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INTERNATIONAL STANDARD

1ISO 9725:1992(E)

Nickel and nickel alloy forgings

1 Scop

This Interrjational Standard specifies requirements

for nickel
poses.

NOTE 1
should conf

worked by fthe purchaser, specified in subclause 5.2 of

ISO 9723:19

2 Norm

nd nickel alloy forgings for general pur-

ars used for the manufacture of forgings

rm to the requirements for bars to be further

2.

tive references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this Intgrnational Standard. At the time of publi-

cation, th

editions indicated were valid. All stapt
subject to revision, and parties /.10
based on this International Standard

are encouraged to investigate the possibility)of ap-

plying the

ost recent editions of the standards in-

dicated below. Members of IEC and-4SO maintain

registers

ISO/R 204:11961, Non-interrupted_Jcreep testing of

currently valid International Standards.

steel at elgvated temperatures,

ISO/R 206:
at elevated

ISO 6372-1

961, Creep stress rupture testing of steel
temperatures:

1989, Nickel and nickel alloys — Terms

and definitlons— Part 1: Materials.

ISO 6372-3:

, INICKel and nicKel alioys — lerms

and definitions — Part 3: Wrought products and

castings.

ISO 6892:1984, Metallic materials — Tensile testing.

ISO/TR 7003:1990, Unified format for the¢ designation

of metals.

ISO/TR 9721:1992, Nickel and nickel al
for material description-based on chem

18O 9722:1992, Nickel and nickel alloys
tion and form&<f wrought products.

oys — Rules
cal symbols.

— Composi-

I1SO 9723:1992, Nickel and nickel alloy bars.

ASTM E 112:1988, Standard methods fof determining

average grain size.

3 Definitions

For the purposes of this International $tandard, the
following definitions and those for nickel and nickel

alloys in ISO 6372-1 and for forgings in

3.1 heat: The product of a furnace mel
of melts that are mixed prior to casting

3.2 lot: Forgings of the same cross-
mensions, from the same heat, heat tre

6372-3 apply.

or a number

sectional di-
hted together

or sequentially heat treated in a contingous furnace,

but in no case for longer than 16 h of pr
forgings not identified by heat, the lot s
one piece of the forging or 500 kg,
larger.

pduction. For
hall be either
Wwhichever is

uaon

For the purposes of this International Standard, the
principles for alloy identification in ISO/TR 7003 and

ISO/TR 9721 apply.
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5 Ordering information

Orders for forgings according to this International
Standard shall include the following information.

5.1 The number of this International Standard.
5.2 Quantity (mass or nhumber of pieces).

5.3 Alloy identification (see table 1).

be agreed between the purchaser and the supplier.
The percentage content of elements shown as “re-
mainder” shall be calculated by difference from

100 %.
6.1.2 Tensile properties

Forgings shall have the tensile properties specified
in table 2.

6.1.3 Heat treatment

NOTE2 For floy identification, either the number or
the description jmay be used.

5.4 Alloy tenpper (see table 2).

5.5 Dimensigons and tolerances: marked on the
sketch or drawing.

5.6 Specify if purchaser will heat treat the product.

5.7 Optional [requirements:

a) samples fgr product analysis (see 7.1.2);

b) type of tes{ sample (see 7.2);

c) determinatjon of 1 % proof stress, (see 9.2.3);
d) hardness g4s acceptance test (see 6.1.6);

e) individual forging marking (see 10.2);

f) purchaser| or third party inspection- {see
clause 11)

g) declaration of conformity (see clausel 12).

6 Requirements

6.1 Requirements for forgings heat treated by
the manufacturer

Unless requireéd in the hot-finished temper, forgings
shall be supplied, in the annealed, solution treated

Precipitation-hardenable alloy forgings shdll be heat
treated in accordance with table 3 to‘thé|condition
as ordered.

6.1.4 Grain size

Forgings of alloys NW8810 (FeNi32Cr21AIT}j-HC) and
NW8811 (FeNi32Cr21AITi<HT) shall have a grain size
ASTM No. 5 or coarser (average diametetf 0,06 mm
or greater).

6.1.5 Creep ©r stress rupture properties

Where ‘applicable, forgings of pregipitation-
hardepable alloys shall meet the creep |or stress
rupture requirements of table 4.

6.1.6 Hardness
If it is required that qualification and acceptance of
forgings be based on hardness instead pf tensile
properties, the hardness values to be megt and the

method of hardness test to be used shall |be speci-
fied on the order form or drawing.

6.1.7 Dimensional tolerances

Dimensions and tolerances shall be as spgcified on
the order form or drawing.

6.1.8 Surface condition

Forgings shall be clean and free from dg¢trimental
surface imperfections.

or solution and-precipitationtreatedtemper

Unless otherwise specified, precipitation-hardenable
alloy forgings shall be supplied in the solution
treated temper.

6.1.1 Composition

Heat analysis shall meet the composition limits
specified in table 1.

The composition limits do not preclude the possible
presence of other elements that are not specified. If
the purchaser’s requirements necessitate limits for
any other element that is not specified, these shall

NOTE3 Where appropriate, the acceptance criteria
should be agreed between the purchaser and the supplier.

