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Foreword

ISO 3651-1:1998(E)

[SO (the TInternational Organization for Standardizgtion) is a
worldwide federation of national standards bodiesC(ISO member
bodies). The work of preparing International Standards|is normally
carried out through 1SO technical committees. Each mgmber body
interested in a subject for which a technical>committe¢ has been
established has the right to be represeqted on that [committee.
International organizations, governmental-and non-govefnmental, in

liaison with ISO, also take part in the-work. ISO collabor
with the International Electrotechnical Commission (I
matters of electrotechnical standardization.

Draft International Standardsvadopted by the technical
are circulated to the member bodies for voting. Public
International Standard<requires approval by at least 7
member bodies casting a vote.

International . Standard SO 3651-1 was prepared by
Committee 1SO/TC 17, Steel, Subcommittee SC 7,
testing (other than mechanical tests and chemical analys

This-\'second edition cancels and replaces the f
(1ISO-3651-1:1976), which has been technically revised.

ISO 3651 consists of the following parts, under the g
Determination of resistance to intergranular corrosion
steels:

— Part 1: Austenitic and ferritic-austenitic (duplex) stai
— Corrosion test in nitric acid medium by measuren
in mass (Huey test)

— Part 2: Ferritic, austenitic and ferritic-austenitic (duple
Steels — Corrosion test in media containing sulfuric
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Introduction

The term
carried out

Austenitic

subject to s
about 500
sensitizatio
forming (fo
or during a

NOTE — Int
more of the fd

precipita

precipita
molybde

segregat

The interp
corrosion)

ntergranular corrosion test” denotes the corrosion test
by means of preferential attack of the grain boundaries.

bnd ferritic-austenitic (duplex) stainless steels may be
uch attack when they are held at a temperature between
’C and 1 000 °C. This heat cycle, which may provoke
n to intergranular corrosion, may occur during hot
ging, rolling) as the result of incorrect solution treatment
welding operation.

bergranular corrosion in nitric acid may be associated with one or
llowing:

ion of chromium carbides;

ion of intermetallic compounds such as sigma phase, in
hum-bearing grades;

jon of impurity elements to the grain boundaries.

etation of the result (for example, maximum rate of
shall form the subject of an agreement between the

interested parties.
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Determination of resistance to intergranular corrosion of stainless

steels

Part 1:
Austenltlc and ferrltlc austemtlc (duplex) stalnless steels — Corrosmn

test infr

1 Sc
This part
corrosior
measure
the test.

bpe

of ISO 3651 specifies a method for the determination of the resistance to intergranu
of austenitic and ferritic-austenitic (duplex) stainless steels in aitric acid medium b
ment of the loss in mass (Huey test). It also specifies the purpose which may be ass

The metiod is applicable only to austenitic and ferritic-austenitici(duplex) stainless steels sup

form of r
medium
grades ¢

NOTE —

test. It con
other form
corrosion t
the quality

2 Pu
This inte
this corrd

2.1 Ve

plled or forged products, tubes and cast products andyintended for use in a strongly
for example, relatively concentrated nitric acid). In, general the Huey test should not
pntaining molybdenum unless the material tested'is to be used in nitric acid service.

It is important to note that the result of the corrosion4ést is only strictly valid for the corrosive medium y
Etitutes a basis for estimating the resistance to intergranular corrosion but may not be used to check re

of corrosion (general corrosion, pitting, stress'corrosion, etc.). It is necessary for the user to adapt the
bst to the use which will be made of the alloy--This test should, in no case, be considered as an absolut
of the alloy.

pose of the test

granular corrosion-test may have either of the purposes given in 2.1 or 2.2. If an ord
sion test, the purpose of the test shall be stated at the time of ordering.

ification of the intrinsic resistance of the alloy to intergranular corrosion

This veri
intergra

ication applies only to austenitic steel grades which are specially produced for resist

 test)

ar

y
gned to

plied in the
xidizing
be used for

sed in the
bistance to
specified

e criterion of

er specifies

ance to

heat treatment for sensitization (see clause 3).

2.2 Ins

pection of the efficiency of the solution treatment

dergone a

This inspection is only carried out on thin products for which the cooling speed may be made sufficiently
rapid. The specimen is inspected in the state in which it is delivered to the user, without heat treatment
for sensitization.
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Heat treatment of sensitization

©1SO

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 a very low carbon content
(C = 0,03 %). This sensitization treatment is usually obtained by maintaining the test piece for 30 min
at a temperature of 700 °C = 10 °C followed by rapid cooling (in water). The duration of the rise in

temperature shall not exceed 10 min.

Other sensitization treatments may be used by agreement between the interested parties.

Welded pie

ces shall not be submitted to a heat treatment of sensitization.

