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Foreword

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

ISO 4991:2015(E)

Steel castings for pressure purposes

1 Scope

This [

nternational Standard covers steel castings for pressure containing parts.

It includes materials which are used for the manufacture of components subject to pressure vessel

code
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indispensable for its application. For dated references, onlj<the edition cited applies.
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nternational Standard relates to castings manufactured from unalloyed and alleyed
hcterized by their chemical composition, Table 1, and mechanical properties, Tables 2

Annex D gives information on ISO grade designation and available UNS numpbers which
D grade designation.
ormative references

bllowing documents, in whole or in part, are normatively referenced in this docur

nces, the latest edition of the referenced document (including any amendments) app
L8-1, Metallic materials — Charpy pendulum impagttést — Part 1: Test method

B85, Ferrous products — Heat treatments — Vecabulary

D90, Steel castings — General technical delivery requirements

B92-1, Metallic materials — Tensile.testing — Part 1: Method of test at room temperatu
B92-2, Metallic materials — Tensile’testing — Part 2: Method of test at elevated temper
1970, Specification and approval of welding procedures for production welding of steel c

8520, Determination of-ferrite content in austenitic stainless steel castings

erms and definitions

e purposesof this document, the terms and definitions given in ISO 4885 and ISO 49

hformation to be supplied by the purchaser

steel grades
, 3,4 and 5).

are similar to

hent and are
For undated
ies.

re
Hture

pstings

90 apply.

Materials specified in this International Standard shall conform to the applicable requirements of
IS0 4990 including the supplementary requirements listed in Annex A that are indicated in the enquiry

and p

urchase order.

5 Heat treatment

The type of heat treatment shall comply with Table 6 for the specified grades. The temperatures given
are for information only.

When a grade may be delivered at different strength levels depending on the type of heat treatment (see
Table 2), the purchaser shall state at the time of enquiry and order the type of heat treatment required.

The symbols for the type of heat treatment are as follows:
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+N norm

alized

+QT quenched and tempered

+AT solution annealed

NOTE

For definitions, see ISO 4885.

6 Welding

Welding is permitted, unless otherwise agreed. All the welds shall conform to the same criteria for

non-destruc
with ISO 119

The welding

7 Requir

7.1 Chem

An analysis
specified elg

The chemica

H 4= 4 4] 1 4 4 £ 4l 4o ALl s 1 111 HPRA | des
IVE LTSS 45 LIIT ITITVAIIU Pdl U UL LIIT LASUITE. VVTIUIITS SIIdIT DT LA TITU UUL 1T dLTUT

70.

conditions are given in Annex B.

ements

jcal composition

of each heat shall be made by the manufacturer to defermine the contents ¢
ments.

composition shall comply with the values given in Table 1.

Permissible dleviations for the product analysis are indicatedin ISO 4990.

7.2 Mech
The mechan

Mechanical

nical properties

I:al properties shall comply with the values given in Tables 2, 3, 4 and 5.

roperties shall be measured on gtest pieces taken from test blocks (according to ISO 4

The tensile tlests at room temperature shall be carried out according to ISO 6892-1 and, if spe

impact tests

Ifrequired b
shall comply

If required b
shall comply

If required
proof stress

according to ISO 148-1.

y agreement at the time of enquiry and order, impact energy properties at low temper
with Table 3.

y agreementdt the time of enquiry and order, impact energy values at room temper
with Table:4.

y agreement at the time of enquiry and order, verification of the elevated temper

ance

f the

990).
rified,

ature

ature

ature

Falues’shall be carried out at elevated temperatures in accordance with ISO 6892-2. I such

a case, the v{

laes shall comply with Table 5.

Creep resistance mean values are given for information, for some grades in Annex C.

8 Inspection and testing

8.1 General

For all products ordered to the requirements of this International Standard, specific inspection and
testing is required.
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Sampling

Test blocks shall be heat treated in production furnaces to the same procedure as the castings they
represent.

Test pieces shall not be cut from the test block until the latter has been heat treated.

8.3

Formation of test lots

The formation of test lots shall be carried out in accordance with ISO 4990.

