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European foreword

This document (EN 10088-3:2023) has been prepared by Technical Committee CEN/TC 459 “ S -
European Committee for Iron and Steel Standardizationl”, the secretariat of which is held

This European Standard shall be given the status of a national standard, e1t @%bllcatlon of an
identical text or by endorsement, at the latest by June 2024, and conﬂlctl al standards shall be
withdrawn at the latest by June 2024. a -

This document supersedes EN 10088-3:2014. G\\\
In comparison with the previous edltlon the f technical modifications have been made:
a) addition of austenitic grades 1 1 391, addition of austenitic-ferritic (duplex) grade 1.4670,

addition of ferritic gr de\& 7. 4114 1.4045, addition of martensitic grade 1.4037;

b) chemical composition was changed for following grades: austenitic grades 1.4310, 1.4404, 1.4529,
ferritic grade 1.4003 and for martensitic grade 1.4028, 1.4116;

c) removal of austenitic grades, 1.4319, 1.4537;

d) mechanical values for bright bars have been changed for austenitic grades 1.4301, 1.4307 for ferritic
grades 1.4509, for martensitic grades 1.4028, 1.44418 and for austeno-ferritic grades 1.4362.
Mechanical values for bright bars have been added for martensitic grade 1.4021 in QT800 condition
and for 1.4057 in QT900 condition;

e) introduction of the possibility to use modelling for the determination of tensile properties;

f) columns have swapped places in Table 7 for better reading;

g) new Annex A lists all grades that appear in this document by ascending steel number.

EN 10088, under the general title Stainless steels, consists of the following parts:

— Part 1: List of stainless steels (including a table of European Standards, in which these stainless steels
are further specified, see Annex C);

— Part 2: Technical delivery conditions for sheet/plate and strip of corrosion resistant steels for general
purposes;

— Part 3: Technical delivery conditions for semi-finished products, bars, rods, wire, sections and bright
products of corrosion resistant steels for general purposes;

— Part 4: Technical delivery conditions for sheet/plate and strip of corrosion resisting steels for
construction purposes;

— Part 5: Technical delivery conditions for bars, rods, wire, sections and bright products of corrosion
resisting steels for construction purposes.

1 Through its sub-committee SC 5 “Steels for heat treatment, alloy steels, free-cutting steels and stainless steels”,
(secretariat: DIN).
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Any feedback and questions on this document should be directed to the users’ national standards body.
A complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organisations of ((\\
following countries are bound to implement this European Standard: Austria, Belgium, Bulgarjg, ,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, @%I‘reland,
[taly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portu @ ic of North
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerlan@ e and the United

W\
™

o
\\\\-\)g‘

Kingdom.
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Introduction

The European Committee for Standardization (CEN) draws attention to the fact that it is clailm at
compliance with this document may involve the use of patents applied to seven steel gradegs 8.3,
A and B and which is claimed to be relevant for the following clause(s) of this docur@% .

Clauses 8, A and B. \)g

CEN takes no position concerning the evidence, validity and scop %tent rights. The holders of
these patent rights have ensured CEN that they are willi ?\ teTicenses, under reasonable and
non-discriminatory terms and conditions, with applic n?&h ughout the world. In this respect, the

statements of the holders of these patent rights giStered with CEN. Information may be obtained
from:

Grade: 1.4662 5 \
Outokumpu Stainless AB \\\‘\-Q
SE-77480 Avesta, Sweden

Grade 1.4062, 1.4669, 1.4670

Ugitech

F-73403 Ugine Cedex, France,

Grade 1.4062, 1.4669

Industeel

F-71200 Creusot, 56 Rue Clemenceau, France
Grade 1.4646,1.4611, 1.4613

Acciai Speciali Terni

[-05100 Terni, Italy

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. CEN shall not be held responsible for identifying any or
all such patent rights.
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1 Scope

bars, rods, wire, sections and bright products of standard grades and special grades of corrosion resis

This document specifies the technical delivery conditions for semi-finished products, hot or cold formed \
stainless steels for general purposes. @((\

NOTE General purposes include the use of stainless steels in contact with foodstuffs. ges

The general technical delivery conditions specified in EN 10021 apply in aléd;@afhe specifications of
this document, unless otherwise specified in this document.

This document does not apply to components manufactured b er processing of the product forms
listed above with quality characteristics altered awmh further processing.

2 Normative references

The following documents are re&kﬁ%in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 10021, General technical delivery conditions for steel products
EN 10079, Definition of steel products
EN 10088-1:2023, Stainless steels — Part 1: List of stainless steels

EN 10163-3, Delivery requirements for surface condition of hot-rolled steel plates, wide flats and sections
— Part 3: Sections

EN 10168, Steel products — Inspection documents — List of information and description

EN 10204, Metallic products — Types of inspection documents

EN 10306, Iron and steel — Ultrasonic testing of H beams with parallel flanges and IPE beams

EN 10308, Non-destructive testing — Ultrasonic testing of steel bars

EN ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method (1SO 148-1)

EN ISO 286-1, Geometrical product specifications (GPS) — ISO code system for tolerances on linear sizes —
Part 1: Basis of tolerances, deviations and fits (1SO 286-1)

EN ISO 377, Steel and steel products — Location and preparation of samples and test pieces for mechanical
testing (1SO 377)

EN ISO 3651-2, Determination of resistance to intergranular corrosion of stainless steels — Part 2: Ferritic,
austenitic and ferritic-austenitic (duplex) stainless steels — Corrosion test in media containing sulfuric acid
(IS0 3651-2)

EN ISO 4885, Ferrous materials — Heat treatments — Vocabulary (1SO 4885)

EN ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method (1SO 6506-1)

EN ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
(IS0 6892-1)
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EN ISO 6892-2, Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature
(IS0 6892-2)

EN ISO 9443, Surface quality classes for hot-rolled bars and wire rod (1SO 9443) 0((\\

EN ISO 14284, Steel and iron — Sampling and preparation of samples for the det re’%!ibn of chemical
composition (ISO 14284) @

- g@«
3 Terms and definitions (\na:

For the purposes of this document, the terms an, deqm ons regarding types of heat-treatment in
EN ISO 4885 and regarding product forms in and the following apply.

ISO and IEC maintain terminology t r use in standardization at the following addresses:
— ISO Online browsmg 1 ?@iﬂlable at https://www.iso.org/obp

— IEC Electropedia: avallable at https://www.electropedia.org/

3.1
stainless steels
steels with at least 10,5 % of chromium and maximum 1,20 % of carbon

[SOURCE: EN 10020:2000, 3.2.2]

Note 1 to entry: Stainless steels are further subdivided in accordance with their main property into corrosion
resistant steels, heat resistant steels and creep resistant steels.

3.2
corrosion resistant stainless steels
standard stainless (see 3.1) where its resistance to corrosion is of primary importance

3.3
general purposes
purposes other than the special purposes mentioned in the Bibliography

3.4
standard grades
grades with a relatively good availability and a wider range of application

3.5
special grades
grades for special use and/or with limited availability
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4

4.1 Designation of steel grades

The steel names and steel numbers (see Tables 2 to 5) were formed in accordance with EN 10Q2
EN 10027-2, respectively.

Designation and ordering
Qd“‘\
SOl

A complete overview of all grades that are in this document is given in Annex A a

4.2 Designation to be used on ordering Q

The complete designation for ordering a product accordin t@cument shall contain the following
information:

— desired quantity; \\

product form (e.g. round barv@;@)ars or rod);

where an appropriate dimensional standard is available (see Table 7 and Annex D) the number of
the standard plus any choice of requirements; if there is no dimensional standard, the nominal
dimensions and tolerances required;

type of material (steel);

number of this document;

steel name or steel number;

if for the relevant steel in the table for the mechanical properties more than one treatment condition
is covered, the symbol for the desired heat treatment or cold worked condition;

desired condition (see symbols in Table 7);

if a verification of internal soundness is required, products shall be tested in accordance with
EN 10306 or EN 10308;

any additional optional tests or inspections (see 7.2.3 d);

standard designation for a test report 2.2 or, if required, any other type of inspection document in
accordance with EN 10204 (see 7.2.1).

EXAMPLE 10 t round bars according to EN 10060 of 50 mm diameter made of steel grade EN 10088-3 with
the name X5CrNi18-10 and the number 1.4301 in condition 1D (see Table 7), inspection certificate 3.1 as specified
in EN 10204:

10 t round bars EN 10060 — 50
Steel EN 10088-3 — X5CrNi18-10+1D
EN 10204 — 3.1

or

10 t round bars EN 10060 — 50
Steel EN 10088-3-1.4301+1D
EN 10204 — 3.1.
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5 Classification of grades

Steels covered in this document are classified according to their structure into: \
— austenitic steels, 00((\

Q@\)ge‘é‘

— austenitic-ferritic steels,

— ferritic steels, . E -
— martensitic steels, \\\(\

.
— precipitation hardening steels.

