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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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INTERNATIONAL STANDARD IS0 9328-4:2018(E)

Steel flat products for pressure purposes — Technical
delivery conditions —

Part 4:
Nickel-alloy steels with specified low temperature

mnonFioc
properties

1 Bcope

This| document specifies the technical delivery conditions for plates and strip fer pressurg equipment
madg of nickel-alloy steels as specified in Tables A.1 and B.1.

The fequirements and definitions of ISO 9328-1 also apply to this document.

NOTE This document offers the possibility of specifying products in dccordance with Europeandesign codes
and ASME-type design codes.

2 Normative references

The [following documents are referred to in the text'in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition of the refefénced document (including any amendments) applies.

ISO $#948-1, Steels — Classification — Part*1-Classification of steels into unalloyed and alloy [steels based
on chemical composition

[SO $948-2, Steels — Classification —Part 2: Classification of unalloyed and alloy steels according to main
qualfty classes and main property ‘or application characteristics

[SO P328-1:2018, Steel flat (products for pressure purposes — Technical delivery conditiony — Part 1:
Gendral requirements

3 [ferms and definitions

For the purpgses of this document, the terms and definitions given in ISO 9328-1 apply.

ISO and JE€maintain terminological databases for use in standardization at the following addresses:

— |ECElectropedia: available at http://www.electropedia.org/

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

4 Classification and designation

4.1 C(lassification

In accordance with ISO 4948-1 and [SO 4948-2, all steel grades covered by this document are alloyed
special steels.

© ISO 2018 - All rights reserved 1
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4.2 Designation
Shall be in accordance with ISO 9328-1.

NOTE Information on the designation of comparable steel grades in national or regional standards is given
in Annex C.

5 Information to be supplied by the purchaser

5.1 Mandatory information

Shall be in 4ccordance with ISO 9328-1.

Additionally, for steel grades in accordance with Annex B, the test direction for the impact test shqll be
agreed upon (see 9.2 and Table B.3, footnote b).

5.2 Optilns

A number of options are specified in this document. These are listed below ufnder a) to f). Additionally,
the relevant options of ISO 9328-1 apply. If the purchaser does not indicate:a wish to implement any of
these options at the time of enquiry and order, the products shall be supplied in accordance with the
basic speciffication (see ISO 9328-1):

a) delivery condition other than that specified in Tables A.2, A.3,)B.2 and B.3 (see 6.2.1);

b) testsin/the simulated normalized condition (see 6.2.2);

c) specialldelivery condition for grades 14Ni9, 13Ni14+NT, 14Ni14 and X9Ni7 (see 6.2.3);

d) delivery of products in the untreated condition (see 6.2.4);
e) specifigation of an impact energy of 40 ] (seetNote to 6.4 and Table A.3);

f) impactltest on longitudinal test pieces (see 9.3).

5.3 Example for ordering

An order of 10 plates with nominal dimensions thickness = 50 mm, width = 2 000 mm, length =
10 000 mm,made of a steel grade with the name 15NiMn6 as specified in this document, to be delivered
with inspedtion certificate-37Y as specified in ISO 10474, is designated as follows:

10 plates - 50 x 2:000 x 10 000 - ISO 9328-4 15NiMn6 - Inspection certificate 3.1

6 Requirements

6.1 Steelmaking process

Shall be in accordance with ISO 9328-1.
6.2 Delivery condition

6.2.1 Unless otherwise agreed upon at the time of enquiry and order, the products covered by this
document shall be supplied in the usual conditions given in Tables A.2 and B.2 (see also 6.2.3 and 6.2.4).

NOTE Annex D gives heat treatment information for the purchaser for the steel grades of Annex A.
Information on welding is provided in appropriate documents, e.g. EN 1011-1 and EN 1011-2 or I[IS/1IW 382-71.

2 © ISO 2018 - All rights reserved
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6.2.2 For steel grades 11MnNi5-3 and 13MnNi6-3 (see Annex A), normalizing may, at the discretion of
the manufacturer, be replaced by normalizing rolling (see 5.2, Option 2).

6.2.3 For steel grades 14Ni9, 13Nil4+NT and 14Nil4 (see Annex B), the delivery condition
“thermomechanically rolled” may be agreed upon at the time of enquiry and order. In this case, the
product shall be marked correspondingly (+M).

6.2.4 If so agreed at the time of enquiry and order, the products covered by this document may be
supplied in the untreated condition.