6.2 Requirements for forgings to be heat
treated by the purchaser

6.2.1 Composition

Heat analysis shall meet the composition limits
specified in table 1.

The composition limits do not preclude the possible
presence of other elements that are not specified. If
the purchaser’s requirements necessitate limits for
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any other element that is not specified, these shall
be agreed between the purchaser and the supplier.
The percentage content of elements shown as “re-
mainder” shall be calculated by difference from

100 %.

6.2.2 Temper

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

1ISO 9725:1992(E)

7.2.2 Integral test samples shall be provided by
extensions or prolongations on one or both ends of
the forgings; they shall not be separated from the
forgings until all heat treatment has been com-
pleted.

If the forgings are to be supplied in other than the
fully heat-treated condition, the test samples shall
be separated from the forgings only if required by
the purchaser.

7.2.3 Test samples machined from the body of the

6.2.3 Pregipitation-hardenable alloys

The supplier of precipitation-hardenable alloy
forgings shall demonstrate the capability of meeting
the requirements specified in table 2 and/or table 4,

by testing|samples heat treated in accordance with
table 3.

6.2.4 Dinensional tolerances

Dimensiorjal tolerances shall conform to the re-
quirementp specified on the order form or drawing.

6.2.5 Surface condition

Forgings ghall be clean and free from detrimental
surface irv\lt)erfections.

NOTE 4 here appropriate, the acceptance criteria
should be agreed between the purchaser and the supplier.

7 Sampling
7.1 Chemical analysis

71.1 Repgresentative heat abalysis samples shall
be taken during pouring orsubsequent processing.

7.1.2 Profluct analysis‘samples shall be taken from
the finished produgt.

7.2 Tenalile, creep or stress rupture test

forgings shattbe taken imthe fimalheat-treated con-
dition.

7.3 Heat treatment of test samples
7.3.1 Forgings supplied(in ‘hot-worked|temper

If appropriate, test samples selected if accordance
with 7.2 shall becannealed or solution and precipi-
tation treated, inDaccordance with table3 prior to
testing.

7.3.2 Forgings supplied in heat-treated temper

Test>samples selected in accordance jwith 7.2 shall
bé. heat treated with the forging they represent.

8 Number of tests
8.1 Chemical analysis, one test per hpat.

8.2 Forgings heat treated by the mangfacturer

Tensile strength and creep of stress| rupture and
grain size shall be tested at a frequenty of one test
per lot.

8.3 Forgings to be heat treated by the purchaser

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

9 Test procedures

Test specimens shall be taken either as separate
test samples (see 7.2.1), as integral test samples
(see 7.2.2) 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.

7.21 Separate test samples shall be prepared from
the same heat from which the forgings are made
and forged to obtain samples. Separate test sam-
ples shall be identifiable to the forgings they repre-
sent.

9.1 Chemical analysis

9.1.1 The method of chemical analysis shall be at
the option of the supplier, however, in cases of dis-
pute the method specified in the relevant Inter-
national Standard shall be used.

If no International Standard exists, an analytical
method that can be calibrated to a reference stan-
dard agreed upon by the purchaser and the supplier
shall be used.

9.1.2 For a list of ISO analytical standards, see an-
nex A.
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9.2 Tensile testing

9.21 Tensile testing shall be carried out in ac-
cordance with ISO 6892.

9.2.2 The largest possible round specimen, not ex-
ceeding 15 mm in diameter on the gauge length,
shall be used. (See annexes C and D of ISO 6892).

9.2.3 The offset method shall be used for the de-
termination of proof stress. An offset of 0,2 % (Rpo,2)
shall be standard. However, a 1 % proof stress

9.6 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 forging tested, un-
less that forging has been withdrawn by the sup-
plier. If the test pieces from both these additional
samples pass, the lot represented by the test sam-
ples shall be deemed to comply with the require-
ments of this International Standard. If the test
pieces from either of these additional samples fail,

(Rp10) shall bg
mation when r

9.3 Creep a
9.3.1 Creep t
ance with ISO
plastic strain n

9.3.2 Stress
accordance wi

9.4 Grain si

examined in

e determined and reported for infor-
equested by the purchaser.

hd stress rupture testing

psts shall be carried out in accord-
R 204, except that only the final total
eed be reported.

upture tests shall be carried out in
h ISO/R 206.

ze determination

ccordance with ASTM E 112, on a

A sample in thF final heat-treated condition shall be

section transv

9.5 RoundinE-off

For the purpos|
specified limit

rse to the greatest metal flow.

of determining compliance with-the
5 of the properties listed belowy_an

observed valug¢ or calculated value shall be rounded

as follows.

When the fi

gure immediately afterthe last figure

to be retaied is lower than 5.the last figure to

be retained

When the fi

remains unchanged:

jure immediately after the last figure

to be retaiped is 5 or\greater, the last figure to

be retained

Composition,

is increased by one.

creep, Nearest unit to the last

stress rupturg, grain

size, hardnes
mensions

Tensile strength (R,)
Proof stress (R, )

Elongation (4

right-hand place of fig-

the lot represented by these samples |shall be
deemed not to comply with the requiremefits of this
International Standard.

