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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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Introduction

This document recognizes that there are two somewhat different approaches in the global market to
classifying a given wire electrode, tubular cored electrode or electrode/flux combination, and allows
for either or both to be used to suit a particular market need. Application of either type of classification
designation (or of both where suitable) identifies a product as classified in accordance with this
document. The classification in accordance with system A was mainly based on EN 12070:1999. The
classification in accordance with system B is mainly based upon standards used around the Pacific Rim.
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INTERNATIONAL STANDARD ISO 24598:2019(E)

Welding consumables — Solid wire electrodes, tubular

cored electrodes and electrode-flux combinations fo
submerged arc welding of creep-resisting steels —
Classification

r

1 $cope

This| document specifies requirements for classification of solid wire electrodes,) tu
electrodes and electrode/flux combinations (all-weld metal deposits) for submergéd ar

bular cored
welding of

creep resisting and low-alloy elevated-temperature application steels. One ele¢trode cqn be tested

and ¢lassified with different fluxes. The solid wire electrode is also classified:separately
chenjical composition.

This|document is a combined specification providing a classification system based on eithe]

— the chemical composition of the solid wire electrode and all-weld metal deposit; or

based on its

o

— the tensile strength of the all-weld metal deposit and the chemical composition of the solid wire

¢lectrode and all-weld metal deposit obtained with theelectrode/flux combination.

3) Clauses, subclauses and tables which carry the'suffix letter “A” are applicable only

the system based upon chemical composition.

composition of solid wire eléctrodes and all-weld metal deposits.

¢) Clauses, subclauses and'tables which do not have either the suffix letter “A” or the

combinations classified under this document.

2 Normative references

The following doeuments are referred to in the text in such a way that some or all of t
constitutes_requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

o solid wire

electrodes, tubular cored electrodes and all-weld metal deposits classified in accordance with

) Clauses, subclauses and tables which carry the suffix letter “B” are applicable ¢nly to solid
wire electrodes, tubular cored electrodes and all-weld metal deposits classified inf accordance
with the system based upon_thestensile strength of all-weld metal deposits and the chemical

suffix letter

“B” are applicable te‘all solid wire electrodes, tubular cored electrodes and el¢ctrode/flux

heir content
applies. For
hts) applies.

ISO $44) Welding consumables — Technical delivery conditions for filler materials and fluxgs — Type of

product, dimensions, tolerances and markings
ISO 6847, Welding consumables — Deposition of a weld metal pad for chemical analysis

ISO 13916, Welding — Measurement of preheating temperature, interpass temperature
maintenance temperature

ISO 14174, Welding consumables — Fluxes for submerged arc welding and electroslag
Classification

[SO 14344, Welding consumables — Procurement of filler materials and fluxes

and preheat

welding —

ISO 15792-1, Welding consumables — Test methods — Part 1: Test methods for all-weld metal test

specimens in steel, nickel and nickel alloys

© IS0 2019 - All rights reserved
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ISO 80000-1:2009, Quantities and units — Part 1: General. Corrected by ISO 80000-1:2009/Cor 1:2011

3 Terms

and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

4 C(Classit

4.1 Gene

Classificatio
solid wire e
electrode oy
metal depo
include add
the provisid
in accordan
product.

A solid wire

An all-weld
in accordan
particular f

When the s
submerged
as appropri:

4.2A C(Class|

The classifiq

1) the first

IEC Electropedia: available at http://www.electropedia.org/

ication
ral

n designations are based upon two approaches to indicate the chemieal'‘Composition ¢
ectrode, the chemical composition of the all-weld metal deposit obtained with a solid
tubular cored electrode, and the tensile properties and impact properties of the all{
fits obtained with a given electrode/flux combination. The two designation approd
tional designators for some other classification requiremeiits, but not all, as is clear
ns given in this document. In many cases, a given cominercial product can be clas{

electrode shall be classified in accordance with its chemical composition as given in Ta|

ux.

blid wire electrode or tubular cored electrode is classified in combination with a flu

hte.

ification by chemical coemposition
chemical composition
ation is dividednnto three parts: The classification is divided into five parts:

part gives\asymbol indicating the
or process to be identified;

1) the first part gives a symbol indicating t
product or process to be identified;

nd’part gives a symbol indicating 2) the second part gives a symbol indicatin

the chemical composition of the solid wire

metal deposit from a solid wire electrode'or tubular cored electrode shall be clasgifi
ce with the all-weld metal deposit composition, as given in Table 4, obtained wiji

f the
wire
weld
iIches

from
ified

ce with both systems. Then, either or both classification designations can be used fofr the

hrc welding, the classification shall be prefixed with a symbol in accordance with Claj

4.2B C(lassification by tensile strength and

he

g

the strength and elongation of the all-w

pld

electrode (see Table 3) and all-weld metal

product
2) the secq

deposit
2

metal deposit in the post-weld heat-trea

(see Table 4); condition (see Table 1B);

ted
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3) the third part gives a symbol indicating the 3) the third part gives a symbol indicating the
type of flux used (see 5.5). impact properties of all-weld metal deposits
in the same condition as specified for the
tensile strength (see Table 2B);

4) the fourth part gives a symbol indicating the
type of flux used (see 5.5);

5) the fifth part gives a symbol indicating
the chemical composition of the solid wire
electrode, if used (see Table 3), and of the all-
weld metal deposited by an eleetirode/flux
combination (see Table 4).

