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Foreword

1SO (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 150, also take part in the work,
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/1EC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. 1SO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and /or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of 1SO specific terms and expressions related to conformity
assessment, as well as information about 1S0's adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this documentis ISO/TC 17, Steel, Subcommittee SC 4, Heat treatable and
alloy steels.

This second edition cancels and replaces the first edition (I1SO 16143-2:2004), which has been technically
revised.

ISO 16143 consists of the following parts, under the general title Stainless steels for general purposes:
— Part I: Corrosion-resistant flat products
—  Part 2: Corrosion-resistant semi-finished products, bars, rods and sections

—  Part 3: Wire
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INTERNATIONAL STANDARD 1SO 16143-2:2014(E)

Stainless steels for general purposes —

Part 2:
Corrosion-resistant semi-finished products, bars, rods and
sections

1 Scope

This part of IS0 16143 specifies the technical delivery conditions for semi-finished products, hot formed
bars, rods, and sections for general purposes made of the most important corrosion-resistant stainless
steel grades.

NOTE 1  Throughout this part of 150 16143, the term “general purposes” means purposes other than the special
purposes mentioned in the Bibliography.

NOTEZ  Heat-resistant steel grades can be found in [SO 4955 and they can be used for corrosion-resistant
purpnses,

Inaddition to this part of ISO 16143, the general technical delivery requirements of 1SO 404 are applicable.

This part of IS0 16143 does not apply to components manufactured by further processing the product
forms listed in the first paragraph above with quality characteristics altered as a result of such further
processing.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition c¢ited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

IS0 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

IS0 377, Steel and steel products — Location and preparation of samples and test pieces for mechanical
testing

IS0 404, Steel and steel products — General technical delivery requirements

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 6506-1, Metallic materials — Brinell hardness test — Part I: Test method

1SO 6892-1:2009, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
IS0 6892-2, Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature
IS0 6929, Steel products — Vocabulary

ISO 9443, Heat-treatable and alloy steels — Surface quality classes for hot-rolled round bars and wire
rods — Technical delivery conditions

150 10474, Steel and steel products — Inspection documents

ISO 14284, Steel and iron — Sampling and preparation of samples for the determination of chemical
composition
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1S0 15510, Stainless steels — Chemical composition

1SO 20723, Structural steels — Surface condition of hot-relled sections — Delivery requirements

1S0/TS 4949, Steel names hased on letter symbols

ISO/TR 9769, Steel and iron — Review of available methads of analysis

3

Terms and definitions

For the purposes of this document, the terms and definitions given in IS0 6929 and the following apply.

31

corrosion-resistant stainless steel
steel with at least 10,5 % (mass fraction) Cr and a maximum of 1,2 % (mass fraction) C for which
resistance to corrosion is of primary importance

3.2

product form
shape of a product

Note 1 to entry: See [S0 6929 for different forms of products.

4

Designation

For the steel grades covered by this part of ISO 16143, the steel names as given in the tables are allocated
in accordance with [SO/TS 4949,

For the steel grades covered by this part of IS0 16143, the steel numbers as given in the tables are
allocated in accordance with IS0 15510.

5

Information to be supplied by the purchaser

It shall be the responsibility of the purchaser to specify all requirements that are necessary for products
under this part of 1SO 16143. Such requirements to be considered include, in the order listed but not
limited to, the following:

2)
b)

c)

d)
e)
f)
g)

2
Capyright Imemational Oranzasan of Siandardzation

the desired quantity;
the product form (e.g. square bar or round rod);

the number of the appropriate dimensional standard (see Annex C), the nominal dimensions, plus
any choice of requirements;

the type of material (steel);
the number of this part of SO 16143 (i.e. IS0 16143-2);
the steel name or steel number;

if, for the relevant steel in Tables 5 to 9 for the mechanical properties, more than one treatment
condition is covered, the symbol for the desired heat treatment;

the desired process route (see symbols in Table 4);

if a verification of internal soundness is required, the requirements have to be agreed at the time of
enquiry and order;

any further optional test agreed between the manufacturer and purchaser at the time of enquiry
and order [see 8.2.3 b)];

© 150 2014 - All rights reserved
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k) the type of inspection document and its designation in accordance with IS0 10474 (see 8.2.1).

EXAMPLE 10 t round bar in accordance with IS0 1035-1 and [50 1035-4 of 50 mm diameter made of a
steel grade with name X5CrNi18-10 and number 4301-304-00-1 as specified in 50 16143-2 in process route 10,
inspection certificate 3.1 as specified in [SO 10474, is designated as follows:

10 t round bar 1S0O 1035-1 and -4 - 50
Steel IS0 16143-2 - X5CrNi18-10 + 1D
15010474 -31

or

10 t round bar IS0 1035-1 and -4 - 50
Steel IS0 16143-2 - 4301-304-00-1 + 1D
1010474 -31

6 Classification of grades

Corrosion-resistant stainless steels covered by this part of ISO 16143 are classified according to their
structure into

— austenitic steels,

— austenitic-ferritic steels,
—  ferritic steels,

— martensitic steels, or

— precipitation-hardening steels.

7 Requirements

7.1 Manufacturing process

Unless a special steelmaking process is agreed upon when ordering, the steelmaking process shall
be at the discretion of the manufacturer. When he so requests, the purchaser shall be informed what
steelmaking process is being used.

7.2 Delivery condition

The products shall be supplied in the delivery condition agreed in the order by reference to the process
route given in Tahle 4 and, where different alternatives exist, to the treatment conditions given in
Tables 5 to 9 (see also Annex A).

7.3 Chemical composition

7.3.1 The chemical composition requirements given in Table 2 apply with respect to the chemical
compaosition of the cast analysis.

7.3.2 The product analysis can deviate from the limiting values for the cast analysis given in Table 2 by
the values listed in Table 3.
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7.4 Susceptibility to intergranular corrosion

Referring to resistance to intergranular corrosion as defined in 1SO 3651-2, for austenitic, austenitic-
ferritic, and ferritic steels, the specifications in Tables 5, 6, and 7 apply.

The susceptibility of stainless steels to intergranular corrosion is dependent on the type of environment
and therefore cannot always be clearly ascertained through standard laboratory tests. The selection of
the test or tests to be agreed upon should be based on experience with the use of the selected grade of
steel in the intended environment.

7.5 Mechanical properties

The mechanical properties at room temperature as specified in Tables 5 to 9 apply for the relevant
specified heat-treatment condition. This does not apply to process route 1U (hot rolled, not heat treated,
not descaled). If, by agreement at the time of ordering, the products are to be supplied in a non-heat
treated condition, the mechanical properties specified in Tables 5 to 9 shall be obtainable from reference
test pieces that have received the appropriate heat treatment (simulated heat treatment).

The values in Tables 10 to 14 apply for the 0,2 %- and 1 %-proof strength at elevated temperatures.
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,

7.6 Surface quality
The available surface finishes are given in Table 4. Slight surface imperfections, inherent to the

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

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

Max. % of delivered weight in
Conditions Product forms | Permissible depth of discontinuities® | excess of permissible depth of
discontinuities

iU, 1€, 1E, 1D [Sections To be agreed upon at the time of enquiry and order on the basis of
IS0 20723,

1U,1C, 1E, 1D |Rounds and rod | Unless nat specified otherwise at the time of enquiry and order, [S0 9443
class 1zaZ.

1Xb Rounds — max.0,2mm ford =< 20 mm 1%

— max. 0,01 dfor 20 mm < d = 75 mm

— max. 0,75 mm ford = 75 mm

Hexagons — max. 0 3mmford= 15 mm 2%
— max. 0,02 dfor 15mm <d £ 63 min
Other bars — max. 0,3 mm for d = 15 mm 4 U
— max. 0,02 dfor 15 mm <d =63 mm
1G Rounds Technically defect free by manufacture. 0,2 %

a  Depth of discontinuities id understood as being the distance, measured normally to the surface, between the bottom of
the discontinuitics and that surface,

b At the time of enguiry and order, it can be agreed that the product shall be delivered with a surface that is 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, see Table 4.

