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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.

The procedy

described i

ia needed'far the

different types of ISO documents should be noted. This document was drafted in accordande\with the

editorial ru

Attention is

on the ISO list of patent declarations received (see www.iso.org/patents).

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may‘be'the subjéct of
patent rights. ISO shall not be held responsible for identifying any or all such patent-rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The commif
castings.

anation on the meaning of ISO specific terms and\expressions related to conformity
as well as information about ISO’s adherence to*the WTO principles in the Technical

tee responsible for this document is ISO/TEY017, TC Steel, Subcommittee SC 11, SC|Steel

This secondl edition cancels and replaces the *first edition (ISO 13520:2002), which has |peen
technically revised.
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Determination of ferrite content in austenitic stainless
steel castings

1 Scope

Procedures are covered for estimating ferrite content in certain grades of austenitic iron-chromium-

nick
phas
cont

2

The
indig
refen

[SO 4

ISO 9042, Steels — Manual point counting method for statistically estimating the volume |}

cons

AST]
Ferri

BNIH

3 r
For t

3.1

ferrite

ferrd
iron-

Note

3.2

ferrite content

prop

in amounts controlled within specified limits. Methods are described for estim
nt by chemical, magnetic and metallographic means.

ormative references

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including aihny' amendments) appl

990, Steel castings — General technical delivery requirements,

ituent with a point grid

I A799, Standard Practice for Steel Castings,*Stainless, Instrument Calibration, fol
te Content

345, Evaluation de la teneur en ferrite dans-es aciers inoxydables moulés austénitiques

erms and definitions

he purposes of this document.the following terms and definitions apply.

magnetic, body-centred cubic microstructural constituent of variable chemical cor
chromium-nickélalloys

1 to entry: Eer{ite includes both delta and alpha species.

prtion of total volume of an iron-chromium-nickel alloy present as the ferrite phase

as a second
witing ferrite

ent and are
For undated
es.

[raction of a

Estimating

nposition in

3.3

ferrite percentage
ferrite content expressed as a volume percent

4 Significance effects of ferrite content

The tensile and impact properties, the weldability, and the corrosion resistance of iron-chromium-
nickel alloy castings may be influenced beneficially or detrimentally by the ratio of the amount of ferrite
to the amount of austenite in the microstructure. The ferrite content may be limited by purchase order
requirements or by the design construction codes governing the equipment in which castings will be
used. The quantity of ferrite in the structure is fundamentally a function of the chemical composition
of the alloy and its thermal history. Because of segregation, the chemical composition and, therefore,
the ferrite content, may differ from point to point on a casting. Determination of the ferrite content by
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any of the procedures described in Clause 5 is subject to varying degrees of imprecision which shall
be recognized in setting realistic limits on the range of ferrite content specified. Sources of error are
described in 5.1 to 5.3.

5 Metho

ds of determination of ferrite content

5.1 Chemical composition method

Deviations from the actual content of each element present in an alloy because of chemical analysis
variance, although possibly minor in each case, can result in substantial difference in the ratio of total

ferrite-pronjoting to total austenite-promoting elements. Therefore the precision of the ferrite go

estimated f1

The estimat]
common m¢g

5.2 Magn

Phases othd
temperatury

om chemical composition depends on the accuracy of the chemical analysis procedurd.

ion of ferrite percent by means of the chemical composition offers the most useful and
thod of ferrite control during melting of the metal.

etic response method

r than ferrite and austenite may be formed at certain temperatuires and persist at
. Contamination from other ferromagnetic materials may als@)occur. These may so

the magnetic response of the alloy that the indicated ferrite content is-quite different from that g

same chemi
or probes o
surface cury

5.3 Meta

Metallograp|
the identific

For most ac

6 Order

ral composition that has undergone different thermal treatiment. Also, because the mag
[ the various measuring instruments are small, different degrees of surface roughne
rature will vary the magnetic linkage with the material being measured.

lographic examination

hic point count estimates of ferrite percentage may vary with the etching technique usq

htion of the ferrite phase and with the number of grid points chosen for examination, se¢

urate local estimate of ferrite percest, a quantitative metallographic method shall be

ng information

Orders for npaterial to this practice shall include the following as required.

ple ISO product specification or other document covering product requirements.
ade.
d ferriterange, in volume percent, of the casting after final heat treatment.

hentary requirements, if any, desired.

ntent

most

foom
alter
f the
rnets
Ss or
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ents;

whether on test blocks or on the castings shall be agreed between the customer and manufacturer.

If measurements are to be carried out on the castings, the location of the measurements shall

be agreed between the purchaser and the manufacturer. In the absence of specification by the
purchaser, the location may be chosen by the manufacturer.

a) Applica
b) Alloy gr
c¢) Requirg
d) Supplen
e) Theme
f)

7

7.1

General caution

with material specification requirements.

