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High-temperature austenitic steel plate and sheet,
cold and hot rolled strip, bars and forgings
Technical delivery conditions

DIN
17460

Hochwarmieste austenitische Stahle; tachnische Lielerbedingungen fiir Blech, kalt- und warmgewalztes Band, Stibe

und Schmiedestiicke

In keeping with current practice in standards published by the International Organization for Standardization (1SQ), a comma

has been used throughout as the decimal marker,

The symbol ® denotes items which shatl, the symbol se denoting items which may,be agreed upon at the time of orderi:{g.
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1 Scope and field of application

1.1 This standard specifies technical delivery conditions
for hot rolled plate up to 75mm thick, for cold and hot
rolled strip (and plate up te 12 mm thick cut therefrom), and
for bars and forgings in relevant sizes up to 160 mm. Such
products are made from the high-temperature austenitic
steels specified in table 1, which are suitabie for high-pres-
sure applications where elevated temperatures and high
mechanical stresses are involved, Note that certain mate-
rials are not suitable for all products.

’

1.2 e Thisstandard also applies to forged or rolled semi-
finished products, intended to be subsequently hot
formed, the heat treatment condition and testing of such
products being the subject of agreement at the time of
crdering.

1.3  Unless otherwise specified, the technical delivery
conditions for steel and steel products specified in
DIN 17 010 shall also be complied with, This also applies to
the forgings covered here.

‘2 Concepts
. 2.1 High-temperature austenitic steei is austenitic steel
“which has a minimum chromium content of 13 % by mass

and which, when exposed to long-term machanical stress
- and temperatures over 550°C, remains strong.

2.2 SeeDIN17 014 Part 1 tor heat treatment terminology.

2.3 SeeDINEN 10079 for concepts dealing with product
farms. '

3 * Dimensions and tolerances

Dirmensions and tolerances shall be the subject of agree-
ment at the time of ardering, based where possibie on the
retevant dimensional standards listed in appendix A,

4 Mass

4.1 Calculation of the design mass of products shall be
based on the guideline valves for density specitied in
table B.2.

Continued on pages 2 to 20
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4.2 ee The tolerances on mass may be the subject of
agreement at the time of ordering, where such are not
specified in the dimensional standards listed in appendix A,

5 Designation and ordering

5.1 The standard designation shalt give, in the foliowing
order:

a) name of material {steel);

b) DIN number (DIN 17 460);

c} material designation or number (cf. table 1);

d) symbol denoting heat treatment condition (cf. tabie 5).

Examples:

Steel DIN 17460— X8 CrNi1811¢c2

or

Steel DIN 17460 —XBCrNi1811 Ila

or

Steel DIN 17 460 —1.4948c2

or :
Steel DIN 17 460—1.4948 Ila

In the case of steel identified by material -designation

‘X BNICrAlTi 31 20, supplied in the annealed for recrystelli-
zation condition, the symbol RK shall be added to the des-
ignation, as foliows:

Steel DIN 17 460 —
X5NICrAlTi 3120 RK c2

5.2 The designation of semi-finished products shall be in
accordance with the relevant dimensional standard.

5.3 For ordering purposes, the desired material, surface
quality and requirements regarding testing shall be clearly
stated. Information which is subject to agreement shall
also be specified at the time of ordering {cf. subclauses
marked ® and o), .

6 Requirements
6.1 ee Manufacturing process

6.1.1. Unless otherwise agreed, the steelmaking process
shall be at the menufacturer's discretion. If so agreed, the
purchaser shall be informed of the steelmaking process
used.

6.1.2 Unless otherwise agreed, the manufacturing pro-
cess shall be at the manufacturer's discretion.

6.2 Heat treatment condition and surface quality

Steef shall be supplied in one of the heat treatment condi-
tions specified in tables 3 and 4 (cf. also table B.3),

® The heat treatment condition and surface quality shall
be agreed at the time of ordering.

6.3 Chemical composition
6.3.1 Ladle anaiysis

The chemical composition, as determined by ladle analy-
sis, shall be In compllance with table 1.

6.3.2 Product analysla

Where a product Is to be carrled out, the resutts may
devlats from the values given in table 1 by the amounts
lIsted in table 2.
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6.3.3 Subject to agreement, deviations from the specifi-
cations given in subclause 6,31 and 6.3.2 are permitted,
provided the mechanical properties, weldability, and the
performance of the finished product are not adversely
affected.

6.4 Mechanical properties

6.4.1 Table 3 shall apply for the mechanical properties, at
ambient temperature, of materials supplied in the heat
treated condition, except for material supplied in condition
al or a2 as specified in tabie 5,

6.4.2 The values of elevated temperature 0,2% and 1%
proof stress shell comply with the vaiues given in table 4.
Additiona} information regarding the heat resistance of
X 5 NICrAlTi 31 20 and X 8 NiCrAlTi 32 21 steels at temper-
atures over 600°C is provided in table B.4.

6.4.3 The mechanical properties of materials supplied in
condition a1 or a2 shall comply with tables 3 and 4. Verifi-
cation of such compliance, as determined on reference
test pieces, may be agreed at the time of ordering.

