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6.2.3  Precipitation-hardenable alloys
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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
ical standardization.
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described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the
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t of patent declarations received (see www.iso.org/patents).

endorsement.
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This second
have been te

nt was prepared by Technical Committee ISO/TC 155, Nickel and nickel alloys.

rawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or

me used in this document is information given for the convenience of users and dogs not

ination on the voluntary nature of standards, the meaning of ISO specific termps and
related to conformity assessment, as well as information about ISO’s adherence o the
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INTERNATIONAL STANDARD IS0 9725:2017(E)

Nickel and nickel alloy forgings

1 Scope

This document specifies requirements for nickel and nickel alloy forgings for general purposes.

2 Naoarmative raforoancac
INOTTITATIVO T CICTCTIICTS

The fpllowing documents are referred to in the text in such a way that some or all,of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including anyjamendménts) applies.

ISO 2D4, Metallic materials — Uniaxial creep testing in tension — Method of test
[SO 6872, Nickel and nickel alloys — Terms and definitions

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method af.test at room temperatule
ISO 6892-2, Metallic materials — Tensile testing — Part 2: Method of test at elevated temperqture

ASTM E112, Standard test methods for determining average.grainsize

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 6372 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following pddresses:

— IEC Electropedia: available at http://www.electropedia.org/

]

$0 Online browsing platform:‘available at http://www.iso.org/obp

3.1

heat
moltegn metal poured from a single furnace or molten metal from two or more furnaces poured into a
singlg ladle

3.2
lot
forgings efithe same cross-sectional dimensions, from the same heat (3.1), heat treated together or
sequgntially heat treated in a continuous furnace, but in no case for no longer than 16 h of production

Note 1 to entry: For forgings not identified by heat, the lot either consists of one piece or is less than 500 kg.

4 Alloy identification

For the purposes of this document, the principles for alloy identification are given in Annex A.

5 Information to be supplied by the purchaser
The purchaser shall give clear information in the enquiry and order, in particular, on the following:
a) the number of this document, i.e. ISO 9725;

b) quantity (mass or number of pieces) of forgings required;

© IS0 2017 - All rights reserved 1
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c) alloy name or alloy number of the material of which the forgings are made (see Table 1);

d) alloy temper (see Table 2);

e) the forgings dimensions or the drawing number(s) containing the dimensions, tolerances on
dimensions, shape and surface finish, to which the forgings shall conform;

f) if the purchaser will heat treat the product;

g) optional

requirements:

1) samples for the finished product analysis (see 7.1.2);

2) typg
3) dete
4) harg
5) surf]
6) indi
7) purd
8) decl
9) any
of h

gredter tolerance to chemical composition, etc.

6 Requirn

6.1 Requirements for forgings heat trnéated by the manufacturer

6.1.1 Geng

Unless requi
or solution a

Unless othen
treated temp

of test sample for mechanical tests (see 7.2);

rmination of 1 % proof stress (see 9.2.3);

ness as acceptance test (see 6.1.7);

hce condition (see 6.1.9 Note);

idual forging marking (see 10.2);

haser or third party inspection (see Clause 11);

hration of conformity (see Clause 12);

bt working, information on the forging proceduie’and the calculated forging redu

ements

bral

red in the hot-finished\temper, forgings shall be supplied in the annealed, solution ty
hd precipitation-treated temper.

wise specified; precipitation-hardenable alloy forgings shall be supplied in the sol
er.

The composifion shall meet the composition limits specified in Table 1.

6.1.2 Comrosition

other special requirements, e.g. alloy making process, hot working process and degree

ction,

eated

ition-

The composition limits do not exclude the possible presence of other elements that are not specified.
If the purchaser’s requirements necessitate limits for other element that is not specified, these shall
be agreed between the purchaser and the supplier. The percentage content of elements shown as

“remainder”

shall be calculated by difference from 100 %.

6.1.3 Tensile properties

Forgings sha

1l have the tensile properties specified in Table 2.

6.1.4 Heattreatment

Precipitation-hardenable alloy forgings shall be heat treated in accordance to the information given in
Table 3 to the condition as ordered.

© ISO 2017 - All rights reserved
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6.1.5 Grain size

Forgings of alloys NW8810 (FeNi32Cr21AITi-HC) and NW8811 (FeNi32Cr21AITi-HT) shall have a grain
size ASTM n°5 as coarser (average diameter 0,06 mm maximum).