In specifying ferrite content as required in 6 c) the purchaser shall not set limits that are in conflict

© ISO 2015 - All rights reserved
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7.2  When setting ferrite content limits the purchaser shall ensure that the limits are compatible with
the measurement method being used.

8 Estimation of ferrite

8.1 The ferrite content of the base metal of the casting can be estimated from the chemical composition
in accordance with the Schoefer diagram (see Figure B.1). For further information, see Annex B.

If agreed at the time of ordering, the estimation can be carried out using an equivalent diagram as
described in BNIF 3451 which allows ferrite evaluation (from 0 % to 30 %) in austenitic steel castings.

8.1.1 The chemical analysis of the heat from which the castings are poured shall include t
elemients whether or not required by the chemical requirements of the product specificat
manganese, silicon, chromium, nickel, molybdenum, niobium, and nitrogen.

he following
ion: carbon,

8.1.

com
folloy

o
)

The ferrite content of the casting shall be estimated from the centraline of the diz
osition ratio of “chromium equivalent” (Cre) to “nickel equivalent”)(Ni.) determin
ving Formula (1):

[ Cr(%)+1,55i(%)+1,4 Mo (%)+Nb(%)-4,99 ]

Ie

—~

8.1.3
a cor]

Vie [ Ni(%)+30C(%)+0,5Mn (%)+26 (N %—0,02%)+2,77 ]

When a product analysis is made by the purchaser; it shall include the elements liste
hparison is made of ferrite estimated from a proddet analysis performed by the purchag

estinmpated from the heat analysis (see 8.1.1), reference shall be made to check analyses in IS(

8.2
met

manji

Estimation of ferrite content in heat or product may be made by the magnetic response
lographic (see A.2) methods on test blocks or castings respectively, if agreed by the pu
facturer.

igram at the
bd from the

(D

din8.1.1.If
er, with that
4990.

(seeA.l) or
rchaser and

9 Acceptance standards

Confprmance with the required ferrite range specified in 6 c) as indicated by the estimatiop procedure
of 8.1 shall be the basis for.dcceptance of material supplied under this practice unless othey methods of
estimation are ordered\as supplementary requirements, in which case the supplementary requirement
shalllbe the basis ofaceeptance.

10 Certification

10.1| The'manufacturer’s certification shall be furnished to the purchaser stating that the material was
Ssampret=and € ecHraeeordanee ith-the-speeifieationfine G‘i car-aaceanet a tomeetthe
requirements.

10.2 The inspection document shall contain the results of the chemical analyses required by 8.1.1 and
the indicated ferrite content range required. The estimates of ferrite content calculated in accordance
with 8.1.2, and/or from magnetic measurements (A.1) and/or from point counts (A.2), if ordered by the
purchaser, shall also be reported.

10.3 The inspection document shall be signed by an authorized agent of the manufacturer.

1) Published by Editions Techniques des Industries de la Fonderie, 44 avenue de la Division Leclerc, 92310
Sevres, France.
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Annex A
(normative)

Determination of ferrite content by magnetic or metallographic

A.1 Estin

A.1.1 Gen

The ferrite
measureme
ferrite in ca
solution heg
heat treatm

A1.1.1 Mg
heat as the ¢
tensile test.
madeonas

A.1.1.2 Al
in locations
between thd

A.1.2 Sur

A121 Th
to testing in

A.1.2.2 Mg
are made on

A.1.3 Acc

A.1.3.1 Th
shall be wit

means

hation of ferrite content by measurement of magnetic response

eral

content of the heat from which the castings are produced shall beYestimated

hts made by primary or secondary instruments, which have been properly calibrate]
stings (see ASTM A799 or BNIF 345). All measurements shall be made on material aftg
t treatment required by the applicable product specification, or, if any subsequent sol
ent is employed, then after the final solution heat treatment.

pasurements shall be made on the unstrained ends of tensile test specimens from the
astings represented. Measurements may be made either before or after performance d
f a tensile test is not required by the applicable produictspecification, measurements m
becimen cut from a test block as described in ISO 4990.

ernatively when specified, measurements shall be made on the base metal of the cas{
(not on weld deposits) designated on the-design drawing or as otherwise agreed in wi
purchaser and the manufacturer.

face condition

e instrument magnet or probeiand the surface to be measured shall be cleaned and dried

a curved surfacé-the radius of curvature shall be greater than 10 mm.

pptance criteria

e avetage of the ferrite contents estimated from measurements in each designated loc

from
d for
r the
1ition

same
f the
hy be

[ings,
iting

prior

brder to remove any scale;grease, lint, or dirt that could affect the accuracy of the measurement.

basurements shall Be-made more than 5 mm from the edge of a surface. When measurenpents

ation

shall indicat

hin_the limits stated in the order, and not more than 20 % of the individual measureﬂl

ents

A.1.3.2 Should the requirements of A.1.3.1 not be met, an estimation of ferrite content may be made by
the metallographic method described in A.2 and shall take precedence over the magnetic method.