© 150 2014 - All rights reserved
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7.7 Internal soundness

For internal soundness, where appropriate, any requirements, together with the conditions for their
verification, can be agreed upon at the time of enquiry and order.

7.8 Dimensions, tolerances on dimensions, and shape

The dimensions and the tolerances on dimensions and shape are to be agreed upon at the time of enquiry
and order, as far as possible with reference to the dimensional standards listed in Annex C.

8 Inspection, testing, and conformance of products

8.1 General

The manufacturer shall carry out appropriate process control, inspection, and testing to ensure that the
delivery complies with the requirements of the order.

This includes the following:

— asuitable frequency of verification of the dimensions of the products;

— an adequate intensity of visual examination of the surface quality of the products;

— an appropriate frequency and type of test to ensure that the correct grade of steel is delivered.

The nature and freguency of these verifications, examinations, and tests are determined by the
manufacturer, based on the degree of consistency that has been determined by the evidence of his
quality system. In view of this, verifications by specific tests for these requirements are not necessary
unless otherwise agreed upon.

8.2 Inspection and testing procedures and types of inspection documents

8.2.1 Products complying with this part of ISO 16143 shall be ordered and delivered with one of the
inspection documents as specified in ISO 10474. 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, a test report 2.2 shall be
issued.

8.2.2 If, in accordance with the agreements made at the time of enquiry and order, a test report is to be
provided, this shall cover

a) astatement that the material complies with the requirements of the order and

b) the results of the cast analysis for all elements specified for the type of steel supplied.

8.2.3 If, in accordance with the agreements in the order, an inspection certificate 3.1 or 3.2 is to be
provided, the specific inspections and tests described in 8.3 shall be carried out and their results shall be
certified in the document.

In addition to 8.2.2, the document shall cover
a) the results of the mandatory tests marked in the second column of Table 15 by an "m” and

b} the results of any optional test or inspections agreed upon when ordering marked in the second
column of Table 15 by an “0".
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8.3 Specific inspection and testing

8.3.1 Extent of testing

The tests to be carried out, either mandatorily (m) or 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 15.

8.3.2 Selection and preparation of samples and test pieces

8.3.2.1 The general conditions for selection and preparation of samples and test pieces shall be in
accordance with ISO 377 and 150 14284.

8.3.2.2 Thesamples for the tensile test shall be taken in accordance with Figures 1 to 3.

The samples shall be taken from products in the as-delivered condition. If agreed, samples from bars
can be taken before straightening. For martensitic and precipitation-hardened grades being delivered in
the annealed condition, a test to demonstrate the capability of further treatment to one of the specified
conditions shall be conducted by the manufacturer on a sample taken from the product in the as-
delivered condition and further treated in accordance with a listed production route. Unless specified
in the order, that final condition and details of conditions of further treatment shall be at the option of
the manufacturer.

8.3.2.3 Samples for the hardness test and for the resistance to intergranular corrosion test, where
requested, shall be taken from the same locations as those for the mechanical tests.

8.4 Test methods

8.4.1 Unless otherwise agreed when ordering, the choice of a suitable physical or chemical method of
analysis to determine the product analysis is at the discretion of the manufacturer. In cases of dispute, the
analysis shall be carried out by a laboratory approved by the two parties. In these cases, the reference
method of analysis shall be agreed upon, where possible, with reference to ISO/TR 9769,

8.4.2 The tensile test shall be carried out in accordance with 1SO 6892-1 and it shall be performed
under controlled conditions in accordance with Clause 5 of ISO 6892-1:2009.

Unless otherwise agreed, the tensile strength and elongation after fracture shall be determined and,
in addition, for ferritic, martensitic, precipitation-hardening, austenitic free-cutting, and austenitic-
ferritic steels, the 0,2 Y%-proof strength, and for austenitic steels, the 0,2 %- and 1 %-proof strength,

For bars made of resulfurized grades, it can be agreed upon to determine the hardness instead.

If a tensile test at elevated temperature has been ordered, this shall be carried out in accordance with
ISO 6892-2. If the proof strength is to 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 %-proof strength shall be determined.

8.4.3 If an impact test has been ordered, it shall be carried out in accordance with ISO 148-1 on test
pieces with a V-notch and a 2 mm hammer. The average obtained from three test pieces is considered to
be the test result (see also 150 404),

8.4.4 The Brinell hardness test shall be carried out in accordance with 1S0 6506-1.

8.4.5 The resistance to intergranular corrosion shall be tested in accordance with 150 3651-2, unless
otherwise agreed.
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8.4.6 Dimensions and dimensional tolerances of the products shall be tested in accordance with the
requirements of the relevant dimensional standards given in Annex C.

8.5 Retests
See [50 404.

9 Marking

9.1 The products shall be marked with the manufacturer’s trademark or symbol and the steel name or
number, The product shall also be marked with the cast number, thickness, or dimension, as well as an
identification number related to an appropriate inspection certificate.

9.2 Unless otherwise agreed, the method of marking and the material of marking shall be at the option
of the manufacturer. Its quality shall be such that it shall be durable for at least one year, can withstand
normal handling, and can be stored in unheated storage under cover. The corrosion resistance of the
product shall not be impaired by the marking.

9.3 Each unit shall be marked:

— for semi-finished products, bars, and sections, by means of labels attached to the bundle or, by
agreement at the time of enquiry and order, by inking, adhesive labels, electrolytic etching, or
stamping;

— for rods, by means of a label attached to the coil.
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1SO 16143-2:2014(E)

Table 3 — Permissible deviations between the product analysis and the limiting values given in

Table 2 for the cast analysis

Specified limits, cast analysis

Permissible deviation?

Element 4% (mass fraction) %6 {mass fraction]
Carbon =0,030 +0,005
=(0,030 ={1,20 ={,01
={),20) =0.60 0,02
=0,60 21,20 +0,03
Silicaon <100 +0,05
=1,00 53,00 #1110
»3,00 =6,00 0,15
Manganese =1,00 +0,03
=1,00 =72,00 +0,04
=200 =£15.0 0,10
Phospharus =01,045 0,005
>0,045 0,070 +(),010
Salfur =0,015 +0,003
=0,015 =0,030 +0,005
=0,10 0,50 0,02
Chromium =105 <15,0 *0.15
=150 <20,0 0,20
=200 =350 +0,25
Malybdenum 0,60 +0,03
=0,61) 21,75 +0,05
=1,75 =H3.0 =0, 10
NWickef <1,80 i, 03
=1,00 =50 0,07
=5,0 £10,0 0,10
=10,0 20,0 +0,15
=20 £38,0 3,20
Nitrogen =0,10 +0,01
=0,10 =60 *0,02
Afuminium 20,05 =,30 &(,05
=0,30 <1,50 0,10
Horon 20,010 +0,000 &
Copper =1,00 +0,{4
=1,00 <5.0 0,10
Niobium =1,00 +0,05
Titanium =1,00 +0,05
=1, 04} =30 +0,07
Tungsten 23,00 +0,05
Vanadium =0,50 +0,03

Table 2, but not bath at the same time,

= xmeansthatin one cast, the deviation can occurover the upper value or under the lower value of the specified range in
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ISO 16143-2:2014(E)

Table 4 — Types of process routes and surface finish of long products?