See also EN 10088-1:2023, An ‘\\

N\

6.1 Steelmaking process

6 Requirements

Unless otherwise agreed at the time of enquiry and order, the steelmaking and manufacturing process
for steels conforming to this document shall be at the discretion of the manufacturer.

6.2 Delivery condition

The products shall be supplied in the delivery condition agreed at the time of enquiry and order by
reference to the conditions given in Table 7 and, where different alternatives exist, to the treatment
conditions given in Tables 8 to 19 and 25 (see also Annex B).

6.3 Chemical composition

6.3.1 The chemical composition requirements given in Tables 2 to 5 apply in respect of the chemical
composition according to the cast analysis.

Elements not quoted (“-”) or not listed in these tables shall not be intentionally added to the steel without
the agreement of the purchaser except for finishing the cast. All precautions shall be taken to avoid the
addition of such elements from scrap and other materials used in production which would impair
mechanical properties and the suitability of the steel.

6.3.2 The product analysis may deviate from the limiting values for the cast analysis given in Tables 2
to 5 by the values listed in Table 6.

6.4 Chemical corrosion resistance properties

For austenitic, austenitic-ferritic and ferritic stainless steels, the specifications in Tables 8, 9 and 10,
referring to resistance to intergranular corrosion as defined in EN ISO 3651-2 applies (see also 7.4.6).
NOTE1 ENISO 3651-2 is not applicable for testing martensitic and precipitation hardening steels.

NOTE 2  The corrosion resistance of stainless steels is very dependent on the type of environment and can

therefore not always be clearly ascertained through laboratory tests. It is therefore advisable to draw on the
available experience of the use of the steels.
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6.5 Mechanical properties

6.5.1 The mechanical properties at room temperature as specified in Tables 8 to 12 apply for hot
worked products of every condition, condition 1U and semi-finished products excluded, for
processed products in condition 2D (excluding wire), and for each specified heat treatment cg dl 0

For cold processed products of every specified condition, condition 2D and wirese %% and each
specified heat treatment condition, the mechanical properties at room tew}e s specified in
Tables 13 to 17 apply. For these products, the condition is the pri m with the mechanical
properties secondary. ?\

If by agreement at the time of ordering the prodlﬁw s%phed in a non-heat-treated condition,

the mechanical properties specified in Tables 8 | Be obtained from reference test pieces which
have received the appropriate heat treatments(§i ed heat treatment).

For wire, the properties as specif"ed } le2 18 and 19 apply.

For bars which are intentionally ¥old work hardened in order to increase their tensile strength to a
specified level, the mechanical properties at room temperature as specified in Table 25 apply. For these
products, the mechanical properties are prime, with the condition a secondary property.

NOTE Austenitic steels are insensitive to brittle fracture in the solution annealed condition. Because they do
not have a pronounced transition temperature, which is characteristic of other steels, they are also useful for
application at cryogenic temperatures.

6.5.2 The values in Tables 20 to 24 apply for the 0,2 %- and 1,0 %-proof strength at elevated
temperatures.

6.5.3 A number of grades in Tables 2 to 5 are not listed or have limited information included in Tables
13 to 25. In this case, grade dimensions and corresponding mechanical properties shall be agreed upon
at the time of enquiry and order.

In case of demand for larger diameters than stated in Tables 13 to 19, appropriate mechanical property
values shall be agreed at the time of enquiry and order.

6.6 Surface quality

The available surface finishes are given in Table 7. Slight surface imperfections, inherent to the

production process, are permitted. Exact requirements concerning maximum depth of acceptable
discontinuities for bars, rods and sections in the relevant conditions are given in Table 1.

10
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Table 1 — Maximum depth of acceptable discontinuities for bars, rods and sections

Conditions Product forms Permissible depth of discontinuities 2 Max. % of delivered weighti
excess of permissible d
discontinpit@
1U, 1C, 1E, 1D Sections To be agreed upon at the time of enquiry and order on tl}sl@'% BM0163-3.

\"4
1U, 1C, 1E, 1D Rounds and rod Unless not specified otherwise at the time of eng \a)gder:
EN ISO 9443 - class A. (’\06
L \)
1Xb 2Hb 2DP Rounds -max. 0,2 mmford<20 mm_ * (\ 9 1%
-max.0,01dfor20<d<7 \

-max. 0,75 mm f'(‘)rﬂNS

A
Hexagons - max. ), Xs 15 mm 2%
% i for 15<d < 63 mm

~

Other bars \\\“r)max. 0,3 mm ford < 15 mm 4%

-max. 0,02 d for 15 <d < 63 mm

1G, 2B, 2G, 2P Rounds Technically defect free by manufacture. 0,2 %

2  Depth of discontinuities is understood as being the distance, measured normally to the surface, between the bottom of the
discontinuities and that surface.

At the time of enquiry and order it may be agreed that the product shall be delivered with a surface being technically defect
free by manufacture. In this case, also the maximum % of delivered weight in excess of permissible depth of discontinuities
shall be agreed.

For further information, e.g. roughness in conditions 2G and 2P, see Table 7.

For wires supplied in 2H condition according to Table 18 or 2B according to Table 19 the surface quality
shall be agreed upon at the time of enquiry and order.

6.7 Internal soundness

The products shall be free of internal defects which would exclude them from being used for their usual
purpose. At the time of enquiry and order ultrasonic testing of H-beams with parallel flanges and IPE-

beams may be agreed in accordance with EN 10306 and ultrasonic testing of steel bars may be agreed in
accordance with EN 10308.

6.8 Formability at room temperature

Cold formability may be verified by elongation in the tensile test.

6.9 Dimensions and tolerances on dimensions and shape

The dimensions and the tolerances on dimensions shall be agreed at the time of enquiry and order, as far
as possible with reference to the dimensional standards listed in Table 7 and in Annex D.

6.10 Calculation of mass and tolerances on mass

6.10.1 The nominal mass shall be calculated by using the steel density given in Annex E of
EN 10088-1:2023 and the nominal dimensions of the steel product.

6.10.2 The dimensional standards listed in Table 7 or in Annex D do not specify tolerances on mass,
which therefore may be agreed at the time of enquiry and order.

11
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7 Inspection and testing

7.1 General \
The appropriate process control, inspection, testing and modelling shall be carried out to ensuge t@Qe
product complies with the requirements of the order. eé ke

This includes the following: a‘\)g

— suitable frequency of verification of the dimensions of the productsx g

— adequate intensity of visual examination of th@ce&‘a@\the products;
.

— appropriate frequency and type of test to e\l\ the correct grade of steel is used.

.

The nature and frequency of these V@&ﬁ‘, examinations and tests is determined in the light of the
degree of consistency that has b mined by the evidence of the quality system. In view of this,
verifications by specific tests for these requirements are not necessary unless otherwise agreed.

7.2 Agreement on tests and inspection documents

7.2.1 Products complying with this document shall be ordered and delivered with one of the inspection
documents as specified in EN 10204. The type of document shall be agreed upon at the time of enquiry
and order. If the order does not contain any specification of this type, at least a test report 2.2 shall be
issued.

7.2.2 Ifitis agreed to issue a test report 2.2 in accordance with EN 10204 it shall indicate the following
information:

a) information groups A, B and Z of EN 10168;

b) results of the cast analysis in accordance with Tables 2 to 5 with the code numbers C71 to C92 in
EN 10168.

7.2.3 If the issuing of an inspection certificate 3.1 or 3.2 according to EN 10204 has been agreed,
specific inspections according to 7.3 shall be carried out and the following information shall be given in
the inspection document with the code numbers and details required by EN 10168:

a) information groups A, Band Z of EN 10168;

b) results of the cast analysis in accordance with Tables 2 to 5 with the code numbers C71 to C92 in
EN 10168;

c) results of all mandatory (m) tests according to Table 26;

d) results of any optional (o) test according to Table 26 or any further product verification agreed at the
time of enquiry and order.

7.3 Specific inspection and testing
7.3.1 Extent of testing

The tests to be carried out, either mandatorily (m) or optionally by agreement (o) and the composition
and size of the test units, and the number of sample products, samples and test pieces to be taken are
given in Table 26.

12
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7.3.2 Selection and preparation of samples

7.3.2.1 Sampling and sample preparation shall be in accordance with the requirementi of
EN ISO 14284 and EN ISO 377. In addition, for the mechanical tests the stipulations in 7.3.2. 2

7.3.2.2 The samples for tensile testing shall be taken in accordance with Figur %39 it has been
agreed that optional impact tests shall be carried out, the samples shall be ta @ the same location.

The samples shall be taken from products in the delivery conditi aged samples from bars may be
ed

taken before straightening. For samples to be given a@ eat treatment (see also 6.5.1) the
11

.
artensitic steels and for optional testing of the
aken from the same locations as those for the mechanical

conditions for annealing, hardening and tempering s

7.3.2.3 The samples for hardness testj
resistance to intergranular corrosion, g

tests see 7.3.2.2). \\\‘96 .