6.1.6 Creep or stress rupture properties

Where applicable, forgings of precipitation-hardenable alloys shall meet the creep or stress rupture
requirements shown in Table 4.

6.1.7 Hardness

If it i§ required that qualification and acceptance of forgings be based on hardness instgad of tensile
propdrties, the hardness values to be met and the hardness test to be used shall be)specified on the
order|or drawing.

6.1.8| Dimensional tolerances

Dimensions and tolerances shall be as specified on the order or drawing:

6.1.9| Surface condition
Forgihgs shall be clean and free from detrimental surface imperfections.

NOTE Where appropriate, the acceptance criteria are agreed between the purchaser and the qupplier.
6.2 [Requirements for forgings to be heat treated by purchaser

6.2.1| Composition

The specifications of 6.1.2 apply.

6.2.2| Temper

Unless otherwise specified, forgings to be heat treated by the purchaser shall be supplidd in the hot-
worked temper.

6.2.3| Precipitation-hardenable alloys

The supplier of précipitation-hardenable alloy forgings shall demonstrate the capacity off meeting the
requifements<épecified in Table 2 and/or Table 4 by testing samples heat treated in accgrdance with
Table|3.

6.2.4| Pimensional tolerances

The specifications of 6.1.8 apply.

6.2.5 Surface condition

The specifications of 6.1.9 apply.

7 Sampling
7.1 Chemical analysis

7.1.1 Representative samples shall be taken during pouring or subsequent processing.

© IS0 2017 - All rights reserved 3
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7.1.2 For the composition control of the finished product, samples shall be taken from the forging(s).

7.2 Tensile, creep or stress rupture test

7.2.1 Test specimens shall be taken either as separate test samples (see 7.2.2), as integral test samples
(see 7.2.3) or as test samples machined from the body of the forgings.

Unless otherwise specified, the sampling procedure and the location of samples representing the lot
shall be at the option of the supplier.

he-saie-hea whreh sings-aresmade
amples shall be traceable to the forgings they represent.

obtain samples. Separate tes

ts

7.2.2 Sepaf
and forged ta

7.2.3

Integral test samples shall be provided by extensions or prolongations on one or hoth’ends

forgings; the)

If the forging

separated fr¢m the forgings only if required by the purchaser.

7.2.4 Test
condition.

7.3 Heat freatment of test samples

y shall not be separated from the forgings until all heat treatment has been ‘completed

s are to be supplied in other than the fully heat-treated condition, the test samples sh

samples machined from the body of the forgings shall be taken in the final heat-ti

7.3.1 Forg[
If approprial

precipitation

7.3.2 Forgings supplied in heat-treated temper

Test samples

8 Numbsqg

8.1 Deter

One analysis

ngs supplied in hot-worked temper

treated in accordance with the informdtion given in Table 3 prior to testing.

selected in accordance with'%2.1 shall be heat treated with the forgings they repres

r of tests

mination of the-chemical composition

per heat.

of the

all be

eated

e, test samples selected in accordance\with 7.2 shall be annealed or solutiop and

ent.

NOTE For furtherinformation on the standardized methods available, see References [1] to [20].

8.2 Forgings’heat treated hy the manufacturer

Tensile strength, creep or stress rupture and grain size shall be tested at a frequency of one test per lot.

8.3 Forgings to be heat treated by the purchaser

Acceptance tests for tensile strength, creep or stress rupture shall be tested at a frequency of one test
per lot.

© ISO 2017 - All rights reserved
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Test procedures

Determination of the chemical composition

The methods of chemical analysis shall be at the option of the supplier. However, in cases of dispute, the
method shall be selected by agreement between the manufacturer and the purchaser.

9.2

Tensile tests

9.2.1 Tensile tests shall be carried out in accordance with ISO 6892-1 or ISO 6892-2 when appropriate.

9.2.2| The largest possible round specimen, not exceeding 15 mm in diameter on the gauge
be used.

9.2.3| The offset method shall be used for the determination of proof stress./An“offset of
is genjerally used. However, a 1 % proof stress (Rp1,0) shall be determined and“reported fos
when|requested by the purchaser.