ke Ty . Product form
re- pe ol pro- e . . ;
Condition viatlont |  eeserorite Surface tinish Rods Bars, Semi Notes
sections | finished
Hot formed, not |Covered with Suitable for products to be further
1 heat treated, scale (spot X " X hot formed, For semi-finished
not descaled around if nec- products, ground on all sides can be
eSSAry) specified.
Hot formed, Covered with Suitable for products to be further
1 heat treateds,  |scale (spot X X X processed. For semi-finished
: not descaled ground if nec- products, ground on all sides can be
essary) specified,
Hot formed, Largely free The type of mechanical descaling,
Hot heat treateds,  |of scale (but e.g. grinding, peeling, or shot blast-
1E mechanically some black X X X ing, is left to the manufacturer’s
formed : descaled spots might discretion unless otherwise agreed.
remain) Suitable for products to be further
processed.
Hot formed, Free of scale Tolerance z 1T 14de
iD heal treatedc, X X —
pickled
Hot formed, Metallically Tolerance = IT 12de
heat treateds,  |clean
1X ’ e X -
rough machined
(rough turned)
Centreless Uniform Surface roughness can be speci-
ground finish; type fied. Finish for close 180 tolerances,
16 and degree of s X e Mormally obtained from material in
grinding to he finishes 1E, 10, 2H, or 2B,
e Aeread Tolerance = [T Bde
Special
finishing Palished Smoother sSurface roughness can be speci-
process and brighter fied. Finish for close 150 tolerances.
than finish 1G Normally obtained from material in
iP or 2G; type — X — finishes 1E, 1D, 2B, 1G, or 2H.
and degree of ’ s i
polishing to be Folerance < IT 11de
agreed
a  Notall process routes and surface finishes are available for all steels.
b Firstdigit: 1= hot formed, 2 = cold processed.
¢ 0nferritic, austenitic, and austenitic-ferritic grades, the heat treatment can be omitted if the conditions for hot forming
and subsequent cooling are such that the requirements for the mechanical properties of the product and the resistance to
intergranular corrosion are obtained.
d  Forinformation: IT = international tolerance, as defined in [SO 286-1, and in other dimensional tolerance standards.
¢ Specific tolerance within the ranges shall be agreed upon at the time of enguiry and order,

Table 5 — Mechanical properties at room temperature for austenitic steels in the solution-
annealed condition (+AT) (see Table B.1)

Elongation Impact
Thickness tor Proof Tensile Resistance to inter-
Steel designation " 2 after frac- energy _ e
diameterd strength strength Fiyas (1S0-V) granular corrosion?
A KV
Froz | Bmo p a4 | inthe inthe
Name 150 number T MFa | MPa MF; T, i, delivery | sensitized
mim | min condition | conditiont
lang. ‘ tr. | long. | tr.
Austenitic steels
X10CrNilg-g 4310-301-00-1 [ ‘ — | — | 500 to 700 | —_ ‘ — ‘ — | —_ ‘ no | o

14
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Table 5 (continued)

150 16143-2:2014{F)

; ; Elongation Impact f .
: . Thickness ¢ or Proof Tensile Resistance to inter-
Steel designation : after frac- energy s
diameter d stremgth® | strength tuires (150-V) granular corrosion
A KV
Banz | Bpip R a4 | inthe inthe
Name 1S0 number mm MPa | MPa '.-'[l”’; min. min. delivery | sensitized
min. | min. ’ condition | conditionc
long. | tr. | lomp. | tr
=160 400 - 100 -
X2CrNilg-9 4307-304-03-1 1800 | 220 | 480to 680 VoS Y5
160 =< 250 -— 35 —_— &l
X10CrNis18-9 4305-303-00-1 s160d 190 h 500 ta 700 | 35 - — B na o
160 4= —_ Lo —_
X2CrNiN18-9 4311-304-53-1 270 310 | 550 ta 750 ves VES
160 =t =250 — a0 — &l
X3CrNiCu18-9-4 4567-304-30-] g - —_ 450 to 650 —_ - —_— —_ yes yes
XaCrNiCuS18-9-2 4570-303-31- = 1604 185 | 220 | 500to 710 35+ -— - — na no
XSCrNiN19-9 4315-304-51-1 =40 270 310 | 550 ta 750 40 - g _— yes nal
<160 40¢ — 100 —
X5CrNil8-10 4301-304-00-1 200 | 240 | 510t 710 ves nof
160 <t=< 250 —_ 35 = al
=160 40e — 100 —
X6CrNiTi18-10 4541-321-00-1 2000 | 240 | 5100 710 Ves yes
160 < t= 250 - a0 o &
=160 BT — 00 —
X6CrNiNb18-10 4550-347-00-1 205 240 | 510 ta 740 ves ves
160 < t= 250 -_— a0 - &l
<160 180 | 220 40e — 100 —
X2CrNi19-11 4306-304-03-1 480 to 680 ves ves
160 <t =< 250 - —_ — 35 - &0
=160 45 - 100 —
Xo6CrNilg-12 4303-305-00-1 190 225 [ 480 to 680 yes nof
160 < t= 250 = 35 = &l
XECrMnCuN17-8-3  [4597-204-76-1 =160d 270 | 305 | 560to 760 | 40 — 100 — yes o
X3CrMn- . % Y
NiCul15-8-5-3 4615-201-75-E <160 175 210 | 400 to 600 45 —_ — — ves yes
X120rMnNiN18-9-5 (4373-202-00-1 =104 350 | 380 | 700 to 900 | 35¢ - — — yes no
XTICrNiMnN19-8-6 [4369-202-9]1-] <154 340 370 | 750 to 950 35¢e - -_ —_ yes no
X1CrNi25-21 4335-310-02-1 B = — 470 ta 670 | — - — — ves yes
Austenitic steels with Mo
=160 40 _ Lo0 =
X2CrNiMol17-12-2 4404-316-03-1 205 245 [ 520ta 720 ves ves
160 < i< 250 — 30 = &l
=160 40e — 100 —
X5CrNiMal7-12-2 4401-316-00-1 205 245 [ 52010720 Ves nof
160 =< t= 250 e 30 — 60
=160 40= . 100 —
X6CrNiMoTil7-12-2 [4571-316-35-] 205 | 245 | 520t 720 yes yves
160 < t= 250 = a0 - &0
=160 A0e — 100 —
XZCrNiMal7-12-3 4432-316-03-1 208 245 | 520 ta 720 ves ves
160 < t= 250 —_ 30 _— a0
=160 A0 — 10 — )
X3CrNiMal17-12-3 4436-316-00-1 205 245 | 520 ta 720 yes na'
160 < t< 250 - a0 — 60
< 60 40u —_ 106 —_
XZCrNiMoN17-12-3  [4429-316-53-1 Z80 | 315 | 580t 800 ves yes
160 = t= 250 — a0 — Gl
=160 40 —_ o0 —
X2CrNiMol8-14-3 4435-316-91-1 2000 | 235 | 500 te 700 yes yes
160 = t= 250 - a0 — Gl
X2CrNiMoN18-12-4 |4434-317-53-] B - — | 540to740| — — - _ ves yes
Gapyright Intematicnal oﬁ%z&%?u&'?a‘r&'mzaﬁ.ﬁh rights reserved 15
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ISO 16143-2:2014(E)

Table 5 [continued)

; ) < Elongation Impact i 1
: Thickness f or Proof Tensile Resistance to inter-
Steel designation i 2 after frac- energy )
diameter o strength2 strength Gias (1S0-V) granular corrosion
A Kia
RBunz | fnip P o I in the in the
Name IS0 number i MPa | MPa Mga fiin. min. delivery |sensitized
min. | min. condition | conditiont
long. | tr. | long. i,
=lsl 35 o 100 s
X2CrNiMoN17-13-5 | 4439-317-26-E 280 | 315 | BH0to BOO ves yes
lab=r= 250 — a0 - (4]
X1CrNiMa- =160 35 — 100 —
ok 4547-312-54-] 300 | 340 | 650 o B50 ves ves
uN20:18:7 160 <t = 250 — | Bb | — | 60
<160 35¢ e 10 —=
XICrNiMoN25-22-2  [4466-310-50-E 250 | 290 | 54010 740 yes yes
160 <t = 250 —_ 1) - 3]
X1CrNiMa- : a 200 to 0 :
CUNWZ4.256 4659-312-66-1 =160 420 | 460 1 00 50 = 90 — ves ves
X1CrNiMa- - 750 to
o -54- Sind e = — e o
CuNZ4-27-8 4052-326-54-1 =5 430 470 1 050 4 100 yes vies
X2CrNiMn- e J ; 804 to = . ; _ ) i
MoNZE-18-6-5 #565-345-65-1 =160 420 | 460 1000 35 1o ves Vs
Austenitic steels with Ni/Co as main alloying elements
=160 A5 e 100 —
XINiCrMoCu25-20-5 [4539-089-04-1 220 | 260 | 530t 730 yes ves
160 <= 250 — a0 — ]
P =160 40 | — | wo | —
op b 4529-089-26-] 300 | 340 | 65010850 yes yes
pARmeell 160 <t < 250 — | 3 | — | 60
<160 35 —_ 100 —
XINICrMoCu31-27-4 [4563-080-28-1 220 | 25% | 500 to 750 ves ves
L&D < b= 250 = 30 — 61
NOTE LMPa=1N/mm?Z,
a Elongation and proof strength are not valid for rad.
L When tested in accordance with 150 3651-2.
c Seenoteto 7.4.
d For larger thicknesses, the values shall be agreed npon.
o The minimum elongation value can be lowered to 20 % for sections and bars £ 35 mm thickness having a final cold deforma-
tion,
f Sensitization treatment of 15 min at 700 °C fallowed by canling in air.
£ Faor rod only,
h Maximum HE = 262. This value can be raised by 60 units or the maximum tensile strength value can be raised by 150 MPa and
the minfmum elongation be lowered to 10 % for sections and bars £ 35 mm thickness having undergone final cold deformation.

