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Annex

Weld metal hydrogen ievels and the definition of hydrogen controlled
electrodes

(This annex is not an integral part of the standard.)

A.0 Introduction

In spite of the publication of ISO 3690, other test methods will remain in force for a number of years. This is why it seemed useful 1
publish, ih an annex to the International Standard, a comparative table making it possible to relate the results obtained by theg
various njethods to the hydrogen content as determined by the 1ISO standard method.

@® O

Significant differences in the reported hydrogen levels exist because of differences in the method of carrying out the various tests.
These latfer differences are not discussed here since they are apparent from an examination of the details ofreach testing procedure. |it
is importgnt, however, to be able to state how the results from these other procedures can be related to these obtained using the IS
method, kince this method will provide the internationally agreed scale of values for hydrogen ievels.ih weld metal.

O

The purppse of this document is to provide the necessary comparison table. The second task has been to establish a level of weld
hydrogen| below which a covered electrode may be termed “hydrogen controiled”. For an electrade to carry this designation it would,
when tested according to the ISO method, have to produce a weld metal hydrogen content below this agreed level.

A.1 Ekperimental considerations

cerning the scope of the experimental procedure and the interpretation ‘ef-the results. First of all, it must be emphasised that the
testing plocedure has been developed primarily for the estimation of weld hydrogen contents in metal deposited by unalloyed and lopv
alloy stedl covered electrodes. :

Before p:Fsenting the comparison table and proposing the acceptance level,\it\is necessary to consider several important factors cof-

The objegtive has been to devise a procedure which can indicate) in a simple and reasonably rapid manner, the hydrogen content of
the weld [netal immediately after welding. For this reason a single, rapidly quenched, bead is deposited and analysed. The standargl-
ized manher in which this operation is carried out ensurés_that different electrodes can be fairly compared, on the same basis and |n
such a why that their quaiities, in terms of the amount'of hydrogen introduced into the weld, can be characterized. It has been fourjd
that basigally the same procedure can also be used\{o establish weld hydrogen levels occurring in other processes using gas shieldirjg
and solid|or flux-cored wires and also for the submerged arc welding process. A single standardized procedure is therefore availabje
for establishing and comparing the qualities f most welding consumables in terms of the as-deposited weld hydrogen level. Moreovgr
the procgdure is sufficiently simple, safe-and rapid to be conducted in most laboratories.

In standdrdizing the procedure to be.applied to covered electrodes, it is stated that those with 4 mm diameter core shall be used atfa
current 16A below the maximumrrecommended by the manufacturer. Clearly if other electrode diameters and welding currents afe
employed then slightly different hiydrogen levels will be recorded. Since the test is being used primarily to characterize electrode
coating dharacteristics, thistis-not considered a disadvantage, since 4 mm core wire diameter electrodes can always be used. When
the test ik applied to othér pfocesses where a much wider range of wire diameters and welding currents are encountered, then the
problem pf standardizatien becomes more difficult and further research work is required. For these processes, it seems very likely thpt
agreement could bg reached on standardized welding conditions for making the test if sufficient data can be accumulated. It has
already been established that larger diameters of covered electrode, solid or cored wire and higher welding currents can be dealt with
by slight ncréasés in specimen size to accommodate the heavier weld beads. Such an increase in specimen size — as long as it dogs
not require_the construction of a new diffusible hydrogen collecting vessel — will probably not affect the measured mean hydroggn

level if a ‘comstartteatsinktsmaintained:

So far, this document has been concerned with the primary objective of characterizing electrode quality or capability. Since the ISO
procedure provides the best estimate of the initial weld hydrogen level, it provides the vital starting point when considering the
likelihood of hydrogen-induced cracking, whether this is expected to occur in weld metal or heat affected zone (HAZ). Work on the
diffusivity coefficient of hydrogen in various steels and weld metals indicates that it will soon become possible to predict the levels of
hydrogen reaching the HAZ as a function of welding conditions and the initial hydrogen revealed by the ISO testing procedure. It thus
becomes clear that the standardized procedure has an importance which goes beyond simply classifying covered electrodes. Its ex-
tension to other welding processes means that these can be investigated in the same way.