8.4.4 Guideline velues for rupture stress are given in
tabie B1.

6.5 ee Soundness

Non-destructive testing, to establish internal and external
soundness, may be agreed at the time of ordering (cf. sub-
clause 7.2.8).

7 Testing
7.1 Inspection documents

7.1.1  Material complying with this stapdard shall be sup-~’

plied with 2 DIN 50 049 (EN 10 204) inspection certificate or

test report, unless otherwise specified in subclause 7.1.2

for semi-finished products..

¢ The type of inspection document shall be the subject of

agreement. In the case of third-party inspection, the pur-

chaser shall hame his representative,

The certificate or report shall inciude the following partic-

ulars:

a) confirmation thet the material complies with the infor-
mation given in the order;

b) results of ladie analysis;

¢) results of the tests described in subciauses 7.2.1 to
7.2.7, where required or agreed:

d) results of any additionai tests;

e} marking (cf. clause 8).

7.1.2 Semi-finished products as specified in clause 1, sup-

plied in condition a1 or a2 as specified in table 5, shall be

supplied with an EN 10 204-2.2 inspection document, it not

being necessary to verify the mechanical properties on

reference test pieces, nor to determine the chemical com-

position based on a product analysis of 8 menufactured

product. The documant shail include the following partic-

ulars:

a) confirmation that the product complies with the infor-
mation given in the order;

b) results of ladle analysis;

c} marking (cf. clause B).

7.2 Scope of testing

7.21 = Determination of and the scope of testing for
the chemlcal composition based on a product analysis of
the menutactured product may be agreed at the time of or-
dering.
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7.2.2 One tensile test at ambient temperature shall be
carried out on the test units specified in table 6.

7.2.3 ®% |t may be agreed to verity compliance with the
Impact energy vaiues spacified in table 3, in which case the
scope of testing spacified in table 8 shall apply, unless
otherwise agreed,

7.2.4 e |t may be agreed to verlfy compliance with the
0,2% and 1% proof stress values speclfied in table 4, the
test temperature and scope of testing also being subject to
agreement.

7.2.5 All products shall be checked for dimensional accy-
racy.

7.2.6 All products shall be visually checked for their sur-
face quality.

7.2.7 It shall be the manufacturer's responsibiiity to
check all products for materials identity.

7.2.8 ® The metﬁbd of non-destructive testing to estab-

lish the internal and external soundness, and the method of
assessment, shall be the subject of agreement (ef, stb-

clause 6.5),

7.3 Sampling and sample preparation

7.3.1 The method of sampling specified in Stahi/-Eisen-
Priifblatt (Iron and steel test sheet) 1805 shall be used for
the determination of chemical compaosition by product
analysis.

7.3.2 Test pieces for tensile testing and notched bar
impact testing shall ba taken from the products in their as
delivered condition as specitied in subclauses 7.3.2.1 and
7.3.2.3.

. ®% |t may be agreed to take test pieces before the prod-
ucts has been straighténed.

7.3.2.1 ee Unless otherwise agreed, test pieces shall be
taken from plate and hot rolled strip and shall be so that
- their axis coincides with a line running at half the distance
betwaen longitudinal edge and centreline {cft. figure 1).

7.3.2.2 Inthe case of cold rolled strip that is 300 mm wide
or more, tensile test pieces shall be taken at right angles to
the direction of rolling, so that their axis coincides with a
ling at least one-fourth of the strip width away from the
strip edge.

Where strip is less than 300 mm wide, longitudinal test
Pieces whose axes coincide with the line definad in the
previous sentence shail be taken.

7.5.2.3 See figure 2 for location and orientation of test
pieces taken from bars,

7.3.2.4 See figure 3 for location and orientation of test
pieces taken from forgings.
7.4 Test procedure

7.4.1 The chemical compesition shall be tested using a
method specified in the Handbuch fiir das Eisenhiitlenlabo-

DIN 17460 Page 3

ratorium {Handbook for the farrous metallurgy laboratory)
and developed by the Chemists' Commiites of the Verein
Deutscher Elsenhiittenieute (Soclety of German Ferrous
Matallurgy Engineers).

7.4.2 In the case of plate and strip with a nominal thick-
ness ot leas than 3 mm, tensile testing shall be carried out
as described in DIN EN 10 002 Part 1, on test pieces that are
80mm long and 20 mm wide (large, flat ISO test pleces), In
all other cases, proportional test pieces in accordance with
DIN EN 10002 Part 1 shall be used,

7.4.3 For the impact test, ISO-V notch test pieces asg spac-
ifled in DIN EN 10 045 Part 1 shall be used, evaluation of test
results being based on DIN 17 010.

7.4.4 Products shall be checked for dimensional accuracy
(L.e. compliance with the reievant dimensional standards
glven in appendix A, or with the specifications given in the
order),

7.4.5 Avisual check of the sutface quality shall be made
by a person with normal vision under sufficiant light.

7.5 Retests
DIN 17 010 shall appiy for retests.

8 Marking

8.1 Scope of marking

8.1.1 ee Unless otherwise agreed, products shall be
rmarked with the manufacturer's mark, the material dasig-
nation or number and, if specified, the cast number. Flats
may also be marked with the symbol denoting heat treat-

ment condition and thickness and, it specified, the number.

of the strip from which they originate.

