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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 throug

h 1SO

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.
International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Star
adopted by the technical committees are circulated to the member bodies for votingyPublication

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of
rights. ISO shiall not be held responsible for identifying any or all such patent rights:.

dards
as an

Datent

ISO 3690 wag prepared by the International Institute of Welding, recognized as an international standardizing

body in the figld of welding in accordance with Council Resolution 42/1999.

This third edjtion cancels and replaces the second edition (1S©<3690:2000), which has been tech
revised.

Requests for pfficial interpretations of any aspect of this International Standard should be directed to th
Central Secretariat, who will forward them to the IIW Segretariat for an official response.

This corrected version of ISO 3690:2012 incorporates the following corrections:

a) to comply with ISO quality documentation; references to Commission Il and to TC 44/SC 3 havs
removed|from paragraph 5 of this foreword;

b) the quality of Figures 1 and 3 has,been improved in terms of resolution and presentation.

nically

e 1ISO

been
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Welding and allied processes — Determination of hydrogen

content in arc weld metal

1 Scope

This Ipternational Standard specifies the sampling and analytical procedure for the determinatig
hydrogen in martensitic, bainitic, and ferritic steel weld metal arising from the welding of stch st
welding processes with filler metal.

The {echniques specified in this International Standard include collectidn) of diffusible
displagement of mercury or collection into a headspace filled with an inert gas)such as argon. T
hydrogen collected is determined by measuring the displaced volume in_the former and by,
thermpl conductivity in the latter.

The temperature for collection of diffusible hydrogen is controlled‘to avoid thermal activation of
hydrogen.

2 Normative references

The fpllowing referenced documents are indispensable for the application of this docume
referepces, only the edition cited applies. Fer“undated references, the latest edition of th
document (including any amendments) applies:

ISO 14175, Welding consumables — Gasés and gas mixtures for fusion welding and allied proce

ISO/TR 17671-1, Welding — Recommendations for welding of metallic materials — Part 1: Gen
for ar¢ welding

ISO 8P000-1, Quantities andunits — Part 1: General

3 Rrinciple

n of diffusible
pels using arc

hydrogen via
he amount of
for example,

non-diffusible

ht. For dated
e referenced

SSesS

eral guidance

hent variables
specimen is

Filler materiakis deposited on to a standard test coupon in a manner that ensures control of perti
to prqduce. a representative specimen for analysis. Subsequent storage and handling of the
contrW‘ i i

pas collection

apparatus (mercury method) or to a suitable vessel filled with an inert gas (thermal conductivity method) and

held for a period of time at a temperature sufficient to quantitatively release the diffusible hyd
evacuated gas burette or into the inert gas headspace, respectively. The amount of hydroge

rogen into an
n collected is

determined by measuring the displaced volume (mercury method) or by thermal conductivity. Finally,
quantification of the mass of deposited metal or volume of fused weld metal enables calculations of diffusible

hydrogen in deposited metal, Hp, or diffusible hydrogen in fused weld metal, Hg, to be made.

© I1SO 2012 — All rights reserved
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4 Test procedures

4.1 Production of weld specimens

411 Summary

The welding consumable to be tested is used to deposit a single weld bead, which is rapidly quenched and
subsequently stored at —78 °C or lower until analysis. Cleaning and slag removal are performed on the chilled

specimen.

4.1.2 We|d|n,g fixture

An example gf a suitable welding fixture to provide uniform test pieces for the welding processescspec

4.2 is shown

and, in partiqular, to ensure that unclamping upon completion of welding can be carried\out in a

operation acq
between amb

decrease the

water on the gurface of the fixture between test welds.

For all weldin
as shown in

Figure 1. The foil may be annealed repeatedly and quenched in water after each ann

Oxide scale dfter annealing is removed by pickling with dilute nitric acid.(10-% by volume) followed by w
with distilled water and drying.

ified in

in Figure 1. It is designed to hold the uniform test pieces securely in alignment during welding

single

ording to the conditions specified in 4.1.4 c). The surface temperature of_the-fixture shall be
ent and 25 °C above ambient at the start of each test weld. The fixture may-be water cogled to
cycle time. The temperature of the cooling water shall be controlled to-prevent condensation of

) processes, the test piece assembly is clamped in the welding fixture using annealed copper foil

aling.
shing

© ISO 2012 — All rights reserved
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Dimensions in millimetres

