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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced e ) e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

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

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

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

The committlee responsible for this document is ISO/TC 17;Steel, Subcommittee SC 4, Heat treatabje and
alloy steels.

This fourth g¢dition cancels and replaces the thirdedition (ISO 4955:2005), which has been techrfically
revised.
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INTE

RNATIONAL STANDARD ISO 4955:2016(E)

Heat-resistant steels

1 S

cope

This International Standard specifies requirements for the grades listed in Table 2, which are
usually employed for products for which the resistance to the effects of hot gases and the products of
combustion at temperatures in the region above 550°C and/or to long-term mechanical stress is the

main ffequirement.

NOTE[1  Grades mentioned in this International Standard may also be used for corrosion{and c

purp

es.

This International Standard is applicable to the following:

— fl
— b
NOTE
hamni

“forgi

NOTE
produ

NOTE
NOTE

NOTE
cover¢

NOTE
In ad
applid

2 N

at products;

ars, sections, rod, semi-finished products and forgings.

ct forms.

4  InTable 2, two alloys are listed in addition to the steels since they belong to the heat rej

5 Heatresistant wire in the cold worked\condition is covered by ISO 16143-3.

6  Corrosion resistant stainless steels for which resistance to corrosion is of primary iy
d by ISO 16143-1 and 1SO 16143-2.

7  Heatresistant steels for¥valves are covered by ISO 683-15.
lition to this International Standard, the general technical delivery requirements of

able.

ormative references

The f
indis
refer

bllowing‘documents, in whole or in part, are normatively referenced in this docur
ensable for its application. For dated references, only the edition cited applies.
nceés, the latest edition of the referenced document (including any amendments) app

reep resistant

ed rings and

2 Hammer-forged semi-finished products (blooms, billets; slabs, etc.), seamless roll

er-forged bars are in the following, covered under semi-finished products or bars and not under the term
ngs”.

3 Not all of the grades included in this Internafional Standard are necessarily ay

ailable in all

istant grades.

hportance are

ISO 404 are

nent and are
For undated
ies.

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

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

ISO 4885, Ferrous products — Heat treatments — Vocabulary

[SO/TS 4949, Steel names based on letter symbols

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

IS0 6892-1:2009, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 6929, Steel products — Vocabulary
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ISO 9443, Heat-treatable and alloy steels — Surface quality classes for hot-rolled round bars and wire
rods — Technical delivery conditions

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

ISO 10474, Steel and steel products — Inspection documents

ISO 14284, Steel and iron — Sampling and preparation of samples for the determination of chemical

composition

ISO 15510, Stainless steels — Chemical composition

ISO 20723, S

3 Terms

For the purty
ISO 6929, IS(

3.1
heat resista

heat resistar

excellent res

3.2

creep resist

steels, nicke

mechanical &
by creep str¢

L £ | PN L C. £ o £l ot 1o d e NDals L 4
rucocurur occcio JMIJMLC CuUTNuiIcIuriI Uj UL TuIicu SCLLIUIIS LTIl VCI] T CLIM(I CITITTILO

and definitions
oses of this document, the terms and definitions given in ISO 377, 1SO,-404, ISO

14284 and the following apply.

Int steels

g-term stressing

ant grades

ngth to 1 % plastic strain or creep rupture strength during long-time stressing

4 Designation

For the steel

allocated in ¢

For the steel

allocated in ¢

5

It shall be thg
under this sp

to, the follow

Inform

grades covered by this International Standard, the steel names as given in the tabl
iccordance with [SO/TS(4949.

grades covered by €hjis International Standard, the steel numbers as given in the tabl
jccordance withdS0 15510.

ation te-be supplied by the purchaser

ecification. Such requirements to be considered include, in the order listed, but not li

t steels of this International Standard are used at above 550%C (wustite point) due tq
istance to the effects of hot gases and products of combustion, as well as their resis
to the influence of molten salts and molten metals but also showing:gdod mechanical properties d
short and loy

- or cobalt-alloys with a minimum of 8 %¢(0hromium, which are characterised by
ehaviour at temperatures above 500 °C under long-range service conditions, i.e. prir

responsibility of the purchaser to specify all requirements that are necessary for prg

4885,

their
tance
uring

good
harily

£S are

£S are

ducts
mited

any choi

the type

Ins
IS

the desired quantity;

the product form;

ce of requirements;

of material (grade);

the number of this International Standard (ISO 4955);

the name or number of the steel grade;

the number of the appropriate dimensional standard (see Annex A), the nominal dimensions, plus
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EXAMPLE

ISO 4955:2016(E)

if, for the relevant steel in Tables 6 and 7 for the mechanical properties, more than one treatment

condition is covered, the symbol for the desired heat treatment;

the desired process route, including surface finish (see 7.2, 7.5 and Table 4, footnote d);

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

at the time of

any further optional test agreed between the manufacturer and purchaser at the time of enquiry

and order;

the type of inspection document and its designation in accordance with ISO 10474 (see 8.2).

1 ton of plates according to ISO 9444-2 with a specified thickness of 5,0 mm, a s;Lecified width

of 1 2900 mm, with trimmed edges (T) and a specified length of 2 500 mm made of a steel grade yvith the name
X8NiCrAlTi32-21 (4876-088-00-I) as specified in ISO 4955, in process route 1U and inspection ce
speciffed in ISO 10474:

1{t plate ISO 9444-2 — 5,0 x 1200T x 2500
Steel ISO 4955 — X8NiCrAITi32-21 + 1U
1$0 10474 — 3.1

1{t plate ISO 9444-2 — 5,0 x 1200T x 2500
Steel ISO 4955 — 4876-088-00-1 + 1U
1$0 10474 — 3.1

lassification of grades

Heat-Fesistant steels covered in this International Standard are classified according to th
into the following:

7

jo5)

1stenitic grades;

ferritic grades;

n[artensitic grades;
p

ecipitationshardening grades.

Requirements

Ftificate 3.1 as

eir structure

7.1 Manufacturing process

Unless a special steelmaking process is agreed 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 Tables 4 and 5 (see also Annex A) and where different alternatives exist to the treatment
conditions given in Tables 6 and 7.

© ISO 2016 - All rights reserved
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7.3 Chemical composition

7.3.1 The chemical composition requirements given in Table 2 apply with respect to the chemical

composition

of the cast analysis.

7.3.2 The product analysis may deviate from the limiting values for the cast analysis given in Table 2 by

values listed

in Table 3.

7.4 Mechanical properties

7.4.1 Mec]

The mechan
specified he3

treated, not dlescaled). If, by agreement at the time of ordering, the products are to bestipplied in

heat-treated
reference tes

7.4.2 Mec]

The mechan
heat treatme
descaled) an

The tensile {
agreed at the

If, by agreem

the mechani
received the

7.5 Surfagq

Availability,
see Table 4 ¢

with the manufacturer.

The general
good produc

When flat pr
to be higher,

hanical properties at room temperature

it treatment condition. This does not apply to the process route 1U (hot rolled, not

condition, the mechanical properties specified in Tables 6 and 7 shall be“obtainablg
t pieces which have received the appropriate heat treatment (simuldted heat treatmg

hanical properties at elevated temperatures

cal properties at elevated temperature as specified in-Table 8 apply for each spe
nt condition. This does not apply to the process route. dU( hot rolled, not heat-treate
d to semi-finished products.

est at elevated temperature shall be carried oGt at temperature of interest only
time of enquiry and order.

ent at the time of ordering, the products are'to be supplied in a non-heat-treated cong
al properties specified in Table 8 shall:‘be’obtainable from reference test pieces whic}
Appropriate heat treatment (simulated heat treatment).

re quality

hnd the determination ofithe types of process route and surface finish (for flat pro
nd for long products, see Table 5) most suited to a particular case, should be disc

surface appearalice with respect to soundness and surface finish shall be consisten
Fion practice;for the grade and quality ordered, as determined by visual inspection.

pducts ate)delivered in coil form, the degree and extent of imperfections may be exp
due to the impracticability of removing short lengths of coil.

Flat product

s(delivered with hot-rolled or cold-rolled finishes (see Table 4) shall, unless othe

cal properties at room temperature as specified in Tables 6 and 7 apply forcthe relevant

heat-
h non-
from
bnt).

cified

d, not

when

lition,
1 have

Hucts,
ussed

F with

ected

rwise

agreed, be s

Upplied with only one suriace Inspected to the required finish (the prime suriace). In

such instances, the manufacturer should indicate the prime surface, by marking the material or the
packaging, or by some other agreed method. The default method is to mark the prime surface, and
to make this surface the top surface of plates, sheets and cut lengths, or the outside surface of coiled
products.