81.2 Products supplied with an ingpection document
shall also be marked with the cast number, the batch num-
ber or number of the strip from which thay originate, and
with the inspector's mark, Unless the batch number is used
for marking, the sample from which the test pieces are
taken shall be marked with the test pieces number.

8.2 Type of marking

Marking is normally ta be carried out in the following man-
ner.

a) Fiats shall be marked by coloured stamping, at right
angles to the direction of rolting,

b) Bars that are 35 mm thick or more shall be marked by
coloured stamping or harmmmering.

¢) Bars lass than 35 mm in thickness shall bear a tag at-
tached to the bundie.

ee Other methods of marking may be agreed at the time
of ordering.

8 Complaints
DIN 17 010 shall apply for complaints.
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Table 2. Amounts by which the chemical com
analysis may deviate from the

DIN 17480 Page 5

position as determined by product

limiting values spacified for ladle analysis

Maximum content as

(

Limit deviations in the
product analysls from the

Element determined by ladie analysis, Hmiting values specified
as a percentage by mass for the ladle analysis,
a3 & percentage by mass?)
C < 0,04 4+ 0,01
> 004 to< 0,10 + 0,01
Si < 0,75 + 0,05
Mn < 20 + 0,04
P < 0,035 + 0,005
8 = 0010 + 0,003
> 0,010 to ¢ 0,015 + 0,005
N < 0,18 + 00
Al > 020 to< 075 + 0,05
B = 0,0015 to < 0,0050 + 0,0005
Co < 05 "+ 0,05
Ccr =150 to £ 22,0 + 0,20
Cu < 05 + 0,05
Mo = 020 to< 060 + 0,03
> 060 tog 20 + 0,05
= 2,0 to< 28 +0,10
Ni > 85 to <200 + 0,15
> 20,0 to £ 340 + 0,20
Nb < 1,20 + 0,05
Ti < 080 + 0,05
v > 080 tog 085 4+ 0,03

time.

1} If a number of product anal
element within one cast shall either b
tower iimit of the range s

yses aré to be carried out, the deviations shown by an
e above the upper limit or below the

Pecified for the ladle analysis, but not hath at the same
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Tabie 3. Mechanical properties at amblent temperature

Min. elongation ,
Min. impact
Min Min at fracture energy 1)
Materie! 82% | 1% (Lo=585-Y50) (o’ o |
Heat treatment | proof | proof s'{ree':gﬂteh as @ percentage
condition stress, | stress, | . N 5 Trans- Trans-
in in | MNP on- | verse | {on- | verse
2 2 itu- | and ity- | and
designation number N/mm® |Nfmm d?nal 2)[tangen- dignal 2yitangen-|
tial tial
X 68 CrNI 181 1.4948 Solution heat treated | 185 225 500 to 700 40 .30 80 60
X 3 CrNIN 1811 1.4949 Solution heat treated | 240 | 275 | 500 to 700 35 30 90 80
X 8 CrNITI 1810 1.4941 Solution heat treated | 195 | 235 | 490 to 680 35 30 80 60
X8 CrNIMq 1713 1.4919 Solution heat treated | .205 245 490 to 690 35 30 a0 60
X 3 CrNIMoN 1713 1.4910 Solution heat treated | 260 300 550 to 750 35 30 120 80
X 8 CrNiNb 1613 1.4961 Solution heat treated | 205 245 510 to 680 35 22 65 45
X 8 CrNiMoNb 1618 1.4981 Solution heat treated | 215 255 | 530 to 690 as 22 65 45
X 8 CrNIMoVND 1843 1.4988 Solution heat treated | 255 295 | 540 to 740 30 2c 50 35
and aged
X 5 NiCrAlTI 3120RK |1.495BRK | Annealed for 210 | 240 | 500 to 750 35 30 120 80
recrystaliization
X 5 NICrALTI 3120 1.4958 | Solution heat treated | 170 | 200 | 500 to 750 35 30 120 a0
X 8 NICrALTT 3221 1.4959 Solution heat treated.] 170 200 500 1o 750 35 30 120 80

1} Represents the mean from three test pieces, One single value may be iower, by not more than 30 %,

"2} In the case of strip, the vaiues also apply to transverse test
values are 5% lower than those specified.

pieces. In the case of products 80 mm or more in length, the
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Table 6. Test units and
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acope of tesating for tensile testing and notched bar irmpact testing at amblent temperatura

Relevant siza,

in mm 1) Test unit

Product form

“'Scope of testing

Ptate Thickness: < 20 | Not more ithan 4 rolied plates per

cast, size and heat treatment batch

1 set of test pieces?)

Thickness: >20 | Rolled piate

1 get of test pieces?)

Cold or hot rolied
strip, and plate cut
therefrom

Thickness: <12 | Uncut strip

1 set of test pieces ) taken from
both ends of each strip

Bars and forgings <160 Not more than 500kg of products
from the same cast, relevant size 2),

and heat treatment batch

1 set of test pieces 3) (Where a con-
signment consists of more than four
equivalent test units, only four test
units shall be tested.)