Key
test piece assembly penrFigure 2

water cooling jacket (if-necessary)

leyer clamp

copper foil inserts (1 mm x 15 mm min. x 300 mm)
copper

carbornisteel

W > A WN -

Figure 1 — Example of a suitable welding fixture and test piece assembly for weld deposits

© 1SO 2012 — Al rights reserved 3
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41.3 Testp

12(E)

iece assemblies

The test piece assembly shall be prepared from plain carbon non-rimming steel with a carbon content of not
more than 0,18 % by mass and a sulfur content of not more than 0,02 % by mass. The assembly shall
conform to the dimensions shown in Figure 2 for assembly A, assembly B, or assembly C, with a tolerance of
0,25 mm on all dimensions except the length of the run-on and run-off pieces. The lengths shown in Figure 2
for the run-on and the run-off piece represent minimum values.

All surfaces shall be finished at right angles to ensure good contact between adjacent pieces during the
welding operation. Each test piece assembly may be finished with one operation on a surface grinder so as to
ensure a uniform width, or closer dimensional control may be exercised to obtain proper clamping. See

4.1.4d)fore

idence of proper clamping

The centre tqg

inert gas atmg
the surface g
desiccator or

st piece shall be numbered by engraving or stamping on the opposite side of that us
welding. The pntire test piece assembly shall be degassed at 650 °C + 10 °C for 1 h and cooled in githe
sphere or a vacuum. Alternatively, the test piece assembly may be degassed and cooled i
xide layer is removed prior to testing. Degassed test piece assemblies shall’be store
under other suitable conditions to prevent oxidation of the test pieces.. After numberin
removal of okide, the mass, m4, of each centre test piece shall be determined to-the nearest 0,1

assembly A of to the nearest 0,01 g for assembly B or assembly C.

Key
a run-on pieg

b  run-off pied

=

la

A I

e of length /,

e of length [,

ed for
adry
n air if
d in a
g and
g for

¢ centre test|piece of length /,
e test piece Width
t test piece thickness
Dimensions in millimetres
Test'assembly Iy and [ Ic e ¢
A2 225 (50) 80 25 12
B >25-(56) 36 15 16
C =50 15 30 10
I, 225 mm and [, 2 25 mm: manual metal arc welding
13250 mm and [, 2 50 mm: other welding processes
@ Comparable to the specimen geometry according to AWS A4.3-93I51.
Figure 2 — Dimensions of the weld test assembly
4 © ISO 2012 — Al rights reserved
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4.1.4 Welding and test piece storage

The temperature of the welding fixture before each weld is made shall be ambient or not more than 25 °C
above ambient. If difficulty is caused by condensation of water on the fixture and test piece assembly, it is
necessary to use cooling water thermostatically controlled to ambient temperature or as much as 25 °C higher.
Using the welding process as specified in 4.2, and parameters appropriate to the type of investigation, a single
weld bead shall be made on the test piece assembly that is clamped in the welding fixture as shown in
Figure 1.

The test piece assembly shall be cleaned in acetone prior to being clamped into the welding fixture. Copper

foil strips, as shown in Figure 1, shall be used to facilitate thermal transfer and prevent erosion of the fixture.

The W

W
th

c)

V)
e

d)

N

= o R ]

|.

IS0 O DD >

(@)

g)

o Q

h)

F
a
a
c
c
d
n

elding procedure is specified in steps a) to f).

elding shall be initiated on the run-on piece at a point sufficiently distant from the centre te
at a stable arc and a stable deposit shape are achieved before reaching the centre test pie

elding shall be terminated when the trailing edge of the crater is on the “run-off piece
xceed a distance of 25 mm from the centre test piece.

fter extinction of the arc, the clamp shall be released and the test piece assembly
nmersed at 4 s + 1 s in an ice water bath. After 20 s + 2 s, the_test piece assembly shall

st piece such
ce.

but shall not

removed and
be transferred

hd completely immersed in a low-temperature bath containing, for example, methanol and solid carbon

oxide, denatured alcohol and solid carbon dioxide or liquid.nitrogen. After removal of the s
e ice water, ice shall still be present in the bath.

pecimen from

fter a minimum of 2 min, the test assembly may be:femoved from the low temperature bath for cleaning

hd inspection. All slag and welding fume residueishall be removed by steel wire brushin