© 150 2014 - All rights reserved
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1SO 16143-2:2014(E)

Table 6 — Mechanical properties at room temperature for austenitic-ferritic steels in the
solution-annealed condition (+AT) {see Table B.1)

Thick- .. | Blomas:
Hard- | 0,2 %-proof| Tensile tion Impact . .
Steel designation 1:;:‘::" ness3 strength strength after energy :rzﬂl:fli;l:_ii:_g:}:::;;
tard HE Ryn,2h Ryt fra:!::lre (150-V)
Name 150 number mm rl'::-': :::::? “:3?“_ Krc d:;i;i?y se:;;:}il:ed
min. condition [conditione
X2CrNiN2Z-2 4062-322-02-U =160f 290 380 650 30 40 ves Ves
X2LrMnNiNZ1-5-1  |4162-321-01-E <160 290 400 650 25 il ves yes
¥2CrNiN23-4 4362-323-04-1 1601 260 400 Gl 25 100 Vizs ey
X2CrNiMoN22-5-3  |4462-318-03-1 <1601 290 450 650 25 100 ves Ves
EEEETT‘?M; 4662-824-41X <1607 290 450 650 25 60 ves ves
X3CrNiMoN27-5-2  (4460-312-00-1 <160! 260 450 620 20 a5 yes yes
e e 4507-325-20-1 <1601 270 500 700 25 100 yes yees
XZCrNiMoN25-7-4 | 4410-327-50-E <160 290 530 730 25 100 yes yes
Eﬁﬂ; Ngo7a  |4501-327-60- <1601 290 530 730 25 100 yes yes
ﬁ&rzr:'[:"_:rl 4658-327-07-U <5 300 650 #00 25 100 ves ves
NOTE 1 MPa=1N/mmZ
2 Only for guidance.
b For rods, only the tensile strength values apply.
¢ At the option of the manufacturer, it is permitted to use transverse test specimens provided that the same requirement
be met.
4 When tested in accordance with 150 3651-2,
e Seenoteto 7.4,
I Farlarger thicknesses, the values shall be agreed upon,

AITL TN A AN g o
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ISO 16143-2:2014(E)

Table 7 — Mechanical properties at room temperature for ferritic steels in the annealed
condition (+A) (see Table B.1)

- = Elongation
steel designation Thickness ror | Hardnesss ﬂ,‘zt:.’:-plt?‘uf ﬁ:;i':!sl:f” after Resistance to inter-
RIENAY diameter d HRB g : ng B fractureah | granular corrosionc
i“|LI'I.'Z Bm A
5 7 in the in the
Name IS0 number mm M.! 2 M?-‘a % ‘delivery welded
min. min, misn. A ot
condition | condition
X6Cr13 4000-410-08-1 25 200 230 400 20 na 1o
X6Er17 4016-430-00-1 75¢ 200 240 400 20 yes na
X7Crs17 4004-430-20-1 75d 262 250 430 20 no no
X3CrNb17 4511-430-71-1 Lood —_ 230 4Z0 Z0 yes Ves
X2CrTiNb18 4509-439-40:X 50 200 200 420 28 yes ves
X6CrMal7-1 §113-434-00-1 & — — 440 — yes na
X2CrMoTis18-2 [4523-182-35-] 1004 200 280 430 15 yes i

NOTE 1 MPa=1N/mm?2.

a  The maximum HB walues can be raised by 60 units or the maximum tensile strength value can be raised by
150 MPa and the minimum elongation value be lowered to 10 % for sections and bars s 35 mm thickness having undergone
final cold deformation.

b Longitudinal test pieces.
¢ When tested inaccordance with 150 3651-2,

d  Forlarger thicknesses, the values have to be agreed.

e Forrod only.
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Table 8 — Mechanical properties at room temperature for martensitic steels in the heat-treated

condition (see Table B.1)
(:;Eu't?f- Tensile Elongation after | lmpact energy
Steel designation Thickness Hard. | strength strength {rac;ure {lig—\-’]
or diameter Heat s Run,z o 2
i treatmenta :
mm HB MPa MPa MPa % % I I
Name IS0 number it i ; A min. min, mir. mit,
Ly M fong) | @) | Oong) | (tr)
- +A 223 —_ - 730 — - — —_
£75¢C +QT — 345 540 -— 15 — 25 —
— +h 262 — — H50 — — — —
X12Crs13 4005-416-00-]
s160¢ +QT — 450 650 — 12 = —= —
— +4 230 — — 00 —_ -_— —_ —_
X20Cr13 4021-420-00-1 =1a60¢ +T1 — 500 700 8450 13 = 25 e
=ladc +(T2 — (il 200 950 12 — 24 i
— HA 245 — o 2040 — — - -
X30Cr13 40Z28-420-00-1
=75¢ +T — 540 740 — 12 — 12 —
— +A 295 — - 8540 — = — xer
X17CrNile-2 4057-431-00-X =lads +0T1 —_ 604 2340 950 L+ —_ 20 —_—
s160e +QT2 — 700 900 1050 12d — 15 —
— +4 262 - - HE0 — — — -
X14Cr517 4019-430-20-1
=160¢ +QT — 500 6510 850 124 — — =
X110Cr17 4023-440-04-] =1ige +A 285 —_— —_ —_ — —_ —_ —_
K50CrMoVis | 4116-420-77-E — +h 280 - — gL — — — —
— +i 320 — — 1 108 — — — —
=160 15 — Fill —
+(T1 — 220 700 g0
160 =t<250 — 12 —_ L0
X3CrNiMol3-4 | 4313-415-00-1 = 160¢ 15 =5 7 ==
+T2 — a20 THO 980
160 < t=3250 - 12 —_— a0
=160 12 = 50 =
+T3 — HO0 00 1100
160 <t =250 - 10 —_— 46
— +A 320 — = 1100 — =4 —= =2
= 160 1& _ 490 —
NACEN- +{)T1 — 550 Tai ga0
IMai6-5-1 4414-431-77-E | 160 <1=250 - 14 — 70
<1600 L& - g —
+T2 — 700 9400 L1100
160 <t =250 — 14 — G0
— +A 280 —_ — EL] —_ - —_ —
X39CrMol7-1 4122-434-09-1
=160¢ +QT — 550 750 50 12 == 10 =

NOTE 1IMPa=1N/mm?2

deformation,

d  A=10% for thicknesses = 60 mm.

e A=129% for thicknesses =60 mm.

a  +4; soft annealed; +QT: guenched and tempered.