5 S$ymbols and requirements

5.1 | General

A solid wire electrode can be classified separately based upon its chemical composition, [as specified
in Table 3. The all-weld metal deposit composition and mechanical properties obtained with a
particular solid wire electrode or tubular cored electrode vary‘somewhat depending upon the flux
used| Accordingly, the classification of the all-weld metal deposit obtained with a particulgr solid wire
electirode or tubular cored electrode can be different for different fluxes.

5.2 | Symbol for the product/process

5.2.1 General

The symbol for the weld deposit produced-by a solid or tubular electrode using the suhmerged arc
weldiing process with a particular flux,-shall be the letter “S” placed at the beginning of the designation.

5.2.2A Classification by chemical composition 5.2.2B C(lassification by tensile strength and
chemical composition

The §ymbol for the solid wire-¢€lectrode for use The symbol for the solid wire electrode for use

in the submerged arc welding process shall be in the submerged arc welding procesf shall be

the letter “S” placed atthe beginning of the wire the letters “SU” placed at the beginnipg of the

electrode designation. solid wire electrode designation.

The §ymbol for the tubular wire electrode for The symbol for the tubular wire electrode for

use ih the submlerged arc welding process shall use in the submerged arc welding prgcess shall

be the letter:"T” placed at the beginning of the be the letters “TU” placed at the beginning of the

wireleléctrode designation. tubular wire electrode designation.

5.3 Symbols for the tensile properties of the all-weld metal deposit

5.3A C(lassification by chemical composition 5.3B Classification by tensile strength and
chemical composition

No symbol shall be used for the mechanical The symbols in Table 1B indicate the tensile
properties of the all-weld metal deposit. The strength, yield strength and elongation of the all-
all-weld metal deposit produced in combina- weld metal deposit in the post-weld heat-treat-
tion with a particular flux shall fulfil the tensile ed condition determined in accordance with
property requirements specified in Table 1A. Clause 6, with a particular flux.

© IS0 2019 - All rights reserved 3
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5.4 Symbols for impact properties of all-weld metal deposits

5.4A C(Classification by chemical composition

No symbol shall be used for the impact proper-
ties of the all-weld metal deposits. The all-weld
metal deposits produced in combination with a
particular flux shall fulfil the impact property

requirements specified in Table 1A.

chemical composition

5.4B Classification by tensile strength and

The symbols in Table 2B indicate the tempera-
ture at which an impact energy of 27 ] is achieved
in the post-weld heat-treated condition under

the conditions given in Clause 6. Five test pieces

shall be tested. The lowest and highest values
obtained shall be disregarded. Two of the three

remaining values shall be greater than the

specified 27 ] level; one of the three may be lpwer
but shall be no less than 20 ]. The average of the

three remaining values shall be atleast 27 J.

When an all-weld metal deposit has been

classified for a certain temperature, it automat-

ically covers any higher temperature listed in

Table 2B.
Table A — Mechanical properties of all-weld metal deposits (Classification by chemical
composition)
Impact energy
Mini- at+20 °C Heat treatment
Minimum| Minimu- ]
Alloy mumf tensile | maelon- Post-weld heat treat
proo ; Minimum | o . Preheat ost-weld heat treat-
symbol strength str;ngth gat;on average Ml-nmllubm and inter- ment of test piefe
Rpo,2 m from S‘l,glguz passtem- | Tempera- g
three'test perature turec Time
MPa MPa % °C °C min
Mo
MnMo 355 510 22 47 38 <200 — —+
MoV 355 510 18 47 38 200to 300 | 690to 730 40
CrMo1l 355 510 20 47 38 150 to 250 | 660 to 700 qo
CrMoV1 435 590 15 24 21 200to 300 | 680to 730 qo
CrMoz2
400 500 18 47 38 200to 300 | 690to 750 qo
CrMo2Mn
CrMo2L 400 500 18 47 38 200to 300 | 690 to 750 qo
CrMo5 400 590 17 47 38 200to 300 | 730to 760 qo
CrMo9 435 590 18 34 27 200to 300 | 740to 780 120
CrMo91 415 585 17 717 338 250710 350 750710 760 130
250 to 350e
CrMoWV12 550 690 15 34 27 or 740 to 780 120
400 to 500e
Z Any other agreed mechanical properties

least 1 h.

d  Tolerance +10 min.

a  The gauge length is equal to five times the test piece diameter.

b Only one single value lower than the minimum average is permitted.