. The run-on

hd run-off pieces shall be broken off from theZcentre test piece. The underside of this piece shall be

xamined to assess the uniformity and extent of heat tinting. Properly aligned and
ssemblies shall show parallel and uniform-heat tinting of the underside of the centre tes
Kidation shall not extend to the edges of:the underside of the centre test piece. If this entir
bt completed within 60 s, the centre test piece shall be returned to the low temperaty
inimum of 2 min before completing-these steps.

entre test pieces may be stored at —78 °C or lower in a methanol and solid carbon dioxidg
cohol and solid carbon dioXide bath for a period of up to 72 h or at =196 °C in liquid nitrogd
F up to 21 days before@nalysis.

pr purposes of -Classifying welding consumables, during welding of the test assembly

clamped test
5t piece. Dark
e operation is
re bath for a

or denatured
n for a period

the ambient

bsolute humiditysshall be at least 3 g of water vapour per 1 000 g of dry air. (This corresp
nd 20 % relative humidity.) When the relative humidity, measured using a sling hygro
blibrated.‘device, equals or exceeds this condition, the test shall be acceptable as
bmpliance with the requirements of this International Standard provided the actual test re
ffusible hydrogen requirements of the applicable consumable classification stz
easurement of relative humidity can be easily converted to absolute humidity and reported

]

pbnds to 20 °C
eter or other
emonstrating
Its satisfy the
ndard. (The
as such.)

41.5

Recording of data

All relevant welding data, as shown on the data sheets, shall be recorded on the appropriate weld data sheet.
Reference should be made to the suggested report forms for each welding process data sheet (see Tables 1,
2, and 3). Ambient conditions of temperature and humidity at the time of welding shall also be recorded and
absolute humidity reported with the analytical results.

© I1SO 2012 — All rights reserved
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4.2 Welding procedures for the production of weld specimens

4.2.1 Summary
The operating parameters of the welding process under investigation shall be defined to produce a single weld

bead on a test piece assembly as specified in 4.1. See 4.2.2 to 4.2.4 for specifications of the procedures for
different welding processes.

4.2.2 Manual metal arc welding

4.2.21 Electrodes

The covered ¢lectrode to be tested shall be used in one of the ways a) or b).
a) For purppses of classification, the electrode and the method of deposition of the weld: shall pe as
specified|in the standard with which the electrode complies.

b) For purppses of investigation, the electrode and welding parameters shall be those given in the specific
welding procedure. If no procedure has been given, then a current that is290 % of the maximum
by the manufacturer shall be used.

ing treatment is required, the time and temperature specified.by the consumable manufgcturer
shall be used| If a range is given by the manufacturer, e.g. 300 °C to 350<C, then the average shall bg used
and reported.

Electrodes with cracked or broken coatings shall not be used,Electrodes to be tested in the as-re¢eived
condition shgll be taken from a freshly opened undamaged\ package. During any drying treatment, the
electrodes shpll not touch each other or the side of the ovem, During any drying operation, a calibrateq oven
shall be used|and the electrodes shall spend the full specified time at the drying temperature. Only elecfrodes
under test shall be placed in the oven during this time:\When the drying operation is complete, the eleftrode
shall be coolgd to ambient temperature in a container;-e.g. a dried borosilicate glass tube sealed with a fubber
bung. The elg¢ctrode shall be used as soon as_ possible after it reaches ambient temperature, but nof more
than 1 h afteq] removal from the oven unless seeurely sealed. Any electrodes removed from the drying oven
and not then yised shall not be redried and stibsequently used for the test.

When electrgdes are to be tested in(the as-received condition from a hermetically sealed containgr, the
electrodes shpll be protected from maisture pickup once the seal is broken, until each can be welded. [Some
sealed contaipers are resealable“ln"such a case, each test electrode can be withdrawn individually apd the
container resgaled while the withdrawn electrode is welded. If the container is not resealable, then all [of the
test electrodes shall be withdrawn when the seal is broken, and each electrode shall be individually placed in
a dried borosilicate glassiube sealed with a rubber bung until the electrode is to be used for test.

4.2.2.2 Making the test welds

A copper fixtyire;)such as that shown in Figure 1, shall be used for the alignment and clamping of tHe test
piece assembly. The fixture may incorporate water cooling channels in order to achieve a faster throughput of
test pieces. Either test piece assembly A or assembly B may be used.