¢ Faorlarger thicknesses, the values shall be agreed upon.

b The maximum HB values can be raised by 60 units or the maximum tensile strength value can be raised by 150 MPa
and the minimum elongation value be lowered to 10 % for sections and bars s 35 mm thickness having undergone final cold
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Table 9 — Mechanical properties at room temperature for the precipitation-hardening steel
in the heat-treated condition (see Tahle B.1)

Steel designation Hardness | Heat treatment= U.:[:&;Fg I:;Df s'[:::::h EIPLE:?E:;T Impﬁgl}:ﬁ;rg}r
Ry 2 & A KV
Name IS0 number HE M lPa M B’a % I
min. min. mir.
363 +AT e =] 200 — -
— +P1 725 =930 16 40
X5CrNiCuNbla-4 4542-174-00-1 —_— +P2 a6l =1 000 13 _
— +P3 1000 =1 070 12 =F
—_ +P4 1175 z1 310 10 -
X7CrNiAlILT-7 A568-177-00-1 — +AT — =500 —_ —
NOTE 1MPa=1N/mm2,
a  +AT = solution annealed; +P = precipitation hardened.
b Forrod only.
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Table 11 — Minimum values for the 0,2 %-proof strength of austenitic-ferritic steels at elevated

femperatures
Heat Minimum 0,2 %-proof strength
Steel designation treatment MPab
condition? ata temperature (in “C) of

Name 1S0 number 100 150 200 250
XZCrMnNiN21-5-1 4162-321-01-E +AT 365 325 295 275
X2CrNiNZ3-4 4362-323-04-1 +AT 330 300 280 265
XZCrNiMoNZZ2-5-3 4462-318-03-1 +AT 360 335 315 300
XZCrNiMnMoCuN24-4-3-2 4662-824-41-X +AT 385 345 325 315
X3CrNiMoN27-5-2 4460-312-00- +AT 360 335 alo 295
XZCrNiMoCuNZ25-6-3 4507-325-20-1 +AT 450 420 400 380
X2CrNiMoNZ5-7-4 4410-327-50-E +AT 450 420 400 380
XZCrNiMoCuWN25-7-4 4501-327-60-1 +AT 450 420 400 380
a4 +AT = solution annealed.
b 1 MPa=1N/mm2

Table 12 — Minimum values for the 0,2 %-proof strength of ferritic steels at elevated

temperatures
Sestiedenstin He:;]:;‘;;:::f"l Minimum U.Zh‘;'i;)—aphrm.]fsl\l'&nglh
ata temperature (in “C) of

Name 150 numhber 100 150 200 250 300 350 400
Xa6iri3 4000-410-08-1 +A 220 215 210 205 200 195 190
X6Crl?7 4016-430-00-1 A 220 215 210 205 200 195 190
X3CrNb17 4511-430-71-1 +4 190 LB} 170 160 155 -_— -
X2CrTiNb1d 4509-439-40-X +A 190 LB 170 160 155 == —
XatrMal7-1 4113-434-00-1 +A 250 240 230 220 z210 2058 200
X2CrMoTis18-2 4523-182-35-1 +A 250 240 230 220 210 205 200
4 +A=annealed.
b 1 MPa=1N/mmZ
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Table 13 — Minimum values for the 0,2 %-proof strength of martensitic steels at elevated

temperatures
Heat Minimum {,2 %-proof strength
Steel designation treatment M Pali
condition? at a temperature (in *C) of
Name 150 number 100 150 200 250 300 350 4040
X12Cr13 4006-410-00-1 +QT 420 410 400 3485 365 355 305
+(T1 &60 445 430 415 395 365 330
X20Cr13 4021-420-00-1
+QT2 515 4495 475 460 440 405 355
+(T1 515 4495 475 460 440 405 355
X17CrNi16-2 4057-431-00-X
+QT2 565 5Z5 505 490 470 430 375
+QT1 500 4490 480 470 460 450 _—
X3CrNiMo13-4 4313-415-00-1 +QT2 590 575 560 545 530 515 =
+QT3 720 690 G665 640 620 — =
+0T1 520 510 500 490 480 —= =
X4CrNiMol6-5-1 4418-431-77-E
+QT2 Y G40 620 600 580 —_ —_—
X3%CrMol17-1 4122-434-09-1 +QT 540 535 530 520 510 490 470
a 40T = quenched and tempered.
b 1MPa=1N/mm,

Table 14 — Minimum values for the 0,2 %-proof strength of precipitation-hardening steels at
elevated temperatures

Healt Minimum 0,2 %-proof strength
Steel designation treatment MPah
condition? ata temperature (in °C) of
Name IS0 number 100 150 200 250 300

+P1 s 111 660 &40 620 600

X5CrNiCuNbls-4 4542-174-00-1 +P2 730 710 690 670 650
+P3 i fali] H30 B0 770 750

a  +P = precipitation hardened.

b1 MPa=1N/mm2.
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Table 15 — Tests to be carried out, test units, and extent of testing in specific testing

Test a Test unit Product form: ] _Numher of test
rods, bars, and sections pieces per sample
Chemical analysis it Cast The cast analysis is given by the

manufacturerh

Tensile test at roc mperi- .
ENENE [REL AL Fam Senipera One sample per 25 t; maximum of

ture or hardness test at room m i 1
; two per testunit
temperature
Tensile test at elevated tem- 4 To be agreed at the time or ordering 1
perature {see Table 10 to 14)
Batche
lumlzJLllEhla[ LR FREE R 0 To be agreed at the time of ordering 3
z ; ; To be agreed at the time of order-
Resistance to intergranular a o e
Sl o ing ifintergranular corresion isa 1
corrosion

hazard

2 Tests marked with an "m” (mandatory) shall be carried out as specific tests. In all cases, those marked with an "o0”
{optional) shall be carried out as specific tests only if agreed at the time of ordering.

b A product analysis can 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 subjected 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 interruption with the same process parameters.

The shape and size of cross sections of products in a single batch can be different providing that the ratio of the largest
to the smallest cross-sectional areas be equal to or less than three.

4 The test for resistance to intergranular corrosion is normally not carried out.

maenagid. Al rights reserved ES
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Dimensions in millimetres

Type of test Round cross-section producis Rectangular cross-section products
b=<25 25<b=160
= A
d=<25 25 <d =160 s )

I.f'\_
5 = LS H B - L SO S R L TU Sk = |
Tensile ; 4@ ﬂ[ : HE
' d 1
@ 125 ‘ @
= P N T
a 12,5
a
b5 Ah=f=160
1524225 Fa=d=180 agb 5251

12,5

I
|

|
| |

Lot L | 2. N P S
Impacth | : S —|_ 4 4 : B
o4 | ' |
75 12,5 I
P

a  Samples of product can alternatively be tested unmachined,

b 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.

Figure 1 — Position of test pieces for steel bars and rods s 160 mm diameter or thickness
(longitudinal test pieces)

© 150 2014 - All rights reserved
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NOTE 1

NOTE 2

150 16143-2:2014{F)

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.

The location of the impact test piece is d/6 or /6 with max. 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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143 2/3
|
| |
| LEw
a | a
I | W
) :
273 1/3 2/3 1/3
—
| |
| |
2 |
a | a | a
|
o
/3 273 173 243 13 2/3

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

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

© 150 2014 - All rights reserved
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Annex A
(informative)

Guidelines for further treatment (including heat treatment) in
fabrication

A1 The guidelines given in Tables A.1 to A.5 are intended for hot forming and heat treatment.

A.2  Because the corrosion resistance of stainless steels is only ensured when the surface is
metallically clean, layers of scale and annealing colours produced during hot forming, heat treatment,
or welding should be removed as far as possible before use. Resistance to corrosion by finished parts
made of steels with approximately 13 % Cr is increased by the presence of a smooth, clean surface.