4 Corrag

4.1 Princ
A test piecg
for 5 periog
weighing a
4.2 Test
4.2.1 Dime
The test pid
of forming.

surface. Th
volume of s

and the tot@l surface area of the sections perpendicular to the direction of rolling or the fibres sh

less than 1
surface are
4.2.2 Prepd

Depending
treatment,

Unless oth¢
shall be red

sion test

ple

. prepared as specified in 4.2.2, is weighed, then immersed in acboiling solution of n
s each of 48 h. The criterion for evaluating the test result is loss'in mass determined
ter each period.

hieces

nsions

For wrought products and castings the test piece shall be cut as near as possible to
e test piece dimension shall be determined as a function of the weighing facilities an
olution to be used. The test piece length shall, however, be at least equal to twice its
b % of the total surface area of the test piece. In comparative tests, the ratio of the tg
a to the total area of the sections shall be kept constant.

\ration

on the purpose)of the test (see clause 2), the test piece, either with or without sensit
Ehall be prepared as specified in 4.2.2.1 or 4.2.2.2.

prwise stated on the order, the method of preparation shall be left to the manufacturg
orded on the test report.

tric acid
by

bce taken from the wrought product shall have its largest dimension located in the difection

the

d the
width,
all be
tal

zation

r and

4221

Mechanical preparation

The test piece shall be descaled mechanically by grinding 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.
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Chemical preparation

The test piece without any mechanical treatment shall be descaled for no more than one hour, either in
a solution of 50 volumes of hydrochloric acid (p,o = 1,19 g/ml), 5 volumes of nitric acid (p,, = 1,40 g/ml)
and 50 volumes of water at 50 °C to 60 °C, or in a solution of 50 volumes of hydrochloric acid and

50 volumes of water at ambient temperature.

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.

42.2.3 Degreasing

Immediately before being placed in the corrosive solution, the test piece shall be degreased i
nonchlor|nated agent, rinsed and dried.

5 Apparatus

See figute 1.

5.1 Erlenmeyer flask , of capacity at least 1 |, fitted with a cold finger immersion condenser
Erlenmeyer flask with a ground glass joint and equipped with-an Allihn condenser with at leas
bulbs. If an Allihn condenser is used it shall be checked-by“means of a paper indicator that ng
fumes arg given off during the test.

For comparative measurements, the same type of‘apparatus shall be used for all the tests.

NOTE —
cold finger

52 Su

When se
to assure

53 He

It has been shown that corrosion rates obtained with a reflux condenser tend to be somewhat higher th
type condenser due to greater vapour l0ss:

pbport for the test piece {generally made of glass.
veral test pieces are treated in the same flask, the support shall be designed in such

compliance withthe requirement defined in 7.

ating device™, to keep the solution boiling.

N a suitable

or
t four
acid

an with the

a way as
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Dimensions in millimetres
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1  Thickness of glass = 1,5 mm

2 2 or 3 notches (to avoid the joining by condensing)
3 Monitoring scheme of the condenser

4 Erlenmeyer flask

Figure 1 — Example of cold finger condenser
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6 Corrosive solution

The corrosive solution shall be an aqueous solution of 65 % % 0,2 % (m/m) mass percent nitric acid
(P90 = 1,40 g/ml).

The products used are known as "analytical quality reagents" and shall have the following residual

contents:

Solid

Pb

residue =< 50 mg/kg

= 5 ma/ka
~J ~J

Fe
Mn
As
Cl-
S07]
POJ]

E-

7 Prd

Use a vo
general,
test piec
isolated
result in

In case @
piece to

piece in the corrosive selution and bring the solution to boil. Boil for 5 periods of 48 h £ 1 h ea

fresh sol
excessiv

By speci

=< 4 mg/kg
negative test
< 1 mg/kg
< 3 mg/kg
=< 50 mg/kg
< 10 mg/kg

< 3 mg/kg

cedure

lume of corrosive solution (see 6):6f a least 20 ml-cm~2 of surface area of the test pig
pnly one test piece shall be placed in each conical flask. However, it is possible to tré
s at the same time, on condition that they all come from the same grade of steel an
bne from the other at a distance of at least 5 mm. Excessive corrosion of one specim
hccelerated corrosion af the other specimens tested with it.

f dispute, only one-test piece shall be placed in each flask. Determine the mass of th
hn accuracy of-0;001 g as well as its surface area to an accuracy of 5 %. Then imme

ition for each period, wash the test piece in water, dry and weigh. Care shall be take
b bubbling/during boiling.

pce. In

pat several
l are

en may

e test

rse the test
ch, using a
n to avoid

hl.agreement between the interested parties, the number of test periods may be alter|ed.

8 Calculation

The effect of the attack by the nitric solution is measured by determining the loss in mass of the
specimen after each test period and for the total of the test periods.

The corrosion rate is given either in millimetres per year (mm-a1) by equation (1) or in grams per square

metre pe

r hour (g-m=2-h"1) by equation (2):
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