¢ The test piece shall be cooled in the furnace to 300 °C at a rate not exceeding 200 °C/h. The test piece may be removed
from the furnace at any temperature below 300 °C and allowed to cool in still air to room temperature.

e Immediately after welding, the test piece shall be cooled down to 120 °C to 100 °C and kept at this temperature for at

© ISO 2019 - All rights reserved
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Table 1B — Symbols for tensile properties
(Classification by tensile strength and chemical

specimen diameter.

composition)
Minimum | . . Minimum
Symbol yield st::: teh el(_)nga-
y strengtha MPg tionb
MPa )

%o
49 400 490 to 669 20
55 470 5500700 18
62 540 620 to 760 15
69 610 690 to 830 14

a 0,2 % offset(Ry0,2)-
b The gauge length is equal to five times the

Table 2B — Symbols for impact pr
all-weld metal deposits

operties of

(Classification by tensile strength and chemical
composition)
Temperature for minimum average
Symbol impact energy of 27 ]
°C
Z No requirementp
Y +20
0 0
2 -20
3 -30
4 -40

5.5 Symbol for type of welding flux

The symbols for welding flux shall be in accordance with ISO 14174.

5.6 Symbol for the chemical composition of solid wire electrodes and of all-weld metal

deposits

The symbols in Table 3 indicate the chemical composition of the solid wire electrode, determined under

the conditions given in Clause 7.

The symbols in Table 4 indicate the chemical composition of the all-weld metal deposit obtained with
the solid wire electrode, or with the tubular cored electrode, and a particular flux.

© IS0 2019 - All rights reserved
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Table 3 — Chemical composition requirements for solid wire electrodes

Symbol for classification in ac-

Chemical composition

cordance with % (by mass)b
Chemical com- Tensile
positiona strength and
IS0 24598-A chemical com- C Si Mn P S Cr Ni Mo Cuc \" Other
positiona
ISO 24598-B
Mo (1M3) 0'(;)?;0 0'003;0 0'18(2’50 0,025 | 0,025 | 0,2 0,3 0’6‘25“’ 03 | 003 |Nb:0,01
(Mo) 1M3d 003801 020 | %8211 0,025 | 0,025 | — — | %) 035 | — —
0,05 to 0,95 to 0,45 to
d ) 1 - — I S |
3M3 ba7. | 020 | %735 | 0025 | 0025 oes. | 035 (\y.?.)
NJ
0,080 | 0,05 to | 1,30 to 0,45 to
MnMoe (3M31) . . , 0,025 | 0025 | 02 | 03 | 0,3 |~0,08 | Nb}0,01
015 | 025 | 1,70 0,65 o
(MnMo) 3M31de 018 | 060 | X109t 0025 | 0025 | — _ [030t0] aEnF -
1,90 0,70 A
4
4M3de Og’i;o 0,20 1'26%0 0,025 | 0,025 | — — 0'6*5 ePoss | — L
1,70 to 300
d, 4 J— J— 4 — |
4M31de 018 | 060 |20l 0025 | 0025 o0 0,35
0,08t | 0,10 to | 0,60 to 0,30t0 | ol | 0,50t 0,25 to
MoV ots | oo | “too” | 0020 | 0,020 | °F00 d@ Too. | 03 | gas” | Nbtoo1
cMd 010 [O9350 104001 0,025 | 0,025 0'(‘{:@\ S R L |
N
0,30 to 0to 0,30 to
d ’ J— ’ — |
cM1 015 | o040 |07 0,025 O'OZEX\ 70 570" | 035
0,15 to | 0,40 to | 0,40 to 10,45 to 0,90 to
d ’ ) ) ) _ I — |
CIMH 023 | 060 | o070 | %025 | @@5 0,65 1,20 | 230
\\
(1cM) 0,08to | 0,05 to | 0,60 to - 0,90 to 0,40 to
CrMol . . 3 0,020 | % 03 | 03 | 003 |Nbo,01
(1cM1) 015 | 025 | 1,00 f’@ 1,30 0,65
>
(CrMot) 1CMaf 00780 00510 0%&&’\90,025 0025 |10t ) 0430} 35 | L
0,30 to 0,80 to 0,40 to
d 1 I — y — |
(CrMo1) 1CM1 015 | 069 W7 50" | 0025 | 0025 | *gg oes. | 035
L5t
0,28 to 0,45 to 1,00 to 0,40 to 0,20 to
d ’ I} ’ — y ’ |
1CMVH s 50| Yes” | 0015 | 0015 [1P2] oes” | 030 | %65,
0,08 o) 0,05 to | 0,80 to 0,90 to 0,90 to 0,10 to
CrMov1 Q% 055 | %900 | 0020 | 0020 | %7301 03 [903001 03 | %550 [ Nbro,01
8to | 0,05 to | 0,30 to 2,2 to 0,90 to
CrMo2 2C1M . , 0,020 | 0,020 | % 03 | 03 | 003 |Nbo,01
rivo ( ){2\< 015 | 025 | 0,70 2,8 1,15
(CrMo2)
et |05 s | e s | 2250 [0 | | L
(CrMo2Mn) A ) ) ) , ,
A
(CrMo2)
.&?;cmw 015 | 035 | %291 0025 | 0025 |20 — %091 ) 035 | — -
(CrMo2Mn) | ¢ ) ) )
0,08 to 0,30 to 2,20 to 0,90 to
d ’ ’ y - I - -
2C1M2 ots. | 035 |%0900 | 0025 | 0025 | 2700 Ta0” | 035
(2C1M)
CrMo2Mng 0,10 | 0,50 0'15%0 0,020 | 0,015 2'205“’ 0,3 0'19%0 03 | 003 |Nb:0,01
(2C1M1) : , ,
0,05to | 0,30 to 2,2 to 0,90 to .
CrMo2L 0,05 | %0267 Y90 | 0020 | 0,020 | 2700 | 03 | %001 03 | 003 |Nb:ioo1
0,05 to 0,50 to 2,20 to 0,90 to 0,15 to | Nb: 0,01
d ) ) , _ ) ) )
2CIMV 015 | 040 | 5o | 0025 | 0,025 175 g, 120 | 935 | 045 | t00,10
1,75 to 0,40 to
d ’ J— 4 — —
2CM 012 | 080 | 120 | 0030 | 0,030 | 152 oes. | 035