For long products, the available surface finishes are given in Table 5. 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.

© ISO 2016 - All rights reserved
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Table 1 — Maximum depth of acceptable discontinuities for bars, rods and sections

Conditions Product forms | Permissible depth of discontinuities2 | Max. % of delivered weight in
excess of permissible depth of
discontinuities
1U, 1C, 1E, 1D  |Sections To be agreed upon at the time of enquiry and order on the basis of ISO 20723.
1U, 1C, 1E, 1D Rounds and rod |Specified at the time of enquiry and order, otherwise ISO 9443 class 1 zaZ2.
1Xb Rounds — max. 0,2 mm ford <20 mm 1%
— max.0,01dfor20<d<75mm
— max. 0,75 mm ford > 75 mm
Hexagons — max. 0,3 mmford<15mm 2%
— max.0,02dfor15<d <63 mm
Other bars — max.0,3mmford<15mm 4%
— max.0,02dfor15<d <63 mm
1G Rounds Technically defect free by manufacture. 0,2 %
a  Dppth of discontinuities is understood as being the distance, measured normally to the Surface, betweep the bottom of
the difcontinuities and that surface.
b Af the time of enquiry and order, it may be agreed that the product shall be delivered with a surface th4t is technically
defect free by manufacture. In this case, also the maximum % of delivered weight in excess of permigsible depth of
discontinuities shall be agreed.

7.6 |Internal soundness

For the internal soundness, where appropriate, requirements together with the conditipns for their
verification may be agreed at the time of enquiry;and order, if possible, with referepce to other
Interpational Standards (e.g. ISO 17577 for flat products of thickness equal to or greater than 6 mm).

7.7 |Dimensions and tolerances on dimensions and shape

7.7.1| The dimensions and the tolerances on dimensions and shape are to be agreed aft the time of
enquiry and order, as far as possible with reference to the dimensional International Standards listed in
Annex D. The ordered dimensions $hall, where applicable, include the minimum machiningfallowances.

7.7.2| If none of the International Standards listed in Annex D is applicable, then th¢ dimensions
and tplerances should be.agreed at the time of enquiry and order on the basis of regiongl or national
standprds.

8 Inspection;-testing and conformance of products

8.1 |General

The n A factiirnr chall Aoy b A b N e nncc ool T
e et e St Cat Ty Sttt appropriate procesSsSeontrons 1t

te-edsure 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 frequency 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.

© IS0 2016 - All rights reserved 5
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8.2 Inspection procedures and types of inspection documents

8.2.1 Products complying with this International Standard 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 the following:

a)

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

a statement th

to be
all be

8.2.3 If, in|accordance with the agreements in the order, an inspection certificate 31%or 3.2 is
provided, thg specific inspections and tests described in 8.3 shall be carried out and theirtesults sk
certified in the document.

In addition t¢ the details in 8.2.2, the document shall cover the following:

a) the results of the mandatory tests marked in the second column of Tables 9 and 10 by an “m”;

b) the results of any optional test or inspection agreed when ordering.

8.3 Specific inspection and testing

8.3.1 Extept of testing

The tests to jpe carried out, either mandatorily (m) er by agreement (o) and the composition anfl size
of the test upits, and the number of sample products, samples and test pieces to be taken are giyen in
Tables 9 and|10.

8.3.2 Sele¢tion and preparation of samples and test pieces

8.3.2.1 Thg¢ general conditions for.selection and preparation of samples and test pieces shall|be in
accordance with [SO 377 and ISQ.14284.

8.3.2.2 Thg¢ samples for €he tensile test shall be taken in accordance with Figures 1 to 3. Samples
from flat products shall be taken in such a way that they are located halfway between the centreland a
longitudinal pdge.

The samples|shall'be'taken from products in the delivery condition. If agreed, the samples may be taken

from flat products before flattening or from bars before straightening.

For samples to be given a simulated heat treatment, the conditions for annealing shall be agreed.

8.3.2.3 Samples for the hardness test, where requested, shall be taken from the same locations as those
for the tensile test.

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, where possible, with reference to ISO/TR 9769.

© ISO 2016 - All rights reserved
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8.4.2 The tensile test at room temperature shall be carried out in accordance with ISO 6892-1, taking
into account for flat products the additional or deviating conditions specified in Figure 3, footnote a. It
shall be performed under controlled conditions in accordance with ISO 6892-1:2009, Clause 5.

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 % proof strength, and for austenitic steels, the 0,2 % and 1 % proof strength.

8.4.3 The Brinell hardness test shall be carried out in accordance with ISO 6506-1.

8.4.4 Dimensions and dimensional tolerances of the products shall be tested in accordance with the
requifements of the relevant dimensional International Standards given in Annex D.

8.5 |Retest
See I§0 404.

9 Marking

9.1 |The products shall be marked with the manufacturer’s tradémark or symbol and the steel name
or number. The product shall also be marked with the cast n@imber, thickness or dimensipn (and if an
inspeftion, certificate is requested) an identification numberrelated to the inspection certificate.

9.2 |Unless otherwise agreed, the method of marking-and the material of marking shall be|at the option
of thg manufacturer. Its quality shall be such that it.shall be durable for at least one year, can withstand
normpl handling and can be stored in unheated Storage under cover. The corrosion resiftance of the
prodyct shall not be impaired by the marking.

9.3 |Each unit shall be marked:

— for flat products as an alternative, for items that are wrapped, bundled or boxed, ¢r where the
sthirface is ground or polished,the marking may be applied to the packaging or to a|tag securely
aftached to it;

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

— for rods, by ineans of a label attached to the coil.

© IS0 2016 - All rights reserved 7


https://standardsiso.com/api/?name=f97f687037d9856e025d283f078bb557

ISO 4955:2016(E)

Table 2 — Chemical composition (cast analysis)

Designation % (mass fraction)a
Name ISO-number C | Si | Mn | P | S | Cr | Ni N Others
Austenitic steels for heat resistant applications
X6CrNiSiNCe19-10 |4818-304- 0,04to | 1,00to 1,00 0,045 0,015 18,0 to 9,0 to 0,12 to Ce: 0,03t0 0,08
15-E 0,08 2,00 20,0 11,0 0,20
X15CrNiSi20-12 4828-305- 0,20 1,50 to 2,00 0,045 0,030 19,0 to 11,0 to 0,10 —
09-1 2,50 21,0 13,0
X7CrNiSiNCe21411 [4835-308- 0,05 to | 1,40to 0,80 0,040 | 0,030 20,0 to 10,0 to 0,14 to Ce: 0,03t9 0,08
15-U 0,10 2,00 22,0 12,0 0,20
X18CrNi23-13 4833-309- 0,20 1,00 2,00 0,045 0,030 22,0 to 12,0 to 0,10 —
08-1 24,0 15,0
X8CrNi25-21 4845-310- 0,10 1,50 2,00 0,045 0,015 24,0 to 19,0 to 0,10 —
08-E 26,0 22,0
X15CrNiSi25-21 4841-314- 0,20 1,50 to 2,00 0,045 0,015 24,0 to 19,0 to 0,10 —
00-E 2,50 26,0 22,0
X8NiCrAlTi32-2|L 4876-088- 0,05 to 1,00 1,50 0,015 0,015 19,0 to 30,0to e Al: 0,15td 0,60
00-I 0,10 23,0 34,0 Ti: 0,15 td 0,60
Cu: 0,70
X6NiCrSiNCe35-425 |4854-353- 0,04to | 1,20to 2,00 0,040 | 0,015 24,0 to 34,0 to 0,12 to Ce: 0,03t9 0,08
15-E 0,08 2,00 26,0 36,0 0,20
Austenitic steels for creep resistant applications
Mo: 0,80 tp 1,20
X10CrNiMoMnNpV [4982-215- 0,06to | 0,20to | 5,50to 0035 0015 14,0 to 9,0 to 010 V: 0,15 t0]|0,40
B15-10-1 00-E 0,15 1,00 7,0 ’ § 16,0 11,0 ! Nb: 0,75 t¢ 1,25
B: 0,003 to0,009
X7CrNil18-9 4948-304- 0,04 to 1,00 2,00 0,045 0,030 17,0 to 8,0 to — —
09-1 0,10 19,0 11,0
X7CrNiTi18-10 4940-321- 0,04 to 1,00 2,00 0,045 0,030 17,0 to 9,0 to — Ti:5xCt¢ 0,80
09-1 0,10 19,0 12,0
X7CrNiNb18-10 4912-347- 0,04 to 1,00 2,00 0,045 0,030 17,0 to 9,0 to — Nb: 10 x C tp 1,20¢
09-1 0,10 19,0 12,0
. 4961-347- 0,04to | 0,30.te 15,0 to 12,0 to — Nb: 10 x C§o0 1,20
X8CrNiNb16-13 77-E 0,10 060 1,50 0,035 0,015 17.0 14,0
. 4918-316- 0,04 to 16,0 to 12,0 to 0,10 Mo: 2,00 tp 2,50
X6CrNiMo17-13¢2 09-E 0,08 0,75 2,00 0,035 0,015 18,0 14,0
X7NiCrWCuCoNDPN |4990-310- 0,04, to 0,40 0,60 0,025 0,015 21,5to 23,5to 0,20 to Co:1,0t¢ 2,0
B25-23-3-3-3-2 35-U 0,10 23,5 26,5 0,30 Cu:2,5t¢9 3,5
Nb: 0,40 t¢ 0,60
W:3,0td 4,0
B: 0,002 t0]0,008
Ferritic steels for heat resistant applications
X10CrAlSi7 4743-503- 0,12 0,50 to 1,00 0,040 | 0,0150 | 6,0t038,0 — — Al: 0,50 tq 1,00
72-E 1,00
X2CrTil2 A512=409— 9,03 160 100 0,040 9,015 10;5to — — Fr6=xt€+N) to
10-1 12,5 0,65d
X6Cr13 4000-410- 0,08 1,00 1,00 0,040 | 0,030 12,0 to 1,00 — —
08-1 14,0
X10CrAlSi13 4724-405- 0,12 0,70 to 1,00 0,040 | 0,015 12,0 to 1,00 — Al: 0,70 to 1,20
77-1 1,40 14,0
Elements not quoted in this table shall not be intentionally added to the steel without the agreement of the purchaser, except for finishing the cast. All
appropriate precautions shall be taken to avoid the addition of such elements from scrap or other materials used in production, which would impair
mechanical properties and the suitability of the steel.
a Maximum values unless otherwise indicated.
b The stabilization may be by use of titanium and/or niobium and/or zirconium. According to the atomic mass of these elements and the content of
carbon and nitrogen, the equivalence shall be the following: Nb (% by mass) = Zr (% by mass) = 7/4 Ti (% by mass).
c Tantalum determined as niobium.
d By agreement at the time of enquiry and order, this grade can also be delivered with Ti: 6 x C to 0,75.
e Patented grades.
8 © IS0 2016 - All rights reserved
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Table 2 (continued)