The 1SO procedure requires that hydrogen levels are reported in terms of the number of millilitres of hydrogen per 100 g of deposited
weld metal. For classification purposes any agreed system of units is acceptable and the deposited metal system has the merit of be-
ing now well understood and more easily used in practice. (The specimen is weighed before welding and again after analysis, the dif-
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ference being the weight of deposited metal). An alternative method of presenting results is also referred to in the procedure and on
this basis the hydrogen content may be quoted in millilitres of hydrogen per 100 g of fused metal. This method requires measurements
of the ratio of deposited to fused metal on the end sections of the specimen. It is more time consuming and, for the purpose of classi-
fying consumables, presents no advantages — although of course a different (lower) level of hydrogen is reported. It is extremely im-
portant to recognise however that, in considering hydrogen cracking and the selection of safe welding procedures, it is the fused
metal and not the deposited metal that acts as the source of hydrogen. Hydrogen levels reported on a fused metal basis are thus of
more fundamental use, since they will take account of the effects of different heat input, penetration and dilution levels in actual
welding.

The¢ implant method of testing is a powerful technique for assessing, not only the characteristics of the steel to be welded;but plso the
effgct of changes in weld metal type, hydrogen content and heat input on the likelihood of hydrogen cracking. It is cleatly desirable to
stapdardize the method of carrying out the test so that results from different countries can be compared one against the-other/ It must
be fecognised however that variations of the test may be required for different purposes. For example, it may prove desifable to
employ the “fused metal” basis of reporting hydrogen levels when discussing the implant test and when using\eld hydroger{ data to
selgct welding procedures to avoid hydrogen cracking. The ISO procedure refers principally to the nieasurement of d|ffusible
hydrogen which is perfectly adequate for classification purposes. However the procedure also states that'the same specinen can
subsequently be used to determine the residual fraction of hydrogen. The sum of these two quantities may be termed thg “total
hydrogen”. For many situations the residual hydrogen amount is only a small fraction of the total, but<t may prove necessary|to coii

sidgr total values when using weld hydrogen data for the above purposes.

Forfthe definition of hydrogen controlled electrodes and for the results is in the comparisomtable below, the deposited metal pasis of
recprding results is used and recommended.

Finglly it should be noted that hydrogen concentrations are occasionally expressed in units of parts per million (ppm) for wiich the
corjversion is

1 ppm = 0,9 ml per 100 g.

WhHichever system of units is used, it should be made clear whether deposited or fused metal is referred to, so as to avoid coffusion.

A.2 Weld metal hydrogen levels

A domparison between weld metal hydrogen levels recorded using the ISO procedure and levels for the same electrodes byt using
other procedures is given in figure 3.

It cpn be seen that the ISO procedure gives results similar to those of the British Standards procedure, regardless of whether dfffusible
or fotal hydrogen is measured. The Japanese standard has been examined at three levels of hydrogen and the following relationship
repprted :

HJ|S = 0,64 H|SO —0,93

Thip relationship for an ISO level of 15 ml per 100 g is shown in figure 3. A similar relationship can be applied to the ASTM, thg Lloyds
Unfified Rules since they aliZemploy (like the JIS method) a larger specimen and collection of hydrogen over glycerine or pargffin for
48 h at 45 °C. The Freneh standard employs a totally different method of sampling in that weld metal is deposited onto the cpre wire
of ¢overed electrodes.in a copper mould. A comparison of results is given in figure 3 and it should be noted that the French standard
gives a fused metalkhydrogen level only and the results appear quite close to the ISO method if these are also expressed in terms of
fuspd metal.

A.BC-The acceptance level for hydrogen controlled electrodes

As mentioned above, an important task has been to agree on a level of weld hydrogen (diffusible millilitres per 100 g deposited metal)
below which an electrode tested according to the ISO procedure must fall in order to be termed ““hydrogen controlled”’. The option of
thus classifying an electrode is referred to in ISO 2560 where a tentative level of 15 ml per 100 g was proposed.