If the classification standard is silent on this matter, the following shall apply. The classification of covered
electrodes is carried out using 4 mm diameter electrodes. In this case, the welding current shall be 15 A less
than the maximum or 90 % of the maximum stated by the manufacturer, being maintained within a tolerance
of +10 A. For an electrode with a diameter of 4 mm, the speed of welding shall be adjusted to produce an 8 g
minimum weld deposit on the centre test piece assembly A or a 3 g minimum weld deposit on the centre test
assembly B, which is usually accomplished with an electrode consumption of between 1,2 cm and 1,3 cm per
centimetre of weld. Record welding parameters and calculate heat input in accordance with ISO/TR 17671-1.
For all consumable diameters other than the 4 mm specified above, the weld deposit sample mass shall be
representative of good welding practice and appropriate for the diameter and process applied; no minimum
weld deposit sample mass is specified.

6 © ISO 2012 — Al rights reserved
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Three or more test welds shall be made on three or more test piece assemblies using a new electrode for
each weld. The deposit shall be made, without weaving, along the centre line of the test piece assembly, as
shown in Figure 1. The lengths of the run-on and of the run-off pieces shall be 25 mm minimum. No burning
off prior to testing shall be allowed. The run-on deposit length shall not exceed 25 mm. The time spent in
deposition shall be noted. Welding shall be terminated when the trailing edge of the crater is on the run-off
piece, but shall not exceed a distance of 25 mm from the centre test piece.

The method of using the welding fixture is specified in 4.1.4. When welding is completed, the weld specimen
shall be quenched and stored as specified in 4.1.4, after which it shall be cleaned and analysed for hydrogen
content as specified in 4.3.

At the_time of welding. due to the influence of atmospheric moisture on the test results, for purposes of
classifying covered electrodes, the arc length shall be maintained as short as possiblesconsistent with
maintaining a steady arc. For all purposes, the details listed in 4.2.2.3 shall be recorded.

4.2.2.8 Recording of welding data and results report form
The report sheet given in Table 1 provides full details of all the test variables that pertain to the tast results.

Table 1 — Report form (diffusible hydrogen, manual metal arc)

Invegtigating laboratory: Date:

Invegtigator's name:

Branfl name & electrode maker: Batch No.:

Type| of electrode: Electrode designation:

Diameter of electrode (mm): Overall length of electrogle (mm):
Dryin|g treatment: ...........cccccoeee. RUOR (o] SRR h

Electrode polarity (d.c. + ve, d.c. — ve or a.c.):

Relafive humidity .........cocceviiiiiiiiiinee. % andtemperature ..........cccoeevveenieenn °C at the welding station ¢guring welding
Hydrpgen extraction temperature: .............= 50, °C

Hydrpgen extraction time: ...................4 days .....c.cocueeee. [ IR min

Type| of test piece assembly (A or B):

Numbper of test piece: 1 2 3

Voltage, V; a.c. ord.c.:
Currgnt, A:
Welding time, s:

Weld length, mm:

Heat|input,ckJ/mm:

Electrode length used, mm:

Run-onTength, mm:

Mass of deposited metal on test piece, g:

Test piece to crater distance, mm:

Diffusible hydrogen

1 2 3 Average

a) Hp, ml/100 g of deposited metal:

b) Hg, ppm of fused metal:

Other test details not included above:

© 1SO 2012 — Al rights reserved 7
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4.2.3 Subm

4.2.31
The consuma

a)

erged arc welding

Electrode wire

ble solid or cored wire to be tested shall be used in one of the ways a) or b).

For purposes of classification, the welding parameters shall be the same as those used in the preparation

of the all-weld-metal test assembly for mechanical property determination using 4 mm electrode wire, with
travel speed adjusted to provide a deposit mass on the centre test piece of 8 g minimum (assembly A) or

3 g minimum for the smaller centre test piece (assembly C),

unless otherwise specified i

n the

classification document. Test piece assembly B |s not acceptable for submerged arc welds. For all

tha

ald _dana
the—wera

ot PV o
PoSTt Sat¥ 'P"" RaSS—St

la atarc _aothaor tho tha 4 mm cnaocifin abos

shall be

consum
represen
minimum|

For purp
specific V
650 °C fq
drying pr

The arc energ

4232 Fly

When drying
a)

For purp
with whidg

b) For purpq
Approximatel
calibrated dry
entire mass 0

The flux shall
oven during t
and used im
use. Used flu

4233

A copper fixtlire,<such as that shown in Figure 1, shall be used for the alignment and clamping of th

piece assemh

Making thetest welds

din or hao 4 | a
re—etafmeters—etmer—than—tme—ah upvu:nvu uuvvv,

ative of good welding practice and appropriate for the diameter and process applig
weld deposit sample mass is specified.