1} The relevant size of plate is its thickness, of round bars, their diameter,
lengths. In the case of forgings of simple shape, refer to figure 3.

2) Products of differing relevant sizes may
and largest size is not more than 20 %,

3) A set of test pieces for tensile testing and, where agreed, notched bar impact tes
of three test pieces,

and of rectangular bars, the smaller of the edge

be combined in one test unit, provided the difference between the smallest

ting (cf. subclause 7.2.3), shalil consist

- Orientation of axis, . . .
Product : o Distance of test piece (illustrated as hatched portion}
Tz:t::r::ege thickness, for an as rolled width of from the unmachined surface,
(n mm <300mm | >300mm ' mm
Unmachined surface
3 yd
p=g V. ]
<30 Wl 2 {A\ |
Unmachined surface
Tensile test 1) Longitudinai | Transverse
’ Unmachined surface
yd N
S T30 T
>30 ’,'\' 7, é %
2
or S
Unmachined surface
Notched E
bar impact >10 Transverse | Transverse v
test 2) z = N -
=1 / H / ' 2 :
N 7 7 U 1

1} Sampling shall be in accordance with DIN EN 10002 Part 1
ucts that are 3 mm thick or more shall have an original gauge length, Lo, equal to

that their axis is at a distance equal to one-fourth of
2) The notch axis shall be at right angles to the unmachined surface.

equal to ane-fourth of the produet thicknass from the unmachined surtace.

(cf. subclauses 7.4.2.1 and 7.4.2,2). In cases of dispute, prod-

5,65 1/‘:9:. Round bars may be used as

test piaces where products are over 10 mm thick, In the case of products over 30 mm thick, round bars shall be taken so
the product thickness from the unmachined surtace.

3) Where products are over 30 mm thick, notched bar impact test pieces shall be taken so that their axis is at a distance

Figure 1. Orlentation of test piaces taken from plate and strip
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Dimensions in mm

b< 25 25 < b g 180
d<25 25<d < 160 ax>b exb
i
Tensile test ’!“"7} 4— ——}-@—- @ de—— 1 .l &
[
1 o
d 25 It @’
1
2 1 12,5
a
bg25 W< b< 160
d< 25 25 <d < 160 axb axb
L]
: [
H o’ H .
A —
Notched bar T 'D—]L ,3 T —-—l—- a
impact test?) i | /g_
. ! “ 74
12,5 2%
7
12,5 8 125
d a

1) Orientation of notch as itlustrated.,

Figure 2. Orientation of test pieces taken from bars of any cross-sectional shape
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Product form

Location and orientation of test plece

Relevant size

Dise®), with 01 -d<h < d
Pierced disc, with 0,1 dagh<d,
and d;j< 0,4-d,

At h|€ and d,[8, but max. 50 mm:
test pieces taken from a ring cut from
the bar (¢ stands for tangential

test piece),

Ring, with 7 < d, and d; > 0.4 - d,

Bush, with /1 > d, and d; > 0.4 . 4,

At h/6 and s/8, but max. 50 mm:;

test piecas taken from a ring or a
pierced disc cut from the bar end
{t stands for tangential test piece).

h or s, whichever is smalier.

1) Discs cut from bars shall be treated as bars with regard to their relevant size.

Figure 3. Relevant sizes and orientation of test pieces taken from forgings of simple shape
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Dimensional standards for products covered here

Appendix A
DIN 174

DIN 175

DIN 176

DIN 178

DIN 668

DIN 668

DIN 670

DIN 671

DIN 1013 Part 1
DIN 4013 Part 2
DIN 1014 Part 1
DIN 1014 Part 2
DIN 1015

DIN 1017 Part 1
DIN 1017 Part 2
DIN 7526

DIN 7527 Part 1
DIN 7527 Part 2
DIN 7527 Part 3
DIN 7527 Part 4
DIN 7527 Part 5
DIN 7527 Part.§
DIN 59 381

DIN 59382

DIN EN 10029
DIN EN 10051

186

Bright stesl| flats; dimensions, tolerances and mass .

Polished steel rounds; dimensicns and tolerances in accordance with I1SO tolerance ciass h9
Bright steet hexagons: dimensions, tolerances and mass

Bright steel squares; dimensions, tolerances and mass

Bright steel rounds; dimensions and tolerances in accordance with 1SO tolerance class ht1

Bright steel shafts; dimensions and tolerances in accordance with |SO tolerance class h9

Bright steel rounds; dimensions and tolerances in accordance with I1SO.{olerance class h8

Bright steel rounds; dimensions and toierances in accordance with 1SO tolerance class ho

Hot rolled round steel tor general applications; dimensions and tolerances

Hot rotled round steel for special applications; dimensions and tolerances

Hot rolled square steel for general applications; dimensions and tolerances

Hot rolied square steel for special applications; dimensions and tolerances

Hot rolied steel hexagéns for general applications; dimensions and tolerances

Hot rolled steel flats for general applications; dimensions, tolerances and mass

Hot rolied stee! flats for special applications; dimensions, tolerances and mass

Steel forgings; tolerances and permissible deviations for drop forgings

Steel forgings; machining aliowances and permissible deviations for hammer forged discs