ISO 4955:2016(E)

Designation % (mass fraction)a
Name ISO-number C Si Mn P S Cr Ni N Others
X6Crl17 4016-430- 0,08 1,00 1,00 0,040 0,030 16,0 to 1,00 — —
00-I 18,0
X3CrTil7 4510-430- 0,05 1,00 1,00 0,040 0,015 16,0 to — — Ti:
35-1 18,0 [4 x (C+N) + 0,15]
to 0,80b
X2CrTiNb18 4509-439- 0,03 1,00 1,00 0,040 0,015 17,5 to — — Ti: 0,10 to 0,60
40-X 18,5 Nb: (3 xC+0,30)
to 1,00¢
Mo: 1,75 to 2,50
X2CrMpTi18-2 33?11'444' 0,025 | 1,00 | 1,00 | 0,040 | 0,015 1;’880 — 0,030 (~yTi: >4 x (C+N) +
’ 0,15 to 0,80b
X10CrAlSi18 4742-430- 0,12 0,70 to 1,00 0,040 0,015 17,0 to 1,00 —1 AL: 0,70 to 1,20
77-1 1,40 19,0
X10CralSi25 4762-445- 0,12 0,70 to 1,00 0,040 0,015 23,0to 1,00 —_ Al: 1,20 to 1,70
72-1 1,40 26,0
X15CriN26 4749-446- 0,20 1,00 1,00 0,040 0,030 24,0 to 1,00 0,15 to —
00-I 28,0 0,25
Martensitic steels for creep resistant applicatiops
0,05 to Mo: 0,30 to 0,90
X18CrfInMoNbVN12 ‘7*3_1]6‘600‘ 00| 050 | %2011 0040 | 0,030 R0 | 060 0,10 | Nb:0,20t00,60
! ! ! V:0,10 to 0,40
4923-422- 0,18 to 0,40 to 11,0 to 0,30 to — Mo: 0,80 to 1,20
X22Crfloviz-1 77 g 024 | 50 | “pgo | @025 [ @O | 455 | o80 V: 0,25 to 0,35
Precipitation hardening grades forcreep resistant applications
Mo: 1,00 to 1,50
. . Ti: 1,90 to 2,35
XoNCTiMovB2 1 4980-662= | 008 | 100 | 20000040 | 0030 | 13210 | 240t Al: 0,35
1 ’ ’ V: 0,10 to 0,50
B:0,001t0 0,010
NiCr19Fe19Nb5Mo3 [4668-077- |0,020 to 0,35 0,35 0,015 0,015 17,0 to 50,0 to — AlL: 0,30 to 0,70
18-1 0,08 21,0 55,0 (o: 1,00, Cu:0,30
Mo: 2,80 to 3,3
Npp + Ta: 4,7 to 5,5
li: 0,60 to 1,20
H:0,002 to 0,006
NiCr2(TiAl 4952-070- 0,04 to 1,00 1,00 0,020 0,015 18,0 to 265,0 — Al: 1,00 to 1,80
80-I 0,10 21,0 0: 1,00, Cu:0,20
Fe: 1,50
Ti: 1,80 to 2,70
B: 0,008
Elements not quoted in tiis“table shall not be intentionally added to the steel without the agreement of the purchaser, except for fin|shing the cast. All
appropfiate precaution§-shall be taken to avoid the addition of such elements from scrap or other materials used in production, which would impair
mecharfical propertieSand the suitability of the steel.
a Mjximum values unless otherwise indicated.
b THe stahilization may be by use of titanium and/or niobium and/or zirconium. According to the atomic mass of these elements fand the content of
carbon pn@ nitrogen, the equivalence shall be the following: Nb (% by mass) = Zr (% by mass) = 7/4 Ti (% by mass).
¢ Tantatum determined as niobium.
d By agreement at the time of enquiry and order, this grade can also be delivered with Ti: 6 x Cto 0,75.
e Patented grades.
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ISO 4955:2016(E)

Table 3 — Permissible deviations between the product analysis and the limiting values given in
Table 2 for the cast analysis

Element Specified limits, cast analysis Permissible deviationa
% by mass % by mass
Carbon <0,030 +0,005
>0,030 <0,20 +0,01
>0,20 <0,60 +0,02
Silicon <1,00 +0,05
>1,00 <3,00 +0,10
Manganese <1,00 +0,03 Cn
>1,00 <2,00 £0,04 ~IN7
>2,00 <15,0 0,10~
Phosphorus <0,045 (-\@'65
Sulfur <0,015 0,003
>0,015 <0,030 c\J 0,005
Chromium <15,0 « N #0415
>15,0 <20,0 , +0,20
>20,0 <350 ) +0,25
Nickel <1,00 O\ +0,03
>1,00 <5,0 7 £0,07
>5,0 <1607 +0,10
>10,0 1220, £0,15
>20,0 V<380 +0,20
>38,0 xO +0,50
Nitrogen RX N~ <0,10 +0,01
>0,10 O <0,60 +0,02
Aluminium N <0,30 £0,05
>0,30)" <2,00 +0,10
Boron A <0,010 +0,000 5
Cerium Ko <0,08 £0,01
Cobalt ) <2,00 £0,10
Copper Q~V <1,00 +0,04
v >1,00 <5,0 £0,10
Molybdenum < <0,60 0,03
é&v >0,60 <1,75 £0,05
175 <350 +0.10
Niobium <1,50 +0,05
Titanium <1,00 +0,05
>1,00 <3,0 0,07
Tungsten <4,0 +0,07
Vanadium <0,85 +0,03

a  + means thatin one cast, the deviation may occur over the upper value or under the lower value of the specified range
in Table 2, but not both at the same time.

10 © IS0 2016 - All rights reserved
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ISO 4955:2016(E)

Table 4 — Type of process route and surface finish of heat-resistant flat steel products?