8.4

The fpllowing information shall be given at the time of enquiry and order in accordance w

8.5

8.5.1

that dre traceable to heat numbers, shall be marked on all eastings. For small castings, it m

at the
label

8.5.2
provi

8.5.3

This
castir
apply
A list
ISO 4

9 jupplementary requirements

Non-destructive testing

pn-destructive methods required,
Fea to be examined,

Cceptance criteria required.
Marking

Castings shall be marked for material identification. Invaddition, heat numbers, or sqg

time of the enquiry and order that they may be batched and that their identification ig
httached to each batch.

Castings shall be marked with the manufacturer’s identification or symbol except
fions have been made between the manufacturer and purchaser.

When more than one heat treatnient type is available, the heat treatment applied sh
1 suffix added to the grade designation (see Table 2).

nternational Standard also specifies supplementary requirements, which may be ap
gs. These reqdihéments are provided for use when additional testing or inspection i
only when individually specified by the purchaser.

of supplementary requirements which may be used at the option of the purchasg
D90 and'in Annex A.

If fer

th ISO 4990:

rial numbers
ay be agreed
marked on a

where other

h1l be marked

plied to steel
b desired and

r is given in

ite’ determination is required for austenitic and austenitic-ferritic grades, it nj

ay be made

using

ISO 13520.
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Table 2 — Tensile properties at room temperature

Grade designation Type of heat Rpo,2 Rp1,0 Rm A
treatment® | ypy | Mpa MPa %

Name Number min. min min

GP240GH 1.0619 +Nb 240 - 420-600 22
GP240GH 1.0619 +QT 240 420-600 22
GP280GH 1.0625 +Nb 280 - 480-640 22
GP280GH 1.0625 +QT 280 480-640 22
G17Mn5 1.1131 +QT 240 - 450-600 24
G20Mn5 1.6220 +NbD 300 - 480-620 20
G20Mn5 1.6220 +QT 300 - 500-650 22
G18Mo5 1.5422 +QT 240 - 440-590 23
G20Mo5 1.5419 +QT 245 - 440-690 22
G17CrMo5-5 1.7357 +QT 315 - 490=690 20
G17CrMo9-1( 1.7379 +QT 400 - 590-740 18
G12MoCrV5-p 1.7720 +QT 295 - 510-660 17
G17CrMoV5-10 1.7706 +QT 440 < 590-780 15
G25NiCrMo3 1.6553 +QT1 415 - 620-795 18
G25NiCrMo3 1.6553 +QT2 585 725-865 17
G25NiCrMo6 1.6554 +QT1 485 - 690-860 18
G25NiCrMo6 1.6554 +QT2 690 - 860-1 000 15
G17NiCrMo13-6 1.6781 +QT 600 - 750-900 15
GINi10 1.5636 +QT 280 - 480-630 24
GINi14 1.5638 +QT 360 - 500-650 20
GX15CrMo5 1.7365 +QT 420 - 630-760 16
GX10CrMoV9f1 1.7367 +NT 415 - 585-760 16
GX15CrMo9-1 1.7376 +QT 415 - 620-795 18
GX8CrNi12-1 1.4107 +QT1 355 - 540-690 18
GX8CrNi12-1 1,4107 +QT2 500 - 600-800 16
GX23CrMoV1p-1 1.4931 +QT 540 - 740-880 15
GX3CrNi13-4 1.6982 +QT 500 - 700-900 15
GX4CrNil3-4 1.4317 +QT 550 - 760-960 15
GX4CrNiMola=5<1 14408 +QT 540 - 760-960 15
GX2CrNiN19-11 1.4487 +AT - 230 440-640 30
GX5CrNi19-9 1.4308 +AT - 200 440-640 30
GX6CrNiNb19-10 1.4552 +AT - 200 440-640 25
GX2CrNiMoN19-11-2 1.4490 +AT - 230 440-640 30
GX5CrNiMo19-11-2 1.4408 +AT - 210 440-640 30
GX6CrNiMoNb19-11-2 1.4581 +AT - 210 440-640 25
GX2CrNiMoN22-5-3 1.4470 +AT 420 - 600-800 20

b Tempering is permitted.
NOTE 1MPa=1N/mm?

a  The type of heat treatment is mandatory.

