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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 1SO 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. 1ISO 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. 1ISO shall not be held responsible for identifying any or all such patent rights.

International Standard 1SO 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'(1SO8249:1985), which has/been technically revised.

Annexes A and B of this International Standard:are forinfarmation-only:.
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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-Numberand“'FN} are capitalizet’as proper,nouns.

© 1SO 2000 — All rights reserved \
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INTERNATIONAL STANDARD ISO 8249:2000(E)

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 steell) 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-topmeasure-FN.

The method laid down in this International Standard, is. intended. for useon 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 theferrite .ccontent)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".

© I1SO 2000 — All rights reserved 1
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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 x 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 t0 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 standardiincreases 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 tsed.

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 curve?.

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.

2 © IS0 2000 — All rights reserved
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Figure 1 — Relationship between the tear-off forces of the standardmagnet defined in 4.2 and the coating
thickness standards defined in 4.1

4.4 Calibration curve

In order to generate a calibration curve, determine the force needed to tear off the standard magnet defined in 4.2
from several coating thickness standards defined in 4.1. Then convert the thickness of non-magnetic coating of the
coating thickness standards into FN according to Table 1, or according to the equivalent equation (1), as follows:

FN = exp{1,805 9 — 1,118 86 [In(t)] — 0,177 40 [In(t)]2 — 0,035 02 [In(t)]3 - 0,003 67 [In(t)]*} 1)
where t is the non-magnetic coating thickness, expressed in mm.

Finally, plot the calibration curve as the relationship between the tear-off force in the units of the instrument reading
and the corresponding FN.

To calibrate the instrument for measurement of ferrite content within the range from 0 to approximately 30 FN,
which is appropriate for nominally austenitic stainless steel weld metals, a set consisting of a minimum of eight
standards with copper coating thicknesses between approximately 0,17 mm and approximately 2 mm is
recommended.® To extend the calibration from approximately 30 FN to 100 FN, which is appropriate for duplex
ferritic-austenitic stainless steel weld metals, a set consisting of a minimum of five standards with coating
thicknesses between 0,03 mm and 0,17 mm is recommended.

3) This calibration procedure may give misleading results if used on instruments measuring the ferrite content in ways other than
through the attractive force or on instruments measuring ferrite through the attractive force but employing other than the
standard magnet defined in 4.2. Instruments which cannot be calibrated by the coating thickness standards and by the
procedure specified in 4.2 to 4.4 may be calibrated as described in clause 7.

© I1SO 2000 — All rights reserved 3
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Table 1 — Relationship between Ferrite Number and thickness of non-magnetic coating of coating
thickness standards (specified in 4.1) for calibration of instruments for measurement of ferrite content
through attractive force (specified in 4.3) using the standard magnet (specified in 4.2)

Coating FN Coating FN Coating FN Coating FN Coating FN
thickness (t) thickness (t) thickness (t) thickness (t) thickness (t)

mm mm mm mm mm

0,020 110,5 0,049 68,3 0,078 51 0,134 35,3 0,3 19,1
0,021 108 0,05 67,5 0,079 50,6 0,136 34,9 0,32 18,1
0,022 105,7 0,051 66,7 0,08 50,2 0,138 34,5 0,34 17,2
0,023 103,4 0,052 56,9 0,082 49,3 0,14 34,2 0,36 16,4
0,024 101,3 0,053 65,1 0,084 48,6 0,142 33,8 0,38 15,7
0,025 99,2 0,054 64,4 0,086 47,8 0,144 33,5 0,4 15
0,026 97,3 0,055 63,7 0,088 47,1 0,146 33,2 0,42 14,4
0,027 95,4 0,056 63 0,09 46,4 0,148 32,8 0,44 13,8
0,028 93,6 0,057 62,3 0,092 45,7 0,15 32,5 0,46 13,2
0,029 91,9 0,058 61,6 0,094 45,1 0,155 31,7 0,48 12,7
0,03 90,3 0,059 60,9 0,096 44,4 0,16 31 0,5 12,3
0,031 88,7 0,06 60,3 0,098 43,8 0,165 30,3 0,55 11,2
0,032 87,2 0,061 59,7 0,1 43,2 0,17 29,7 0,6 10,3
0,033 85,8 0,062 59,1 0,102 42,6 0,175 29 0,65 9,6
0,034 84,4 0,063 58,5 0,104 42,1 0,18 28,4 0,7 8,9
0,035 83 0,064 5749 0,106 41,5 0,185 27,9 0,75 8,3
0,036 81,7 0,065 57,3 0,108 41 0,19 27,3 0,8 7,7
0,037 80,5 0,066 56,8 0,44 40,5 0,195 26,8 0,9 6,8
0,038 79,3 0067 562 0112 40 0,2 26,3 1 6,1
0,039 78,1 0,068 55,7 0,114 39,5 0,205 25,8 1,2 4,93
0,04 77 0,069 55,2 0,116 39 0,21 25,3 14 4,09
0,041 75,9 0,07 54,7 0,118 38,6 0,22 24,4 1,6 3,45
0,042 74,8 0,071 54,2 0,12 38,1 0,23 23,6 1,8 2,94
0,043 73,8 0,072 53,7 0,122 37,7 0,24 22,8 2 2,54
0,044 72,8 0,073 53,2 0,124 37,2 0,25 22,1 2,2 2,21
0,045 71,8 0,074 52,8 0,126 36,8 0,26 21,4 24 1,94
0,046 70,9 0,075 52,3 0,128 36,4 0,27 20,8 2,6 1,72
0,047 70 0,076 51,9 0,13 36 0,28 20,2 2,8 1,53
0,048 69,1 0,077 51,4 0,132 35,6 0,29 19,6 3 1,36

5 Standard method for covered electrode test pads

5.1 Dimensions of weld metal test specimens

Standard weld metal test specimens for manual electrodes shall be of the size and shape indicated in Figure 2. For
the measurement of ferrite content by instruments/magnets or processes other than those specified in 4.2 and 4.3,
a larger specimen may be necessary. In such cases, the size and way of producing the pad shall be clearly and
carefully defined.