© ISO 2019 - All rights reserved
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Symbol for classification in ac- Chemical composition
cordance with % (by mass)b
Chemical com- Tensile
positiona strength and
1SO 24598-A chemical com- C Si Mn P S Cr Ni Mo Cuc \'% Other
positiona
1SO 24598-B
W: 1,50
t0 2,00
Nb: 0,02
scowva [ 90980 50 | 110 | 0,015 | 0015 | X2 | 050 | 050 | 010 |%15t0] 5010
0,12 3,0 0,30
B: 0,006
Al: 0,04
,J‘EZ) N: 0,05
N\ Nb: 0,02
:6 . t0 0,10
0,04 to 19to 0,80,t0) 0]5to | Ti: 0,10
d ’ ’ y ’ ’
3C1IMV o1z | 050 | 100 | 0020 | 0,015 | 170 | 030 ]@/{D.) 010 | *430° | 510006
Q) AL: 0,04
] N: 0,07
R 0,05to | 0,35 to 4,50 to 0,45 to
(FrMo5) 5CMd 010 | : 0,025 | 0,025 | * : 035 | | —
0,50 | 0,70 6,50 A \Cb 0,70
(FrMos) 5cM1d 015 | 060 | %>9%] 0025 | 0025 4'650 to)* _ 0otol 035 | 1 —
(5CM) y
CrMo5 O'ﬁgo 0'02250 0'385“’ 0,020 | 0,020 <2§£5t° 0,3 0'05250 03 | do3 |Nb:0,01
(5CM1) ) : , %\\}\ ) )
0,25t0 | 0,25to | 0,75 to 4,80to 0,45 to
d ’ ’ y ) — ) | —
5CMH 040 | 050 | 1o | 0025 0025 | T oes | 035
N
£rMo9 (9C1M) 006801 03010 1030101 0,005 0,025 | B0 | 10 | B9t 03 | dis | Nb:0,01
i 0,05 to | 0,30 to]r 8,00 to 0,80 to
d ) ) ) _ , | _
(FrMo9) 9C1M 010 0201 % O\~0,025 | 0,025 10,50 D20 | 035
N7 Nb: 0,03
. 04 | 08 q15 0,
0,07 to 0,4 80to | ¥ ' ' t0 0,10
qrMo91 (9C1MV) o1 O,Q\C) wors | 0020 | 0020 | 50| to © | 025 | fo | o0
10 | 12 0,30
C) to 0,07
$\ : Nb: 0,02
t0 0,10
9CIMVdh OQ 050 | 125 | 0010 | 0010 | 33| 100 [O8I0F 910 | O45L0] N.003
< ' ' t0 0,07
0 . Al: 0,04
\‘O' Nb: 0,01
0,50 to 8,00 to | 0,10 to | 0,80 to 0]oto| to0,12
d ) ) ) ) ) )
9@% 0,12 1 0,50 | o5 | 0,025 10,025 | n50 | 080 | 1,20 | 3% | d35 | N:001
= t0 0,05
<D\?“ Nb: 0,01
1,20 to 8,00 to | 0,20 to | 0,80 to 0]5to| to0,12
d ’ ’ ] y ’ y
% 9C1IMV2 012 | 050 |1rg0| 0025 | 0025 | GULO| M0 MPO0N 035 | R iel ot
&?‘ t0 0,05
© IS0 2019 - All rights reserved 7
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Table 3 (continued)

requirements o
b Single valueg
¢ Ifa copper cd

d The electrod
the course of th|
(by mass).

¢ Composition
provide optimyl

f The letter “R|
shown in the tg

g An Mn/Sirat
h Mn +Ni=14

i Consumable
(IS0 24598-A)
the same Z or G

0,005 % (by mdss).