6

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=bc0d5bdaf55bd8820a5834aefce11755

Table 2 (continued)

ISO 4991:2015(E)

Grade designation Type of heat Rpo,2 Rp1,0 Rm A
treatment= | vipa | Mpa MPa %
Name Number min. min. min.
GX2CrNiMoCuN26-5-3-3  [1.4451 +AT 480 - 650-850 22
GX2CrNiMoN26-7-4 1.4469 +AT 480 - 650-850 22
GX2NiCrMo28-20-2 1.4458 +AT - 190 430-630 30
a  The type of heat treatment is mandatory.
b T¢mpering is permitted.
NOTE| 1MPa=1N/mm?2
Table 3 — Impact properties at low temperatures
Grade designation KV
Type of heat
Name Number | treatment m]i S °C
G17Mn5 1.1131 +QT 27 -40
G20Mn5 1.6220 +N 27 -30
G20Mn5 1.6220 + QT 27 -40
G18Mo5 1.5422 ®QT 27 -45
G17NiCrMo13-6 1.6781 +QT 27 -80
GYNi10 1.5636 +QT 27 =70
GY9Ni14 1.5638 +QT 27 -90
GX3CrNi13-4 1.6982 +QT 27 -120
GX2CrNiN19-11 1.4487 + AT 70 -196
GX5CrNi19-9 1.4308 +AT 60 -196
GX2CrNiMoN19-11£2 1.4490 + AT 70 -196
GX5CrNiMo19-11=2 1.4408 + AT 60 -196
GX2CrNiMo2255-3 1.4470 +AT 40 -40
GX2CrNiMoCuN26-5-3-3 1.4451 + AT 35 =70
GX2CrNiMoN26-7-4 1.4469 + AT 35 =70
GX2NiCrMo28-20-2 1.4458 +AT 60 -196
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Table 4 — Impact properties at room temperature

Grade designation Tt};l;:lgfll;ﬁ?t KIV
Name Number min.
GP240GH 1.0619 +N 27
GP240GH 1.0619 +QT 40
GP280GH 1.0625 +N 27
GP280GH 1.0625 +QT 40
&20Me5 16220 —QF 27
G17CrMo5-5 1.7357 +QT 27
G17CrMo9-10 1.7379 +QT 40
G12MoCrV5-10 1.7720 +QT 27
G17CrMoV5-10 1.7706 +QT 27
G25NiCrMo3 1.6553 +QT1 27
G25NiCrMo3 1.6553 +QT2 27
G25NiCrMo6 1.6554 +QT1 27
G25NiCrMo6 1.6554 +QT2 40
GX15CrMo5 1.7365 +QT 27
GX15CrMo9-1 1.7376 +QT, 27
GX8CrNil12-1 1.4107 +QT1 45
GX8CrNi12-1 1.4107 + QT2 40
GX23CrMoV12-1 1.4931 +QT 27
GX3CrNil13-4 1.6982 +QT 50
GX4CrNi13-4 1.4317 +QT 50
GX4CrNiMo16-5-1 14405 +QT 60
Table 5 — Tensile properties at elevated temperatures
Grade dbsignation Og;;t Ry at elevated temperature °C (MPac)
teat- 100°C | 200°C | 300°C | 350°C | 400°C | 450°C | 500°C | $50°C
Name No. ment Rp min min min min min min min min
GP240GH 170619 +N 0,2 % 210 175 145 135 130 125
GP240GH 1.0619 +QT 0,2% 210 175 145 135 130 125
GP280GH 1.0625 +N 0,2 % 250 220 190 170 160 150
GP280GH 10625 QT 029 250 220 190 160 160 150
G20Mo5 1.6220 +QT 0,2 % - 190 165 155 150 145 135
G17CrMo5-5 1.7357 +QT 0,2 % - 250 230 215 200 190 175 160
G12MoCrV5-2 1.7720 +QT 0,2% 264 244 230 - 214 - 194 144
G17CrMoV5-10 1.7706 +QT 0,2 % - 385 365 350 335 320 300 260
G17CrMo9-10 1.7379 +QT 0,2 % - 355 345 330 315 305 280 240
GX15CrMo5 1.7365 +QT 0,2 % - 390 380 - 370 - 305 250
GX15CrMo9-1 1.7376 +QT 0,2 % - 375 355 345 320 295 265
GX23CrMoV12-1 1.4331 +QT 0,2 % - 450 430 410 390 370 340 290

a  Austenitic-ferritic steel grades are not recommended in applications above 250°C.