AITL TN A AN g o
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Table A.1 — Guidelines on the temperatures for hot forming and heat treatment? of austenitic

corrosion-resistant stainless steels

Steel designation

Hot forming

Solution annealing®

Heat treat-

Name IS0 number Tm”pfémure ‘T}::“ﬁrﬁé s;.'l::a:;l Tm"mi?mmu Type of cooling
X10CrMitg-8 4310-301-00-1 1 200 to 900 1000 to 1 100
X2CrNilg-9 4307-304-03-1 1 200 to 900 10{00te 1100
X10CrNiS18-9 4305-303-00-1 1 200 to 900 100 te 1 100
XZCrNiN18-9 4311-304-53-1 1 200 to 800 1000t01 100
X3CrNiCu1g8-9-4 4567-304-30-1 1200 to 900 1000to 1 100
XGCrNiCus18-9-2 4570-303-31-1 1150 to 900 1000te 1 100
XSCrNiN19-9 4315-304-51-1 1150 to 850 1000 to 1 100
X5CrNi18-10 4301-304-00-1 1 200 to 900 1000to 1 100
X6CrNiTi18-10 4541-321-00-1 1200 to 900 10Z20to 1120
X6CrNiNbig-10 4550-347-00-1 1150t 850 1020ta 1 120
XZ2CrNil9-11 4306-304-03-1 1200 to 900 1000to 1100
X6CrNi18-12 4303-305-00-1 1 200 to 900 1010 to 1 150
XACrMnCuN17-8-3 4597-204-76-1 1 150 to 850 1000 to 1 100
X3CrMnNiCul5-8-5-3 4615-201-75-E L 200 to 900 1000 to 1 100
X12CrMnNiN18-9-5 4373-202-00-1 1 150 to 850 1000 to 1 100
X11CrNiMnN19-8-6 4369-202-91-1 1 150 to 850 1000 to 1 100
X1CrNi25-21 4335-310-02-1 1 150 to B50 1030to1 110

Adr *AT Water, aird
XZ2CrNiMol7-12-2 4404-316-03-1 1 200 to 900 1020to 1120
XECrNiMol7-12-2 4401-316-00-1 1 200 to 900 1¥20to 1 120
X6CrNiMoTil7-12-2 4571-316-35-1 1 200 to 900 1020to 1 120
XZOrNiMol7-12-3 4432-316-03-1 I 200 to 900 1020to 1 120
X3CrNiMo17-12-3 4436-316-00-1 1 200 to 900 1020to 1120
XZCrNiMoN17-12-3 4429-316-53-1 I 200 o 900 1020to 1 120
X2CrNiMol18-14-3 4435-316-91-1 1 200 to 900 1020to1 120
XZCrNiMaoN18-12-4 4434-317-53-1 1150 to 850 L 070 to 1 150
X2CrNiMoN17-13-5 4439-317-26-E 1 200 to 900 1020to1 120
X1CrNiMoCuNZ0-18-7 4547-312-54-1 | 200 te 1 000 1140to 1200
X1CrNiMaoN25-22-2 4466-310-50-E 1150 to 850 1070 tol 150
X1CrNiMoCuNW24-22-6 4659-312-66-1 1 150 to B50 1140 to 1200
X1CrNiMoCuNZ4-22-4 4652-326-54-1 1 Z00to 1 000 1150 to 1 200
XZCrNIMnMoN25-18-6-5 4565-345-65-1 | 200 to 950 1120to 1170
X1INiCrMoCu25-20-5 4539-089-04-1 1 200 to 900 1050to1 150
XINiCrMaCuN25-20-7 4529-089-26-1 L 200 to 950 1120tal 180
X1NiCrMoCu31-27-4 4563-080-28-1 1 150 to 850 1050to1 150

even exceeded.

exceeding 3 Y%,

d  Rapid cooling.

a  The temperatures of solution annealing shall be agreed upon for simulated heat-treated test pieces,

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

¢ The lower end of the range specified for solution annealing should be aimed at for heat treatment as part of further
processing, because otherwise the mechanical properties might be affected. If the temperature of hot forming does not
drop below the lower temperature for solution annealing, a temperature of 980 °C is adequate as a lower limit for Mo-free
steels; a temperature of 1 000 °C for steels with Mo contents up to 3 %; a temperature of 1 020 °C for steels with Mo contents
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Table A.2 — Guidelines on the temperatures for hot forming and heat treatment? of austenitic-

ferritic corrosion-resistant stainless steels

Steel designation Hot forming trE:fT:tent Solution annealing®
symbol
Name 150 number Tem]:IEEa ture ::[Eglt:r?gf TEl:npi]:'.'lture Type of cooling
X2CrNiN22-2 4062-322-02-1 1 100 to 250 O8O to 1 100 Water, airc
X2CrMnNiN21-5-1 4162-321-01-E 1 1040 to 200 1 020to 1 08O Water, air
X2ZCrNiNZ3-4 4364-323-04-1 1200t0 1000 950 to 1 050 Water, ajrc
X2CrNiMoN22-5-3 4462-318-03-1 1200 ta 950 1020to 1 100 Water, aire
X2CrNiMnMoCuNZ4-4-3-2 4662-824-41-X 1150 ta 900 : : 1 000G to 1 150 Water, air
X3CrNiMoN27-5-2 4460-312-00-1 1 200 to 950 A e 1020 to 1 100 Water, aire
X2CrNiMoCuN25-6-3 4507-325-20-1 1200 to 1 000 1 040t01 120 Water
XZCrNiMoN25-7-4 4410-327-50-E 1200 to 1000 1 040t 1120 Water
X2CrNiMaoCuWN25-7-4 4501-327-60-1 1200t0 1000 1040to1 120 Water
XZCrNiMoCoNZ8-8-5-1 4658-327-07-U 120010 1000 1050 to 1 150 Water

even exceeded,

¢ Rapid cooling.

4 The temperatures of solution annealing shall be agreed upon for simulated heat-treated test pieces.

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

Table A.3 — Guidelines on the temperatures for hot forming and heat treatment? of ferritic

corrosion-resistant stainless steels

Heat treatment

Steel designation Hot forming symbol Annealing

Name IS0 number ]Lm]a:;:aturL Tvpe of cooling Temp f:,:_fq L Type of cooling
X6Cri3 4000-410-08-1 750 to 8OO
Xalri7 4016-430-00-1
X7Crs17 4004-430-20-1
X3CrNb17 4511-430-71-1 1 100 to 800 Air +A 750 to 850 Alr
XZCrTiNbly 4509-439-40-X
X6CrMol7-1 4113-434-00-1
XZCrMoTis18-2 4523-1642-35-1 1000to 1 050

even exceeded.

4 The temperatures of annealing shall be agreed upon for simulated heat-treated test pieces,

b 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 A.4 — Guidelines on the temperatures for hot forming and heat treatment® of martensitic
corrosion-resistant stainless steels

Heal
Steel designation Hot forming treatment Annealing Quenching Tempering
symhbol
Nasue ISO number Tl::]::f:e Type of Temperaturel | Typeof | Temperatured | Typeof | Temperature
E o cooling " cooling "C conling "C
00 to 900 o
coaling
+A — - =
- 1100ta " , Rapid
X12Cr13 4006-410-00-1 a00 Air Approx. 750 cooling
4 oil,
+J1 —_ — 950 te 1 000 TFo0 to 750
water
+A 745 to 825 Air — — —
X12Crs13 4005-416-00-1 | 101 | At il e
+QT —_ _— 950 to 1 0DD L GHEO ta 780
water
+A 745 to 825 Air — — —
; 0il, air,
] 1100 to Slow +T1 —_— - 950 to 1 050 r_' g &R0 ta 750
X20Cr13 4021-420-00-1 800 cooling water
+QT2 = — | 9s0taroso | QAN g0 ta 700
water
Slow
AAD a0 cooling
. +4 —_ — -
X300r13 4028-420-00- | 1100to | Slow _ Air cool-
800 cooling Approx. 750 G
+QT — — G20 to 980 ail a0 to 750
#A G80togop | Furnace, = = =
air
S 11001t Slow
X17CrNil6-2 4057-431-00-X Mgt 225 : i RN 750 to 0O +
600 | cooling | +QT1 — o #5030.1050 | OILAI | e v diige
+T2 —_ — 950 to 1 050 0il, air 600 to 650
Furnace
+A 750 to 850 I —_— s =]
X14Cr517 4019-430-20-] ! L%[:]tn Air air
+(T —_— —_ 950 to 1 070 0il, air 550 to AS0
X110Cr17 4023-440-04- | 1100t | Slow A 780tog4n | Furnace, s _ _
a0 cooling air
XS0CrMoV1s | 4116.42077. | 1100%a | Slow +A 750taBs0 | FUTMACE - - —
200 conling air
+A 600 tag50 | Furnace = = =
air
o .| e50ta 00+
X3CrNiMo13-4 | 4313-415-00-1| 10 | e +QT1 = = | 950t 1050 | Dilair | o0 Ceog
+QT2 — - 950 to 1 050 Oil, air 550 to 600
+QT3 — - 950 ta 1 050 0il, air 520 to 580
+A 600 tao 650 F“f}?f"?' — = —
X4CrN- - 1150 to . :
iMol16-5-1 AR leR | “hag i +QT1 —_ - 950 to 1050 | Oil,air | 590 to 6204
+QT2 —_ — 4950 to 1 050 0il, air 550 to 620
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Table A.4 (continued)