Symbol for classification in ac- Chemical composition
cordance with % (by mass)b
Chemical com- Tensile
positiona strength and
IS0 24598-A chemical com- C Si Mn P S Cr Ni Mo Cuc \' Other
positiona
1SO 24598-B
oW V12 0,22t0 | 0,05t0 | 040t0 | o oc | 000 | 10510 | g [080t0| oo [020t0 | VO35
0,30 0,40 1,20 ’ ’ 12,5 ! 1,20 ’ 0,40 :
Nb: 0,01
YA Gi Any other agreed composition
a A designation in parentheses, e.g. (CrMo1) or (1CM), indicates a near match in the other designation system, but not an exact match. The
correct designdtion for a given composition is the one without parentheses. A given product may, by having a more restricted.chgmical
composition that fulfils both sets of requirements, be assigned both designations independently, provided that the mechanical prdperty

f Tables 1A, 1B and 2B are also satisfied.
are maxima.
ating is applied to the solid wire electrode, the chemical analysis shall include the coating.

e shall be analysed for the specific elements for which values are shown. If the presence of other elements is indicafted in
is work, the amount of those elements shall be determined to ensure that their total (excluding'Fe) does not exceed 4,50 %

5 containing approximately 0,5 % (by mass) Mo, without Cr, and with Mn significantly'in excess of 1 % (by mass), m
m creep resistance.

hy not

those
5); Sb:

when added as a suffix, is an optional supplemental designator indicating thrat\the following limits apply in place of]
ble: S: 0,010 % (by mass); P: 0,010 % (by mass); Cu: 0,15 % (by mass); As: 0,005 % (by mass); Sn: 0,005 % (by mas

o greater than 2,0 is desirable.

0 % (by mass) maximum.

tter Z
b with

for which the chemical composition is not listed in the table shall be symbolized similarly and prefixed by the I
r G (ISO 24598-B). The chemical composition ranges are notspecified and therefore it is possible that two electrode
classification are not interchangeable.

6 Mechd

6.1 Gene

6.1A Class

Tensile and
tests shall b
as-welded o
using a type
accordance
solid wire el

nical tests

ral

ification by chemical.composition 6.1B Classification by tensile strength and

chemical composition

mpact tests andyany required re-

e carried outon weld metal in the

' postweld\hieat-treated condition
1.3 all-weld metal test piece in

with 1ISO 15792-1 prepared using the

Tensile and impact tests and any required rg
tests shall be carried out on weld metal in th
as-welded or postweld heat-treated conditi
using a type 1.4 all-weld metal test piece in dc-
cordance with ISO 15792-1, prepared using the

e

and flux of t

be classified. Welding conditions (single wire
welding) shall be selected from Table 6A as ap-

propriate.

eCtrode, or tubular cored electrode, solid wire electrode, or tubular cored electr¢de,

be classified. Welding conditions (single wire
welding) shall be selected from Table 6B as ap-
propriate.

6.2 Preheating, interpass and post-weld heat treatment temperatures

Preheating and interpass temperatures shall be as specified for the electrode/all-weld metal deposit
type in Table 1A or Table 5B as appropriate.

The preheating and interpass temperature shall be measured using temperature indicator crayons,
surface thermometers or thermocouples in accordance with ISO 13916. If, after any pass, the interpass
temperature range is exceeded, the test piece shall be cooled in air to a temperature within the limits of
the interpass temperature range.

8 © IS0 2019 - All rights reserved
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Post-weld heat treatment, if used, shall be performed in accordance with Table 1A or Table 5B, as
appropriate.