b 1 MPa=1N/mm2,
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Table 5 (continued)
Type Ry at elevated temperature °C (MPac)
Grade designation of heat
treat- 100°C | 200°C | 300°C | 350°C | 400°C | 450°C | 500°C | 550°C
Name No. ment Rp min min min min min min min min

GX4CrNi13-4 1.4317 +QT 0,2 % 515 485 455 440 - - - -
GX4CrNiMo16-5-1 1.4405 +QT 0,2 % 515 485 455 - - - - -
GX2CrNiN18-10 1.4487 +AT 1% 165 130 110 100 - - - -
GX5CrNi19-10 1.4308 +AT 1% 160 125 110 - - - - -
GX5CrNiNb19-11 1.4552 +AT 1% 165 145 130 - 120 - 110 100
GX2CrNiMoN19-11-2 1.4490 +AT 1% 175 145 115 - 105 - - -
GX5CrNiMo19-11-2 1.4408 +AT 1% 170 135 115 - 105 1 - -
GX6CrNiMoNb19-11-2 1.4581 +AT 1% 185 160 145 - 130 v 120 115
GX2CrNiMoN22-5-32 1.4470 +AT 0,2 % 330 280 - - - - - -
GX2CrNiMoCuN26-5-3-3a | 1.4451 +AT 0,2 % 390 330 - - P - - -
GX2CrNiMoN26-7-4a 1.4469 +AT 0,2 % 390 330 - - - - - -
GX2Ni¢rMo28-20-2 1.4458 +AT 1% 165 135 120 & 110 - - -

a  Afistenitic-ferritic steel grades are not recommended in applications above 250°C.

b 1MPa=1N/mm?2.

Table 6 — Heat treatment-conditions

Grade designation Type of heat treatment 2 Heat treatment®C b
Normalizing (+N) or )
Name Number Quenching (.+Q) or Solq- Tempering
tion Anneal.mg_ (+AT) air (+T)
or liquid

GP240[Hc 1.0619 +Nd 900 -980 -

GP240[Hc 1.0619 +QT 900 -980 6p0 - 700
GP280[H¢ 1.0625 +Nd 900 -980 -

GP280[Hc 1.0625 +QT 900-980 6p0 - 700
G17Mni5 1.1131 +QT 890 -980 6p0 - 700
G20Mr]5¢ 16220 +Nd 900 -980 -

G20Mrn5¢ 16220 +QT 900 -980 6]L0 - 660
G18Mo5 1.5422 +QT 900 -980 6p0 - 700
G20Md5 1.5419 +QT 920 -980 6p0 - 730
G17CrNo5-5 1.7357 +QT 920-960 6B0 - 730
G17CrMo9-10 1.7379 +QT 930-970 6B0 - 740
GlZMI:rVS—Z 1.7720 +QT 950 -1000 6B0 - 720
G17CrMoV5-10 1.7706 +QT 920-960 680 - 740
G25NiCrMo3¢ 1.6553 +QT1 970 - 960 600 -700
G25NiCrMo3¢ 1.6553 +QT2 870 - 960 600 - 680

a  The type of heat treatment is mandatory.

b The temperatures are for information only.

¢ According to the required tensile properties the heat treatment symbol is added to the designation.
d  Tempering is permitted.

e This grade requires double tempering. The second temper shall not be higher than the first temper.

f For improving the corrosion resistance, a special stabilization heat treatment in the range of 600 °C to 650 °C for
GX6CrNiNb19-10 and 550 °C to 600 °C for GX6CrNiMoNb19-11-2 may be agreed.