T

bses of investigation, the electrode wire and welding parameters shall be those given
velding procedure. The use of a solid wire that has been degassed in a vacuum or inert
r 1 h facilitates the investigation of the effect of welding parameters, and type of flux &
pcedure, upon the hydrogen content of the weld.

y for making the weld is restricted to a maximum of 3 kJ/mm.

X
s required, the flux shall be dried in one of the ways a) orb).

bses of classification, drying shall be done in accordance with the requirements of the stg

ses of investigation, drying shall be done in accordance with the appropriate recommenda

1 kg of flux is required for three ‘welds. Drying shall be done in an open container placs
ng oven set at the correct température. Flux depth should be limited in order to ensure th
f flux reaches the required temperature.

spend the full specified-time at the drying temperature and other fluxes shall not be placed
is time. When the drying treatment is complete, the flux shall be cooled to ambient temp¢g
ediately. Alternatively; the flux shall be cooled in a sealed container and stored until requi
shall not be reCycled.

ly.-The fixture may incorporate water cooling channels in order to achieve a faster through

d; no

in the
jas at
nd its

ndard

h the flux complies. Any preconditioning or drying of the flux shall be reported when an “H”
designator is affixed to the flux classification.

fions.

din a
at the

in the
rature
ed for

e test
put of

test pieces. E

thertest pieceassembly Aorassembly € may beused:
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The centre piece remains the same size as specified in 4.1.3, but is aligned with longer run-on and run-off
pieces of 50 mm minimum. The preparation, degassing, and use of the test piece assembly are specified in
4.1.3. The flux is kept at a predetermined constant depth of 25 mm or as recommended by the manufacturer.
One method of controlling flux depth is by levelling off along the top of the copper foil inserts shown in
Figure 3. The flux depth of 25 mm or a different flux depth specified by the flux manufacturer, determines
whether the dimension of the copper foil should be modified in order to achieve the specified flux depth. At the
end of the copper foil, there shall be a suitable piece of copper foil to contain the flux.

Three or more test welds shall be made on different test piece assemblies. The deposit shall be along the
centre line of the test piece assembly. The time spent in deposition shall be noted. The trailing end of the
crater shall be entirely on the run-off piece, but no further than 25 mm from the centre test piece for

submerged arc weldin

be su

After
and th

icient to achieve arc and deposit stability before reaching the centre test piece.

pxtinction of the arc, and without any delay, the test piece assembly shall be released fr
e test piece quenched, cleaned, and stored as specified in 4.1.4.

1 1 mm copper foil, of dimensions 35 mm X 300 mm or 37 mm x 300 mm (for flux depth of 25 mm)

Key
2 te
3 wd

5t piece assembly
Iding fixture

Figure 3 — Example of the use of copper foil to maintain constant flux depth

. No lenath for the run-on portion of the weld deposit is specified, but th

e length shall

bm the fixture

© I1SO 2012 — All rights reserved
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4234

Recording of welding data and results report form

The report sheet given in Table 2 provides full details of all the test variables that pertain to the test results.

Table 2 — Report form (diffusible hydrogen, submerged arc)

Investigating |

aboratory:

Date:

Investigator's

name:

Electrode diameter, mm:

Electrode designation:

Flux designation:

Brand name §

electrode maker:

Batch No.:

Brand name §

k flux maker:

Batch No.:

Flux drying te

mperature and time: ........... °Cfor........... h

Electrode polarity (d.c. +ve, d.c. —ve or a.c.):

Relative humi

Y oo % and temperature .............ccceevieeeennne °C at the welding/station during welding

Hydrogen ext

action temperature: .........cccccoeeiiiinnennn. °C

Hydrogen ext

action time: ........c.ccceee e, days.....cccoueeen.

Type of test p|

ece assembly (A or C):

Number of teq

t piece:

Voltage, V; a.

C. ord.c.:

Current, A:

Welding time,

S

Weld length, fnm:

Welding spee]|

H, mm/s:

Heat input, kJ

mm:

Wire feed sp€g

ed, mm/s:

Contact tube

Histance, mm:

Run-on length

, mm:

Mass of depo!