Steel forgings; machining allowances and permissible deviations for hammer forged pierced discs
Steel forgings; machining aliowances and permissible deviations for seamless hammer forged rings
Steel forgings; machining atiowances and permissible deviations for seamless hammer forged bushes
Steel forgings; machining allowances and permissible deviations for hammaer forged, rolled and welded
rings -

Steel forgings; machining allowances ‘and permissible deviations for hammer forged bars

Cold rofled stainiess and high-temperature steel strip; dimensions, tolerances and mass

Cold rolled stainless steel wide strip and plate: dimensions, tolerances and mass

Hot rolied steef plate 3 mm thick or above: tolerances on dimensions, shape and mass

Continuously hot rolied ‘uncoated unalloyed and alloy steel piate, sheet and strip; dimensional and
geometrical tolerances
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Appendix B
Addltional information

B.1 Rupture stress

Table 8.1 specifies guideline values for rupture stress, as a
function of heat treatment condition. The values represent
mean values from scatterbands established to date and
may be revised at a later date, as investigations continue.
According to current data, it may be assumed that the
lower limit of the scatterband is approxirmately 20 % lower
than the mean value specified.

The scatterband is greater for X 5 NICrAITI 31 20 RK steel
attemperatures over 550 °C and for X 8 NiCrAlTi 32 21 steel
attemperatures over 700 °C. In the case of the former steel,
the lower limit of the scatterband is lower than the mean
values specified by the following amounts;

approx. 20% at 550°C;

approx. 25% at 600°C;

approx. 30% at 700°C.

In the case of the latter steel, it is lower by the following
amounts:

approx. 20% at 700°C;

approx. 25% at 800°C;

approx. 30% at 900°C:

approx. 35% at 1000°C.

B.2 Guideline values for physical properties

Selected guideline values for physical properties are given
In table B.2 and have been taken from Stahi-Eisen-Werk-
stoffblati {Iren and steel materials sheet) 310 (at present at
the stags of draft), issued by the Verein Deutscher Eisenhil-
tenleute, Postfach 8208, D-4000 Diisseldorf 1.

B.2 Guideline temperatures for
heat treatment and hot forming
- B.3.1 Since the strength of the steels covered here may
be influenced by cold forming and welding, consultation
between purchaser and manufacturer regarding subse-
quent treatment is recommended.

DIN 17460 Page 13

B.3.2 Tabie B.3 gives guideline temperatures for heat
treatment and hot forming.

B.3.3 Although the steels covered here are usually suit-
able for cotd forming (e.g. drawing, spinning, bending), it
shall be noted that this witl alter their mechanical and physi-
cal properties.

B.3.4 Steels covered here are suitable for arc welding.
Note that weldability is not a function of the steai grade, but
rather depends on the conditions present during welding,
on the product design and on the conditions in service
(cf. DIN 8528 Part 1). Any filier metal required shall be
selectad as a function of the intended application, the
expected stresses, the welding process and conditions in
service, due consideration being given to other relevant
technical specifications. It is recommended that the
purchaser consult the manufacturer as to the best welding’
process and filler metai for the steel grade in question.

Welding without the use of filler metals (e.g. flash welding)
shall be permitted.

B.3.5 Flame cutting shall be carried out under suitable
conditions, i.e. the powder, protective gas or plasma shall
be carefully selected. Any edge zones which may have
been adversely affected by flame cutting shall be dressed,

B.4 Additional information

on heat resistance
In addition to the specifications given In table 4, infor-
mation on the heat resistance of X 5 NiCrAlTi 3120 and
X 8 NiCrAlTi 32 21 steels is provided in table B.4, which is

- based on tensile tests at elevated temperature, a rate of
strain of 0,5% per minute having been applied.
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Table B.1. Guideline values for rupture stress
Material Heat 1% creep fimit *), Rupture stress 1),
treat- Tea:r:'per- in N/mm?, after in N/mm?, efter
designation number ment in :g o .
condition 10000h | 100000Nh | 10000h | 100Q00h | 200000 h
X6CrNi 181 1,4948 | Solution 500 147 114 250 192 176
heat 510 142 111 239 182 166
treated 520 137 108 227 172 156
530 132 104 215 162 146
540 127 100 203 161 136
550 121 96 191 140 125
560 116 82 177 128 114
570 111 a8 165 117 104
580 106 84 154 107 95
590 100 78 143 98 88
600 94 T4 132 a8g 78
610 88 69 122 81 70
620 82 63 13 73 62
630 75 56 104 65 55
640 68 49 g5 58 49
850 61 43 87 52 43
660 55 37 80 47 38
670 49 3z 73 42 34
680 44 28 67 37 30
690 39 25° 61 32 26
700 35 22 55 2B 22
710 - (31} (15) (45} (22)
720 (28) {14) (41) (20)
730 (26) {(i3) (38) (18)
740 . (25) (12) 1386) (18}
750 (24) an (34) (15)
X3CrNIN18T1 1.4949 | Solution 550 230 178
heat 560 216 163
treated §70 202 180
580 188 137
590 174 125
800 160 114
810 146 103
820 133 82
630 121 a2
640 110 73
650 100 64
660 91 58
670 82 49
680 74 42
690 67 36
700 860 30
X 8CrNITI 1810 1.4941 | Solution 550 230 170 150
heat 560 220 150 130
treated 570 210 140 120
580 190 120 110
590 170 110 100
600 160 100 80
610 140 92 B2
620 130 84 74
630 120 76 66
640 110 68 60

7} Values given in parentheses have been extrapolated,
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Table B.1 {continued).