Abbreviationb Type of process Sqrf_ace Notes
route finish
Hot rolled, not Covered with |Suitable for products which are to be
Hot rolled 1U heat-treated, not . p . .
the rolling scale | further worked, e.g. strip for rerolling.
descaled
Suitable for parts which will be
1c Hot rolled, heat- Covered with |descaled or machined in subsequent
treated, not descaled |the rolling scale|production or for certain heat-resistant
applications.
The type of mechanicat descaling,
Hot rolled, heat- e.g. coarse grinding onshoft blasting,
. depends on the steel grad¢ and the
1E treated, mechanically|Free of scale .
product, and is left te the manufac-
descaled . . .
turer’s discretioh,unless qtherwise
agreed upon!
Usually standard for most|steel types
to ensaregood corrosion rfesistance;
1D Hot rolled, heat- Free of scale alsa.common finish for fullther
treated, pickled prégessing. It is permissib|e for grind-
ing marks to be present. Npt as smooth
as 2D or 2B.
Cold rolled, Smooth with Suitable for parts.whlc_h wiill be
descaled or machined in syibsequent
Cold folled |2C heat-treated, not scale from heat . . .
production or for certain heat-resistant
descaled treatment .
applications.
Cold rolled, Usually applied to steels with scale that
heat-treated, Free of scale, . : L. .
2E . is very resistant to pickling solutions.
mechanically see footnote f. Mav be followed bv picklin
descaled y yP &
Cold rolled, Finish for good ductility, but not as
2D heat-treated, pickled Smooth smooth as 2B or 2R.
Most common finish for mpst steel
types to ensure good corrgsion
€eld rolled, . Smoother than |resistance, smoothness and flatness.
2B heat-treated, pickled, .. I
) 2D Also common finish for further pro-
skin passed : . ;
cessing. Tension levelling nay be used
as an alternative to skin passing.
Cold rolled, Smoother and
heat-treated, Typical finish for ferritic grades when
&\ bright-pickled, skin | °F¢ reflec- high reflectivity is desired
ght-p ’ tive than 2B 8 y )
passed
Cold rolled, bright Smooth, bright, |Smoother and brighter thgn 2B. Also
2R . O .
annealed¢ reflective common finish for further|processing.
Special Grade of grit or surface roughness can
fiIr)lishes 1G or 2G Groundd See footnote e. |be specified. Undirectional texture, not

very reflective.

¢ May be skin passed.

a  Notall process routes and surface finishes are available for all steels.

b Firstdigit, 1 = hot rolled, 2 = cold rolled.

d  One surface only, unless specifically agreed upon at the time of enquiry and order.

e Within each finish description, the surface characteristics can vary, and more specific requirements may need to be
agreed upon between manufacturer and purchaser (e.g. grade of grit or surface roughness).

f Different methods of mechanical descaling can be used. Shot blasting will result in a rough and dull surface while
brushing can result in a smooth surface.

© ISO 2016 - All rights reserved
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ISO 4955:2016(E)

Table 5 — Type of process route and surface finish of heat-resistant long steel products?

Product form
Condi- |Abbre-| Typeof Surface Bars .
tion Yla' process finish Rod _' Semi- Forg- Notes
tionb route 0as | S€C I finished ings
tions

Hot Covered Suitable for products to
formed, not |with scale be further hot formed. For

1U heat-treat- |(spotground| X X X — semi-finished products,
ed, not 1T necessary) ground on all sides.can be
descaled specified
Hot formed, | Covered Suitable for products [to
heat-treat- |with scale be further processed|For

1G ed,c not (spotground | X X X X semi-finished products,
descaled if necessary) groundon all sides can be

specified

Hot formed, | Largely free The'type of mechanicpl
heat- of scale (but descaling, e.g. grindir]g,

H treated,c some black peeling or shot blasting, is
ot . ,
formed  |1H mechanical- spots may X X X % left to the manufacturer’s

ly descaled |remain) discretion unless
otherwise agreed. Sujtable
for products to be furfther
processed
Hot formed, | Free of scale Tolerance = IT 14d.e
heat-
17 treated,c X X _ X
pickled
Hot formed, | Metallically Tolerance = IT 12d.e
heat- clean
1X treated,c - X — X
rough ma-
chined
Centreless |Unifotm Surface roughness cah be
ground finish-Type specified. Finish for close
e and degree . X o . [SO-tolerances. Normplly
of grinding obtained from material in
to be agreed finishes 1E, 1D, 2H or|2B.
) Tolerance < IT 8d.e
Special -
finishing Polished Smoother Surfz-lcle roughness canh be
process and brllg-hter specified. Finish for close
than finish [SO-tolerances.
1A 1G or 2G. . X . . Normally obtained from
Typeand matertar im fimishes tE, 1D,
degree of 2B, 1G or 2H.
polishing to Tolerance < IT 11d.e
be agreed
a  Notall process routes and surface finishes are available for all steels.
b First digit, 1 = hot formed, 2 = cold processed.
¢ On ferritic and austenitic grades, the heat treatment may be omitted if the conditions for hot forming and subsequent
cooling are such that the requirements for the mechanical properties of the product are obtained.
d  For information: IT = international tolerance, as defined in ISO 286-1, and in other dimensional tolerance standards.
e  Specific tolerance within the ranges shall be agreed upon at the time of enquiry and order.
12 © IS0 2016 - All rights reserved
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ISO 4955:2016(E)

Table 6 — Mechanical properties for flat products in the usual delivery condition

Designation Thicknessa | Heat Hard- | Proofstrength Tensile Elongation after
treat- | nesscd strength fracturee
Name ISO-number t ment® | ysw | Ryoz | Rovo Rm Asgo A
flat products MPaf MPaf 0,5<t<3 3<t
mm % %
max. max. min. min. min.
(lg. +tr.) Ig. tr.
Austenitic steels for heat resistant applications
X6CrNiSiNCe19-10 |4818-304-15-E | 0,5<t<75 +AT 210 290 330 600 to 800 30 40 40
X15CriSi20-12 4828-305-09-1 0,5<t<75 +AT 223 230 270 550 to 750 2?.“ 30 30
X7CrN|SiNCe21-11 |4835-308-15-U| 0,5<t<75 +AT 210 310 345 650 to 850 (\N\J 40 40
X18CriNi23-13 4833-309-08-1 | 0,5<t<75 +AT 192 210 250 500to 700 ’%\%3 35 35
X8CrN|25-21 4845-310-08-E | 0,5<t<75 +AT 192 210 250 500 to 70&)' 33 35 35
X15CriNiSi25-21 4841-314-00-E | 0,5<t<75 +AT 223 230 270 550 t@d 28 30 30
X8NiCHjAITi32-21 4876-088-00-1 | 0,5<t<75 +AT 192 170 210 4(0’90',680 28 30 30
X6NiCSiNCe35-25 |4854-353-15-E | 0,5s<t<75 +AT 210 300 340 \(@E)'to 850 40 40 40
Austenitic steels for creep resistant applicatio o\
X10CrfiMoMnNBY [ 000 51 00k B B B B é N B B |
B15-10-1 N
X7CrN|18-9 4948-304-09-1 | 0,5<t<75 +AT 192 19&‘( 230 500 to 700 37 40 40
X7CrN|Ti18-10 4940-321-09-1 0,5<t<75 +AT 215 Q\Qb‘\‘ 230 500 to 720 40 40 40
X7CrN|Nb18-10 4912-347-09-1 | 0,5<t<75 +AT 192\(.\2)205 240 510to 710 28 30 30
X8CrN|Nb16-13 4961-347-77-E | 0,5<t<75 +AT ._X\) 200 240 500 to 750 30 30 35
X6CrN[Mo17-13-2 | 4918-316-09-E — - o> — — — — N
X7NiCfWCuCoNbN  [4990-310-35-U 3
B25-2-3-3-3-2 - O | - - - - -
Ferritic s)*els for heat resistant applications
X10CrplSi7 4713-503-72-E | 0,5< ts(rz‘\\ +A 192 220 — 420to0 620 — 20 15
S
X2CrTi12 4512-409-10-1 0,5& <12 +A — 210 — 380 to 560 25 25 25
X6Cr1l 4000-410-08-1 ,0.\&;}5 12 +A 197 230 — 400 to 630 18 20 18
X10CrplSi13 4724—405—77—]('}0{& <t<12 +A 192 250 — 450 to 650 13 15 15
X6Cr1 4016—4—30;0 ‘6 0,5<st=<12 +A 197 250 — 430to 630 18 20 18
X3CrT{17 4510—}}@5-1 05<t=<12 +A — 230 — 420 to 600 23 23 23
X2CrT{Nb18 4-5%‘@)—40& 0,5<t<12 +A — 230 — 430t0 630 18 18 18
X2CrMpTi18-2 ';@-1\—/444—00-1 05<t<12 +A — 280 300 420 t0 620 20 20 20
X10CrplSi18 ‘0@42—430—77—1 05<t=<12 +A 212 270 — 500 to 700 13 15 15
X10CrAlSi25 ‘\e\/ 4762-445-72-1 0,5<t<12 +A 223 280 — 520 to 720 13 15 15
X15Cr JZ'Q&Y‘ 4749-446-00-1 | 0,5<t<12 +A 212 280 — 500 to 700 13 15 15
‘O Martensitic steels for creep resistant applications
X18CrMnMoNbV 4916-600-77-] 0,5<t<75 — — — — — — —
N12
X22CrMoV12-1 4923-422-77-E | 0,5<t<75 +QT — 600 — 800 to 950 — 14

Precipitation hardening grades for creep resistant applications

a
b
c

For guidance only.

d
HBW test.

e

f

1MPa=1N/mm?2.