Sited metal on test piece, g:

Test piece to

Crater distanceymm:

Diffusible hyd

ogen

Average

a) Hp, mI/101) g-of'deposited metal:

b) Hg, ppm olf fused metal:

Other test details not included above:

10
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4.2.4 Tubular cored electrode with or without gas shield and wire electrode with gas shield

4241

Filler material

The filler material to be tested shall be used in one of the ways a) or b).

a)

For purposes of classification, the welding parameters shall be the same as those used in the preparation

of the all-weld-metal test assembly for mechanical property determination using a 1,2 mm wire electrode,
with travel speed adjusted to obtain a weld deposit mass on the centre test piece of 8 g minimum
(assembly A) or 3 g minimum for the smaller centre test piece (assembly B), unless otherwise specified in
the classification document. It is well established that diffusible hydrogen results from tubular cored

a

ha

actradac—ar aly tad b haot +
Koot e

tha aloctrada avia Cara-chall l’\n talkkan t
13=)

contact tip to

= d

a
th

M (2]

C Q

4.24.

The s
shall

flow s
the sh
meas

4.2.4.

A cop

actr affact 3
SEetroaes—are—Strof |3|_y TaTootot uy the—erectroae—eXxteRstiofr—oare—Sran

ork distance used for the diffusible hydrogen test is the same as that used ,ih
an the 1,2 mm specified above, the weld deposit sample mass shall be representative of
ractice and appropriate for the diameter and process applied; no minimum welgydeposit s3
pecified.

pr investigation purposes, the filler material and welding parameters—shall be those

5ed.

P Shielding gas
nielding gas shall be of a welding grade as specified in ISO 14175. The shielding gas useq
hall be recorded on the report form. For investigation purposes, it may sometimes be neq

ielding gas in order to remove moisture. If this-is' done, then the moisture content of the
ired and reported.

B Making the test welds

ber fixture such as that shown in Figure 1, shall be used for the alignment and clamping of

assembly. The fixture may incorporate water-cooling channels in order to achieve a faster thro

pieces.

Either test piece assembly-Ator assembly B may be used.

The riin-on and run-off pieces, of the test piece assemblies shall have a minimum length of 25

piece

Three
centrg
spent
maxi
spec
piece,

assembly shall be clamped in the fixture using annealed copper foil as shown in Figure 1.

or more test welds shall be made on different test piece assemblies. The deposit shall
line of the test piece assembly and weld deposit masses shall be as specified in 4.2.
in deposition shall be noted. The trailing end of the crater shall be on the run-off pi
um distance of 25 mm from the centre test piece. No length for the run-on portion of the W

iri]‘red, butthe length shall be sufficient to achieve arc and deposit stability before reaching t

breparing the

[-weld-metal test coupon for mechanical property determination. For all consumable ‘diameters other

good welding
mple mass is

given in the

bpropriate welding procedure. If a current range is given by the manufacturer, then the avérage shall be

and gas flow

pe in accordance with the appropriate recommendations. Details of the shielding gas composition and

essary to dry
gas shall be

the test piece
Lighput of test

mm. The test

be along the
A.1. The time
ece, but at a
eld deposit is
he centre test

After extinction of the arc and without any delay, the test piece assembly shall be released from the fixture and
the test piece quenched, cleaned, and stored as specified in 4.1.4.
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4.2.4.4 Recording of welding data and results report form

The report sheet given in Table 3 provides full details of all the test variables that pertain to the test results.

Table 3 — Report form (diffusible hydrogen, MIG, MAG, TIG or cored electrode)

Investigating laboratory: Date:

Investigator's name:

Type of filler material: Drying treatment: .................. Cfor .. h

Filler materialldesignation: Gas cup i.d., mm:

Brand name zlnd electrode maker: Batch No.: Diameter of filler material, mm:

Shielding gas

Shielding gas|flow, I/min:

Electrode polgrity (d.c. + ve, d.c. —ve or a.c.): Details of tungsten electrode, if any :
Make:

Relative humidity .............. % and temperature ........... Diameter, mm:

........................................ °C at the welding station
during welding

Hydrogen extfaction temperature: ..........ccccoevvceerrnenn. °C | Cone angle:

Hydrogen extraction time:.......... days........... h...... min | Designation

Type of test piece assembly (A or B):