Table 4 — Chemical composition requirements for all-weld metal deposits

Symbol for classification in . . b
accordance with Chemical composition % (by mass)
Chemical com- Tensile
positiona strength and
ISO 24598-A |chemical com- C Si Mn P S Cr Ni Mo Cu \'% Other
positiona
IS0 24598-B
0,40 to Nb:
Mo (1M3) 0,15 | 0,80 1,4 | 0,030 | 0,030| 0,2 0,3 0,65 0,35 =0,03 0,01
(Mo) 1M3c 0,12 | 0,80 | 1,00 | 0,030 | 0,030 — — 0‘6}2;0 0,35 — —
3M3c¢ 0,12 0,80 1,40 | 0,030 | 0,030 — — OSlgsto 0,35 — —
0,40 to Nb:
MnMo (3M31) 0,15 | 0,80 2,0 | 0,030 0,030 | 0,2 03 0,65 0,35 | 0,03 0,01
(MnMo) 3M31c 0,15 | 0,80 | 1,60 | 0,030 | 0,030 — — 0‘042;0 0,35 — —
4M3c 0,40 to
4M31 ¢ 0,15 0,80 2,10 | 0,030 | 0,030 e — 0,65 0,35 — —
0,20 to 0,45 to 0,20to| Nb:
MoV 0,15 | 0,80 1,4 | 0,030 | 0,030 0,60 0,3 1,00 0,35 ol45 0,01
CMc 0,40 to 0,40 to
CM1c 0,12 | 0,80 | 1,60 | 0,030°| 0,030 0,65 — 0,65 0,35 — —
0,40 to 0,90 to
C1MHc¢ 0,18 0,80 1,20~4°0,030 | 0,030 0,65 — 1,20 0,35 — —
(1CM) .
[rMol (acMm1) 0,15 | 0,80(],*1,20 | 0,030 | 0,030 0,80 0,25 0,35 to 0,40 | 003 Nb:
to 1,30 0,65 0,01
(1cM2)
L 1CMcd 0,05 to 1,00 to 0,40 to
(€rMo1) 1CM1c 0,15 0,80 | 1,20 | 0,030 | 0,030 1,50 — 0,65 0,35 — —
0,10'to 1,00 to 0,40 to
1CMVHe 0,25 0,80 | 1,20 | 0,020 | 0,020 150 — 0,65 0,35 | 0130 —
0,80 0,80 0,J0to| Nb:
(rMoV1 0,15 0,80 1,40 | 0,030 | 0,030 to 1,30 0,3 to 1,30 0,35 d3s 0,01
2,0 0,80 Nb:
[rMo2 (2C1M) 0,15 | 0,80 | 1,20 | 0,030 | 0,030 to 0,3 to 0,35 | 0,03 :
0,01
2,8 1,15
2C1Mcd
(CrMo2) 0,05 to 2,00 to 0,90 to
2C1M1c 0,80 | 1,20 | 0,030 | 0,030 — 0,35 — —
(CxMo2Mn) C1M2e 0,15 2,50 1,20
2ciM) +8 0,80 to Nb:
CrMo2Mne (2C1M1) 0,10 | 0,80 | 1,40 | 0,030 | 0,020 2to5 0,3 1,20 0,35 | 0,03 0,01
2,0 0,80t Nb:
CrMo2L 0,05 0,80 1,20 | 0,030 | 0,030 to 0,3 g 0 0,35 0,03 )
28 1,15 0,01
0,05 to 2,00 to 0,90 to Nb:
2C1MVce ’ 0,80 1,30 | 0,030 | 0,030 |~ — ! 0,35 0,40 | 0,01to
0,15 2,60 1,20
0,10
1,75 to 0,40 to
2CMc 0,12 | 0,80 | 1,20 | 0,030 | 0,030 925 — 0,65 0,35 — —

© IS0 2019 - All rights reserved 9
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Table 4 (continued)
Symbol for classification in . . b
accordance with Chemical composition % (by mass)
Chemical com- Tensile
positiona strength and
ISO 24598-A |chemical com- C Si Mn P S Cr Ni Mo Cu \" Other
positiona
1SO 24598-B
W: 1,50
to 2,00
Nb: 0,02
= n'm:fn 1'01—,\ n’1I:1-n LUO,].O
3C2WV 0,12 0,50 | 1,10 | 0,015 ] 0,015 3.0 0,50 | 0,50 | 0,10 0,30 |@0,006
Al 0,04
N:|0,05
Nbj 0.02
to(0.10
0,04 to 1,9 to 0,80 to 0,15 to| Ti{0.10
3C1MVe 0,12 0,80 | 1,00 | 0,020 | 0,015 29 0,30 1.20 0425 0,30 |B: 0.006
Al{0.04
N:[{0.05
5CMc 4,50 to 0,40 to
(CrMo5) 5CMic 0,12 | 0,80 | 1,20 | 0,030 | 0,030 6,00 < 0,65 0,35 — —
(5CM) 4,5 0,45 to INb:
CrMo5 (5CM1) 0,10 | 0,80 | 1,20 | 0,030 | 0,030 t0 6,50 0,3 0,80 0,35 | 0,03 do1
0,10 to 4,50 to 0,40 to
5CMHc 0,25 0,80 1,20 | 0,030 | 0,030 6,00 — 0,65 0,35 — —
8,0 0,70 to INb:
CrMo9 (9C1M) 0,10 | 0,80 | 1,20 | 0,030 | 0,030 t0 10,0 1,0 1,20 0,35 | 0,15 do1
8,00 to 0,80 to
(CrMo9) 9C1Mc 0,12 | 0,80 | 1,20 | 0,030 | 0,030 10,00 — 1,20 0,35 — —
INb:
0,02 to
8,0 0,70 to 0,10to| (10
CrMo91 (9C1MV) 0,15 | 0,80 | .1,80 | 0,030 | 0,030 0105 1,0 1,20 0,35 0,30 -
0,02 to
0,07
Nb} 0,02
to[0,10
0,08to0 8,0 0,85 to 0,15 to !
f ’ f ) f ] ) .
9C1MVe 043 0,80 | 1,20f | 0,010 | 0,010 t0 10,5 0,80 1,20 0,25 0,25 N:{0,02
tol0,07
Al]0,04
INb:
0,01 to
8,00 to 0,80 to 0,10to| Q@12
'f ) ] ’ [
9CIMV1ic 0,12 | 0,60 | 1,25 | 0,030 | 0,030 10,50 1,00 1,20 0,35 0,50 N
0,01 to
05
Nb:
0,01 to
1,25 to 8,00 to 0,80 to 0,10to| 0,1
9C1MV2c 0,12 | 0,60 2.00 0,030 | 0,030 10,50 1,00 1,20 0,35 0,50 N:
0,01 to
0,05
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Table 4 (continued)
Symbol for classification in . P b
accordance with Chemical composition % (by mass)
Chemical com- Tensile
positiona strength and
ISO 24598-A | chemical com- C Si Mn S Cr Ni Mo Cu \'% Other
positiona
1SO 24598-B
Nb:
9,5 0,70 0,15 0,01
CrMoWV12 0,24 | 0,80 1,4 | 0,030 | 0,030 to 0,80 to 0,35 to W:
1256 126 40 | 0,30to
0,80
78 Gs Any other agreed composition
a A designation in parentheses, e.g. (CrMo1) or (1CM)], indicates a near match in the other designation systein, but not