g  After solution annealing castings may be cooled down to 1 040°C to 1 010°C prior to water quenching.
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Table 6 (continued)
Grade designation Type of heat treatment 2 Heat treatment°C b
Quenching (+0) or Solu. | Tempering
Name Number tion Annealing (+AT) air (+T)
or liquid
G25NiCrMo6¢ 1.6554 +QT1 850-920 600 - 650
G25NiCrMo6¢ 1.6554 +QT2 850-920 600 - 650
G17NiCrMo13-6 1.6781 +QT 890 -930 600 - 640
GO9Ni10 1.5636 +QT 830 -890 600 - 650
GI9Ni14 1.5638 +QT 820-900 590 - 640
GX15CrMo5 1.7365 +QT 930-990 680<730
GX10CrMoV9-1 1.7367 +NT 1040-1080 730+ 800
GX15CrMo9-1 1.7378 +QT 960 - 1020 680 -730
GX8CrNi12-1c¢ 1.4107 +QT1 1000 - 1060 680 -730
GX8CrNi12-1c 1.4107 +QT2 1000 - 1060 600-680
GX23CrMoV12-1 1.4931 +QT 1030 - 1080, 700 - 750
GX3CrNi13-4e 1.5982 +QT 1000 - 2050 670 - 690
+590 - 620
GX4CrNi13-4 1.4317 +QT 1000 - 1050 590 - 620
GX4CrNiMo16-5f1 1.4405 +QT 1020 - 1070 580 - 630
GX2CrNiN19-11 1.4487 +AT 1050 - 1150 -
GX5CrNi19-9 1.4308 +AT 1050 - 1150 -
GX6CrNiNb19-19f 1.4552 +AT 1050 - 1150 -
GX2CrNiMoN19411-2 1.4490 +AT 1080 - 1150 -
GX5CrNiMo19-1ft-2f 1.4408 4+AT 1080 - 1150 -
GX6CrNiMoNb19-11-2 1.4581 +AT 1080 -1150 -
GX2CrNiMoN2245-38 1.4470 +AT 1120 - 1150 -
GX2CrNiMoCuN26-5-3-38 1.4451 +AT 1120 - 1150 -
GX2CrNiMoN2647-48 1.4469 +AT 1140 -1180 -
GX2NiCrMo28-20-2 1.4458 +AT 1100-1180 -
a  The type df heat treatment is mandatory.
b The tempdratures are for infonmation only.
¢ Accordinglto the requiredtensile properties the heat treatment symbol is added to the designation.
d  Tempering is permitted.
e This gradgrequikés double tempering. The second temper shall not be higher than the first temper.
f For improping)the corrosion resistance, a special stabilization heat treatment in the range of 600 °C to 650[°C for

GX6CrNiNb19-10and 550°CTto 600 °*C for GXK6CTNIMoND19—T1=2Tay be agreed.

&  After solution annealing castings may be cooled down to 1 040°C to 1 010°C prior to water quenching.
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(normative)

Supplementary requirements

A.1 Agreed manufacturing procedure

A.2 |Reporting of the steel making process
A.3 |Chemical analysis for residual elements
A.4 |Details of the heat treatment

A.5 [Mass and tolerance on mass

A.6 |Prior agreement to major finishing welds
A.7 (Weld maps

A.8 |Test blocks

A.8. :|l Test blocks representative of the castings

The
order

aximum ruling wall thickness shall be indicated by the purchaser at the time of the enquiry and

The mechanical properties reported in the Tables 2, 3, 4 and 5 shall apply up to the mayimum ruling
wall thickness given.in’Table A1.

The test block thickness shall be the maximum ruling wall thickness up to 150 mm.

Test Hlocks greater than 150 mm can be used if agreed to by purchaser and manufacturer at the time of
enquifry and order.

Wher thn ru]inn‘ thickness nxnnadc thn Valua given in thn tabln lr\"/\'rnr mnrhanirn] prop brties can be
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Table A.1 — Maximum ruling wall thickness