9.3

9.3.1| Creep tests shall be carried out in accordance with [ISO*204 in order to determine {
plastif strain.

9.3.2| Stress rupture tests shall also be carried out in\accordance with ISO 204.

9.4

A sampple in the final heat-treated condition shall be examined in accordance with AST]I
sectign transverse to the greatest metalkflow.

9.5

For

result{s shall be rounded as.follows.

Depepding on the characteristics to be reported, the following rules should be followed:

a)

b)

‘)
d)

9.6

Creep and stress rupture tensile

Grain size determination

Rounding of results

the purpose of determining compliance with the specified limits of the properties

When the figure-imimediately after the last figure to be retained is lower than 5, the las
retained remains’unchanged.

When thedigure immediately after the last figure to be retained is 5 or greater, the las
retaineds increased by one.

 length, shall

" information

he final total

M E112, on a

listed below,
t figure to be

t figure to be

composition, creep stress rupture, grain size, hardness and dimensions: nearest unit to the last

right-hand place of figures of the specified limit;
tensile strength (Ry): nearest 10 MPa;
proof stress (Rpo,2): nearest 5 MPa;

elongation (A4): nearest 1 %.

Retests

If any one of the test pieces first selected fails to pass the specified tests, two further samples from the
same lot shall be selected for testing, one of which shall be from the original forgings tested, unless
these forgings have been removed by the supplier.

© IS0 2017 - All rights reserved
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If the test pieces from both these additional samples pass, the lot represented by the test samples shall
be deemed to comply with the requirements of this document. If the test pieces from either of these
additional samples fail, the lot represented by these samples shall be deemed not to comply with the
requirements of this document.

10 Marking

10.1 If agreed between the purchaser and supplier, the supplier shall mark each forging with the
number of this document, the alloy identification (either the designation or the UNS-number), the heat
number and the manufacturer’s name. The method of marking will be at the option of the supplier;, unless

otherwise agfeed.

Marking shall not result in harmful contamination.

10.2 Eachs
(either the n
weight, the

requested in

11 Purchg
On-site insp
agreements

12 Declar

When reque
were manuf3
detail the hd
required by {

ipping container shall be marked with the number of this document, the alloy identifi

imber or the description), heat-treated condition, drawing number, thé.gross, tare

the contract or order.
ser or third part inspection
made between the purchaser and the supplier at the time of enquiry and order.

ation of conformity

his document and the order.

ection of forgings by the purchaser or any third party shall be in accordance

sted by the purchaser in the contract ororder, the supplier shall certify that the foy
ctured and tested in accordance with this document. The declaration of conformity
at treatment applied to the forgings and/or the test samples and the results of all

ration

a;td net
fonsigner, and consignee address, contract or order number, and_any other infornpation

with

gings
shall
tests
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Table 3 — Heat treatment of precipitation-hardenable alloys

Alloy identificationa

Solution or annealed

Stabilizing and/or precipitation

Number Description treatmentb treatment
NW3021 NiCo20Cr15Mo5AI4Ti |1 150 + 10 °C, 4 h, air cool 1 050 °C, 16 h, air cool + 850 °C,
16 h, air cool.
NW7263 NiCo20Cr20Mo5Ti2Al |1 150 °C, air cool or faster 800 °C, 8 h, air cool.
NW7001 NiCr20Co13Mo4Ti3Al |995°Cto 1040 °C,4 h, air cool |845 °C, 4 h, air cool + 760 °C, 16 h,
NW7090 NiCr20C018Ti3 1050°Cto 1100 °C,8h,air cool|700 °C, 16 h, air coel.
or faster
NW7¥50 NiCr15Fe7Ti2Al 980 °Cto 1 100 °C, air cool or 730 °C, 8 h cool-at 55 °C/h to 620 °C,
faster hold at 620 € for 8 h, gdir cool.
Alternatively, cool to 620 °C at any
speed and hold at 620 7C to give a
totabprecipitation tregtment time
to 18 h.
NW7y18 NiCr19Fe19Nb5Mo3 940 °Cto 1 060 °C, air cool or 720 °C, 8 h, cool at 55 9C/h to
faster 620 °C, holt at 620 °C fpr 8 h, air
cool. Alternatively, codl to 620 °C at
any speed and holt at §20 °C to give
a total precipitation trpatment time
to 18 h.
NW7080 NiCr20Ti2Al 1050°Cto 1 100™C, 8 h, air cool|700 °C, 16 h, air cool.
or faster
NWS5500 NiCu30AI3Ti 980 °C minimum, water quench |590 °C to 610 °C, 8 hto]16 h,
furnace cool to 480 °Cat between
8 °C/h and 15 °C/h, air| cool. Alter-
natively, furnace cool o 535 °C,
hold at 535 °C for 6 h, flurnace cool
to 480 °C, hold for 8 h, gir cool.
NW99p11 NiFe36Cr12Mo6Ti3 1 090 °C, air cool 770 °C, 2 hto 4 h, air cpol + 700 °C
to 720 °C, 24 h, air coo
a  For alloy identification, either the number or the description may be used.
b The tolerance on the §elected temperature shall be within +15 °C.
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Table 4 — Creep or stress rupture test requirements

