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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.
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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
cons
undg

[SO 4

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

ormative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated references, onlyothe edition cited
ted references, the latest edition of the referenced document (in¢luding any amendme

990, Steel castings — General technical delivery requirements,

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

cons

3
Fort
[SO 4
— 1
— 1
31

ituent with a point grid

[erms and definitions
he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminology databases for use in standardization at the following adgd

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available-athttps://www.electropedia.org/

ferrite

ferrd
iron-

Note

magnetic, bodyscentred cubic microstructural constituent of variable chemical cor
chromium-nickelalloys

1 to entry+~Ferrite includes both delta and alpha species.

3.2

as a second
witing ferrite

heir content
applies. For
hts) applies.

[raction of a

Iresses:

nposition in

ferrt' e-content

proplrti

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,
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the ferrite content, may differ from point to point on a casting. Determination of the ferrite content by
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 ratioef
ferrite-pronpoting to total austenite-promoting elements. Therefore, the precision of the ferrjte|co

estimated f7

The estimat]
common me

5.2 Magn

Phases othe
temperaturg

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 tempefatures and persist at
. Contamination from other ferromagnetic materials may~dlso occur. These may so

the magnetic response of the alloy that the indicated ferrite contentis*quite different from that g

same chemi
or probes o
surface cury

5.3 Meta
Metallograp

for the iden
see A.2.

For most ac

6 Order]

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

lographic examination
hic point count estimates of ferrite pereéntage may vary with the etching technique
[ification of the ferrite phase and with the number of grid points chosen for examing

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

Ing information

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

a)
b)

c)

Applica
Alloy gr

Require

ble ISO prodaétspecification or other document covering product requirements.
ade.

d férrite range, in volume percent, of the casting after final heat treatment.

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

total
htent

most

foom
alter
f the
rnets
Ss or

used
tion,

hsed.

d)
e)

Supplenientary requirements, it any, desired.

The method to be used for the determination of the ferrite content and the location of measurements;

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

f)

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.

7

71

General caution

that are in conflict with material specification requirements.

In specifying ferrite content as required in Clause 6, list item c), the purchaser shall not set limits

© IS0 2023 - 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

desc

8.1.1
elem
man

8.1.2
the g
folloy

[ibed in BNIF 345 which allows ferrite evaluation (from 0 % to 30 %) in austenitic steq

The chemical analysis of the heat from which the castings are poured shall iddlirde t
ents whether or not required by the chemical requirements of the product spécificat
banese, silicon, chromium, nickel, molybdenum, niobium, and nitrogen.

The ferrite content of the casting shall be estimated from the.central line of the
omposition ratio of “chromium equivalent” (Cr,) to “nickel equivalent” (Ni,) determin

ving Formula (1):
[Cr(%)+1,5Si(%)+1,4Mo(%)+Nb(%)—4,99]

Cre

)

8.1.3
Ifac
that

8.2
or m

and manufacturer.

9

Confj
estin
unle

1

supplementary reguirement shall be the basis of acceptance.

10 ¢

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

When a product analysis is made by the purchdser, it shall include the elements lig

pmparison is made of ferrite estimated from a,product analysis performed by the pur
bstimated from the heat analysis (see 8.1.1), zeference shall be made to check analyses

btallographic (see A.2) methods on test blocks or castings respectively, if agreed by th

Acceptance standards

brmance with the réquired ferrite range specified in Clause 6, list item c) as indig
nation procedure 0f78.1 shall be the basis for acceptance of material supplied under {
bs other methods”of estimation are ordered as supplementary requirements, in wh

Certification

| castings.

he following
ion: carbon,

diagram at
ed from the

M)

ted in 8.1.1.
chaser, with
in ISO 4990.

Estimation of ferrite content in heat ot-product may be made by the magnetic respofse (see A.1)

e purchaser

ated by the
his practice
ch case the

10.1

The manufacturer's certification shall be furnished to the purchaser stating that

he material

was sampled and tested in accordance with the specification (including year date) and was found to
meet the requirements in Clause 6, list item c).

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 in A.1 and/or from point counts in 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.
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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 hed

heat treatm

A.1.1.1 M
heat as the d

tensile test.
be made on

A1.1.2 Al
in locations

between thd

A.1.2 Sur

A1.2.1 Th
prior to test
measureme

A.1.2.2 M
are made o

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

t treatment required by the applicable product specification, or, if any subsequent sol
ent is employed, then after the final solution heat treatment.

basurements shall be made on the unstrained ends of tensile test specimens from the

b specimen cut from a test block as described in [S@,4990.

purchaser and the manufacturer.

face condition

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

nt.

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

pptancé criteria

eaverage of the ferrite contents estimated from measurements in each designated loc

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

astings represented. Measurements may be made either before or after performance ¢
If a tensile test is not required by the applicable product specification, measurementsg

fernatively when specified, measurements, shall be made on the base metal of the cast
(not on weld deposits) designated on the design drawing or as otherwise agreed in wi

ing in order to removeany scale, grease, lint, or dirt that could affect the accuracy ¢

from
d for
r the
ition

bame
fthe
may

ings,

iting

ried
f the

basurements shallbe made more than 5 mm from the edge of a surface. When measurenpents

htion

shall indicate ferrite contents less than or in excess of these limits.

trrerrrorv rotor oo ar et

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

manufacture

I.

© IS0 2023 - All rights res
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A.2.2 Unless otherwise agreed the volume fraction of ferrite shall be estimated from the specimens
by using the point count method described in ISO 9042.

© IS0 2023 - All rights reserved 5
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Annex B
(informative)

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

Cr_

Key
X volume percent ferrite
Y Cr,./Ni, composition ratio

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

b)

d)

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

The Cr
range 1
percent
ratio sh

The est
of the cq
from w
differ f1
than in
lines.

If the c(
8% to ]

If addit
can be ¢

The fer
that ard
approxi
in all th

Values ¢f composition ratie {(C}) for a given ferrite content (F), or vice versa, may be detern

mathen

Cr=09

F=-6

Element Weight %
Carbon (C) 0,20 max
Manganese (Mn) 2,00 max
Silicon (Si) 2,00 max
Chromium (Cr) 17,0 to 28,0
Nickel (Ni) 4,0to 13,0
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 line with 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 chenmtical composition of the|
hich they were poured. Because of errors in chemical analyses, the calculated ratio
om the actual composition ratio and as a result, the ferrite content may be higher or |
licated by the central line. The possible extent of this\difference is shown by the b

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

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

ite content ranges are related(tq“the upper and lower bounds of the composition
determined from the ratios 1,04 Cr,/0,96 Ni, and 0,96 Cr./1,04 Ni,. These corres

P austenite-promoting elements.

atically from the-equation of the central line:

+3,888 3 x 102 F - 5,581 75 x 1074 F2 + 4,228 61 x 1076 F3

768 0-957,909 4 (Cg) - 133,171 5 (Cp)? + 47,184 9 (Cy)3

htent
rrite
ition

ction
heat
may
pwer
oken

from

they

ratio
pond

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

1ined
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