Figure 4 has been prepared as an aid in summarizing the present position of standardization. The upper part of the diagram indicates
the range of weld hydrogen levels observed when the ISO procedure is applied, not only to covered electrodes but also, with slight
modifications, to other welding processes. The general pattern of these hydrogen levels in different welding processes will of course
change as the quality of the consumables used improves and also if slightly different testing procedures become standardized for each
process. Nevertheless the diagram provides the best comparison between processes that is available at present. It should be noted
that the scale refers to millilitres of hydrogen per 100 g of deposited metal. A conversion scale giving the approximate equivalent
values for millilitres of hydrogen per 100 g of fused metal is placed at the foot of the diagram. This conversion only applies to the
hydrogen results obtained when testing covered electrodes.


https://standardsiso.com/api/?name=62411599a32a50550b344f922f4e4c05

ISO 3690-1977/Add.1-1983 (E)

NOTE —

The tent

5

=
1)
E
o
T 2
- wn
c O
L Q
=210
3% B
= o .
38 2
(5]
2T ) ) B )
3 2 =) 2 £
o] & | 2 z |32
= 3 3 3 5®
z k=l el S «
(@} %2} o [
<2 - <2 w2
Japanese standard (JIS) French standard (NF)
Hys = 0,64 Higp —0,93 Hyp = 0,71 Hig6~
[if JIS method uses rapid [on fused metal basis
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The method described in British standard BS 639 is the same as that.specified in ISO 3690.

Figure 3 — Comparison of ISO procedure with-those of various national standards for measuring
weld hydrogen level

trodes ar also given. The grey portion of the code’is the mandatory part. The second band (b) refers to the present document reg

ding the

classificg
It indicat

a sufficigntly low level of hydrogemnto ensure freedom from cracking in practice in all circumstances.

Safe we

discussign between the mianufacturer who will supply details of steel and joint type, proposed heat input etc, and the electro
manufadturer who will @dvise on pre-drying treatments for the electrode to achieve permissible hydrogen levels.

The I1SO| test procedure and scale of values can however be used to assist this task and for this reason the terminology given

band (c)

very
low

medi
high

htive classification level previously contained in ISO 2560 is given in the band (a) and examples of the coding system for elgc-

acceptance level for "hydrogen controlled electrodes’ and this is exactly in line with ISO 2560. It is emphasised that this
tion indicates the capability of eléctrodes to be treated before use so that appropriate weld hydrogen levels may be obtained.
bs that care should be taken with these electrodes to protect their coatings but it is not meant to imply that 15 mi per 100 glis

d hydrogen levels canonly be specified by taking into account many other details of each application. This is a matter for

He

in

of figure.4 is proposed. The four terms :
ow < 5ml ]
> 5 ml < 10ml -
um S 10m < 15ml per 100 g of metal deposited
> 15 mi

can be used to describe permissible hydrogen levels for a welding problem, regardless of the particular process being used. For exam-
ple, the successful welding of a particular steel and joint type may be found to require a low weld hydrogen level (5 to 10 ml per 100 g
on the ISO scale). Such a level may be achieved using any of four processes listed in the upper part of the diagram and success will
depend on the quality of the consumables used in each case. By using this terminology, it will be universally understood that the
words “very low”’, “low”, "medium’ and "high” refer to specific weld hydrogen levels on the ISO scale.

The terminology proposed is already in use in discussing the implant test. It is being incorporated in welding procedure standards be-
ing formulated by the British Standards Institution and is very similar to that adopted in a recent publication entitled ""Welding steels

without

4

hydrogen cracking’’ of the Welding Institute in the United Kingdom.
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It would have been additionally useful to be able to specify hydrogen controlled electrodes in terms of the moisture content of the
coating material, measured in accordance with the ISO procedure. It has been found, however, that the correlation between moisture
and weld hydrogen, although following a general trend, is not sufficiently specific to permit this. Further studies are required.
Moisture levels would not of course prove as useful as weld hydrogen levels when the latter are used to assist welding procedure
selection as described above.
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Figure 4 — Acceptance level for hydrogen controlled electrodes and definition
of weld metal hydrogen levels
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