haviy
pend
b Siy

¢ Th|
other
their

d TH
place
Sn: 0
e Al
f Mn|
g Co

the 14
ble th

an exfact match. The correct designation for a given composition is the one without parentheses!Ajgiven prod

g amore restricted chemical composition that fulfils both sets of requirements, be assigiied both desig]
ently, provided that the mechanical property requirements of Tables 1A, 1B and 2B are)also satisfied.

gle values are maxima.

e all-weld metal deposit shall be analysed for the specific elements for which ¥alues are shown. If the pr
elements is indicated, in the course of this work, the amount of those elemefits shall be determined to e
total (excluding Fe) does not exceed 0,50 % (by mass).

e letter R when added as a suffix is an optional supplemental designatowindicating that the following lin
of those shown in the table: S: 0,010 % (by mass); P: 0,010 % (by mass); Cu: 0,15 % (by mass); As: 0,005
005 % (by mass); Sb: 0,005 % (by mass).

In/Si ratio greater than 2,0 is desirable.
+ Ni = 1,40 % (by mass) maximum.

hsumables for which the chemical composition is notllisted in the table shall be symbolized similarly an
tter Z (ISO 24598-A) or G (ISO 24598-B). The chemical-composition ranges are not specified and therefd
at two electrodes with the same Z or G classification are not interchangeable.

uct may, by
nations inde-

bsence of

hsure that

hits apply in
% (by mass);

 prefixed by
re itis possi-

6.3

6.3.1
The

completed in three passes-if necessary. Welding shall be performed by machine or automz

with
inter

6.3.3

Welding conditions and pass'sequence
General
est piece weld shall be completed in two passes per layer, except for the top layer, w|

straight progression (no weaving), in the flat position. Each pass shall be comple
ruption.

6.3.2B Classification by tensile streng
chemical composition

A Classification by chemical composition

veld tést piece shall be produced using a Classification is based on the properties

used

ing conditions for solid wire electrodes shall be as
given in Table 6A. The welding conditions for tubu-
lar cored electrodes shall be in accordance with the

hich may be
tic welding,
ted without

rth and

of the weld
or the

ror 3,2 mm or 3,0 mm electrode, whichever
[ [ [ Tnanula Ored. I ne UX
shall be recorded in the test report. The weld-

metal produced from 4,0 mm electrodes
0S¢ ETo 24 O I 40 T TOTTT

with the manufacturer's recommendatio

manufacturer's recommendations.

© ISO

2019 - All rights reserved

’ X anufactured.
The welding conditions for solid wire electrodes
shall be as given in Table 6B. The welding conditions
for tubular cored electrodes shall be in accordance

ns.
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Table 5B — Preheat, interpass and post-weld
heat treatment temperatures
(Classification by tensile strength and chemical

composition)

Preheat and | Post-weld heat treat-

Alloy sym- | interpass ment of test piecea
bol temperature | Temperature| Time

°C °C min

1M3 150 + 15 620+15 | 60*1°
3M31 150 £ 15 620:15 | Gof%
4M3 150 £ 15 62015 4 6oL
4M31 150 + 15 620+ 15 60
M 150 + 15 620 £ 15 60[ %3
CM1 150& 15 620 + 15 60 *105
C1MH 150+ 15 620:15 | 60[%
1CM 150 £ 15 69015 | 6oL
1CM1 150 £ 15 690 + 15 60 *105
1CMVH 150 £ 15 69015 | 6oL
2C1M 205+ 15 690 + 15 60/
2C1M1 205 + 15 690 + 15 60
2C1M2 205 + 15 690 + 15 60[%3
2C1IMV 205+ 15 690 + 15 60/
3C1IMV 210 £ 25 74015 | 12¢*Y
3C2WV 210 + 25 74015 | 12¢*%
5CM 205+ 15 745£15 | 60"
5CM1 205+ 15 745+15 | 60"
5CMH 205+ 15 745 + 15 60+105
9C1IMV 260 50 76015 | 120*%

12 © IS0 2019 - All rights reserved
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9C1MV1 205+ 15 745 + 15

15
60"

9C1MV2 20515 745 £ 15

+15
60"

a The furnace shall be at a temperature
than 315 °C when the test piece is placed

holding time at temperature has been co

to a temperature below 315 °C at 3 rate

heating rate from that point to the specified holding
temperature shall not exceed 220 °C/h. When the

the test piece shall be allowed to cool in the furnace

not higher
in it. The

mpleted,

ot exceed-

7

Fors
For 4
weld
case

8

Actu
obta
be cd
requ
resu

9 1

If an]
shall
samy
spec
the 1

ing 195 °C/h. The test piece may be remg
the furnace at any temperature below.37|
allowed to cool in still air to ambient'tem

ved from
5°Cand
perature.

