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Foreword

The text of the International Standard ISO 8249:2000 has been prepared by Technical
Committee ISO/TC 44 "Welding and allied processes" in collaboration with Technical
Committee CEN/TC 121 "Welding", the secretariat of which is held by DS.

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 2000, and conflicting
national standards shall be withdrawn at the latest by November 2000.

According to the CEN/CENELEC 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 amended 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 International Standard ISO 8249:2000 was approved by CEN as a European
Standard without any modification.
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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

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.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard ISO 8249 was prepared in collaboration with the International Institute of Welding which has
been approved by the ISO Council as an international standardizing body in the field of welding.

This second edition cancels and replaces the first edition (ISO 8249:1985), which has been technically revised.

Annexes A and B of this International Standard are for information only.
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 v

Introduction

At present, there is no universal opinion concerning the best experimental method that gives an absolute
measurement of the amount of ferrite in a weld metal, either destructively or non-destructively. This situation has
led to the development and use, internationally, of the concept of a "Ferrite Number" or FN. A Ferrite Number is a
description of the ferrite content of a weld metal determined using a standardized procedure. Such procedures are
laid down in this International Standard. The Ferrite Number of a weld metal has been considered approximately
equivalent to the percentage ferrite content, particularly at low FN values. More recent information suggests that
the FN may overstate the volume percent ferrite at higher FN by a factor in the order of 1,3 to 1,5, which depends
to a certain extent upon the actual composition of the alloy in question.

Although other methods are available for determining the Ferrite Number, the standardized measuring procedure,
laid down in this International Standard, is based on assessing the tear-off force needed to pull the weld metal
sample from a magnet of defined strength and size. The relationship between tear-off force and FN is obtained
using primary standards consisting of a non-magnetic coating of specified thickness on a magnetic base. Each
non-magnetic coating thickness is assigned an FN value.

The ferrite content determined by this method is arbitrary and is not necessarily the true or absolute ferrite content.
In recognition of this fact, the term "Ferrite Number" (FN) shall be used instead of "ferrite per cent" when quoting a
ferrite content determined by this method. To help convey the message that this standardized calibration procedure
has been used, the terms "Ferrite Number" and "FN" are capitalized as proper nouns.
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 1

Welding — Determination of Ferrite Number (FN) in austenitic and
duplex ferritic-austenitic Cr-Ni stainless steel weld metals

1 Scope

This International Standard specifies the method and apparatus for

� the measurement of the delta ferrite content, expressed as Ferrite Number (FN), in largely austenitic and
duplex ferritic-austenitic stainless steel1� weld metal through the attractive force between a weld metal sample
and a standard permanent magnet;

� the preparation and measurement of standard pads for manual metal arc covered electrodes. The general
method is also recommended for the ferrite measurement of production welds and for weld metal from other
processes, such as gas tungsten arc welding, gas shielded metal arc welding and submerged arc welding (in
these cases, the way of producing the pad should be defined);

� the calibration of other instruments to measure FN.

The method laid down in this International Standard is intended for use on weld metals in the as-welded state and
on weld metals after thermal treatments causing complete or partial transformation of ferrite to any non-magnetic
phase. Austenitizing thermal treatments which alter the size and shape of the ferrite will change the magnetic
response of the ferrite.

The method is not intended for measurement of the ferrite content of cast, forged or wrought austenitic or duplex
ferritic-austenitic steel samples.

2 Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, this publication do
not apply. However, parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent edition of the normative document indicated below. For undated references,
the latest edition of the normative document referred to applies. Members of ISO and IEC maintain registers of
currently valid International Standards.

ISO/TR 15510:1997, Stainless steels — Chemical composition.

3 Principle

The measurement of the ferrite content of largely austenitic stainless steel weld metal through the attractive force
between a weld metal sample and a permanent magnet is based upon the fact that the attractive force between a
two-phase (or multiphase) sample containing one ferromagnetic phase and one (or more) non-ferromagnetic
phase(s) increases as the content of the ferromagnetic phase increases. In largely austenitic and duplex ferritic-
austenitic stainless steel weld metal, ferrite is magnetic, whereas austenite, carbides, sigma phase and inclusions
are non-ferromagnetic.

1� The term "austenitic-ferritic (duplex) stainless steel" is sometimes applied in place of "duplex ferritic-austenitic stainless steel".
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4 Calibration

4.1 Coating thickness standards

The coating thickness standards shall consist of non-magnetic copper applied to an unalloyed steel base of size
30 mm � 30 mm. The thickness of the unalloyed steel base shall be equal to or greater than the experimentally
determined minimum thickness at which a further increase of the thickness does not cause an increase of the
attractive force between the standard permanent magnet and the coating thickness standard. The thickness of the
non-magnetic copper coating shall be known to an accuracy of � 5 % or better. The chemical composition of
unalloyed steel shall be within the following limits:

Element Limit
%

C 0,08 to 0,13

Si 0,10 max.

Mn 0,30 to 0,60

P 0,040 max.

S 0,050 max.

The copper coating may be covered by a chromium flash. The force required to tear off a given permanent magnet
from the copper coating side of such a standard increases as the thickness of the copper coating decreases.

NOTE To ensure adequate reproducibility of the calibration, the coating thickness standards defined above should be
used. In particular, coating thickness standards produced by the US National Institute of Standards and Technology (NIST,
formerly National Bureau of Standards or NBS) may be used.

4.2 Magnet

The standard magnet shall be a permanent magnet of cylindrical shape, 2 mm in diameter and about 50 mm in
length. One end of the magnet shall be hemispherical, with a 1 mm radius and polished. As an example, such a
magnet can be made of 36 % cobalt magnet steel, 48,45 mm � 0,05 mm long, magnetically saturated and then
diluted to 85 %. The magnetic strength of the magnet shall be such that the force needed to tear off the standard
magnet from the different coating thickness standards is within � 10 % of the relationship shown in Figure 1 (the
weight of the magnet excluded). This is equivalent to a relationship between tear-off force and Ferrite Number of
5,0 FN/g � 0,5 FN/g.

4.3 Instruments

The measurement by this method shall be made by an instrument enabling an increasing tear-off force to be
applied to the magnet perpendicularly to the surface of the test specimen. The tear-off force shall be increased until
the permanent magnet is detached from the test specimen. The instrument shall accurately measure the tear-off
force which is required for detachment. The reading of the instrument may be directly in FN or in grams-force or in
other units. If the reading of the instrument is in units other than FN, the relationship between the FN and the
instrument reading shall be defined by a calibration curve2�.

2� Many instruments used to measure the thickness of a non-magnetic coating over a ferromagnetic base are suitable (e.g.
MAGNE-GAGE of USA origin) and some commercially available instruments are designed directly for measurement of ferrite
content (e.g. ALPHA-PHASE-METER of former USSR origin). In addition, after suitable in-house alterations, some laboratory
balances can be used.
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