Material Heat ) 1% creep limit, Rupture stress 1),
. treat- T:E?:r in Nlmmg, after in Nfmm?2, after
designation number ment- | °C'
condltion n 10000 h 100000k | 10000R | 10000Ch | 200000 h
X8 CrNITI 1810 1.4941 ¢ Solution B850 100 62 54
{concluded) heat 660 a0 56 48
treated 670 82 50 43
680 74 44 40
590 66 39 38
700 60 i 35 _ 29
X8CrNIMo 1713 1.4918 | Selution 550 180 125 250 175
heat 560 169 117 235 164
treated 570 158 109 220 153
580 147 101 205 142
580 135 83 190 131
800 125 as 175 120
610 115 77 160 109
620 105 70 147 98
630 98 63 135 88
6840 a7 56 123 78
650 79 49 111 69
660 71 43 100 60
670 64 38 91 52
680 57 33 82 46
890 51 29 73 40
700 46 25 B85 34
X 3CrNiMoN 1713 1.4910 { Solution 550 290 220 (260)
heat, 260 272 202 (184)
treated 570 254 1868 (166)
580 237 170 {(151)
590 220 155 (137
600 205 141 (122)
610 : 190 127 {113)
620 . 174 114 {100)
630 162 102 (91)
640 ‘ 148 92 (81)
650 1385 83 (73)
660 122 75 (65)
&70 112 68 {58)
680 102 61 (52)
690 93 56 (46)
700 ' 84 52 (42)
710 : 78 43 (39)
720 71 45 {38)
730 65 41 {34)
740 &8 37 (31)
750 52 34 (28)
760 48 31 (26)
770 44 28 {24)
780 41 25 (21)
790 37 22 (19)
800 33 20 (17
XBCrNiNb 1613 1.4961 | Solution 580 127 9t 182 128 1158
heat 580 120 84 170 119 105
treated 600 113 78 157 108 o4
810 108 73 145 o8 85
820 29 g7 134 89 77
630 92 61 124 80 69
640 85 55 113 72 a1
For 1), see page 14.
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Tabie 8.1 (continued).

Material Heat Temper- 1% creep2 limit 1), Rupture s;ress Y,
treat- ature in N/mm*, after in Nfimm=*, after
designation number ment in “C'
condition 10000h | 100000Hh | 10000h | 100000h | 200000h
X 8CrNiNb 1613 1.4061 ! Solution 650 78 49 103 64 583
(concluded) heat 660 72 44 93 57 47
treated 670 66 39 84 50 41
680 59 34 76 44 36
680 54 30 70 39 31
700 48 26 64- 34 27
710 45 24 59 30 25
720 42 21 55 27 22
730 39 19 51 25 19
740 as 17 47 22 17
750 34 16 44 20 19
X8CrNIMoNb 1616 1.4881 | Solution 580 177 128 270 186 162
heat 580 167 118 246 168 147
treated
600 157 108 225 152 132
610 147 a8 205 136 118
620 137 88 186 122 103
630 128 79 169 107 91
640 118 72 152 94 - 80
850 108 64 137 B3 71
660 98 56 124 75 63
670 89 48 111 66 55
880 80 43 100 58 49
690 72 38 91 51 42
700 64 34 B3 44 35
710 58 29 77 37 29
720 53 26 70 31 24
730 47 22 64 26 20
740 44 19 59 23 17
750 42 17 54 20 15
X8 CrNiMoVNDb 1613 1.4988 | Solution 580 202 152 299 200 180
heat 590 194 145 274 189 164
treated
and aged 800 186 137 250 172 147
610 176 128 228 1568 132
620 165 117 207 138 117
630 152 106 188 125 108
640 139 B85 173 111 83
650 128 83 157 98 82
X5 NICrAlLTI 3120 RK 1.49858 i Annealed 500 315 268 (242)
RK for 510 297 241 {225)
recrystalli- 520 280 224 (207)
zation 530 262 206 (190)
540 243 189 (172)
550 164 (132) 224 171 (155)
560 154 (122) 204 153 (138)
570 144 (111) 184 136 (122)
580 133 (101) 165 118 (106)
590 123 (92) 47 104 (82)
600 113 (82) 1H 90 (80)
610 103 (74) 117 78 (70}
620 83 (65) 106 70 (62)
630 B4 (58) 26 62 (55}
6840 75 (51) B7 56 {49)