For other thicknesses, the mechanical properties shall be negotiated.

+A = annealed; +AT = solution annealed; +QT quenched and tempered; +P precipitation hardened (see also Table B.1).

For thin materials, the HRB or HV hardness test may be used, by agreement between purchaser and manufacturer, where it is not practicable to use the

In the case of ferritic and austenitic steels, the values for flat products having a thickness t = 3 mm are valid for a gauge length of Lg = 5,65 v/Sg; for flat
products of thickness with 0,5 < t < 3 mm, the values are valid for both test pieces specified in ISO 6892-1.

© ISO 2016 - All rights reserved
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ISO 4955:2016(E)

Table 6 (continued)
Designation Thickness2 | Heat Hard- | Proofstrength Tensile Elongation after
treat- | nesscd strength fracturee
mentb
Name ISO-number t HBW Rpo,2 | Rp1,0 Rm Asgo A
flat products MPaf MPaf 0,5<st<3 3<t
mm % %
max. max. min. min. min.
(lg. +tr) lg. tr.
XONiCrTiMoV 4980-662-86-X | 0,55t<75 | +P — | 590 | — | 900to1150 - 15
B25-15-2
i 4668077181 p— 1030 — 1230 —
NiCr19Fe19Nb5 U5=TZ20 T 2
Mo3
NiCr20TiAl 4952-070-80-1 0,5=<t<20 +P — 600 — 21000 — 18
a For other thigknesses, the mechanical properties shall be negotiated.
b +A = annealefl; +AT = solution annealed; +QT quenched and tempered; +P precipitation hardened (see also Table B.1).
c For guidance|only.
d For thin matdrials, the HRB or HV hardness test may be used, by agreement between purchaser and manufacturer, wherejit is not practicable tq use the
HBW test.
e In the case offferritic and austenitic steels, the values for flat products having a thickness t > 3 mm are valid fofia gauge length of Lo = 5,65 VSof for flat

products of thickn

f 1MPa=1N/

nm2.

bss with 0,5 <t <3 mm, the values are valid for both test pieces specified in ISO 6892-1.

14
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ISO 4955:2016(E)

Table 7 — Mechanical properties for long products in the usual delivery condition

e

f

8

The maximum HBW values may be raised by 100 units or the maximum tensile strength value may be raised by 200 MPa and the minimum elongation
value be lowered to 20 % for sections and bars of <35 mm thickness having a final cold deformation.

For rods, only the tensile strength values apply.

For diameters of 23 mm, the values are valid for a gauge length of Lo = 5,65 VSo.

Designation Thicknessa Heat Hard- Proof Tensile |Elongation
product form treat- ness- strengthf strengthe after
mentb | cdef fractures
Name ISO- Bars Rodsand | forgings HBW | Rpo,2 Rp1,0 A
number sections
d d d
mm mm mm MPa MPa MPa %
max. max. max. max. min. min. min.
Austenitic steels for heat resistant applications
X6CrNiSiNCe19-10 |4818-304- +AT 210 290 330 600 to 800 40e
15-E
X15CrNiSi20-12 4828-305- +AT 223 230 270 550:07p0 30e
09-1
X7CrN|SiNCe21-11 |4835-308- +AT 210 310 345, 650 to 850 40e
15-U
X18CrlNi23-13 4833-309- +AT 192 210 250 500 to 7Pp0 35e
08-1
5<d<160 | 1,5=sd<25 | d<100
X8CrNj25-21 4845-310- +AT 192 210 250 500 to 7p0 35e
08-E
X15CrNiSi25-21 4841-314- +AT 223 230 270 550 to 7p0 30e
00-E
X8NiCjAITi32-21 |4876-088- +AT 192 170 210 450 to 6B0 30e
00-1
X6NiCySiNCe35-25 [4854-353- +AT 210 300 340 650 to 850 40e
15-E
Austenitic steels steels for créep resistant applications
X10CrlNiMoMnNbV [4982-215-
B15-10-1 00-E 5<d<100 — — +AT — 510 — 650 to 850 25
A ggﬁ8_304_ +AT 192 195 230 500 to 7Pp0 40
XTCrNITIB-10 | 4940-321- | 5cq<160 | 1L5@w4 25 | d<100 | +AT | 215 | 190 | 230 | 500t07R0 40
X7CrNIND18-10 49127347 +AT | 192 | 205 | 240 | 510to7}10 30
X8CrN[Nb16-13  |290173477 | 5 <2400 — - sAT | — | 205 | 245 | 510t 6o 30
X6CrN|Mo17-13-2 (0187310 clisca <160 | 1,5<d<25 | d<100 | +aT | — | 205 | 245 | 490t06po 30
X7NiCfWCuCoNbN (4990310~
B25-28-3-3-3-2 359 — 3,0<d<14 — +AT 185 310 355 650 to 850 35
a Fdr other dimensioiisysthe mechanical properties shall be negotiated.
b +4 = annealed;#AT = solution annealed; +QT quenched and tempered; +P precipitation hardened (see also Table A.1).
¢ Fdr guidanceonly.
d Fdr thin materials, the HRB or HV hardness test may be used, by agreement between user and manufacturer, where it is not practicable to use the
HBW tept.

© ISO 2016 - All rights reserved
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ISO 4955:2016(E)

Table 7 (continued)
Designation Thicknessa Heat Hard- Proof Tensile |Elongation
product form treat- ness- strengthf strengthe after
mentb cdef fractures
Name ISO- Bars Rodsand | forgings HBW Rpo,2 Rp1,0 A
number sections
d d d
mm mm mm MPa MPa MPa %
max. max. max. max. min. min. min.
Ferritic steels for heat resistant applications
X10CrAlSi7 4713-503- +A 192 290 o 490 ta 620 20
7Z-E —
- _409- _ O
X2CrTil2 4512-409 +A 210 . 380 to 56 r\
10-1 -~
X6Cr13 4000-410- A 197 | 230 — | 400 tes's,é/ D0
08-1 R
X10CrAlSi13 4724-405- +A 192 250 — .(') 650 15
77-1 ~
X6Cr17 4016-430- A 197 | 250 %\" 430 to 630 b0
00-I \
. B B _ { \_ |
X3CrTil7 4510-430 5<d<25 | 1,5<d<25 |5<d<15 +A 23 3 420to 600
35-1 A
X2CrTiNb18 4509-439- A — Q‘zd) — | 430t0630 18
40-X
N
- - — b
X2CrMoTi18-2 4521-444 +A S@ 280 420 to 620 A4
00-1 O,
V4
X10CrAlSi18 4742-430- +A %212 270 — 500 to 700 15
77-1 \&
X10CrAlSi25 4762-445- \@K 223 280 — 520to 720 10
72-1 N
X15CrN26 4749-446- L\ +A 212 280 — 500 to 700 15
00-1 . (\}‘
Martensitic stee(l's\{v\ creep resistant applications
X18CrMnMoNby 4916-600- | 5=<d<160 — .\', — -+QT — 685 — =830 12
N12 774 N\
\Y
x22CrMoviz-1 | [4923-422- | 5sds160 | (O~ — +«QT | — | 600 | — |800to950 14
77-E )
Prec}pio’n hardening grades for creep resistant applications
X6NiCrTiMo 4980-662- | 5<d< 160 — - +P — 590 — [900to1150 B
VB25-15-2 86-X N\
NiCr19Fe19NbS [ |4668-077- {25<d <160 — — +P — 1030 | — 1230 2
Mo3 18-1 v,\
NV
NiCr20TiAl 4952 5<d<160 — — +P — 600 — 21000 18
805
a For other din| ensié@,‘he mechanical properties shall be negotiated.
b +A = annealefl; +AT = solution annealed; +QT quenched and tempered; +P precipitation hardened (see also Table A.1).
c For guidance only.
d For thin materials, the HRB or HV hardness test may be used, by agreement between user and manufacturer, where it is not practicable to use the
HBW test.
e The maximum HBW values may be raised by 100 units or the maximum tensile strength value may be raised by 200 MPa and the minimum elongation

value be lowered to 20 % for sections and bars of <35 mm thickness having a final cold deformation.

f For rods, only the tensile strength values apply.

g For diameters of >3 mm, the values are valid for a gauge length of Lo = 5,65 VSo.
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Table 9 — Tests to be carried out, test units and extent of testing in specific testing for heat
resistant flat steel products

treatment and/
or same degree of
cold deformation)

are longer thafn 15 m.

be taken from heat-treated.plates
up to 15 m in length. One test
sample shall be takenfrom each
end of the longestiplate in the
batch where heat-treated plates

b) If the pldte cannot be tested

in batches, one test sample shall
be taken from one end from
heattreated plates up to 15 m
loehg and one test sample shall be
taken from each end of heat-treat-
ed plates longer than 15 m.