The platc» detivered-imuntreated—conditions—shattbe appropr idtcly mrarked (TAR) to—denote that heat
treafment has not been performed.

6.2.5 For products delivered untreated, the specified tests shall be carried out byithe'mantifacturer on
test pieces in the usual delivery condition given in Tables A.2 and B.2.

NOTE Tests in a simulated heat-treated condition are carried out to verify the(Suitability of the final product

in the usual delivery condition. However, they do not discharge the processor(from the obligation|of providing
proof of the specified properties in the finished product when adequately hedttreated.

6.3 | Chemical composition

6.3.1 Therequirements of Tables A.1 and B.1 shall apply for the chemical composition accqrding to the
cast|(heat) analysis.

6.3.2 The product analysis shall not deviate from the values for the cast (heat) analysis |specified in
Tables A.1 and B.1 by more than the values givengdn*Table 1.

Table 1 — Permissible‘deviations of the product analysis
from the specified limits for the cast (heat) analysis

Maximum of specification range — .
. . Permissible deviationa
KElement in the cast(heat) analysis
% by mass % by mass
Cb <0,18 +0,02
Si <0,50 +0,05
<1,00 +0,05
Mn
>1,00to<1,70 0,10
pb <0,015 +0,003
>0,015t0 < 0,025 +0,005
<0,010 +0,003
Sh
6;010-to=6;926 +6;005
Al 20,020 -0,005
Cr <0,30 +0,05
Cu <0,40 +0,05
Mo <0,12 +0,03
Nb <0,02 +0,01
a If several product analyses are carried out on one cast, and the contents of an individual element, as determined, lie
outside the permissible range of the chemical composition specified for the cast (heat) analysis, then it is allowed either to
exceed the permissible maximum value or to fall short of the permissible minimum value, but not both for one cast.
b In the case of the steel grades specified in Annex B, the maximum values listed in Table B.1 also apply for the product
analysis.

© ISO 2018 - All rights reserved 3
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Table 1 (continued)

Maximum of specification range - -
- . Permissible deviationa
Element in the cast (heat) analysis
% by mass % by mass
<0,85 +0,05
Ni >0,85to < 3,75 +0,07
>3,75t0 < 10,00 0,10
TI <0,03 +0,01
\V4 <0058 +0.01
a If severjal product analyses are carried out on one cast, and the contents of an individual element, as determinef, lie
outside the pprmissible range of the chemical composition specified for the cast (heat) analysis, then it is allowed eithler to
exceed the pgrmissible maximum value or to fall short of the permissible minimum value, but not both for oné ¢ast.
b In the cpse of the steel grades specified in Annex B, the maximum values listed in Table B.1 also apply for the prdduct
analysis.

6.4 Mechanical properties

The values given in Tables A.2, A.3, B.2 and B.3 (see also ISO 9328-1) shall apply.
NOTE Ojptionally, for steel grades 11MnNi5-3, 13MnNi 6-3, 15NiMn6, 12Nit4 and X12Ni5, a minimum inppact

energy valug of 40 ] can be specified for temperatures where lower minimamwalues are specified (see Tablg A.3,
footnote ).

6.5 Surfice condition

Shall be in 4ccordance with ISO 9328-1.

6.6 Internnal soundness

Shall be in 4ccordance with ISO 9328-1.

6.7 Dimeénsions and tolerances en'dimensions

Shall be in 4ccordance with ISO 9328*1.

6.8 Calcuylation of mass

Shall be in 4ccordance with'ISO 9328-1.

7 Inspection

7.1 Typesofinspectiomand imspectiomdocunrents

Shall be in accordance with ISO 9328-1.

7.2 Tests to be carried out

Shall be in accordance with ISO 9328-1.

7.3 Retests, sorting and reprocessing

Shall be in accordance with ISO 9328-1.

4 © ISO 2018 - All rights reserved
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8 Sampling

Shal

] be in accordance with ISO 9328-1.

For an impact test (and/or the tensile test), that deviates from ISO 9328-1:2018, Table 3, footnote €, test
pieces taken from the mid-thickness may be agreed upon at the time of enquiry and order. In this case,
test temperatures and minimum impact energy values shall also be agreed upon.

9 Test methods

9.1

9.2
on ti
speq

9.3

upon at the time of enquiry and order for steel grades in accordance witlhAnnex A.