5.2 Depositing weld metal test specimens

a) The weld pad shall be built up between two copper bars laid parallel on the base plate. Spacing shall be
adjusted to accommodate the electrode size to be used as specified in Table 2.

4 © IS0 2000 — All rights reserved
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b) The weld pad shall be built up by depositing layers one on top of the other to a minimum height of 12,5 mm

Key

(see the note on Figure 2). Each layer shall be made in a single pass for electrode diameters > 4 mm. For
small diameters, each layer except the top layer shall be constituted by two or more beads deposited with a
maximum weave of 3 x the core wire diameter. The arc shall not be allowed to come into contact with the
copper bar.

Dimension in millimetres

10 min. [?® , 10 min.

25 min. 65 min.

10 min.

1 Copper bar of dimensions 70 x 25 x 25

NOTE The base metal should-be preferably: be austenitic Cr-Ni, steel type X2C€rNi18-9 or X5CrNi18-9 (see ISO/TR 15510)
and in this case the minimum pad height is-23'mm. Mild steel (C-Mn steel) may also be used and in this case the minimum pad
height is 18 mm.

a Ferrite content shall be measured in this area.

Figure 2 — Weld metal specimen/for ferrite determination

c) The arc length shall be as short as practicable:

d)

e)

f)
9)

© 1SO 2000 — All rights reserved

The welding currents shall comply with the values given in Table 2. The weld stops and starts shall be located
at the ends of the weld build-up. The welding direction shall be changed after each pass.

The weld pad may be cooled between passes by water quenching no sooner than 20 s after the completion of
each pass. The maximum temperature between passes shall be 100 °C. Each pass over the last layer shall be
air cooled to a temperature below 425 °C before water quenching.

Each weld pass shall be cleaned before the next is laid.

In all cases, the topmost layer, at least, shall consist of a single bead deposited with a maximum weave of
3 x the core wire diameter.

Table 2 — Welding parameters and deposit dimensions

Electrode diameter Welding current @ Approximate dimensions
width (w) length (1)
mm A mm mm
1,6 35to 45 12,5 30
2 45 to 55 12,5 30
25 65to 75 12,5 40
3,2 90 to 100 12,5 40
4 120 to 140 12,5 40
5 165 to 185 15 40
6,3 240 to 250 18 40
a8  Or 90 % of the maximum value recommended by the electrode manufacturer.
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5.3 Measuring

5.3.1 Surface finishing

After welding, the weld build-up of nominally austenitic stainless steel weld metals (< 30 FN) shall be prepared
smooth and flat, taking care to avoid heavy cold working® of the surface; this aim can be achieved by draw filing
with a sharp clean 350 mm flat mill bastard file held on both sides of the weld and with the long axis of the file
perpendicular to the long axis of the weld. Draw filing shall be accomplished by smooth forward strokes along the
length of the weld with a firm downward pressure being applied. The weld shall not be cross-filed.

After welding, the weld build-up of duplex ferritic-austenitic stainless steel weld metals (> 30 FN) shall be ground
with successively finer abrasives to a finish of 600 grit or finer. Care shall be taken during grinding to avoid
excessive pressure that leads to burnishing or overheating of the surface.

The finished surface shall be smooth with all traces of weld ripple removed. The prepared surface shall be
continuous over the length to be measured and not less than 5 mm in width.

5.3.2 Individual measurements

A minimum of six ferrite readings shall be taken at different locations on the finished surface along the longitudinal
axis of the weld bead. Care shall be taken to isolate the weldment under test from vibrations which can cause
premature magnet detachment during measuring.

For weld metals of 20 FN or less, only a single reading need be taken at each location. For weld metals above
20 FN, five readings shall be takenratyany single location, and only the{reading corresponding to the highest FN
amongst those five readings shall be accepted as the FN for that location. A minimum of six locations shall be so
measured as to obtain the required values far averaging:

5.3.3 Reporting

The six or more accepted readings obtained shall be averaged toa single value for conversion to the Ferrite
Number reported for the weld metal under test.

6 Standard methods for test pads of other processes and for production welds

6.1 Standard method for test pads for other weld metals

The standard method for producing covered electrode test pads may be almost directly applicable to other weld
metals, e.g., flux cored arc weld deposits. In preparing such test pads, the pad length may need to be increased so
that the area of ferrite measurements does not include the weld crater. For submerged arc weld metal, the test pad
width and length may both need to be increased. For all test pads, the pad shall consist of a minimum of six layers,
with at least the top layer consisting of a single bead. In general, preparation and measurement shall follow the
instructions of clause 5 as far as possible.

6.2 Production welds

The method of depositing the weld test specimen has a considerable influence upon the result of ferrite content
measurement. Consequently, the results of ferrite content measurement obtained on specimens deposited in a way
differing from that specified in 5.1 and 5.2, or 6.1, and on production welds are likely to differ from the results
obtained on specimens deposited according to 5.1 and 5.2, or 6.1. In all cases, however, ferrite content
measurement shall be made along the approximate centreline of a given weld bead.

4) Cold working may produce martensite, which is also ferromagnetic and gives a false ferrite indication.

6 © IS0 2000 — All rights reserved



	�,˜_Ð˛	�Q¢¤<Õ�$]$lpt8�ã¿³�k¸3ÔyDgGˇc±TÜ:[>½øÝHš®\6’n�xO�I¢'’