Heat
Steel designation Hot forming treatiment Annealing Quenching Tempering
symhbaol
Tempe- . || i - ] - e pa
Naisie IS0 number AR '[‘)rpg of ']empirfature 4 J'ypq._ of In-mp:;r_aturc > ']‘}rpa._ af ImeErdtul €
o0 cooling G canling !. caaling 18
Furnace
: 4 T50 ta BEO e — —_ -
X39CrMol7-1 | 4122-434-09-1 | 1100ta | Slow air
HOO caoling
+QT — -— 980 to 1 ¢al 0il 650 to 750
a The temperatures of anmealing, quenching, and tempering shall be agreed upon for simulated heat-treated test pieces.
b If heat treatment is carried out in a continuous furnace, the upper part of the range specified is usually preferred, or even
excecded.
& In cases where the nickel content is an the lower side of the range specified in Table 2, 4 single tempering at 620 °C ta 720 °C
can besufficient. )
4 Either2 x4 hor 1.=8 hasa minimum time,

Table A.5 — Guidelines on the temperatures for hot forming and heat treatment= of
precipitation-hardening corrosion-resistant stainless steel

Heat 2 :
Steel designation Hot forming treatment Solution annealing Psl"e-:‘lplta_tmn
hardening
symbaol
= b . :
T — IS0 number T‘empfr_ature Type ofcaaking lemprirlature l'ypfl.' af Temp::tamre
C [ C cooling B
#4T¢ | 1020101060 | Rapidcool: -
ing
+P1 1 020 to 1 060 &10 ta 630/ air
XECrNiCuNbi6-4 4542-174-00-1 1150 to 200 Furnace, air )
+P2 1020401060 | panid ool | 570 to 590/air
+P3 | 020 to 1 060 ing 540 to 560 /air
+P4 1 0200 1 060 470 to 490/air
XTCrNiAIL 77 4568-177-00-1 1 150 0900 Alr +AT 1 0adto 1 060 Water, air _
4 The temperatures of solution annealing shall be agreed upon 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,
¢ Mot suitable for direct application; prompt precipitation hardening after solution annealing is recommended to avoid
cracking.
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Annex B
(informative)

Designations of the steels given in Table 2 and of comparable
grades covered in ASTM, EN, JIS, and GB Standards

Table B.1 — Designations of the steels given in Table 2 and of comparable grades covered in

ASTM, EN, JIS, and GB Standards

Steel designationsaccording to?
ASTM A959/ EN 10088-1:2005 i GB/T20878/
150 number 150 name Line UNsh Nurmher« Isce
1IN/ Wr NS WE [N/ W 1/N/W
a) Austenitic steels
g3 iy 0ceniig-8 AP26L | 530100 | W 1,4310 N — — | saoi0 | w
ggﬂ"'g”‘L' X2CrNil8-9 APZ7E | $30403 | W 1.4307 N SUSI04L W | s30403 | w
ety -
43057303 Ix100eNis18-9 AP27M | 30300 | W 1.4305 w SUS303 w | sm317 | w
‘:_:.jll-.'-:n:i- KZUrNiN18-9 AP27A 530453 w 1.4311 M SHSAND4LN W S3N453 W
;33?'3‘“' XBCrNiCu18-9-4 APZTF | S30430 | W | (L4567 N SUSKM7 W | s30488 | W
S0 xscenicusiso2 | apzm | ss0am | 14570 N = = = =
4315-304- s : . SUS304N1 | .
e KECPNIN1G-9 APZEF | $30451 | N 1.4315 -l s30458 | W
ol xseeNi-10 APZSE | S30400 | W 1.4301 i SUS304 W | s30408 | W
Al \yeerNiTing-10 APZBG | 32100 | W 1,4541 i sUs3z1 w | ssziem | w
BR0- - £ &
AOD0-34T I X6LrNINB1E-10 APZSH | $34700 | 1 1.4550 N SUS347 w | s34778 | N
a0 Ixseeningn AP30A | S30403 | W 1.4306 N SUS304L W | s30403 N
303305 | xeeeNitg-12 AP30T | S30500 | W 1,4303 N SUS305 w | s30s10 | w
;2?2“‘ XBECrMnCuN17-8:3 AP25L - - 1,45497 N - - - -
4615-201- | X3CrMn- :
75-E NiCu15-B-5:3 ARRRL | == — | HAS13) ! = = = ==
3;?‘2“2' X120rMnNiN1g-9-5 | AP320 | 520200 w 14373 M slisz02 W $35450 N
3??'202' X11CrNiMaNig-8-6 | AP33L - - 1.4369 | — - - -
5-310- ;
33930 x1cewizs 21 AP4GA | $31002 | W 1.4335 I - - - -
b} Austenitic steels with Mo
CH4BE xareNiMol7122 | AMBIA | S31603 | W 1.4404 N SUS316L, W | $31603 N
aA01316 \xserNiMo1zaz2 | AMBIL | S31600 | W 14401 N SUS316 w | s31608 | N
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Table B.1 (continued)

150 16143-2:2014{F)

Steel desigmations according toa

ASTM A959/ EN 10088-1:2005 Jisd GB/T20878/
150 number 150 name Line UNS> Hunthear: ASE