Alloy identificationa Thickness | Temperature | Stress | Minimum | Elongation | Duration | Total
time to | atrupture plastic
rupture | on 50 mm strain
Number | Description mm °C MPa h % h %
NiCo20Cr-
b — — —
NW3021 15Mo5AI4Ti All 815 360 30
NiCo20Cr-
NW?7263 20Mo5TiZAl All 780 120 — — 50 0,10
NW?7001 lf;(lzvll.(z)g’(lz‘io’g’-Al At 736 5565 23 5 — —
NW?7090 |N|Cr20C018Ti3 All 870 140b 30 — — —
Nw7718  |NJCIIIFEION- vy 100 650 690b | 23 5 ~ —
b$Mo3
NW7080 |N|Cr20Ti2Al All 750 340b 30 — — —
N}Fe36Cr-
NW9911 12Mo6Ti3 All 575 590 — - 100 D,10
a  For alloy iglentification, either the number or the description may be used.
b Aninitially higher stress may be used but shall not be changed while the test isimprogress. Specified time to rypture
and elongatior] requirements shall be met. Alternatively, stress may be increaseddafter the minimum time to ruptufe has
been met at the¢ specified stress; however, the specified minimum elongation shall be met.

14 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=bd0d82e72f81a775bffc3b21cb091e27

IS0 9725:2017(E)
Annex A
(normative)

Rules for nickel and nickel alloys identification based on
chemical symbols

A.1 | Basis of identification
The idlentification of nickel and its alloys is based on the chemical composition limits.

All idpntifications shall have the prefix “ISO”. This prefix may be omitted forbrévity in International
Standards and also in correspondence where it is obvious that ISO identificatiohs are used.

Chemfical symbols shall be used for the identification of the base elenient and the mpjor alloying
elemgnts, followed by numbers indicating the metal grade or indicating*the nominal alloyjing elements
content.

A.2 (Identification of unalloyed nickel

The iflentification of unalloyed nickel consists of the chemical symbol of nickel (Ni), followed by its
percentage purity, expressed to one, two or more decimal places as required.

A.3 |Identification of alloys

The iglentification for nickel alloys consists of the chemical symbols of the base element|(Ni) and the
alloying elements, following by integer'indicating their amounts, if these elements are present in
nomihal amounts of about 1 % or more.

The dlloying elements are listéd)according to the nominal alloying elements contents specified. The
alloying elements are listed in/decreasing order of percentage by mass (e.g. NiCr15Fe8) or, if of equal
percentage, in alphabetical order of the chemical symbols (e.g. NiCo20Cr20Mo5Ti2Al).

Due tp similar composition limits, wrought and cast alloys may have the same identification. Therefore,
cast glloys are identified by the prefix “C-".

If vailieties of{an alloy are specified, these varieties are designated by a suffix added| to the base
identi{fication:"The following suffixes are defined:

“LC” in the case of low carbon contents;

“-MC” in the case of medium carbon contents;

“-HC” in the case of high carbon contents;

“-HT” in the case of an application at a high temperature.
EXAMPLE Ni99,0 and Ni99,0-LC.

In a case where more than two alloying elements are present, it is not necessary to list all of the minor
constituents in the identification, except where they are essential for the proper identification of the alloy.

In all cases where two or more alloys have the same composition and differ only in the limits of an
impurity, the symbol of this trace element is followed by the highest amount that should be added to the
identification in brackets.
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