Figure 2 - Alternative flask and condenser for nitric acid test 
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