1N W I/N /W 1/ N/ Wi 1/ /Wi
4571-316- R, N - : ; . —
i X6CrNiMoTi17-12-2 | AM31F | $31635 | W 1.4571 N | susaieTi | w | 531668 | W
3;:1]2-3-”‘- XZCrNiMol7-12-3 AMEZA 531603 W 14432 SUS316L w 531603 W
4436-316- . . o s . e )
ok X3CrNiMa17-12-3 | AM32F | $31600 | W 14436 I SUS316 w | s31608 | W
3329-316-  |xacrNiMoN17423 | AM32ZB | s3les3 | w 14429 N | sussi6LN | W | 531653 | N
SBFHExorrNiMots-14-3 | AM3SA | — — 14435 N SUs3tel | W | s31603 | W
TR X2CrNIMoN1B-12-4 | AM34B | S31753 | W 14434 N | sussiTLN | 0w | s31753 | W
333 yaceNiMoNIZ13-5 | AM3SB | $31726 | N 14439 1 - — |sm7z | w
4547312 |XICrNiMo- - ‘ . ‘ s |
i adbo s e AM45A | 31254 | W 14547 N suszizL | W | s312s2 | N
’égf‘:““"' X1CrNiMoN25-22-2 | AM49a | satos0 W | 4466 = — 531053 W
4659-312- | X1CrNiMo- i :
e e AMS2B | 31266 | W 1.4659 I = = = =
4652-326- X1CrNiMao- 5 3
541 CuN24-22-4 AME4A SAZAh4 M . 4652 | — - 232602 N
4565-345- | X2CrNiMn- " .
ks it o AMS4B | $34565 | W 14565 | = — | s3ass3 | N
) Austenitic steels with Ni/Co as main alloying elements
G239-089: | X1NicrMoCu25-20-5| ANSOA | Nosgo4 | W 14539 N | sussgoL | w | sasoaz | N
4529089 |XINICrMo- ;
iy g ANSZA | NO#9ZG6 | W 1.4529 N - - - -
AS63-080- | yiNicrMoCu31-27-4 | AN6ZA | NOBOZ2S | W 14563 1 = Ly - 8
d) Austenitic-ferritic (duplex) steels
ggﬁ?'gﬂ' X2CrNiN22-2 DP24A | 532202 M 14062 I — — — —
E P x2crMoNiNZISL | DP27F | s3zi01 | N 1.4162 i e — e =
3‘:?;1323' N2CTNINZ3-4 pP2Z7RB 532304 W 1.4362 | - - 523043 W
4462-318- v . , . _— —
B X2CrNIMoNZ2-5-3 | DM30A | $32205 | N 14462 | |susszoEL| w | sz20s3 | N
4462-824- XZCrNiMnMa-
41X CuNZ4-4-3-2 et | = e[| === ! . = i~ "
eRe0-31E IXacrNiMaN27-5-2 | DM34F | s31200 | W 14460 | — — | s2zss3 | w
4507-325- | X2CrNiMo- — _ B er B
o s DM34A | §32520 | W 14507 I $25554
S0P yaceNiMoN2E 74 | DM3GA | $32750 | W 14410 1 - — | s2s073 | w
4501-327- | X2CrNi- , . c
g s N DM36B | 532760 i 1.4501 N o — | s27603 | N
4658-327- XZCrNiMa- ;
071 CoNZ8-8-5:1 DM4ZA 532707 ] 14658 | — — —_ —
e} Ferritic steels
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Table B.1 {continued)

Steel designations according tod

ASTM A959/ EN 10088-1:2005 15 GB/TZ0878/
IS0 number 150 name Line UNS® Natniirers I5Es

/N /W I/ N/WE /N Wi 1N/t
o MO xecns FPI3G | 41008 | W 1.4000 N SUS4108 N | s41008 | N
33'_';5'43[]' X6Cri7 FPI71 | S43000 w L4016 | 515430 W S11710 w
;5?‘;4430- X7Cr517 FP17L 543020 W [1.4004) | SUS430F w 511717 w
b FP176 - - 1.4511 N | sus4zonx | w = —
-439-
40039 xaerrin1s FPigB | S43940 | | 14509 N | susssoLx | w | sue73
eoLaARE \xgerMot7-1 FMI8I | S43400 | W 1.4113 N SUS434 wo| sui7a0 | ow
SREIETateMaTis182 FM20C | §18235 | W 1.4523 | - - - -
) Martensitic steels
;gf}f'd W= Ixizenis MP13B | 541000 w 1.4006 [ 15410 W 541010 w
335];'_416_ X12ZCrs513 MP13C | 541600 w 1.4005 N SUS416 W 541617 N
ﬁgﬁl'“”" X20Cri3 MP131 | 542000 w 1.4021 1 50542001 N 547020 N
28420~ Ix300r13 MPI3M | 542000 | W | L4028 || susazoiz | w | sez030 | N
4057-431- 170N - z 5 154 v 5 [
00X ri¥il6-2 MPlaG | 543100 w 1.4087 1 SUS431 V 543120 [
zgf'l""m" X14Cr5t7 MP17F | 543020 W {1.4019) I — - 511717 W
qazs A \xuinen7 MPI7W | S44004 | W | (1.4023) I suss40c | N | 44096 | N
B34S X3teNiMa13 MM14A | S41500 | W 1.4313 N | SuseeNm | w | Saises | w
W xsncrMovts MMISD | — = 14116 i = i = =
;:éiz-ﬂ-;- X39CrMol 71 MM 18R - — 1.4122 1 — - - _
g) Precipitation-hardening steels

ggiz-wq- XSCrNiCuNb16-4 PP2OI | 517400 W 1.4542 N SUSA30 w §51740 W
ggiﬁ-l??- XTCrNiAlLT7-7 PP24L £17700 N 1,4568 N 5Us631 w 551770 N
NOTE The grades given in this tabhle are comparable to those given in Table 2. However, to campare similar grades, itis necessary to
check each element hefore making a substitution,
a See the sources in the Bibliography.
b US steel iisted In ASTM A959 and in UNS; if the steel number is.given in brackets, then the steel has.only a UNS number,
= European steel listed in EN 10088-1:2005 and in the "Stahl-Eisen-Liste”; if the steel number is given in brackets, then the steel
is only listed in the *Stahl-Eisen-Liste".
d fapanese Industrial Standard.
@ Chinese steel of ISC number listed in GB/TZ20878,
f | =identical steel to IS0 steel grade; N = steel grade with closer match of comyposition, but not identical; W = wider match.
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Annex C
(informative)

Applicable dimensional standards

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

NOTE The notes in Table 4 contain information concerning tolerances for bright bars; special agreements are
necessary if such information should become obligatory.

IS0 1035-1, title/subject: Hot-rolled steel bars — Part 1: Dimensions of round bars
IS0 1035-2, title/subject: Hot-rolled steel bars — Part 2: Dimensions of square bars
SO 1035-3, title/subject: Hot-rolled steel bars — Part 3: Dimensions of flat bars
SO 1035-4, title/subject: Hotrolled steel bars — Part 4: Tolerances

1SO 16124, title/subject: Steel wire rod — Dimensions and tolerances

ASTM A 484M-03, title/subject: Standard Specification for General Reguirements for Stainless Steel
Bars, Billets, and Forgings

ASTM A 555M-97:2002, title/subject: Standard Specification for General Requirements for Stainless
Steel Wire and Wire Rods

EN 10017, title/subject: Steel rod for drawing and/or cold rolling — Dimensions and tolerances
EN 100241}, title/subject: Hot rolled taper flange I sections — Tolerances on shape and dimensions
EN 100341}, title/subject: Structural steel | and H sections — Tolerances on shape and dimensions

EN 100551), title/subject: Hot rolled steel equal flange tees with radiused root and toes — Dimensions
and tolerances on shape and dimensions

EN 10056-21), title/subject: Structural steel equal and unequal leg angles — Part 2: Tolerances on shape
and dimensions

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

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

EN 10060, title/subject: Hot rolled round steel bars — Dimensions and tolerances on shape and
dimensions

EN 10061, title/subject: Hot rolled hexagon steel bars — Dimensions and tolerances on shape and
dimensions

EN 102791, title/subject: Hot rolled steel channels — Tolerances on shape, dimensions and mass

1) 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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Bibliography

ISO 4954, Steels for cold heading and cold extruding
IS0 4955, Heat-resistant steels
IS0 6931-1, Stainless steels for springs — Part 1: Wire

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

IS0 1035-1, Hot-rolled steel bars — Part 1: Dimensions of round bars
ISO 1035-2, Hot-rolled steel bars — Part 2: Dimensions of square bars
I1SO 1035-3, Hot-rolled steel bars — Part 3: Dimensions of flat bars
IS0 1035-4, Hot-rolled steel bars — Part 4: Tolerances

IS0 16124, Steel wire rod — Dimensions and tolerances

ASTM A 484M-03, Standard Specification for General Requirements for Stainless Steel Bars, Billets,
and Forgings

ASTM A 555M-97:2002, Standard Specification for General Requirements for Stainless Steel Wire
and Wire Rods

EN 10017, Steel rod for drawing and/or cold rolling — Dimensions and tolerances
EN 10024, Hot rolled taper flange | sections — Tolerances on shape and dimensions
EN 10034, Structural steel I and H sections — Tolerances on shape and dimensions

EN 10055, Hot rolled steel equal flange tees with radiused root and toes — Dimensions and tolerances
on shape and dimensions

EN 10056-2, Structural steel equal 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 — Dimensions and tolerances on shape and dimensions
EN 10061, Hot rolled hexagon steel bars — Dimensions and tolerances on shape and dimensions

EN 102792, 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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