Test Test unit Product form Number of
Strip, sheet and cut Rolled plate (P) test pleces
length cut from strip in per test
rolling width sample
<600 mm | 2600 mm
Chemical m |Cast The cast analysis is given by the manufacturerb
analysis
Tensile test m  [same cast The extent |One test a) Plates processed underiden-
atroom same nominal of testing sample tical conditions may be collected
temperature thickness +10 %, |[shall be from each |into a batch with a maximum
same final treat- |agreed at coil total weight of 30 000 kg com-
ment condition  |the time of prising no more than 40 plates;
(i.e. same heat ordering. One test sample per batch shall

a  Tests marked with a “m” (mandatory) shall be carried out ds specific tests. In all cases optional tests shall be ¢
out as specificfests only if agreed at the time of ordering.

b Aproductpnalysis may be agreed at the time of ordering; the extent of testing shall be specified at the same timg¢.

hrried

h

Table 10 4 Tests to be carried out, test units and extent of testing in specific testing for heat
resistant long steel products
Test a Test unit Product form Number of fest
Rods, bars and sections pieces per sample
Chemical anallysis m |[Cast The cast analysis is given by —
the manufacturer.b
Tensile test af room temperature m |Batchc One sample per 25 t; maximum 1
of two per test unit.

a  Tests markedwith an “m” (mandatory) shall be carried out as specific tests. In all cases, optional tests shall be c
out as specific kests only if agreed at the time of ordering.

hrried

b A 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 must 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 cross sections of products in a single batch may be different providing that the ratio of the largest to
the smallest areas shall be equal to or less than three.

18
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Dimensions in millimetres

Type Round cross-section products Rectangular cross-section products
of test
Tensile d<25? 25<d< 160 b <25 25<b <160
azb az=b
| O
i \ i %j) 7N 1
1 ) ) o™ ey
¢d \_j// < Dy
7
125 12,5 g/
bd a 12,5
( a

[
%]

hmples of product may alternatively be tested unmachined.

Figure 1 — Location of test pieces for steel bars, rods,and wire <160 mm diameter gr thickness
(longitudinal test pieces)

173 2/3

2/3 1/3 2/3 1/3

1/3 2/3 1/3 2/3 1/3 2/3

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

Figure 2 — Location of test pieces for beams, channels, angles, T-sections and Z-sections
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Type of Product | Direction of the longitu- Distance of the test piece from the rolled surface
test piece | thickness |dinal axis of the test piece
in relation to the princi-
pal direction of rolling at
a product width of:
mm <300 mm 2300 mm mm
Tensilea <30 Longitudinal| Transverse 1
A 17777778 B B ;X
/ 10<+<30
1
>30 1
% @
o S
R /] / 2
Key

1 rolled suifface

2 flat or roynd test piece may be used

For products £3 mm thickness, non-proportional test pieces with a gauge length of 80 mm and a width of 20 mm

shall be used,

ut test pieces with a gauge length of 50 mm and-a width of 12,5 mm may also be applied. For prpducts

with a thickness of 3 mm to 10 mm, flat proportional testpieces with two rolled surfaces and a maximum wjdth of
30 mm shall b¢ used. For products with thickness >10 min, one of the following proportional test pieces may b¢ used:

— either a fllat test piece with a maximum thickness of 30 mm; the thickness may be reduced to 10 hm by

machinin

— oraroun

in the outer third of half the product.thickness.

a  In case of|doubt or dispute the(gatige length shall be Lq = 5,650 for test pieces from products =3 mm.

20

b, but one rolled surface must be preserved;

] test piece with a diameter of 25 mm the axis of which shall be located as near as possible to d plane

Figare’3 — Location of test pieces in sheet, strip or plate
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Annex A
(informative)

Technical information on heat- and creep-resistant steels

A.1 General

The pIroperty values contained in the preceding specification are delivery requirements:[he property
valuep indicated in this Annex are not delivery requirements. The data given in this Annexfre provided
only as a guide for the heat treatment and for the relative performance of the different|steels. Users
should ensure themselves of the actual properties achieved in practice.

A.2 (Groups of heat- and creep resistant steels
Severpl groups of material may be distinguished as follows:
— hpat-resistant austenitic steels;

— h[at resistant ferritic steels;

— témpered martensitic creep-resistant chromium.stéeels with 8 % to 12 % Cr and spdcial carbide-
ahd nitride-formers suitable for service temperatures up to 600 °C (650 °C).

As thle austenitic structure is basic for high temperature creep resistance above 550 fC to 600 °C
refergnce is given to the following:

%)

blution-annealed steels and nickel< or cobalt-alloys, strengthened by solid-solutiop hardening,
ccasionally stress relieved (800 €Cto 950 °C),

=)

(=

Iermomechanically worked;-and

ecipitation-hardened austenitic steels and alloys containing Al plus Ti to form y’- pHase, i.e. face-
entred cubic Niz (A, Ti), and partially alloyed with Nb which forms y”-phase, also knpwn as body-
bntred tetragonal NigNb.

|
QT

(@)

The gtrongest allpys.are the so-called superalloys. They require special metallurgical gractices, e.g.
vacuym inductign-melting and consumable remelting, primarily in order to obtain midrostructural
cleanliness and to avoid or minimize segregations.

A.3 |Heat treatment

For information on heat-treatment, see Table A.1.

A.4 Heatresistance

The heat resistant steels given in Table 2 have, by virtue of their alloy content, an increased resistance
to attack by hot gases and combustion products. This resistance and, consequently, the maximum
service temperature of the materials is, however, largely dependent on the conditions of attack. For
use in clean air under conditions where the mechanical stresses (see Table A.2) are unimportant with
regard to service life, the maximum service temperature indicated in Table A.2 can be taken as a guide.

A warning is given that where a heat resistant steel is to be used in atmospheres other than clean air,
then the values in Table A.2 should not be taken as applicable for the maximum temperature of use. In
such cases, the rate of oxidation of the steels can be significantly increased, depending on their chemical
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composition,

so that as a consequence, the maximum temperature of use can be considerably reduced

and could be, for example, several hundred degrees lower than the temperatures in Table A.2.

A.5 Creep resistance

The creep resistant steels and alloys given in Table 2 contain sufficient chromium for resistance

to oxidation

and hot corrosion at elevated temperature; otherwise, the surface must be shielded. In

general, steels and alloys may be used up to the highest temperature indicated in Table B.1.

In Table B.1,

the mean creep strength to 1 % plastic strain (Rp1,0/t/T) and creep rupture strength

(Ru/t/T) after durations of 1 000 h, 10 000 h and 100 000 h are given for guidance only. These strength
values in relgtion to time are the main limiting factors during operation at high temperatures, prgvided
the environrhent is sufficiently mild regarding corrosivity. In addition, the interactions betweet] total
stressing and oxidation behaviour may be taken into account. The maximum service temperature |of the

materials is, however, largely dependent on the conditions of exposure.

A.6 Physical properties

In Tables A.3

A.7 Technological properties

A.7.1 The
necessary, be

A.7.2 The
annealed bef
be noted.