10
Shal

NOT

+QT640 or +QT680) belongs to the steel name.

11

The
Use
detr

Shall be in accordance with ISO 9328-1.

Impact tests for verification of the impact energy values in Tables A.3 and B.3 shall b
ansverse test pieces (for steel grades in accordance with Annex A, but see 9.3)or on tg
ified in the order (for steel grades in accordance with Annex B; see Table B3, footnote b)

For the impact test, verification of impact energy values for longitudinal test pieces m4

Marking
be in accordance with ISO 9328-1.

D For the grades 13Nil4, X8Ni9 and X9Ni9, the relevant heat treatment variant (+NT, +

Handling
steel grade X6Ni7, X7Ni9, X8Ni9, X9Ni5, X9Ni7, X9Ni9 and X12Ni5 are susceptible to ma

mental to subsequent fabrication’or service.

carried out
st pieces as

y be agreed

QT, +NT640,

bnetization.

of magnets in handling after heattreatment should be avoided if residual magnetisin would be
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Annex A
(normative)

Chemical composition and mechanical properties of products
delivered in accordance with European design codes

Table A.1 — Chemical composition [cast (heat) analysis]

% by massa
Steel grade C Si Mn P S Aliotal Ni Other
max. max. max. max. min.

. Nb <0,p5
11MnNi5-3 0,14 0,50 0,70 to 1,50 0,025 0,010 0,020 0,30b.t670,80 V<0ds
13MnNi6-3 0,16 0,50 0,85t0 1,70 0,025 0,010 0,020 0,30b to0 0,80 1\{,b<S006355
15NiMn6 0,18 0,35 0,80 to 1,50 0,025 0,010 — 1,30to0 1,70 V<0,45
12Nil4 0,15 0,35 0,30 t0 0,80 0,020 0,005 - 3,25t0 3,75 V<0,45
X12Ni5 0,15 0,35 0,30t0 0,80 0,020 0,005 — 4,75t0 5,25 V<0,05
X8Ni9 0,10 0,35 0,30t0 0,80 0,020 0,005 — 8,50 to 10,00 1\605006150
X6Ni7 0,10 0,30 0,30t0 0,80 0,015 0,005 — 6,5t0 8,0 Mo < 0,80

V<0,Q1
X7Ni9 0,10 0,35 0,30t0 0,80 05045 0,005 — 8,50 to 10,00 I\<IIO<S006110
a Elemenits not listed in this table shall not be intentionally added to the steel without the agreement of the purchfser,

except for finfishing the cast. All appropriate measukes shall be taken to prevent the addition of these elements from qcrap
or other matqrials used in steelmaking, which may adversely affect the mechanical properties and usability. The
content of Cr Cu + Mo shall not exceed 0,50 %:

b For norpinal thicknesses < 40 mm, afinimum nickel content of 0,15 % is permitted.

Table A.2>- Mechanical properties at room temperature

Nominal Yield Tensile strensth Elongatio
thickness strength & after fracture
Steel Usual'delivery t Ren Rin A
grade conditionab
mm MPad MPad %
min. min.
<30 2895
11MnNi5-3 +N (+NT) 30<t<50 275 420 to 530 24
50<t<80 265
a +N: normalized; +NT: normalized and tempered; +QT: quenched and tempered; +NT640/+QT640/+QT680: heat

treatment variant with minimum tensile strength of 640 MPa or 680 MPa. All grades may be delivered untreated by
agreement, see 6.2.4.

b For temperatures and cooling conditions, see Table D.1.
c For nominal thicknesses < 15 mm, delivery conditions +N plus +NT are also applicable.
d 1 MPa=1N/mm?2.

e An intermediate heat treatment after quenching and before tempering may be applied as an option.