7.4.1 The chemical analysis shall be carried out using appropriate European Standards. The choice of a
suitable physical or chemical analytical method for the analysis shall be at the discretion of the
manufacturer. The manufacturer shall declare the test method used if required.

7.4 Test methods

NOTE The list of available European Standards on chemical analysis is given in CEN/TR 10261.

7.4.2 Tensile testing at room temperature shall be carried out in accordance with EN ISO 6892-1, this
generally being with proportional test pieces having a gauge length L, = 5,65 \/So. (Sp = cross-section of

the parallel length). In cases of doubt and in referee testing these test pieces shall be used.

The tensile strength, elongation after fracture and the 0,2 %-proof strength shall be determined. In
addition, for austenitic steels in condition 1C, 1E, 1D, 1X, 1G and 2D only, the 1,0 %-proof strength shall
also be determined.

For wire of nominal diameter < 4 mm, the tensile test is made directly on the product using a gauge length
of 100 mm.

7.4.3 If a tensile test at elevated temperature has been ordered, this shall be carried out in accordance
with EN ISO 6892-2. If the proof strength shall be verified, the 0,2 %-proof strength shall be determined,
for ferritic, martensitic, precipitation hardening and austenitic-ferritic steels. In the case of austenitic
steels, the 0,2 % and the 1,0 %-proof strength shall be determined.

7.4.4 For the determination of the tensile properties, the manufacturer may use modelling with a
verification method approved in accordance with EN 10373, if agreed with the purchaser at the time of
enquiry and order.

7.4.5 If animpact test has been ordered, it shall be carried out in accordance with EN ISO 148-1 on test

pieces with a V-notch. The impact test shall be performed according to EN ISO 148-1, and using a striker
with a radius of 2 mm (KV,). The test results shall be determined as an average value obtained from a set

of at least three test pieces (see also EN 10021).
7.4.6 A Brinell hardness test shall be carried out in accordance with EN ISO 6506-1.

7.4.7 The resistance to intergranular corrosion shall be tested in accordance with EN ISO 3651-2.

13
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7.4.8 The tolerances on dimensions and form of the product, and the measurement of dimension and
form shall be in accordance with the requirements of the relevant dimensional standards, where

available.
00“\\

7.5 Retests

Retests shall be carried out in accordance with EN 10021. a‘\)

8 Marking . (\'af g
8.1 Marking shall be durable.

8.2 Unless otherwise agreed, the requiremer‘ﬂmm 27 apply.
8.3 Unless otherwise agreed, the @%ﬁall be marked as follows:

— semi-finished products, bars and sections in thicknesses over 35 mm by inking, adhesive labels,
electrolytic etching or stamping;

— bars and sections in thicknesses up to 35 mm by labels attached to the bundle or by means of the
possibilities listed in the first hyphen;

— rods by means of a label attached to the coil.

If the marking shall be applied by inking or adhesive label, the inks or adhesives should be carefully
selected to ensure that resistance to corrosion is not impaired.

14
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Table 6 — Permissible product analysis tolerances on the limiting values given in Tables 2 to 5
for the cast analysis

T

Element Specified limits, cast analysis Permissible toleranc
% by mass % by mass Q
Carbon <0,030 . \6@? g
> 0,030 <0,20 Qa'\) 15)0,01
>0,20 < 0@;\(\6 < 0,02
>0,60 R \\A s‘ﬁi v +0,03
Silicon NN Y <100 £0,05
>1,00 e* \V Y <3,00 +0,10
W~ < 6,00 +0,15
Manganese A <1,00 +0,03
> 1,00 <2,00 +0,04
>2,00 <15,0 0,10
Phosphorus < 0,045 +0,005
> 0,045 <0,070 +0,010
Sulfur <0,015 +0,003
>0,015 <0,030 +0,005
>20,10 <0,50 +0,02
Chromium >10,5 <15,0 +0,15
> 15,0 <20,0 0,20
> 20,0 <35,0 +0,25
Molybdenum <0,60 +0,03
> 0,60 <1,75 +0,05
>1,75 <8,0 0,10
Nickel < 1,00 0,03
> 1,00 <5,0 +0,07
>5,0 <10,0 0,10
>10,0 <20,0 +0,15
> 20,0 < 38,0 0,20
Nitrogen <0,10 +0,01
20,10 <0,60 0,02
Aluminium 20,10 <0,30 +0,05
> 0,30 <1,50 0,10
Boron <0,010 +0,000 5
Cobalt <0,50 -0,01
> 0,50 <2,00 0,02
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Element Specified limits, cast analysis Permissible tolerance ?
% by mass % by mass \
Copper < 1,00 +0,04(\ M
o\ A
> 1,00 <5,0 =)
b 2t
Niobium <1,00 ;Q +0,05
Titanium <1,00 Q@ £0,05
. 2\ =4
>1,00 WO 0,07
~\\
Tungsten \‘ ‘b\ <3,00 +0,05
Vanadium 1\ <0,50 -0,01 / +0,03
. ‘ -
) <150 £0,05
a  If several product analyse ‘3 d out on one cast, and the contents of an individual element determined lies
outside the permissible ran®e of the chemical composition specified for the cast analysis, then it is only allowed to
exceed the permissible maximum value or to fall short of the permissible minimum value, but not both at the same time.
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Table 14 — Mechanical properties for bright bars 2 at room temperature of solution annealed P
(see Table A.2) austenitic-ferritic steels in conditions 2H, 2B, 2G or 2P

Steel designation Thickness Solution annealed ‘ < (‘t
Name Number ) t . RpO,Z R, %5‘ 0 KV,
or dlal;eter MPa MP{)Q % |
min. a‘ min. min.
mm - (long.) (long.)
Standard graM\\A\v
X2CrNiN22-2 * 1.4062 * sklﬂ‘ ! ‘\J y 600 650 to 1100 15 -
. \\Wt\! 40 500 700 to 1100 15 -
(\c)‘ ! 40<t 500 700 to 1100 20 -
X2CrNiN23-4 \ Y - <10¢ 600 800 to 1100 12 -
10<t<16 600 800 to 1050 12 -
16 <t<40 400 600 to 1000 15 100
40<t<63 400 600 to 1000 15 100
63 <t<160 400 600 to 830 25 100
X2CrMnNiN21-5-1 1.4162 <10°¢ 500 700 to 1050 15 -
10<t<16 500 700 to 1050 20 -
16 <t<40 500 700 to 1050 20 -
40<t=<160 450 650 to 850 30 60
X2CrMnNiMoN21-5-3 1.4482 t<160 500 =800 20 60
X2CrNiMoN22-5-3 1.4462 <10¢ 650 850 to 1150 12 -
10<t<16 650 850 to 1100 12 -
16 <t<40 450 650 to 1000 15 100
40<t<63 450 650 to 1000 15 100
63 <t<160 450 650 to 880 25 100
X3CrNiMoN27-5-2 1.4460 <10¢ 610 770 to 1030 12 -
10<t<16 560 770 to 1030 12 -
16 <t<40 460 620 to 950 15 85
40<t<63 460 620 to 950 15 85
63 <t<160 460 620 to 880 20 85
Special grade
X2CrMnNiSiN20-5-4-2 * 1.4670 * <20 650 800 to 1100 15 -
20<t<30 450 650 to 1100 15
=30 450 650 to 900 25 60
X2CrNiMnMoCuN24-4-3-2 * 1.4662 * <10¢ 700 900 to 1150 15 -
10<t<30 700 900 to 1100 20 -
30<t<160 450 650 to 900 25 60
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Name Number

Steel designation Thickness Solution annealed

t
di ter ¢ RPOIZ Rin Asd KV, \
or 'a';e er MPa MPa % ] V:(\
min. min. i
d @}0

3
mm

(@@ QD ﬁong.)
X2CrNiMoCuN25-6-3 1.4507 <10° f D i

R
‘nar\b _f A

10<t=<16 -f .

16 <t<40 ‘SOPX\\\]O‘O to 1050 25 100
40<t<63 03" 700 to 900 25 100
6?:<\ 500 700 to 900 25 100

Including cut lengths from wire.

S -
Initial solution treatment may be o1 “"QE conditions for previous hot-working and subsequent cooling have been
such that the requirements for the mechanical properties of the product and the resistance to intergranular corrosion as
defined in EN ISO 3651-2 are obtained.

Width across flats for hexagons.

Elongation A is valid only for dimensions of 5 mm and above. For smaller diameters, the minimum elongation shall be
agreed upon at the time of enquiry and order.

In the range 1 mm < d < 5 mm valid only for rounds. The mechanical properties of non-round bars with
thicknesses < 5 mm shall be agreed at the time of enquiry and order.