A.7.3 Thes
that users wj

and A.4, the physical properties of the steels are given for guidance.

cteels are suitable for hot working. The optimum hot-working conditions shall, where
requested from the manufacturer.

steels are suitable for cold forming. It is, liowever, recommended that ferritic ste¢ls be
pre working. Furthermore, the marked tendency of austenitic steels to work-harden should

teels may generally be welded by-the usual welding processes. It is, however, recommé¢nded
ho have not had experience‘in ‘welding these materials should consult the manufa¢turer

regarding appropriate welding conditions. Additionally, the tendency of ferritic steels to grain growth

when being v

A.7.4 The
welding. The

velded should be taken into account.

ong-time properties’ of steels and alloys may be adversely affected by cold-forming and
refore, customers-should ask for appropriate advice concerning fabrication.
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Designation

Name ISO number

Symbola

Temperatureb

oC

Heat treatment

Coolingc

Tempering or

precipitation treat-

ment
temperature
(and time)
o,

Austenitic steels for heat resistant applications

X6CrNiSiNCe19-10 4818-304-15-E +AT 1070 £ 50 w, a¢é —
X15CrNiSi20-12 4828-305-09-1 +AT 1100 £ 50 w, (a) —
X7CrN[SINCeZT-11 4835-306-15-U +AT 107050 w, a —
X18CrlNi23-13 4833-309-08-1 +AT 1100 50 w, a¢ —
X8CrNj25-21 4845-310-08-E +AT 110050 w, aé —
X15CriNiSi25-21 4841-314-00-E +AT 1100 £+ 50 w, aé —
X8NiCyAITi32-21 4876-088-00-1 +AT 1150 £ 50f A& —
X6NiCySiNCe35-25 4854-353-15-E +AT 112525 W, a¢ —

excess ¢f it, is normally preferred.
c a # air; f = furnace; w = water; o = oil.

d

n|special cases, furnace cooling is also permifted.
e Cdoling sufficiently rapid.
f A grain size of 0 to 5 after heat treatmentlis recom

g Rdcommended time.

mended.

Austenitic steels for creep resistant applications
)éigg;lﬂi_l\l/loManV 4982-215-00-E +AT 1050+50 — —
X7CrNj18-9 4948-304-09-1 +AT 1050 +50Q w, a¢ —
X7CrN|Ti18-10 4940-321-09-1 +AT 1070.+50 w, a¢€ —
X7CrN{Nb18-10 4912-347-09-1 +AT 1¢070-* 50 w, a¢ —_
X8CrN|Nb16-13 4961-347-77-E +AT 1,100 £ 50 w, a¢€ —_
X6CrN{Mo17-13-2 4918-316-09-E +AT — — —
X7NiCfWCuCoNbN 4990-310-35-U +AT 1215+35 w, a¢ —_
B25-2B-3-3-3-2
a +/ = annealed; +AT = solution annealed; +QT quenched and tempered; +P precipitation hardened.
b Infthe case where the heat treatment is performed in a continuous furnace, the upper part of the given temperature range, or eveh a temperature in

© ISO 2016 - All rights reserved
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Table A.1 (continued)
Designation Heat treatment
Name ISO number Symbola Temperatureb Coolingc Tempering or
oC precipitation treat-
ment
temperature
(and time)
°C
Ferritic steels for heat resistant applications
X10CrAlSi7 4713-503-72-E +A 810 + 30 a, (w)d —
X2CrTil2 4512-409-10-1 +A 800 + 30 a,w —
X6Cr13 Z000-410-08-1 TR 775 %25 at — _
X10CrAlSi13 4724-405-77-1 +A 825+ 25 a, (w)d A—P\\O
X6Cr17 4016-430-00-1 A 800 50 a,wf O\
X3CrTi17 4510-430-35-1 A 800 30 aw ST —
X2CrTiNb18 4509-439-40-X A 900 £ 25 a,w QY —
X2CrMoTi18-2 4521-444-00-1 +A 900 + 100 aw N —
X10CrAlsi18 4742-430-77-1 A 825+ 25 a, ()i~ —
X10CrAlSi25 4762-445-72-1 A 825+ 25 a, fWd —
X15CrN26 4749-446-00-1 +A 825 + 25 Qa,\(w)d —
Martensitic steels for creep resistant applicatio \) )
X18CrMnMoNbyN12 4916-600-77-] +QT 1115+ 15 ‘\\ " a, o 670 to 720 (mig 2 h)
X22CrMoV12-1 4923-422-77-E +QT 1045 +25 5\\)‘ a,o 680 to 740 (min 2 h)
Precipitation hardening grades for creep reej{ﬁ%ft applications
X6NiCrTiMoVB2p-15-2 4980-662-86-X +P 9&&1-\10 a,w 710 to 730 (16| h)g
+P ‘\@‘3’0 £30 ae 710 to 730 for|B he
A furnace cooling down to
NiCr19Fe19Nb5}Mo3 4668-077-18-1 O 610 to 630, hold pt 610
S to 630. Total tredtment
. ('\)k" time min. 18hg
+pc)\\ 1065 +15 a 840 to 860 for 24 h, air
. . . cool +
NiCr20TiAl 4952-070-80-1 . 690 to 710 for 16 he,
N air cool
a +A = annealefl; +AT = solution annealed; +QT que@nland tempered; +P precipitation hardened.
b In the case where the heat treatment is performed in a continuous furnace, the upper part of the given temperature range, or even a temperfture in
excess of it, is normally preferred. %
¢ a = air; f = fuijnace; w = water; o = oil. %\
d In special cages, furnace coolin%@ permitted.
e Cooling suffigiently rapid.
f Agrainsizedf0to 5 afte;@ treatment is recommended.
g Recommenddd time. (.}
)
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Table A.2 — Maximum application temperature T, for air (for guidance only)

Designation Ty
Name ISO-number n}%x
Austenitic steels for heat resistant applications
X6CrNiSiNCe19-10 4818-304-15-E 1050
X15CrNiSi20-12 4828-305-09-1 1000
X7CrNiSiNCe21-11 4835-308-15-U 1150
X18CrNi23-13 4833-309-08-1 1000
X8CrTZ5=2T 7845-310-08-F TS50
X15CINiSi25-21 4841-314-00-E ~Nso
X8Ni¢rAITi32-21 4876-088-00-1 L7 11po
X6Ni(rSiNCe35-25 4854-353-15-E 7 1o
Austenitic steels for creep resistant applications b\(‘)
X10CINiMoMnNbVB15-10-1 4982-215-00-E O +
X7Crii18-9 4948-304-09-1 ¢ N7 8(0
X7CriNiTi18-10 4940-321-09-, 850
X7CriNiNb18-10 4912-347-09D 830
X8CrNiNb16-13 4961-347~77-E 4
X6CrNiMo17-13-2 4918-316-09-E +
X7Ni¢rWCuCoNbNB25-23-3-3-3-2 4990<310-35-U 740
Ferritic steels for hegg@e;istant applications
X10C[AISi7 _\\74713-503-72-E 8(0
X2Crfi12 «O  4512-409-10-1 630
X6Cr]3 1ok 4000-410-08-1 8(0
X10C}AISi13 @ 4724-405-77-1 730
X6Cr]7 KN 4016-430-00-1 830
x3crli17 _OY 4510-430-35-1 9¢o
X2CrTiNb18 R 4509-439-40-X 90
X2CrMoTi18-2 R 4521-444-00-1 10{00
X10CfAISi18 R 4742-430-77-1 830
X10CfAlsi2s O 4762-445-721 1000
X15C[N26  ~\ 4749-446-00-1 1150
‘\ev Martensitic steels for creep resistant applications
X18CFMrMONbVN12 4916-600-77-] 1
X22C ~l\m/1 2-1 492342277 F 1

Precipitation hardening grades for creep resistant applications

X6NiCrTiMoVB25-15-2

4980-662-86-X

NiCr19Fe19Nb5Mo3 4668-077-18-1 —
NiCr20TiAl 4952-070-80-1 —
NOTE See A.4.

© ISO 2016 - All rights reserved
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Table A.3 — Physical properties (for guidance only)

Designation Densi- Linear expansion coefficient Thermal Specific | Resis- | Mag-
ty 10-6 K-1 conductivity heat tivity |netiza-
kg/ between 20 °C and W/(m K) capacity Q bility
dm3 kJ/(kg K) |mm2/m