10 Marking

10.1 Each shipping container shall be mafked with
the number of this International Standard, the alloy
identification (either the number or the dedcription),
heat-treated condition, drawing number, the gross,
tare and net weight, the consigner and cpnsignee
address, contract or order number, and gny other
information requested in the contract or orgler.

10.2 . If\agreed between the purchaser and|supplier,
thesupplier shall mark each forging with the num-
ber of this International Standard, the alloy identifi-
cation (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 sup-
plier, unless otherwise agreed. Marking ghall not
result in harmful contamination.

11 Purchaser or third party inspection

On-site inspection of forgings by the purdhaser or
third parties shall be in accordance with agfeements
made between the purchaser and the supplier as
part of the purchase contract.

12 Declaration of conformity

When requested by the purchaser in the cdntract or
order, the supplier shall certify that the forgings

s and di- ures of the specified

limit
Nearest 10 N/mm 2
Nearest 5 N/mm 2

) Nearest 1 %,

were manufactured and tested in accordance with
this International Standard. The declaration of con-
formity shall detail the heat treatment applied to the
forgings and/or the test samples and the results of
all tests required by this International Standard and
the order.
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Table 1 — Composition and density of wrought nickel and nickel alloys (selected from table 1 of ISO 9722:1992)
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Table 2 — Tensile properties
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Table 3 — Heat treatment of precipitation-hardenable alloys

Alloy identification" . . 2 I o

Number Description Solution or annealing treatment Stabilizing and/or precipitation treatment

NW3021 NiCo20Cr15Mo5AI4Ti (1 150 4 10) °C, 4 h, air cool. 1 050 °C, 16 h, air cool 4+ 850 °C, 16 h, air cool.

NW7263 | NiCo20Cr20Mo5Ti2Al 1 150 °C, air cool or faster. 800 °C, 8 h, air cool.

NW7001 | NiCr20Co13Mo4Ti3Al 995 °C to 1 040 °C, 4 h, oil or water 845 °C, 4 h, air cool + 760 °C, 16 h, air cool or fur-

quench. nace cool.

NW7090 | NiCr20Co18Ti3 1 050 °C to 1 100 °C, 8 h, air cool or 700 °C, 16 h, air cool.

faster.

NW7750 | NiCrfi5Fe7Ti2Al 980 °C to 1 100 °C, air cool or faster. 730 °C, 8 h, cool at 55 °C/h to 620¢°Cy-hold at
620 °C for 8 h, air cool. Alternatively, coql to
620 °C at any speed and hold at 620 °C tp give a
total precipitation treatment time of 18 h.

NW7718 | NiC19Fe19Nb5Mo3 940 °C to 1 060 °C, air cool or faster. 720 °C, 8 h, cool at 55 °€/h to 620 °C, hold at
620 °C for 8 h, air cool) Alternatively, coql to
620 °C at any rate-and hold at 620 °C to give a total
precipitation treatment time of 18 h.

NW7080 | NiCi20Ti2Al 1 050 °C to 1 100 °C, 8 h, air cool or 700 °C, 18'h, air cool.

faster.

NWS5500 | NiCU30AI3Ti 980 °C minimum, water quench. 590 °C to 610 °C, 8 h to 16 h, furnace coq! to
480.°C at between 8 °C/h and 15 °C/h, aif cool. Al-
ternatively, furnace cool to 535 °C, hold gt 535 °C
for 6 h, furnace cool to 480 °C, hold i - 8|h, air
cool.

NW8911 | NiFg36Cr12Mo6Ti3 1 090 °C, air cool. 770 °C, 2 h to 4 h, air cool + 700 °C to 720 °C,

24 h, air cool.

1) For alloy identification either the number or the descriptionmay be used.

2) The tolerange on the selected temperature shall be within.t 15 °C.

Table 4 — 'Creep or stress rupture test requirements

. . . . M.i nimum Elongation . Tqtal plastic
Alloy iddntification?) Thickness | Temperature Stress time to at rupture Duration strain
rupture on 50 mm

Number Description mm oc N/mm2 h o h o
NW3021 NiCp20Cr15MOoS5AI4 T All 815 3602 30 — — —
NW7263 | NiC$20Cr20Mo5Ti2Al All 780 120 — — 50 0,10
NW7001 NiC120€o13Mo4Ti3Al All 730 5502 23 5 — -
NW7090 | NiCr20Co18Ti3 All 870 1407 30 — — —
NW7718 | NiCr19Fe19Nb5Mo3 max. 100 650 6902 23 5 — —
NW7080 | NiCr20Ti2Al All 750 3402 30 — — -
NW9g11 NiFe36Cr12Mo6Ti3 All 575 590 — — 100 0,10

1) For alloy identification either the number or the description may be used.

2) An initially higher stress may be used but shall not be changed while the test is in progress. Specified time to rupture and elon-
gation requirements have to be met. Alternatively, stress may be increased after the minimum rupture life has been met at the speci-
fied stress; however, the specified minimum elongation has to be met.
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