Chemical analysis

plid wire electrodes, chemical analysis shall be performed on specimen’s of the solid wi
1l electrode/flux combinations to be classified, chemical analysis-shall be performe
metal deposit prepared in accordance with ISO 6847. Any analytical technique may be
of dispute reference shall be made to established published fgethods.

Rounding procedure

h1 test values obtained shall be subject to ISO 80000-1:2009, B.3, Rule A. If the measurg
ned by equipment calibrated in units other than those of this document, the measured
nverted to the units of this document beforévounding. If an average value is to be com
rements of this document, rounding shall'‘be done only after calculating the average.
ts shall fulfil the requirements of the appropriate table for the classification under tes

Retests

 test fails to meet the requireément(s), that test shall be repeated twice. The results of
meet the requirement.(Specimens for the retest may be taken from the original test
le or from one or twojnew test assemblies. For chemical analysis, retests need only
fic elements that failed to meet the requirement. If the results of one or both retests

document for thatclassification.

In th
pres
or te

e event<{hat during preparation, or after completion of any test, it is clearly dete
'ribed ‘or*proper procedures were not followed in preparing the weld test assembly
5t specimen(s), or in conducting the tests, the test shall be considered invalid. This de

1S ma

deowithout regard to whether the test was actually completed, or whether the test re

e electrode.
1l on the all-
used, but in

d values are
values shall
jpared to the
'he rounded
[.

both retests
assembly or
be for those
fail to meet

equirement, the“material under test shall be considered as not meeting the requirements of this

rmined that
br sample(s)
termination
bults met, or

© ISO

2019 - All rights reserved
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failed to meet, the requirements. That test shall be repeated, following proper prescribed procedures.
In this case, the requirement for doubling the number of test specimens does not apply.

Table 6A — Welding conditions for solid wire

Table 6B — Welding conditions for solid wire

electrodes electrodes
(Classification by chemical composition) (Classification by tensile strength and chemical
composition)
Elec- Contact- Elec- Ct(;:f?(f-t - Travel
. | Welding | Welding | tip-to- | Travel trode |Welding|Welding
trode di- . work | speed
current | voltagea| work speed diame- |current?|voltageb .
ameter dis- mm/
pay V distance  mm/min Ter A V .
mm tancec niin
mm mm
mm
1,6 300 £50 | 26to 29 | 13 ta197|300/+30
2,0 350+£50|26to29 | 13:t0 19 |330/+30
N di 1
0 corresponaing vaies 25981400 +50| 27 to 3019 to 32 | 360/ 30
2,8 450 =50 | 2At630 | 19 to 32 |360|+30
3,0 380+20| 29+2 24+3 |550+50 3,0 450 £ 50 | 27 to 30 | 25 to 38 |390]+30
3,2 380+20| 29+2 24+3 |550%50 3,2 475 £50:| 27 to 30 | 25 to 38 |390|+30
4,0 880+20| 292 30+£5 |550+50 4,0 5254 50| 27 to 30 | 25 to 38 |420[+ 30
4,8 575 50| 27 to 30 | 25 to 38 |420[+ 30
5,0 600+ 50| 27 to 30 | 25 to 38 |420|+30
No corresponding values 56 625+ 50| 28to 31 | 32 to 44 |450[+ 30
6,0 675+ 50 | 28to 31 | 32 to 44 |480[+ 30
6,4 750 £ 50 | 28to 32 | 38 to 50 |510(+ 30
a The polatity may be a.c. or d.c. The reference a Alower current may be used for the first lajyer.
‘inite};()d shafll be as recommended by the maguac- b The polarity may be a.c. or d.c. The refereJ:ce
urer. method shall be as recommended by the maiu-
facturer.
¢ In the event that the electrode manufacturer
recommends a contact-tip-to-work distance put-
side the specified range, that recommendati¢n
shall be followed +6 mm.
NOTE Differences*in welding parameters between Table 6A and 6B can result in significant differeng¢es in
the strength pnd4odghness of the weld metal.

10 Technical delivery conditions

Technical delivery conditions shall meet the requirements in ISO 544 and ISO 14344.

11 Examples of designation

11.1 General

The designation of solid wire electrodes, and of solid wire electrode/flux and the tubular cored
electrode/flux combinations, shall follow the principles given in the examples below.

14 © IS0 2019 - All rights reserved
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