Name ISO-number 200°C|400°C|600°C| 800°C | 1000°C at at at at
20°C | 500°C 20°C 20°C
Austenitic steels for heat resistant applications
X6CrNiSiNCe19-10 (4818-304-15-E| 7,8 16,5 | 18,0 | 18,5 19,0 20,0 15 21 0,50 0,85 noa
X15CrNiSi20-12 4828-305-09-1 79 16,5 | 17,5 | 18,0 18,5 19,5 15 21 0,50 0,85 noa
X7CrNiSiNCe21-11 |4835-308-15-U 7,9 17,0 | 18,0 | 18,5 19,0 19,5 15 21 0,50 0,85 noa
X18CrNi23-13 4833-309-08-1 79 16,0 | 17,5 | 18,0 18,5 19,5 15 19 0,50 0,78|| no?
X8CrNi25-21 4845-310-08-E| 79 15,5 | 170 | 17,5 18,5 19,0 15 19 0,50 ‘(‘Q%v noa
X15CrNiSi25-21 4841-314-00-E 7,9 15,5 | 17,0 17,5 18,5 19,0 15 — 0,50( N l/‘(.)',90 noa
X8NiCrAlTi32-21| |4876-088-00-1| 8,0 15,0 | 16,0 | 17,0 17,5 18,5 12 17 0,5 N 1,0 noa
X6NiCrSiNCe35-25 |4854-353-15-E| 79 15,5 | 16,0 | 17,0 17,5 18,0 11 18,5 &QS 1,0 noa
Austenitic steels for creep resistant applications ~
NIOCrNIMOMNND |4982-215-008| 7 | T | T | T - - - rs\\\\o - = |
X7CrNil18-9 4948-304-09-1 7,9 17,0 | 18,0 | 18,5 19,0 — }& v21 0,50 0,73 noa
X7CrNiTi18-10 4940-321-09-1 79 17,0 | 18,0 | 18,5 19,0 — 036) — 0,50 0,73 noa
X7CrNiNb18-10 4912-347-09-1 79 17,0 | 18,0 | 18,5 19,0 — \\‘\15 — 0,50 0,73 noa
X8CrNiNb16-13 | [4961-347-77-E | 79 | 169 | 176 | 185 | — RSB — 0,45 0,78 || noa
X6CrNiMo17-13-2 |4918-316-09-E| 79 — — — — x\\('\g — — — — noa
)];;l;li(zirgv_\/;l;(_:gl_\lzb N 4990-310-35-U 8,1 15,5 16 16,5 T7O§\ 18 12 20 0,47 0,98 noa
Ferritic steels for heat res \nt applications
X10CrAlSi7 4713-503-72-E 7,7 11,5 | 12,0 12‘,75*&)13,0 — 23 — 0,45 0,70 yes
X2CrTi12 4512-409-10-1 7,7 11,0 | 12,0 (\ét — — 25 — 0,46 0,60 yes
X6Cr13 4000-410-08-1 7,7 11,0 | 11, }‘2,0 12,5 — 25 28 0,50 0,60 yes
X10CrAlSi13 4724-405-77-1 7,7 10,5 &1‘,5 12,0 12,5 — 21 23 0,50 0,75 yes
X6Crl7 4016-430-00-1 7,7 10,{)"\\ 1,0 | 11,5 12,5 — 21 21 0,50 0,60 yes
X3CrTil7 4510-430-35-1 7,7 @ 10,5 — — — 25 — 0,46 0,60 yes
X2CrTiNb18 4509-439-40-X 7,}.‘()1.0,0 10,5 — — — 25 — 0,46 0,60 yes
X2CrMoTi18-2 4521-444-00-1 GZ;{J 10,8 | 11,0 | 11,4 11,9 12,9 20 23 0,43 0,80 yes
X10CrAlSi18 4742—430—77}I\<)"7{7 10,5 | 11,5 | 12,0 12,5 13,5 19 25 0,50 0,93 yes
X10CrAlSi25 4762-445724 | 77 | 100 [ 115 | 120 | 125 13,5 17 23 0,50 11 || yes
X15CrN26 4749—(@60-1 7,7 10,5 | 11,0 | 11,5 12,0 13,0 17 23 0,50 0,70 yes
. b?\ Martensitic steels for creep resistant applications
\)
)é&;l\l(irzMnMoN- C&G—GOOJ%I 7,7 11 12 12,5 — — 24 29 0,46 — yes
X22CrMoV12-1 4923-422-77-E 7,7 11 12 12,5 — — 24 29 0,46 0,60 yes
Precipitation hardening grades for creep resistant applications
)égl;h_(irs’l"_lé\/lov 4980-662-86-X 8,0 17,4 18 | 18,5 — — 13 21 0,49 091 noa
NiCr19Fe19Nb5Mo3 |4668-077-18-1 8,2 13,4 | 141 | 14,7 16,4 — 13 19 0,44 1,23 noa
NiCr20TiAl 4952-070-80-1 8,2 12,6 | 13,5 | 14,0 — — 11,4 18,5 0,46 1,24 noa

a Slightly magnetic

when cold worked.
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Annex B
(informative)

Data for creep strength to 1 % plastic strain and creep rupture
strength

In Table B.1, the average creep strength to 1 % plastic strain elongation (Rp1 0) and creep rupture (Rpy)
after durations of 1 000 h, 10 000 h and 100 000 h (200 000 h) are given for guidance only (see I@M,
footnote b). (19'\
Table B.1 — Creep rupture properties (for guidance only 06’3 '
De¢signationa Tempera- Estimated average creep stre tb&g
tl:ge Creep strength to 1 % plastic Cree&lre strength fore
strain ford \
Name Number 1000h | 10000h |[100000h| 1000h({,10000h {100 000 h|200 000 h
MPa MPa MPa MAléy @ MPa MPa MPa
Austenitic steels for heat resistant applications(-)\) -
X6CrNiSiNCe- 4818-304-15-E 500 — — — g\‘ — — — —
19-10-1 600 147 126 8o 238 157 88 —
700 61 12 | 20 105 63 35 —
800 25 15 N9 46 25 14 —
900 9 8. 2] 3 18 10 5 —
1000 (2,5) (q?h (1,0) 7 4) (1,5) —
X15CrNisi20-12 4828-305-09-1 500 — (V- — — — — —
600 1200 80 — 190 120 65 —
700 50 25 — 75 36 16 —
800 I\ 20 10 — 35 18 7,5 —
%00 )| 8 4 — 15 8,5 3 —
b [ - | — | = [ - [ - | — [ |-
X7CrNiSiNCe21-411  |4835-308-15-U c.,\Jsoo — — — — — — —
%\" 600 170 126 80 238 157 88 —
Q 700 66 45 26 105 63 35 —
?§~ 800 31 19 11 50 27 15 —
%Q 900 15,5 10 6 24 13 8 —
P V 1000 (8) (5) (3) (12) (7) (4) —
X12CrNi23-13 %\4833—309—08-1 500 — — — — — — —
500 TO00 70 = T90 T20 o5 —
700 40 25 — 75 36 16 —
800 18 10 — 35 18 7,5 —
900 8 5 — 15 8,5 3 —
1000 — — — — — — —
X8CrNi25-21 4845-310-08-E 500 — — — — — — —
600 100 90 — 170 130 80 —
700 45 30 — 80 40 18 —
800 18 10 — 35 18 7 —
900 10 4 — 15 8,5 3 —
1000 — — — — — — —
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Table B.1 (continued)

ISO 4955:2016(E)

Designationa Tempera- Estimated average creep strengthb.c
tl:ée Creep strength to 1 % plastic Creep rupture strength fore
strain ford
Name Number 1000h | 10000h [100000h| 1000h | 10000h {100 000 h|200000h
MPa MPa MPa MPa MPa MPa MPa
X15CrNiSi25-21 4841-314-00-E 500 — — — — — — —
600 105 95 — 170 130 80 —
700 50 35 — 90 40 18 —
800 23 10 — 40 20 7 —
300 10 7 e 70 10 — —
\®)
1000 3 — — 5 AN —
Austenitic steels for creep resistant applications A >)
X10Ni¢rAITi32-31 | 4876-088-00-1 500 — — — — SO 4 —
600 130 90 — 200 | Oxs2 14 —
700 70 40 — 90| 68 48 —
N
800 30 15 — 45 30 21 —
A
900 13 5 — |20 10 g —
1000 — — & - — 1 —
X6NiCSiNCe35-25  |4854-353-15-E 500 — — — — -+ —
600 150 88 \\\\32 200 127 8 —
700 60 3¢ <M 21 84 56 3b —
800 26 ,(\@:0 9,7 41 28 18 —
900 125 [ B 5.1 22 15 9p —
\‘
1000 65 .4 45 3,0 12 8 4B —
X10CrKiMoMnNbV | 4982-215-00-E 500 o — — — — 1 —
B15-1¢-1 vt
600 || = — — — — -+ —
709.‘\\U' — — — — — -+ —
s00) | — - - - - 1 -
00 — — — — — 4 —
Y
X7CrN|18-9 4948—304—09—6_ 500 — — — — — -+ —
O . 600 100 80 — 178 122 -+ —
700 45 30 — 83 48 -+ —
%\ 800 15 — — — — i —
09 900 — — — — — -+ —
X8CrN|Ti18-10 ?@40—321-09-1 500 — — — — — -+ —
§ 600 110 85 — 200 142 — —
&?\ 700 45 30 — 88 48 4 —
O_> 800 15 10 — 30 15 - —
900 = = — = = — —
X7CrNiNb18-10 4912-347-09-1 500 — — — — — — —
600 140 110 — 210 159 — —
700 65 45 — 110 61 — —
800 25 — — — — —
9200 — — — — — — —
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