6 © ISO 2018 - All rights reserved
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Nominal Yield Tensile strength Elongation
thickness strength g after fracture
Steel Usual fl(_allvery ¢ Ren R A
grade conditionab
mm MPad MPad %
min. min.
<30 355
13MnNi6-3 +N (+NT) 30<t<50 345 490 to 610 22
50 <t<80 338
+N <30 355
15NIMn6 or +NT 30<t<50 345 490 to 640 22
or +QT 50 < t< 80 335
+N <30 355
12Nj14 or +NT 30<t<50 345 490 ta 640 22
or +QT 50 < t<80 335
+N <30 390
X12Ni5 or +NT 530 to 710 20
or +QT 30<t<50 380
X8Nf9 +N <30 490
+NTF403 plus +NT 30 <t<50 480
640 to 840 18
X8NI9 <30 490
+QT
+QT6402 30<t<50 480
X8NIi9 <30 585
+QTe 680 to 820 18
+QF*680a ¢ 30 <t<50 575
X6N}7 QT or QQTe < 40 585 680 to 825 18
i <30 585
X7Npi9 +QTe 680 to 820 18
30<t<50 575
a +N: normalized; +NT: normalized and tempered; +QT: quenched and tempered; +NT640/+QT640/1+QT680: heat
treafment variant with minimum (ensile strength of 640 MPa or 680 MPa. All grades may be delivered juntreated by
agrepment, see 6.2.4.
b For temperatures and cooling conditions, see Table D.1.
c For nominal thickness€s < 15 mm, delivery conditions +N plus +NT are also applicable.
d 1 MPa =1 N/minZ2,
e An intermedjate heat treatment after quenching and before tempering may be applied as an option.

© ISO 2018 - All rights reserved
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Table A.3 — Minimum impact energy values (valid for V-notched test pieces)

Nom- Minimum impact energy
Heat inal KV
Steel treat- thick- Di . ]
de |mentcon-| ness Irection ;
gra - at a temperature in °C of
ditionab t
mm 20 | 0 |-20|{-40|-50|-60|-80|-100|-120|-150|-170 | -196
11MnNi5- tongitudi-1 70 | 60 | 55(50 (45|40 [ —| — | — | — | — | —
3 na
. | *N (+NT)
é3MnN16 trans- | oy | gg lg5l3scl3geloze | o | | | | | _
verse
+N longitudi-| o | o | 65160 (50|50 40| — | — | — | & |—
nal
15NiMn6 or +NT <80
or +QT trans- | g5 | 50 | 45 | 40 [35¢|35¢|27¢| — | — | &= — | |—
verse
N longitudi-| oo | 0 | 551555050 45| 40 | -OF — | — | |—
nal
12Nil4 or +NT
or +QT trans- | g5 | 50 | 45 |35¢|35¢| 35¢|30¢| 27¢4 — | — | — | |—
verse
N longitudi-| 5, | 55 | 70 | 65 | 65 | 65 60| 50 |40d| — | — | |—
nal
X12Ni5 or +NT <50
or +QT trans- | g0 | 60 | 55|45 | 45 | 45 [ 40 | 30¢ |27¢d| — | — | |—
verse
X8Ni9 +N plus longitudi-| 44 1 100 100 |1004266| 100 |100| 90 | 80 | 70 | 60 | |50
+NT640 b nal
o +NT; <50
Xomo +QT trans- | 76 | 70 | 704270 | 70 | 70 | 70 | 60 | 50 | 50 | 45 | |40
+QT640 verse
_ longitudi-| 4 1 156%120(120(120] 120|120 110 | 100 | 90 | 80 | |70
X8Ni9 nal
+QT <50
+QT680 trans-
100_/ 100 (100|100|100| 100 {100 90 | 80 | 70 | 60 | |50
verse
longitudiy 5 | 120 |120(120|120{ 120 |120| 120 | 120 | 120 | 110 | J00
. QT or nal
X6Ni7 oqre | %0
t‘fjrnsi 100 | 100 [100{100{100| 100 [100| 100 | 100 | 100 | 90 | [80
loni‘;}*d" 120 [120[120(120{120|120 [120| 120 | 120 | 120 | 110 | 100
X7Ni9 +QT <50
trans- | 140 100 |100{100|100| 100 |100| 100 | 100 | 100 | 90 | [80
verse
a +N: n¢rmalized; +NT: normalized and tempered; +QT: quenched and tempered; +NT640/+QT640/+QT680: [heat
treatment vafiardtwith minimum tensile strength of 640 MPa or 680 MPa.
b Other deliery-conditionsmay-beagreed{see-6-2-13-
c An impact energy value of 40 ] may be agreed at the time of enquiry and order.
d The values are applicable for nominal thicknesses < 25 mmat -110 °C and for nominal thicknesses of 25 mm <t <30 mm
at -115 °C.
e An intermediate heat treatment after quenching and before tempering may be applied as an option.
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Annex B

IS0 9328-4:2018(E)

Chemical composition and mechanical properties of products
delivered in accordance with ASME-type design codes

Table B.1 — Chemical composition [cast (heat) analysis]
% by massa
Steel . . .
C Si Mn P S Cr Cu Mo Nb Ni I'i \%
grade
max. | max. | max. | max. | max. | max. | max. | max. | max. max. | max.