A.2 Estimation of ferrite content by metallographic examination

A.2.1 The locations of specimens to be examined shall be agreed between the purchaser and
manufacturer.

A.2.2  Unless otherwise agreed the volume fraction of ferrite shall be estimated from the specimens by

using the po

int count method described in ISO 9042.
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Annex B
(informative)

Notes to Schoefer diagram
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cr, [ Cr(%)+1,58i(%)+1,4 Mo (%)+Nb(%)—4,99]
Nie  [Ni(%)+30C(%)+0,5Mn (%)+26(N-0,02%)+2,77 |

Key
X Volume percent ferrite
Y  Cre¢/Nie composition ratio

Figure B.1 — Schoefer diagram for estimating the average ferrite content in austenitic iron-
chromium-nickel alloy castings

© IS0 2015 - All rights reserved 5
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a)

b)

d)

Figure B.1 is applicable to alloys containing elements in the following ranges:

The Crd
range 1
percent
ratio sh

The est
of the c

Element Weight %
Carbon (C) 0,20 max
Manganese (Mn) 2,00 max
Silicon (Si) 2,00 max
Chromium (Cr) 17,0 to 28,0
NickeHNT 4:0-to13;6

Molybdenum (Mo) 4,0 max
Niobium (Nb) 1,00 max
Nitrogen (N) 0,20 max

Ni, composition ratio necessary to produce castings within a specified ferrite co
ay be read from the diagram at the intersection of the central linewith the desired f¢g
pge, or may be obtained from Table B.1; e.g. for a ferrite content of 12 % the compoq
puld be 1,234.

mated average ferrite content of castings may be read from the diagram at the interse
entral line with the composition ratio calculated from the chemical composition of the]

htent
rrite
ition

ction
heat

from which they were poured. Because of errors in chemicabanalyses, the calculated ratio may dliffer

from th
indicatd

If the c(
8% to ]

If addit
can be ¢

The fer
that ard
approxi
in all th

Values
mathen

CR=09
F=-68

e actual composition ratio and as a result, the férrite content may be higher or lower
d by the central line. The possible extent of this\difference is shown by the broken lines

mposition ratio is 1,234, the indicated ferrite content is 12 % with a probable range
7 %. Similar information is available it Fable B.2.

onal estimates of ferrite contentare made by magnetic or metallographic methods,
xpected to differ from the diagram value.

Fite content ranges are related to the upper and lower bounds of the composition
determined from the(ratios 1,04 Cre/0,96 Nie and 0,96 Cre/1,04 Ni.. These corres

P austenite-promating elements.

f compositiorfratio (CR) for a given ferrite content (F), or vice versa, may be detern
atically from(the equation of the central line:

+3,8883% 102 F - 5,581 75 x 10-4 F2 + 4,228 61 x 10-6 F3
7680 + 157,909 4 (CR) - 133,171 5 (CR)2 + 47,184 9 (CR)3

than

from

they

ratio
pond

mately to +1 sigma deviations in all the ferrite-promoting elements and +1 sigma deviafions

lined

© ISO 2015 - All rights reserved
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Table B.1 — Composition ratio (CR) required for a desired ferrite content

V‘}L‘;’r‘;teeo/" 0 1 2 3 4 5 6 7 8 9

0 0900 | 0933 | 0966 | 0997 | 1,027 | 1,056 | 1,084 | 1,111 | 1,138 | 1,163
10 1,187 | 1,211 | 1,234 | 1,256 | 1,277 | 1,297 | 1,317 | 1,336 | 1,354 | 1,371
20 1,388 | 1,405 | 1,420 | 1,436 | 1,450 | 1,464 | 1,478 | 1,491 | 1,504 | 1,516
30 1,528 | 1,540 | 1,551 | 1,562 | 1,573 | 1,584 | 1,594 | 1,604 | 1,614 | 1,623
40 1,633 | 1,643 | 1,652 | 1,661 | 1,671 | 1,680 | 1,689 | 1,699 | 1,708 | 1,718
ol 1,720 1,757 1,747 1,700 1,760 1,779 1,790 1,001 1,873 1,825
60 1,837 | 1,850 | 1,863 | 1,877 | 1,891 | 1,906 | 1,921 | 1937 Lnos3 | 1,970
70 1,988

EXANMPLE For a ferrite content of 12 % the CR (1,234) is located at the intersectior of row 10 apd column 2.

© IS0 2015 - All rights reserved 7
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