Grade designation Maximum ruling wall
Name Number thi(r:rll(nriess
GP240GH 1.0619 100
GP280GH 1.0625 100
G17Mn5 1.1131 50
G20Mn5 +QT 1.6220 100
G18Mo5 1.5422 100
G20Mo5 1.5419 100
G17CrMo5-5 1.7357 100
G12CrMoV5-2 1.7720 100
G17CrMoV5-10 1.7706 150
G17CrMo9-10 1.7379 150
G17NiCrMo13-6 1.6781 200
GX15CrMo5 1.7365 150
GX10CrMoV9-1 1.7367 —
GX8CrNil12-1 1.4107 300
GX23CrMoV12-1 1.4931 150
GX3CrNil3-4 1.6982 300
GX4CrNi13-4 1.4317 300
GX4CrNiMo16-5-1 1.4405 300
GX2CrNiN19-11 1.4487 150
GX5CrNi19-9 1.4308 150
GX6CrNiNb19-10 1.4552 150
GX2CrNiMoN19-11-2 1.4490 150
GX5CrNiMo19-11-2 1.4408 150
GX6CrNiMoNb19-11-2 1.4581 150
GX2CrNiMoN22-5-3 1.4470 150
GX2CrNiMoGuN26-5-3-3 |1.4451 150
GX2CrNiMoN26-7-4 1.4469 150
GX2NiCrMo28-20-2 1.4458 150
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A.8.1.1 Testblocktxt

A.8.1.2 Testblocktx 3t x 3t

A.8.2 Test blocks attached to casting
A.9 Intergranular corrosion test

A.10Pressure tightness

A.11|Ferrite determination in austenitic and austenitic-ferritic steelsijin
accordance with ISO 13520

A.12|Verification of impact properties at room temperature
A.13|Verification of impact properties at low temperature

A.14{Verification of tensile properties at elevated.temperature

© ISO 2015 - All rights reserved
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Annex B
(informative)

Welding conditions

Table B.1 — Welding conditions

Grgde designation Preheat tempera- Max. interpass Post heat treatment
Nanle Number turea temperature oC
°C °C

GP240GH 1.0619 20to 150 350 Not necessary
GP280GH 1.0625 20 to 150 350 Not neeessary
G17Mn5 1.1131 20to 150 350 Notnecessary
G20Mn5 1.6220 20to 150 350 Not necessary
G18Mo5 1.5422 20to 200 350 > 650
G20Mo5 1.5419 20to 200 350 > 650
G17CrMo5-5 1.7357 150 to 250 350 > 650
G12MoCrV5-2 1.7720 200 to 300 400 > 680
G17CrMoV5-10 1.7706 200 to 300 400 > 680
G25NiCrMo6 1.6554 150 to 250 350 b
G17CrMo9-10 1.7379 150 to 250 350 > 680
G17NiCrMo13-6 1.6781 20to 200 350 > 580
GYNi10 1.5636 20 to 150 350 > 570
GINi14 1.5638 20to 200 300 > 560
GX15CrMo5 1.7365 150 to 250 350 650
GX10CrMoV9-1 1.7367
GX15CrMo9-1 1.7376 200 to 300 350 680
GX8CrNil12-1 1.4107 100 to 200 350 Same as normal tempering temperafure
GX4CrNiMo16-5F1 1.4405 Not necessary 200 Same as normal tempering temperafure
GX3CrNil3-4 1.6982 20to 200 c c
GX4CrNi13-4 14817 100 to 200 300 Same as normal tempering temperagure
GX23CrMoV12-1 1.4931 20 to 450 450 > 680 °C after cooling under 80 °C to 130 °C
GX2CrNiN19-11 1.4487 d
GX5CrNi19-9 1.4308 d
GX6CrNiNb19-1 1.4552 d
GX2CrNiMoN19-11-2 1.4490 Not necessary ¢ d
GX5CrNiMo19-11-2 1.4408 Not necessary d
GX6CrNiMoNb19-11-2 1.4581 Not necessary d
GX2CrNiMoN22-5-3 1.4470 20 to 100 250 d
GX2CrNiMoCuN26-5-3-3 1.4451 20 to 100 250 d
GX2CrNiMoN26-7-4 1.4469 20 to 100 250 d
GX2NiCrMo28-20-2 1.4458 20 to 100 150 d

a The preheating temperature is related to the geometry and the thickness of the casting and climate conditions.
b The post heat treatment shall be at least 20 °C but no more than 50 °C below the tempering temperature.

¢ Atthe discretion of the manufacturer unless otherwise agreed.

d Depending on the corrosion resistance and mechanical property requirements, +AT may be necessary
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Annex C
(informative)

Creep properties
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