For 1), see page 14.
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Materlal Heat ) 1% creep limit 1), Rupture stress 1),
treat- Tc;::?:r in N/mm?2, atter in Nimm?2, after
"designation number ment In °CI
condition 10000h | 100000GH | 10000h | 100000h 200000h

X5NICralT) 3120 RK 1.4858 | Anneaiad 650 67 (46) 80 51 {44)
{concluded) RK for 6860 60 (41) 73 48 {40)
recrystalli- 670 55 (37} 67 42 (36)
zation 680 50 (33) 61 38 (33)
690 45 {30) 55 34 (29}
. 700 41 (27} 50 30 (26}
X5NICrALTi 3120 1.4858 | Salution 500 290 215 (196}
heat 510 279 205 (186)
treated 520 267 195 {176)
530 254 184 {166}
540 240 172 (155)
550 225 160 (143)
560 208 147 (130)
570 190 133 (t17)
580 i72 118 (105)
580 155 106 (93)
800 15 (85) 140 85 (83)
610 109 (79) 128 85 {74}
620 102 (74) 118 78 (68)
630 96 (69) 109 72 (63)
640 90 {64} 103 67 (59)
650 84 (59) 87 63 (55)
860 78 (55) 91 59 (52)
670 73 (51) 85 55 (48)
680 68 (47) 80 52 (45)
690 63 {43) 74 48 {41)
700 58 (40) 69 44 (38)
X8NICrAlTI 3221 1.4858 | Solution 700 §990 42,0 74,0 50,0 (44,0)
) heat 710 55,5 38,0 68,0 45,0 (39,4)
treated 720 52,0 34,4 62,0 40,9 (35,5)
730 48,5 31,3 56,0 37A (32,2)
ooeey | 7a0 | aso 28,4 515 343 | (203)
750 41,7 26,0 47,5 31,6 {26,8)
760 38,4 23,5 43,7 29,1 {24,6)
770 358 21,3 40,5 27,0 {22.4)
780 32,9 19,3 375 24.9 (20,7)
790 30,5 17,6 35,0 23,1 (19,0)
800 282 16,0 32,6 214 (17.,5)
810 26,2 14,7 304 19,8 (16,2)
820 242 13,4 284 18,4 (15,1}
830 224 12,1 28,5 17,0 (14,0}
840 20,8 11,1 247 18,7 (13.0)
850 18,1 10,0 230 14,4 (12,1)
860 17,8 9,1 21,4 13,3 {(11,2)
870 16,1 82 19,9 12,2 (10,3)
880 147 7.3 18.4 11,2 (9,5)
880 13,4 8,5 17,0 10,3 (8,7)
800 12,1 57 15,6 9.4 {8,0)
910 10,9 5,0 14,4 8,6 {7.3)
920 9.8 4,4 13,2 7.8 (6,7)
30 8,8 3,9 12,1 7.1 (6,2)
940 7.8 3,4 111 6,4 (5,6)
950 6,9 29 10,1 58 (5,0)
980 8,1 25 9.2 53 (4,5)
970 53 2,1 84 4,8 (4.1)
880 4.6 1,8 7.7 4.4 3.7y
990 4.0 1,8 7.0 40 (1.3}
1000 3,5 1,4 6,4 3.7 {1.0)

For 1), see page 14,
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Table B.3. Guldeline temperaturas for heat treatment and hot forming

Material Temperature, In °C, for Heot torming
destration | number | SeAnGlr | soton | Tempetsture. | ueneting
X6CrNI 1811 1.4648 - 1000 to 1080
X3CrNIN181T1 1.4949 - 1000 to 1080
XB8CrNITi 1810 1.4941 - 1970 to 1150
X8CrNiMo 1713 1.4919 - 1020 to 1100
X3 CrNIMoN j713 1.4910 - 1020 to 1100
X8CrNiNb 1613 1.4961 - 1080 to 1100 1150 to 750 Air
X8CrNiMoNb 1616 1.4981 - 1050 ta 1100
X8CrNiMoVNDb 1613 1.4988 - 1100 to $1502)
XS NICrAtTI 3120RK 1.4958 RK 9820 to 100d -
XS5 NICrALTI 3120 1.4958 - 1100 to 1200
X8 NICrALTi 322t 1.4859 - 1100 to 1200 %)
1) Foliowed by rapid quenching in water or air.
2) Followed by ageing at 750 to 800°C for 1 to 5h in air.
%) After solution heat treatment, the grain size index shall be within the range of 110 5 as specified in EURONORM 103,

Table B4. 0,2% proof stress 1} at temperatures over §00°C

. Minimum 0,2 proof stress '), in N/mm2,
Material Heat treatment at a temperature, in °C, of
condition
designation number . 700 800 900 1000
X5 NICralTl 3120 1.4958 Soiution heat treated .
- 75 70 80 20
XBNICrAlTI 3221 1.4959 Solution heat treated

1) The values are based on tensile tests at elevated temperature, a rate of strain of 0,5 % per minute having been applied,

Standards and other documents referred to
DIN 8528 Part 1 Weldability of metallic materials; concepts

General technical delivery conditions for steel and steel products

DIN 17010

DIN 17 014 Part 1 Heat treatment of ferrous materials: terminology

DIN 17 440 Stainless steel; technical delivery conditions for sheet, hot rolled strip, wire rod, drawn wire, steel
) bars, forgings and semi-finished praducts