To be agreed upon at the time of enquiry and order.
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Table 15 — Mechanical properties for bright bars 2 at room temperature of annealed b (see
Table A.3) ferritic steels in conditions 2H, 2B, 2G or 2P

Steel designation Thickness 0,2 %-proof Tensile Elongz r
t strength strength a G& re
Name Number or dia;neter ¢ R0 l@e 9 * A ¢
MPa a‘\)l %
mm mil}Af min.
3_
Standard grag,gx\\\ W

X6Crl17 1.4016 <10° ‘\N\ ‘\J y 320 500 to 750 8

\ \s@& NN 300 480 to 750 8

Gy he<t<40 240 400 to 700 15

\\\\' 40<t<63 240 400 to 700 15

63<t<100 240 400 to 630 20

X6CrMoS17 1.4105 <10°¢ 330 530 to 780 7

10<t<16 310 500 to 780 7

16 <t<40 250 430to 730 12

40<t<63 250 430 to 730 12

63<t<100 250 430 to 630 20

X6CrMo17-1 1.4113 <10°¢ 340 540 to 700 8
10<t<16 320 500 to 700 12

16 <t<40 280 440to 700 15

40<t<63 280 440 to 700 15

63<t<100 280 440 to 660 18

X2CrMoSiS18-2-1 1.4106 <10 350 530 to 800 10
10<t<16 350 530 to 800 10

16<t<40 240 430 to 800 10

40<t<63 240 430 to 630 15

63 <t<100 240 430 to 630 15
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o

Steel designation Thickness 0,2 %-proof Tensile Elongation after
t strength strength fracture
Name Number or dial;eter ¢ Ry02 R, Agd
MPa MPa % 00
mm min %’
| SR
Special grades a

X3Crs12 1.4045 <10 350 o %QSOO 10

10<t<16 FSK\\‘ 480 to 780 10
1—\
16<t<40 alN\ *320 460 to 760 10
N

40 <‘t¥‘;\\ 320 450 to 750 15

X &‘100 300 450 to 750 15

X2CrTil7 1.4520 \Y <10°¢ 320 500 to 750 8
10<t<16 300 480 to 750 10

16 <t<40 240 400 to 700 15

40<t<50 240 400 to 700 15

X3CrNb17 1.4511 <10¢ 320 500 to 750 8
10<t<16 300 480 to 750 10

16 <t<40 240 400 to 700 15

40<t<50 240 400 to 700 15

X2CrTiNb18 1.4509 <10¢ 320 500 to 750 8
10<t<16 300 480 to 750 10

16 <t<40 240 400 to 700 10

40<t<50 240 400 to 700 15

X6CrMoS19-2 14114 <10 350 530 to 800 10
10<t<16 350 530 to 800 10

16<t<40 240 430 to 800 10

40<t<63 240 430to 630 15

X6CrMoNb17-1 1.4526 <10¢ 340 540 to 700 8
10<t<16 320 500 to 700 12

16 <t<40 280 440 to 700 15

40<t<50 280 440 to 700 15

2 Including cut lengths from wire.

agreed upon at the time of enquiry and order.

Initial annealing treatment may be omitted if the conditions for previous hot working and subsequent cooling have been
such that the requirements for the final mechanical properties of the product and the resistance to intergranular corrosion
as defined in EN ISO 3651-2 are obtained.

¢ Width across flats for hexagons.

Elongation A; is valid only for dimensions of 5 mm and above. For smaller diameters, the minimum elongation shall be

€ In the range 1mms<d<5mm valid only for rounds. The mechanical properties of non-round bars with
thicknesses < 5 mm shall be agreed at the time of enquiry and order.
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BS EN 10088-3:2023

Table 18 — Tensile strength of wire in diameters of 0,05 mm and above in 2H condition 2

EN 10088-3:2023 (E)

Steel designation ? ¢

Tensile strength

Range of tensile strength

Q,
2

levels d
Name Number MPa (,
Austenitic steels 65 *
<\
X10CrNi18-8, X2CrNi18-9, 1.4310, 1.4307, +C500 A4 6_\)%@ to 700
X8CrNiS18-9, X6CrNiCuS18-9-2 1.4305, 1.4570, +GH0Q\ '?L’\b 600 to 800
X3CrNiCu18-9-4, X5CrNi18-10, 1.4567,1.4301, m\ \C 0050900
X6CrNiTi18-10, X2CrNi19-11, 1.4541, 1.4306, G \ to
X4CrNi18-12, X8CrMnCuN17-8-3, 1.4303, 1.4597, (N « ™ +c800 800 to 1000
X8CrMnNiN18-9-5, X13CrMnNiN18-13-2, 1.4374, 1‘3‘) +C900 900 to 1100
X6CrMnNiN18-13-3, X2CrNiMo17-12-2, 1.43 ,‘1; N 1000 1000 to 1250
X5CrNiMo17-12-2, X6CrNiMoTi17-12- \ 714571,
X2CrNiMo17-12-3, X3CrNiMo17-12-3, 'M32,1.4436, +C1100 1100 to 1350
X2CrNiMoN18-12-4, X2CrNiMo18-14-3, 1.4434, 1.4435, +C1200 1200 to 1450
XlCFNiMOCuN20-18-7, X1CrNi25-2 1, 1.4547, 1.4335 +C1400 1400 to 1700
X1CrNiMoN25-22-2, X1NiCrMoCu25-20-5, | 1.4466,1.4539,
. _ +C1600 1600 to 1900
X1NiCrMoCuN25-20-7, X1NiCrMoCu31-27-4 | 1.4529, 1.4563,
X3CrMnNiCu15-8-5-3 1.4615 +C1800 1800 to 2100
Austenitic-ferritic steels
X2CrNiN23-4 1.4362 +C800 800 to 1000
X2CrNiMoN22-5-3 1.4462 +C900 900 to 1100
X2CrNiN22-2 * 1.4062 * 1000 000 10 1250
t
X2CrMnNiMoN21-5-3 1.4482 * °
X2CrNiMoN25-7-4 1.4410 +C1100 1100 to 1350
X2CrNiMoCoN28-8-5-1 1.4658 +C1200 1200 to 1450
+C1400 1400 to 1700
+C1600 1600 to 1900
+C1800 1800 to 2100
Ferritic steels
X6Cr17,X3CrNb17, 1.4016,1.4511 +C500 500 to 700
X6CrMoS17, X6CrMo17-1, X3CrS12 1.4105, 1.4113, +C600 600 to 800
1.4045
+C700 700 to 900
+C800 800 to 1000
+C900 900 to 1100
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EN 10088-3:2023 (E)

Steel designation b

Tensile strength
levels

Range of tensile strength

Name Number \
MPa -A“
Martensitic and precipitation hardening steels cC 0\ A
X12Cr13, X12CrS13, 1.4006, 1,4005, +C500 O%Jﬁ\tg700
X46Cr13, X14CrMoS17 1.4034, 1.4104, —7& 700 to 900
X17CrNi16-2, X7CrNiAl17-7 1.4057,1.4568 _._(‘e"o 0
X5NiCrTiMoVB25-12-2 1.4606 Y\\ 800 800 to 1000
‘C" +€900 900 to 1100
\ +C1000 1000 to 1250
6“\ +C1100 1100 to 1350
\\\\9 +C1200 1200 to 1450
+C1400 1400 to 1700
+C1600 1600 to 1900
+C1800 1800 to 2100

2 For spring applications, see EN ISO 6931-1. For cold heading, see EN 10263-5.

b Notall grades are available in all tensile strength levels or all diameters. Guidance data for nominal dimensions d

depending on strength levels are given in Annex C.

¢ Elongation depends on nominal dimensions d and may be agreed upon at the time of enquiry and order.

Intermediate values may be agreed.
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EN 10088-3:2023 (E)

Table 19 — Mechanical properties at room temperature of annealed wire in 2D condition 2 P

Steel designation Nominal dimension | Tensile strength | Elongation
d
Name Number MPa % 0‘
mm max. 5&
Austenitic steels (+AT) €
X10CrNi18-8, X2CrNi18-9, 1.4310, 1.4307, 0,05<d<0,10 (\W 20
X8CrNis18-9, X6CrNiCus18-9-2, 14305, 1.4570, 010<d<0p “ ) 050 20
X3CrNiCu18-9-4, X5CrNi18-10, 1.4567,1.4301, A \ W
. . 0,20 X(k\) 1000 30
X6CrNiTi18-10, X2CrNi19-11, 1.4541,1.4306 +—\
X4CrNi18-12, X8CrMnCuN17-8-3, 1.4303,1.4597 ‘\\\N %d=<1,00 950 30
X8CrMnNiN18-9-5, X13CrMnNiN18-13-2, 14374, ‘X " 1,00 <d <3,00 900 30
X6CrMnNiN18-13-3, X2CrNiMo17-12-2, 4?3‘ 2404, 3,00 <d <500 850 35
X5CrNiMo17-12-2, X6CrNiMoTi17-12-w' 01, 1.4571,
X2CrNiMo17-12-3, X3CrNiMo17-12-3, 14432, 1.4436 5,00 <d =160 800 35
X2CrNiMoN18-12-4, X2CrNiMo18-14-3, 1.4434, 1.4435,
X1CrNiMoCuN20-18-7, X1CrNi25-21, 1.4547,1.4335
X1CrNiMoN25-22-2, X1NiCrMoCu25-20-5, 1.4466, 1.4539,
X1NiCrMoCuN25-20-7, XINiCrMoCu31-27-4 | 1.4529, 1.4563
Austenitic-ferritic steels
X2CrNiN23-4 1.4362 0,50 <d <1,00 1050 20
X2CrNiN22-2 * 1.4062 * 200 = d=5.00 950 -
<
X2CrMnNiMoN21-5-3 1.4482 oed=S
X2CrNiMoN25-7-4 1.4410 5,00 <d <16,00 900 25
X2CrNiMoCoN28-8-5-1 1.4658
Ferritic steels (+A) ¢
X6Cr17 1.4016 0,05<d<0,10 950 10
X3CrNb17 14511 0,10 <d < 0,20 900 10
X6CrMoS17 1.4105 020 4= 050 550 e
<
X6CrMo17-1 14113 AU=d=n
0,50 <d<1,00 850 15
1,00 <d < 3,00 800 15
3,00 <d < 5,00 750 15
5,00 <d < 16,00 700 20
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EN 10088-3:2023 (E)