Number of te$t piece: 1 2 3

Voltage, V; al. ord.c.:

Current, A:

Welding time s:

Weld length, nm:

Welding speed, mm/s:

Heat input, kd/mm:

Wire feed spged, mm/s:

Contact tube Histance, mm:

Run-on lengtf, mm:

Mass of depogited metal on test piece, g:

Test piece to rateridistance, mm:

Diffusible hydrogen

1 2 3 Average

a) Hp, ml/100 g of deposited metal:

b) Hg, ppm of fused metal:

Other test details not included above:

12 © ISO 2012 — Al rights reserved
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4.3

ISO 3

Measurement of hydrogen in the test weld

690:2012(E)

The measurement method shall ensure that only diffusible hydrogen is released from the test specimen and is
collected, and material-dependent activation of potential trapped hydrogen sources shall be avoided. Two
methods of diffusible hydrogen analysis are specified in this International Standard, displacement of mercury
and thermal conductivity detection.

431

Displacement of mercury method

The gas collection apparatus specified in this clause is known as a Y-tube and mercury shall be used as the
coIIectmg f|UId Other de3|gns of coIIectlng may be used prowded the same pr|n0|ples as for the Y-tube are

flat surface so as to allow an unrestricted application of the vacuum®o the top of the capil

ssembly C (see

t 110 ml. The

as burette, the

e gas burette
ary tube. The

ona
gas bprette shall be slowly raised to the vertical position and air admitted to the wide limb by rotating the
stopcack. It is important that there is no air bubble at the top of the~Capillary tube. If air is pregent, then the
evacuation process shall be repeated until a final check confirms_thé absence of air. The vacium stopcock
shall he removed from the wide limb of the gas burette.
4.31.2 Test piece cleaning and handling
The centre test piece shall be cleaned by thorough brushing to remove all slag and oxide using a steel wire
brush] in good condition, with intermittent periods ef cooling (2 min minimum). Each interval spent outside the
cooling bath during this operation shall not exceéd 60 s [see also 4.1.4 d) and 4.1.4 e)].
4.31.3 Test piece loading
The fpllowing part of the procedure. shall be carried out as quickly as possible, taking npt more than
approkimately 2 min.
The tgst piece shall be removed from the storage coolant and raised to slightly above 0 °C| This can be
convehiently achieved by.immersing the test piece in water until the ice which forms initially hags detached or
melted.

Dimensior}s in millimetres

2
3\/_/! \\ /1 —
Ny [
/:;Qr | 2 &/ N\
b —l L?)
A
t

a) Two-way glass vacuum stopcock

Figure 4 (continued)
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4
5
2
3 &
1))
»

c) Overall view of Y-tube

Key

1 29/32 socket

2 29/32 consg

3 Arm bent up 45° [see Figure 4 b)]
4  Seal (flat inside)

5 Precision Hore tube

NOTE Noflto scale.

8  Toair.

b Tovacuum.

€ Straight portjon before bend.

Figure 4 — Diffusible hydrogen collecting apparatus, Y tube

Following a rinse with acetone arnd-drying in a jet of air, the test piece shall be transferred to the wide ljmb of
the burette. The two-way vacutim ‘stopcock shall be closed and the burette evacuated. Acetone and traces of
condensed water evaporate,from the surface of the test piece and are removed with the evacuated air.|Using
a magnet, the test pieceshall be manoeuvred into position under the capillary tube by carefully loweripg the
burette towarg@ls the hofizontal position until it just floats along the mercury surface. It is essential that care be
taken to prevent air from entering the capillary tube when the burette is raised to the vertical position andl air is
admitted to the wide limb. The two-way stopcock shall be removed and the wide limb closed by means of a
stopper or a dlass cap, for example, to prevent the release of traces of mercury vapour.

Diffusible hydrogen is evolved from the test piece and collects in the capillary tube.

WARNING — Metallic mercury and mercury vapours are hazardous and can be absorbed into the body
by inhalation, ingestion, or contact with the skin. All precautions involving the handling of mercury
should be observed, which include but are not limited to the following:

a) the diffusible hydrogen test apparatus should be located under a fume hood, and any steps
involving the handling of mercury should be performed under a fume hood;

b) the apparatus should be located on a tray or counter with a raised lip to contain any possible
spills;
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c) plastic or rubber gloves should be used at all times when handling mercury or
mercury-contaminated samples and equipment;

d) any mercury spill should be cleaned up immediately.