14N|9 0,17 | 0,30 | 0,70 | 0,015 | 0,015| 0,30 | 0,40 | 0,12 0,02 2,40to0 2,50 | 0j03 | 0,05
13Nj14b | 0,15 | 0,30 | 0,70 | 0,015 | 0,015 | 0,30 | 0,40 | 0,12 0,02 3,25t0 3,75 0j03 | 0,05
14N|14 0,17 | 0,30 | 0,70 | 0,015 | 0,015 | 0,30 | 0,40 | 0,12 0,02 3,25t0 3,75 0j03 | 0,05
X9N'5 0,43 | 0,30 | 0,70 | 0,015 | 0,015 | 0,30 | 0,40 | 0,12 [*0,02 4,75t0 6,00 | 0j03 | 0,05
X9N'7 0,12 | 0,30 | 1,20 | 0,015 | 0,015 | 0,30 | 0,40 | 06,12 0,02 6,00 to 7,50 0j03 | 0,05
X9Ni9b 0,12 | 0,30 | 0,90 | 0,015 | 0,015 | 0,30 | 0,40.5 0,12 0,02 8,50t0 9,50 | 0j03 | 0,05
a Elements not listed in this table shall not intentionally be addedto the steel without the agreement of the purchaser,
except for finishing the cast. All appropriate measures shall be taken to prevent the addition of these elemenfs from scrap
or other materials used in steelmaking, which may adversely affect the mechanical properties and usability.
b See Table B.2 for complete steel names.

Table B.2 — Mechanical properties at room temperature?

Product Yield Tensile Elpngation
thickness strength strength after fracture
Steel grade Usual delivery t ReH Rm A
conditionb
mm MPac MPac %
min. min.

14N|9 +HN;+NTd <t<50 255 450 to 590 21
13Nj14+NT #N,+NTd 6<t<50 255 450 to 590 21
13Nj14+QT +QTe 6<t<50 440 540 to 690 18
14N|14 +N,+NTd 6<t<50 275 480 to 620 19
XINJ5 +QTe 6<t<50 590 690 to 830 18
XONJ7 +M 6<t<50 520 690 to 830 18
X9NKHRHE +HN-phas—+NFe G=+=50 520 6£90-t6-830 18
X9Ni9+QT +QTe 6<t<100 590 690 to 830 18
a Applicable for transverse direction.
b +N: normalized; +NT: normalized and tempered; +QT: quenched and tempered; +M: thermomechanically rolled.
c 1 MPa=1N/mm?2.
d By agreement, thermomechanically rolled (+M) may be applied (see 6.2.3).
e An intermediate heat treatment, an operation of cooling from a dual phase composed of austenite and ferrite, intended
for improving toughness, may be applied prior to tempering, if necessary.
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Table B.3 — Minimum impact energy values (valid for V-notched test pieces)

Product Impact energyb
Usual thickness kv
Steel grade deli-vgry ¢ ]
condition? at a temperature in °C of

mm -196 -130 -110 -101 =70
14Ni9 +N,+NTc <50 — — — — 21
13Ni14+NT +N,+NTc 6<t<50 — — — 21 —
13Ni14+QT FQTd 6T 50 = = 27 = —
14Ni14 +N,+NTc 6<t<50 — — — 21 NS
X9Ni5 +QTd 6<t<50 — 41 — — —
X9Ni7 +M 6<t<60 41 — — — —
X9Ni9+NTe +N +NTd 6<t<50 34 — — - —
X9Ni9+QTe +QTd 6<t<100 41 — — =D —
a +N: norjmalized; +NT: normalized and tempered; +QT: quenched and tempered.
b For longitudinal or transverse test pieces, as specified at the time of enquiry and order (see 9.2).
c By agrdement, special rolling or a corresponding heat treatment may be applied{(see 6.2.3).
d An intefmediate heat treatment, an operation of cooling from a dual phase cethpodsed of austenite and ferrite, intepded
for improving toughness, may be applied prior to tempering, if necessary.
e For ste¢l grades X9Ni9, each test piece shall have a lateral expansion oppesite the notch of not less than 0,381 mip.
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