Steel designation Nominal dimension | Tensile strength | Elongation
d
Name Number MPa %
mm max. JAN\
A\
Martensitic (+A) and precipitation hardening (+AT) steels © P C‘O

X12Cr13 1.4006 0,50<d=<1,00 @‘D * 10

X12CrS13 1.4005 100<d< 3'00",&\) 50 10

X20Cr13 1.4021 o0 o \% 000 »

X30Cr13 1.4028 _"éa

X46Cr13 1.4034 C}@ <16,00 950 15

X14CrMoS17 1.4104 .

X17CrNil6-2
X7CrNiAl17-7

X5NiCrTiMoVB25-12-2

|\

k’(\os )

1.4606

a  If skin passed (i. e. less tham're(ﬁction in cross section), the maximum tensile strength might be increased by up to

50 MPa.

b For cold heading, see EN 10263-5.

¢ +A=annealed, +AT = solution annealed.
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at elevated temperatures

BS EN 10088-3:2023

Table 21 — Minimum values for the 0,2 %-proof strength of austenitic-ferritic steels

Minimum 0,2 %-proof strength «\\
(MPa)

Steel designation Heat
treat.n'lent C
condition ? at a temperature (i

Name Number 100

Standard grades
X2CrNiN22-2 * 1.4062 * +AT \4\ 4% 390 390
X2CrNiN23-4 1.4362 N KXI‘ ‘G\ l‘330 300 280 265
X2CrMnNiN21-5-1 1.4‘1q2‘ “w‘AT 365 325 295 275
X2CrMnNiMoN21-5-3 -1.‘4\8&“ +AT 340 315 300 280
X2CrNiM0N22-5€A‘\-© "1’.4'462 +AT 360 335 315 300
X3CrNiM0N27-5-) A 1.4460 +AT 360 335 310 295

Special grades
X2CrNiMoSi18-5-3 1.4424 +AT (t< 50) 370 350 330 325

+AT (50<t<160) | 320 305 290 285
X2CrMnNiSiN20-5-4-2 * 1.4670 * +AT 360 335 315 300
X2CrNiMnMoCuN24-4-3-2 * | 1.4662 * +AT 385 345 325 315
X2CrNiMoCuN25-6-3 1.4507 +AT 450 420 400 380
X2CrNiMoN25-7-4 1.4410 +AT 450 420 400 380
X2CrNiMoCuWN25-7-4 1.4501 +AT 450 420 400 380
X2CrNiMnN29-7-2 1.4477 +AT (t<10) 550 500 470 440

+AT (10 <t<160) | 500 460 430 400
a@  +AT = solution annealed.
*  Patented steel grade.
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Table 22 — Minimum values for the 0,2 %-proof strength of ferritic steels at elevated

temperatures
Steel designation Heat treatment Minimum 0,2 %-proof strength (MPa) m\
condition ? at a temperature (in °C) of 00 g
Name Number 100 150 200 250 309 rl\ * 400
Standard grades ﬂ'\)g
X2CrNil2 1.4003 +A 240 230 gzgntag d v210 - -
X6Cr13 1.4000 +A 220 215(.0 205 200 195 190
X6Crl7 1.4016 +A 2A2 V\le\ 210 205 200 195 190
X6CrMoS17 1.4105 +A ) \\\\Nﬁ“ -220 215 210 205 200 195
X6CrMo17-1 1.4113 NSV“ we 250 240 230 220 210 205 200
X2CrMoSiS18-2-1 | 1.4106 \\“\K 250 240 230 220 210 205 200
Special grades
X3CrS12 1.4045 +A 240 230 220 210 200 - -
X2CrTil7 1.4520 +A 190 180 170 160 155 - -
X3CrNb17 1.4511 +A 190 180 170 160 155 - -
X2CrTiNb18 1.4509 +A 190 180 170 160 155 - -
X2CrTi21* 1.4611* +A 190 180 170 160 155 - -
X2CrTi24 * 14613 * +A 190 180 170 160 155 - -
X6CrMoNb17-1 1.4526 +A 270 265 250 235 215 205 -
X2CrMoTiS18-2 1.4523 +A 250 240 230 220 210 205 200
@  +A=annealed.
*  Patented steel grade.
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Table 23 — Minimum values for the 0,2 %-proof strength of martensitic steels at elevated
temperatures

Steel designation Heat Minimum 0,2 %-proof strength (MPa)

\
treatment at a temperature (in °C) of 0«\

condition 2 .
Name Number 100 150 200 2 % 350 400
-
385

L
Standard grades T~
¢ "4
X12Cr13 1.4006 +QT650 420 \,{ \ B0 N 365 355 305
S \
X15Cr13 1.4024 +QT650 4‘0 J\}}O 400 385 365 330 300

X20Cr13 1.4021 +QT7 ?0 445 430 415 395 365 330
. Bb 515 495 475 460 440 405 355
+

ra
X17CrNil6-2 1.4-0§7 \\'Q* +QT800 515 495 475 460 440 405 355

+QT900 565 525 505 490 470 430 375

X3CrNiMo13-4 1.4313 +QT650 500 490 480 470 460 450 -
+QT780 590 575 560 545 530 515 -
+QT900 720 690 665 640 620 - -

X4CrNiMo16-5-1 1.4418 +QT760 520 510 500 490 480 - -
+QT900 660 640 620 600 580 - -
X39CrMo17-1 1.4122 +QT750 540 535 530 520 510 490 470
Special grade
X2CrNiMoV13-5-2 1.4415 +QT750 620 605 595 585 580 570 560
+QT850 710 695 680 670 660 645 635

a8 +QT = quenched and tempered

Table 24 — Minimum values for the 0,2 %-proof strength of precipitation hardening steels at
elevated temperatures

Steel designation Heat Minimum 0,2 %-proof strength (MPa)
treatment at a temperature (in °C) of
condition 2
Name Number 100 150 200 250 300
Standard grades
X5CrNiCuNb16-4 1.4542 +P800 500 490 480 470 460
+P930 680 660 640 620 600
+P960 730 710 690 670 650
+P1070 880 830 800 770 750
X5CrNiMoCuNb14-5 1.4594 +P930 680 660 640 620 600
+P1000 785 755 730 710 690
Special grade
X5NiCrTiMoVB25-15-2 1.4606 +P880 540 530 520 510 500

a8 +P = precipitation hardened.
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Table 25 — Mechanical properties for bars at room temperature of steels in the cold work
hardened (2H) condition

Steel designation Tensile strength 0,2% Tensile strength Elongatio m\
level proof strength after fr@@ 3
Name Number RpO,Z R, e%k
MPa Mp‘a\) %
min. ‘ , ‘QJ min.
Standard grades (Austenitic steel
X10CrNi18-8 1.4310 +C800 Al S@Sq(\‘\‘ 800 to 1000 12
X2CrNi18-9 1.4307 +C70QP A 3'50 700 to 850 20
3 0 500 800 to 1000 12
X8CrNiS18-9 1.4305 Q%;oo b 350 700 to 850 20
\\ +C800 2 500 800 to 1000 12
X5CrNi18-10 1.4301 +C700" 350 700 to 850 20
+C8002 500 800 to 1000 12
X6CrNiTi18-10 1.4541 +C700" 350 700 to 850 20
+C800 2 500 800 to 1000 12
X2CrNi19-11 1.4306 +C700 P 350 700 to 850 20
+C800 2 500 800 to 1000 12
X13MnNiN18-13-2 1.4020 +C800 650 800 to 1000 20
+C900 750 900 to 1100 15
+C1000 850 1000 to 1250 12
X6CrMnNiN18-13-3 1.4378 +C800 650 800 to 1000 20
+C900 750 900 to 1100 15
+C1000 850 1000 to 1250 12
X2CrNiMo17-12-2 1.4404 +C700 P 350 700 to 850 20
+C800 2 500 800 to 1000 12
X5CrNiMo17-12-2 1.4401 +C700 P 350 700 to 850 20
+C8002 500 800 to 1000 12
X6CrNiMoTil7-12-2 1.4571 +C700" 350 700 to 850 20
+C8002 500 800 to 1000 12
Standard grade (Martensitic steel)
X14CrMoS17 1.4104 +C5502 440 550 to 750 15
a8 Maximum diameter for this tensile strength level shall be agreed at the time of enquiry and order; it should not be
greater than 25 mm.
b Maximum diameter for this tensile strength level shall be agreed at the time of enquiry and order; it should not be
greater than 35 mm.
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Table 26 — Tests to be carried out, test units and extent of testing in specific testing