DIN 50049 inspection documents for the delivery of metallic materials

DIN EN 10002 Part 1
DIN EN 10002 Part §
DIN EN 10045 Part 1
DIN EN 10079
EURONORM 103

Tensile testing of metallic materials; method of test at ambient temperature
Tensile testing of metallic materials; method of test at elevated temperature
Metallic materials; Charpy notched bar impact test; method of test
Definition and classification of steel products by shape and dimensions
Microscopic determination of the ferritic and austenitic grain size of steel

Stahi-Eisen-Priifblatt 18051y Probenahme und Probenvorbereitung filr die Stiickanalyse von Stahlen (Sampling and sampie
preparation for the product analysis of steel)
Handbuch fir das Eisenhittenlaboratorium |

Cf. appendix A for other relevant standards.

*) Obtainable from Verlag Stahieisen mbH, Postfach 82 29, D-4000 Disseldorf 1.

For 1), see page 20.
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Literature

[1] Richier, F. Physikalische Eigenschatten von Stéhlen und itre Temperaturabhiingigkelt {(Physica!l properties of stee| as a
function of temperature), published in Stahi-Eisen-Sonderberichte (Iron and steel special reports), 1983 : 10},

‘Explanatory notes

Some of the steel grades specified here have been taken
from Stahl-Eisen-Werkstoftblatt (SEW) 670 and Stah/-Eisen-
Lieterbedingungen (iron and stee! delivery conditions)
(SEL) 675, which have been withdrawn,

Up to now, steel grades X 8 CrNiNb 1613, X 8 CrNiMoNb 1616
and X B CrNiMoVNB 1613 were supplied on the basis of
SEW 670, SEL 675 and ‘of VdT{v-Werkstoffblatt (VaT(V
Materials sheet) 104 7).

Steel grades X 6 CrNiMo 1713 and X 6 CrNi18 11, as spec-
ifled in VaTUV-Werkstofibldtter 312 and 313 respectively,
have been available for a long time, but were not covered in
SEW 670.

Stee! grades X3 CrNiN18.11 and X3 CrNiMoN 1713, as spec-
ified in VaTUV-Werkstoffblitter 383 and 484 respectively, are
relatively new materials, information regarding the good per-
formance of the fatter grade having already been published.
Requirernents regarding grade X 8 CrNiTi 1810 are based on
experience pathered with the high-temperature steel

with material number 1.4878 as specified in SEW 470 and
the influence of molybdenum on the strength of that
steel. The chemical eomposition specified for steel grade
X 8 CrNiTi1810 is largely in compliance with the informa-
tion given in VadTUV-Werkstoffblatt 464.

Grades X 5 NiCrAlTi 3120 and X 8 NiCrAlTI 32 21 are variants
of the high-temperature steel grade X10NiCrAlTi 32 20
(1.4876) as specified in SEW 470. Reguirements regarding
these grades are based on extensive research, together
with regression analyses regarding the influence of the
chemical composition on the service life.

Grade X 5 NICrAtTi 32 20 is intended for service tempera-
tures of 500 to 700 °C. When used at temperatures around
500 °C, and when suppiied in the annealed for recrystalliza-
tion condition, this steel grade offers certain advantages.
Grade X B NiCrAlTi 3221 is suitable for service tempera-
tures of 700 to 1000°C. ’

Comparison of similar materials as specified in this standard, ISO/CD *) 9327-5, and 1SQ 8328-5: 1991,

DIN 17 480 :
Material 180/CD 9327-5 ) 15O 8328-5 1)
Material designation numMber |
X6CrNi 1811 1.4948 X7CrNi189 © X7CrNi 188 o]
X3 CrNiN 1811 1.4840 - -
X 8CrNITi 1810 1.4841 X7 CrNiTi 1810 o X7 CrNiTi 1810 o
X6 CrNiMo 1713 1.4819 X7 CrNiMo 17 12 o] X7 CrNiMp 17 12 o)
X3 CrNiMoN 1713 1.4910 - -
X 8 CriNiNb 1613 1.4961 X7 CrNiNb 1613 L -
X 8 CrNiMONb 1616 1.4981 - ~
X & CrNiMoVND 1613 14988 - -
X 5 NIiCrAlTiI 3120 1.4958 - X8 NICrAlTI 3221 o}
X8 NICrAIT: 3224 1.4958 - X7 NIiCrAlTi 3221 o)
*) Committee Draft,
1) The symbols indicate the degree of conformance of the chemical composition of the materials covered here, as
compared with 1SO/CD 9327-5 and ISO 9328-5: 1931, as follows: ® = slightly different; © = substantially ditferent.

*) Obtainable from Verlag Stahieisen mbH, Postfach 82 29, D-4000 Diisseldorf 1.
) Obtainable from Meaximitlan-Verlag, Postfach 23 52, D-4800 Herford.

International Patent Classification
B21B /00

B21J 1/00

B21J 5/00

C22C 3B/04

C22C 38/40

GO1N 33/20
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