Test a | Testunit [Productform Number pf
) tes S
Rods, bars and sections ‘@ ple
) . -/
Chemical analysis m | Cast The cast analysis is given by the manufact’&ras .
G
Tensile test at ambient m | Batch € 1 sample per 25 t; maximum of 2 M‘om 1
temperature
Tensile test at elevated 0 To be agreed gt tHj ing (see Tables 20 1
temperature to 24) {sh\
Impact test at ambient temperature | o T, ee}z{t the time of ordering 3
bles 8 to 17)
Resistance to intergranular 6‘ \\ To be agreed at the time of ordering if intergranular 1
.

corrosion

corrosion is a hazard (see Tables 8, 9 and 10)

0
a@  Tests marked with an “m"mﬁ'tgy) sh

all be carried out as specific tests in all cases. Those marked with an “o

(optional) shall be carried out as specific tests only if agreed at the time of ordering.

b Product analysis may be agreed at the time of ordering; the extent of testing shall be specified at the same time.

¢ Each batch consists of products coming from the same cast. The products shall have been subject to the same heat
treatment cycle in the same furnace. In the case of a continuous furnace or in process annealing a batch is the lot heat

treated without intermission with the same process parameters.

The shape and size of the cross-sectional area of products in a single batch may be different providing that the ratio of

the largest to the smallest cross-sectional areas shall be equal or less than three.

. n

Table 27 — Marking of the products

Marking of Products
with specific testing @ without specific testing 2

Manufacturer’s name, trade mark or logo + +

Thickness or diameter (only on bundle labels) + +

Steel number or name + +

Cast number + +
Identification number P + (+)

Inspector’s mark +) -

2 Symbols in the table mean:
+ = the marking shall be applied;

(+) = the marking shall be applied if so agreed, or at the manufacturer’s discretion;

- = no marking necessary.

If specific tests shall be carried out, the numbers or letters used for identification shall allow the product(s) to be related

to the relevant inspection certificate or inspection report.
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T};E:t‘)f Round cross-section products Rectangular cross-section products
d<25b 25<d=<160 b=25 25<b=160 ‘
azb azb 0
S.Y
| g‘&*’m'
1752, Wz p
%7 T ] AT 19 .
i | A~ (D)
Tensile ‘ \ ,\ @
od ‘ \‘
125 NE CJ:\
‘ N 3 12,5
od
6‘ \\% d
a .
W b)
b=25 25<b=160
15<d=<25 252d=<160 b =
| ; .
. ‘ n
+—+ - &l
Impact 2 | /
od |
12,5 12,5 |
5 12,5
od
a
c) a)

a2 For products of a round cross-section, the axis of the notch is parallel to a diameter; for products with a
rectangular cross-section, the axis of the notch is perpendicular to the greatest rolled surface.

Samples of product may alternatively be tested unmachined, in accordance with EN ISO 377.

Figure 1 — Position of test pieces for steel bars and rods < 160 mm diameter or thickness
(longitudinal test pieces)
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S ‘C’O«\\

3

Key
tr Transverse

The axis of the notch on the impact test pieces should be radial in the case of round steel bars, and
perpendicular to the nearest rolled surface for rectangular bars.

NOTE The location of the impact test piece is d/6 or a/6 with a maximum of 50 mm from the surface.

Figure 2 — Position of test pieces for steel bars > 160 mm diameter or thickness (transverse test
pieces)
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1/3

1/3

2/3

Key

1 location of sample

3 | |27
|

12/3 13 0((\\

\ '\

1/

1

a By agreement, the sample can be taken from the web, at a quarter of the total height.

The axis of the notch on the impact test pieces should be perpendicular to the outside surface of the

section.

Figure 3 — Position of test pieces for beams, channels, angles, T sections and Z sections
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Annex B
(informative)

Guidelines for further treatment (including heat treatment) in fabrlca@«\

B.1 The guidelines given in Tables B.1 to B.5 are intended for hot fp n&ﬂ%eat treatment.
B.2 Thermal cutting may adversely affect edge areas; where r@ ﬁthey should be machined.

B.3 As the corrosion resistance of stainless steelsg
layers of scale and annealing colours formed‘T
1

nsured with a metallically clean surface,
t forming, heat treatment or welding should be
removed as far as possible before use arts made of steels with approximately 13 % Cr also
require the best surface conditioR e @?ed) in order to achieve maximum resistance to corrosion.

Table B.1 — Guidelines on the temperatures for hot forming and heat treatment 2 of austenitic
corrosion resistant steels

Steel designation Hot forming Heat Solution annealing
treatment
symbol
Name Number Temperature Type of Temperature 2 © Type of
°C cooling d cooling
°C
Standard grades
X10CrNi18-8 1.4310 1200 Air +AT 1000 to 1100 water, air ©
X2CrNi18-9 1.4307 to 1000 to 1100
X8CrNiS18-9 1.4305 200 1000 to 1100
X6CrNiCuS18-9-2 1.4570 1150 to 900 1000 to 1100
X2CrNiN18-10 1.4311 1200 1000 to 1100
X5CrNi18-10 1.4301 to 1000 to 1100
X6CrNiTi18-10 1.4541 200 1020 to 1120
X3CrNiCu18-9-4 1.4567 1000 to 1100
X2CrNi19-11 1.4306 1000 to 1100
X4CrNil18-12 1.4303 1000 to 1100
X2CrNiMoN17-11-2 1.4406 1020 to 1120
X2CrNiMo17-12-2 1.4404 1020 to 1120
X5CrNiMo17-12-2 1.4401 1020 to 1120
X6CrNiMoTi17-12-2 1.4571 1020 to 1120
X2CrNiMo17-12-3 1.4432 1020 to 1120
X3CrNiMo17-12-3 1.4436 1020 to 1120
X2CrNiMoN17-13-3 1.4429 1020 to 1120
X2CrNiMo18-14-3 1.4435 1020 to 1120
X2CrNiMoN17-13-5 1.4439 1020 to 1120
X1NiCrMoCu25-20-5 1.4539 1200 to 900 1050 to 1150
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Steel designation Hot forming Heat Solution annealing
treatment
symbol
Name Number Temperature Type of Temperature
°C cooling oollng
,@5
Special grades R Q

X9CrNi18-9 1.4325 1200 to 900 . ,a‘fg\"- 1000 to 1100 water, air ©
X5CrNiN19-9 1.4315 1150 to 850 Y\\(\ 1000 to 1100
X3CrNiCu19-9-2 1.4560 1150 to 900‘ ‘C 1000 to 1100
X6CrNiNb18-10 1.4550 11‘3‘{@ 1020 to 1120
X1CrNiSi18-15-4 1.4361 f\q:’l‘ﬂ(’to 900 1100 to 1160
X8CrMnCuN17-8-3 1.4 \,V v1200 to 900 1000 to 1100
X3CrMnNiCul5-8-5-3 1.46}5‘ 1200 to 900 1000 to 1100
X12CrMnNiN17-7-5 1.4372 1150 to 850 1000 to 1100
X8CrMnNiN18-9-5 1.4374 1150 to 850 1000 to 1100
X11CrNiMnN19-8-6 1.4369 1150 to 850 1000 to 1100
X13MnNiN18-13-2 1.4020 900 to 1200 1050 to 1080
X6CrMnNiN18-13-3 1.4378 900 to 1200 1050 to 1080
X6CrMnNiCuN18-12-4-2 | 1.4646 * 1150 to 850 1000 to 1100
*
X2CrNiMoCuS17-10-2 1.4598 1200 to 1000 1020 to 1120
X3CrNiCuMo17-11-3-2 1.4578 1150 to 900 1000 to 1100
X6CrNiMoNb17-12-2 1.4580 1150 to 850 1020 to 1120
X2CrNiMo18-15-4 1.4438 1150 to 850 1020 to 1120
X5CrNiMnMoNNbV22- 1.4681 1200 to 900 980 to 1120
12-5-2
X1CrNiMoCuN20-18-7 1.4547 1200 to 1000 1140 to 1200
X1CrNiMoN25-22-2 1.4466 1150 to 850 1070 to 1150
X1CrNiMoCuNW24-22-6 | 1.4659 1200 to 1000 1150 to 1200
X1CrNiMoCuN24-22-8 1.4652 1200 to 1000 1150 to 1200
X2CrNiMnMoN25-18-6-5 | 1.4565 1200 to 950 1120 to 1170
X1NiCrMoCuN25-20-7 1.4529 1200 to 950 1120 to 1180
X1NiCrMoCu31-27-4 1.4563 1150 to 850 1050 to 1150
X3CrMnNiN20-9-6 1.4391 1200 to 900 1120 to 980
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Steel designation Hot forming Heat Solution annealing
treatment
symbol
Name Number Temperature Type of Temperature
°C cooling

,4
—

Temperatures of solution annealing shall be agreed for simulated heat-treated test pieces. @‘
ually preferred, or

Lower end of the range specified for solution annea ld be aimed at the heat treatment as part of further

drop below the lower temperature for “‘7
steels, a temperature of 1000 °C forkt
contents exceeding 3 %.

Cooling sufficiently rapidly in order to avoid the occurrence of intergranular corrosion as defined in EN ISO 3651-2.

*  Patented steel grade.

b [fheat treatment is carried out in a continuous furnace, the upper part of the range s
even exceeded.

¢ Solution annealing may be omitted, if the conditions for hot working anﬁ sqguent coolmg are such that the
requirements for the mechanical properties of the product and igtwAce to intergranular corrosion as defined in
EN ISO 3651-2 are obtained.

d

almg, a temperature of 980 °C is adequate as lower limit for Mo-free

processing, because otherwise the mechan% es might be affected. If the temperature of hot forming does not
h Mo contents up to 3 % and a temperature of 1020 °C for steels with Mo
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Table B.2 — Guidelines on the temperatures for hot forming and heat treatment 2 of austenitic-
ferritic corrosion resistant steels

Steel designation Hot forming Heat Solution ann@@\_
| e C
Name Number Temperature Type of \'@%ure b, Type of
°C cooling g@_ °C cooling
Standard grade§ . 'a"
X2CrNiN22-2 * 1.4062 * 1100 to 950 G‘a\-\‘ +AT 980 to 1100 water, air 4
X2CrNiN23-4 1.4362 IZ&ORW 950 to 1050 water, air
X2CrMnNiN21-5-1 1.4162 . \ ‘%B‘t; 900 1020 to 1080 water, air
X2CrMnNiMoN21-5-3 1. 4mb o) 1150 to 950 950 to 1050 water, air
X2CrNiMoN22-5-3 )’v 1200 to 950 1020 to 1100 | water, air ¢
X3CrNiMoN27-5-2 1.4460 1200 to 950 1020 to 1100 | water, air ¢
Special grades
X2CrCuNiN23-2-2 * 1.4669 * 1200 to 1000 air +AT 950 to 1100 water, air ¢
X2CrMnNiSiN20-5-4-2 * 1.4670 * 1200 to 950 950 to 1050 water, air ¢
X2CrNiMoSi18-5-3 1.4424 1200 to 1000 1000 to 1100 | water, air ¢
X2CrNiMnMoCuN24-4-3-2* | 1.4662 * 1150 to 900 1000 to 1150 water, air
X2CrNiMoCuN25-6-3 1.4507 1200 to 1000 1040 to 1120 water
X2CrNiMoN25-7-4 1.4410 1040 to 1120 water
X2CrNiMoCuWN25-7-4 1.4501 1040 to 1120 water
X2CrNiMoN29-7-2 1.4477 1040 to 1120 water
X2CrNiMoCoN28-8-5-1 1.4658 1050 to 1150 water

a2 Temperature of solution annealing shall be agreed for simulated heat-treated test pieces.

b Ifheat treatment is carried out in a continuous furnace, the upper part of the range specified is usually preferred, or

even exceeded.

¢ Solution annealing may be omitted, if the conditions for hot working and subsequent cooling are such that the
requirements for the mechanical properties of the product and the resistance to intergranular corrosion as defined in

EN ISO 3651-2 are obtained.

*  Patented steel grade.

Cooling sufficiently rapidly in order to avoid precipitation.
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Table B.3 — Guidelines on the temperatures for hot forming and heat treatment 2 of ferritic
corrosion resistant steels

Steel designation Hot forming Heat Annealing m\
treatment 0 b
symbol .
Name Number Temperature Type of Te“%@’ Type of
°C cooling A a cooling
=
Standard grades . g
>
X2CrNil2 1.4003 1100 6‘\ +A 680 to 740 air
X6Cr13 1.4000 to * 750 to 800
8
X6Cr17 1.4016 \‘ 750 to 850
.
X6CrMoS17 1.4105 \96 . 750 to 850
X6CrMo17-1 1.4113 ‘_\" 750 to 850
X2CrMoSiS18-2-1 1.4106 750 to 850
Special grades
X3CrS12 1.4045 750 to 850
X2CrTil7 1.4520 1100 to 800 air +A 750 to 850 air
X3CrNb17 1.4511
X2CrTiNb18 1.4509 750 to 850
X2CrTi21 * 1.4611* 750 to 850
X2CrNbCu21 1.4621 850 to 950
X2CrTi24 * 14613 * 750 to 850
X6CrMoNb17-1 1.4526 800 to 860
X2CrMoTiS18-2 1.4523 1000 to 1050
X6CrMoS19-2 14114 750 to 850

b
even exceeded.

*  Patented steel grade.

2 Temperature of annealing shall be agreed for simulated heat-treated test pieces.

If heat treatment is carried out in a continuous furnace, the upper part of the range specified is usually preferred, or
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Table B.4 — Guidelines on the temperatures for hot forming and heat treatment 2 of martensitic
corrosion resistant steels

Steel designation Hot forming Heat Annealing Quenching (@kg
treat- C'
ment
.
symbol 66
Name Number| Temperature | Type Temperature| Type T@-}t Type |Temperature
°C of f/(b b of °C
cooling T a‘hg ¢ cooling
na\\
Stand&g&ira‘se’
X12Cr13 1.4006 1100 to ajr ‘\‘\N 745 to 825 air - - -
A J
800 (5‘ \\ +QT650 - - 950 to 1000 | oil, air | 680 to 780
.
X12CrS13 1.4005 \\‘\9 +A 745 to 825 air - - -
+QT650 - - 950 to 1000 | oil, air | 680 to 780
X15Cr13 1.4024 Slow +A 750 to 800 ([ furn., air - - -
cooling .
+QT650 - - 950 to 1030 | oil, air | 700 to 750
X20Cr13 1.4021 +A 745 to 825 air - - -
+QT700 - - 950 to 1050 | oil, air | 650 to 750
+QT800 - - 950 to 1050 | oil, air | 600 to 700
X30Cr13 1.4028 +A 745 to 825 air - - -
+QT850 - - 950 to 1050 | oil, air | 625to 675
X39Cr13 1.4031 +A 750 to 850 |furn,, air - - -
+QT800 - - 950 to 1050 | oil, air | 650 to 700
X46Cr13 14034 +A 750 to 850 |furn,, air - - -
+QT850 - - 950 to 1050 | oil, air | 650 to 700
X65Cr13 1.4037 +A 750 to 850 | furn., air
X17CrNil6-2 1.4057 Slow +A€ 680 to 800 |[furn,, air - - -
cooling
+QT800 4 - - 950 to 1050 | oil, air 750 to 800 +
650 to 700 4
+QT900 - - 950 to 1050 | oil, air | 600 to 650
X38CrMo14 1.4419 +A 750 to 830 | furn., air - - -
X55CrMo14 1.4110 +A 750 to 850 | furn., air - - -
X3CrNiMo13-4 1.4313 1150 to Air +A€ 600 to 650 |[furn,, air - - -
900 +QT700 ; - | 950101050 | oil, air |650 to 700 +
600 to 620
+QT780 - - 950 to 1050 | oil, air | 550 to 600
+QT900 - - 950 to 1050 | oil, air | 520 to 580
X50CrMoV15 1.4116 | 1100 to 800 |sl. cool. +A 750 to 850 |furn,, air - - -
X14CrMoS17 1.4104 | 1100 to 800 air +A 750 to 850 - - -
+QT650 - - 950 to 1070 | oil, air | 550 to 650
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o

Steel designation Hot forming Heat Annealing Quenching Tempering
treat-
ment
symbol
Name Number| Temperature | Type Temperature| Type |Temperature| Type [T p%@e
°C of ob of ob e:@ Q)C
cooling c cooling c \ g
X4CrNiMo16-5-1 (14418 | 1150to | air | +A® | 600to650 |furn,air Q,Qa i i
900 +QT760 - p\(\\‘ 84010 1050 | oil, air | 500 to 620"
)
+QT900 R ‘\N “J - 950 to 1050 | oil, air | 550 to 620
X39CrMo17-1 14122 1100 to slow ‘/‘\VNMO 850 |furn., air - - -
. . A4
800 | coolinee=srk7ko - - | 980101060 | oil | 650t0750
h Special grades
X29CrS13 1.4029 1100 to : slow +A 740 to 820 air - - -
800 cooling - - —
+QT850 950 to 1050 | oil, air | 625to 675
X46CrS13 1.4035 +A 750 to 850 - - - -
X70CrMo15 1.4109 +A 750 to 800 |furn,, air - - -
X2CrNiMoV13-5-2 (1.4415 | 1150 to 900 air +QT750 - - 950 to 1050 | oil, air | 600 to 650 +
+QT850 } } 500 to 550
X53CrSiMoVN16-2 (1.4150 | 1200 to 1000 | slow +A 800 to 850 |furn., air - - -
cooling .
+QT - 950 to 1050 | Oil + 180
deep
freezing
at -80°
C
X40CrMoVN16-2 (1.4123 |1200to 1000 | slow +A 800 to 850 |furn., air - - -
cooling .
+QT - 950 to 1050 | Oil + 180
deep
freezing
at -80°
C
X105CrMo17 1.4125 | 1100 to 900 | slow +A 780 to 840 |furn., air - - -
coolin
X90CrMoV18 1.4112 | 1100 to 800 & +A 780 to 840 - - -

a
b

exceeded.

be sufficient.

Double annealing might be advisable.

Tempering after martensitic transformation.

Either 2 x 4 h or 1 x 8 h as a minimum time.

Temperatures of annealing, quenching and tempering shall be agreed for simulated heat-treated test pieces.

If heat treatment is carried out in a continuous furnace, the upper part of the range specified is usually preferred, or even

In the case that the nickel is at the lower side of the range specified in Table 3, a single tempering at 620 °C to 720 °C may
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Table B.5 — Guidelines on the temperatures for hot forming and heat treatment 2 of
precipitation hardening corrosion resistant steels

Steel designation Hot forming Heat Solution annealing PregiNi n
treatment c@ ning
symbol 6 R
Name Number Temperature | Type of Temperatyr of | Temperature
°C cooling oling °C
N~
Standard grade
: T\l
X5CrNiCuNb16-4 1.4542 1150 fi e, N AT ¢ 1030 to 1050 | oil, air -
to N +P800 | 1030 to 1050 2h 760 °C/air
‘9\4 +
\ps . 4h 620 °C/air
\\\ +P930 1030 to 1050 4h 620 °C/air
+P960 1030 to 1050 4 h 590 °C/air
+P1070 | 1030 to 1050 4 h 550 °C/air
X7CrNiAl17-7 1.4568 air +AT 1060 to 1080 | water, -
air
X5CrNiMoCuNb14-5 1.4594 furnace, +AT ¢ 1030 to 1050 | oil, air -
air
+P930 1030 to 1050 4h 620 °C/air
+P1000 | 1030 to 1050 4 h 580 °C/air
+P1070 | 1030 to 1050 4 h 550 °C/air
Special grades
X1CrNiMoAITi12-9-2 |[1.4530 1200 to 800 air +AT 820 to 860 oil, air -
+P1200 820 to 860 oil, air 4h540to
560 °C/air
X1CrNiMoAITi12-10-2 | 1.4596 air +AT 820 to 860 oil, air -
+P1400 820 to 860 oil, air 4
h =530 °C/air
X1CrNiMoAITi12-11-2 | 1.4612 1150 to 900 air +AT 830 to 850 0il,
water+ R
+P1510 830 to 850 deep 8h538°C
+P1650 830to 850 | freezing 8h510°C
at-80°C
X5NiCrTiMoVB25-12- | 1.4606 1100 to 950 air, oil, +AT ¢ 970 to 990 water, -
2 .
water | pggq ol 161720 °C/air

even exceeded.

cracking.

Temperatures of solution annealing shall be agreed for simulated heat-treated test pieces.

If heat treatment is carried out in a continuous furnace, the upper part of the range specified is usually preferred, or

Not suitable for direct application, prompt precipitation hardening after solution annealing is recommended to avoid
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Annex C
(informative) \
Availability of corrosion resistant steel wire 00((\
in the cold work-hardened condition ges
2 9%
Tables C.1 to C.4 give an overview of austenitic, austenitic- ferrm\ martensmc and precipitation
hardening steels available as wire in the cold work-harden ion (see Table 18).
Table C.1 i { ic grades
Steel designation i —a‘a 1l;ble tensile strength levels for diameters in mm
Name Number [+C500 “&m +C800 [+C900 [+C1000 [+C1100 [+C1200 |+C1400 [+C1600 |+C1800
X10CrNi18-8 1.4310 - 1‘to 25 <25 [ <20 | <15 <15 <15 <15 <10 <5 <2
X2CrNi18-9 1.4307 - |1to25| <25 | <20 | <15 <15 <15 <10 <5 - -
X8CrNiS18-9 1.4305 - 1to25| <25 | <20 | <15 <15 - <10 <5 - -
X6CrNiCuS18-9-2 |1.4570 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
X3CrNiCu18-9-4 1.4567 6to [1to25( <20 | <20 | <15 <15 <15 <10 <6 - -
25
X5CrNi18-10 1.4301 - 1to25| <25 | <20 | <15 <15 <15 <10 <5 - -
X6CrNiTi18-10 1.4541 - 1to25| <25 | <20 | <15 <15 <15 <10 <5 - -
X2CrNi19-11 1.4306 >20 [1to25] <25 | <20 | <15 <15 <15 <10 <5 - -
X4CrNi18-12 1.4303 >20 [1to25] <25 | <20 | <15 <15 <15 <10 <5 - -
X8CrMnCuN17-8-3 [1.4597 - 1to25| <25 | <20 | <15 <15 <15 <10 <5 - -
X8CrNiMnN18-9-5 (1.4374 - - 0,5to| <20 | <15 <15 <15 <15 <10 <10 <4
25
X13MnNiN18-13-2 [1.4020 - - - <10 | <10 <10 <8 <8 <5
X6CrMnNiN8-13-3 [1.4378 - - - <10 | <10 <10 <8 <8 <5
X2CrNiMo17-12-2 |1.4404 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -

X5CrNiMo17-12-2 [1.4401 >20 | <25 | <25 | <20 | <15 <15 <15 <10 <5 - -

X6CrNiMoTil17-12- [1.4571 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
2

X2CrNiMo17-12-3 [1.4432 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
X3CrNiMo17-12-3 [1.4436 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
X2CrNiMo18-14-3 [1.4435 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
X1CrNiMoN25-22-2 |1.4466 <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
X1CrNiMoCu25-20- {1.4539 - <25 | <25 | <20 | <15 <15 <15 <10 <5 - -
5

X1NiCrMoCuN25- [1.4529 - [2to22| <22 | <16 | <10 <6 <4 <3 - - -
20-7
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Table C.2 — Austenitic-ferritic grade

Steel designation Typically available tensile strength levels for diameters in mm \
Name Number | +C500 | +C600 | +C700 | +C800 | +C900 [ +C1000 [ +C1100 | +C1200 g:_@“\
X2CrNiMoN22-5-3 | 1.4462 - - - <20 | <20 <15 <15 < @‘ ‘\»! 6

Table C.3 — Ferritic grades Qa‘\)

Steel designation Typically available tensﬂe“ hMevels for diameters in mm
Name Number +C500 &Cﬂo +C700 +C800 +C900
X6Cr17 1.4016 all T‘Q ®< 20 <20 <15 <10
X3CrNb17 1.4511 \C}‘A 55 <20 <20 <15 <10

J I di
X6CrMoS17 @‘ all diam. <20 <20 <15 <10
X6CrMo17-1 4113 <25 <20 <20 <15 <10
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Annex D
(informative)

Applicable dimensional standards 00((\

Nl
EN 10017, Steel rod for drawing and/or cold rolling — Dimensj ﬁi%’t%ances
a

EN 10024 2, Hot-rolled taper flange I sections — Toleran pe and dimensions
EN 10034 2, Structural steel I and H sections —

EN 10055 2, Hot rolled steel equalﬂg \tx

ces on shape and dimensions

ith radiused root and toes — Dimensions and tolerances on

shape and dlmensmns 9
EN 10056-2 2, Structural s X‘ l and unequal leg angles — Part 2: Tolerances on shape and dimensions

EN 10058, Hot rolled flat steel bars for general purposes — Dimensions and tolerances on shape and
dimensions

EN 10059, Hot rolled square steel bars for general purposes — Dimensions and tolerances on shape and
dimensions

EN 10060, Hot rolled round steel bars for general purposes — Dimensions and tolerances on shape and
dimensions

EN 10061, Hot rolled hexagon steel bars for general purposes — Dimensions and tolerances on shape and
dimensions

EN 10218-2, Steel wire and wire products — General — Part 2: Wire dimensions and tolerances
EN 10278, Dimensions and tolerances of bright steel products

EN 10279 2, Hot rolled steel channels — Tolerances on shape, dimensions and mass

2 In the scopes of these dimensional standards, stainless steels are expressly excluded. On the other hand, these
standards are used in practice for stainless steels, too. Therefore, they are listed here.
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