4.3.1.4  Analytical procedure

The test piece shall be maintained at 25 °C + 5 °C, until there is no increase in calculated hydrogen volume,
corrected to standard temperature and pressure (STP), i.e. 0 °C and 760 mmHg?), on successive days. “No
increase” can be understood as allowing for a change, over 24 h, of no more than 1 % of the total volume
collected. The length of the hydrogen gas column and the head of mercury shall be measured using a
cathefometer—Roomtemperature—and-—atmospheric pressure—statt-bemeasured—and-recorded—{ he volume of
hydrogen collected, corrected to STP, V, in millilitres, is given by the following equation:

_273x(p-h)mr2C
760 x (273 +T) x 1000

wherg
p| is the atmospheric pressure, in millimetres of mercury;

h| is the differential head, in millimetres, of mercury between-the’'two limbs of the Y-tube;
r| is the inside radius, in millimetres, of the capillary tube;

d is the length, in millimetres, of the gas column above the mercury in millimetres;

71 is the room temperature, in degrees Celsiusiat the time of hydrogen measurement.

When| evolution has ceased, the test piece _shall be removed from the apparatus and its fingl mass m,, in
gramg, shall be determined, to the nearest 0,01 g. All the relevant data shall be recorded.

4.3.2 | Thermal conductivity detectorrmethod

In gerjeral, systems utilizing a thermal conductivity detector fall into one of two types: the first is ot carrier gas
extragtion where the specinien is heated at a relatively high temperature (up to 400 °C) and|the diffusible
hydrogen is evolved from @he specimen and measured continuously. The second type is where [the specimen
is loadled into a suitablé-eollection chamber that is heated at a relatively lower temperature (typically between
ically utilizing

pased on the
are available
hative system
ation, in terms
of accuracy and reproducibility. Particularly, the calibration procedures may be different for the individual
measurement systems typically utilizing gas chromatography and a TCD. The manufacturer's instructions
shall be followed for the gas extraction and thermal conductivity detection equipment. This device may be a
gas chromatography device. This method is valid for the centre test piece assembly A, B or C.

4.3.21 Test piece cleaning and handling

The centre test piece shall be cleaned by thorough brushing to remove all slag and oxide using a steel wire
brush, in good condition, with intermittent periods of cooling. The intervals spent outside the cooling bath
during this operation shall not exceed 60 s [see also 4.1.4 d) and 4.1.4 e)].

1) 760 mmHg = 101,325 kPa.
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4.3.2.2 Test piece loading

The centre test piece shall be removed from the methanol and solid carbon dioxide bath, denatured alcohol
and solid carbon dioxide bath or liquid nitrogen bath and raised to slightly above 0 °C. This can be
conveniently achieved by immersing the test piece in water until the ice which forms initially has detached or
melted. The test piece shall be rinsed in acetone, dried in an air jet, and loaded into a suitable container for
collection of hydrogen. The container shall be purged and filled with an inert gas such as argon and isolated
from the atmosphere.

43.23

Measurement method by hot carrier gas extraction

e test
rogen
gen is
quantified. Exceeding the degassing temperature of 400 °C can lead to an activation of further hydrogen traps,

thus elevating the apparent diffusible hydrogen results.

4.3.24 Measurement method for collection and subsequent measurement.of-hydrogen

After warming the specimen per 4.3.2.2, it shall be loaded into a suitable“container for the collection of

hydrogen. Th o the
atmosphere.
hydrogen per

Upon comple

e container shall be purged and filled with an inert gas{such as argon and sealed
The container shall be transferred to an oven or other suitable heating device for collec
the operating conditions specified in Table 4.

ion of the heating and collection period, the container shall be cooled to room temperatu

ion of

e and

analysed for hydrogen. This can be accomplished by analysingeither the entire quantity of hydrogen eyolved
from the test piece or an aliquot that can be apportioned to thie entire quantity. A TCD shall be used to quiantify
the amount of hydrogen present in the outgas mixture.

Conversion of the measured value to give the hydfogen volume at STP, 7, in millilitres, shall be mgde as
follows:

VH _ 273 % ﬂ (2)

(27B+T1) 760

where

p is the pressure, inmillimetres of mercury, of the measured hydrogen volume;

vV is thé measured)volume, in millilitres, of hydrogen;

T is th¢ temperature, in degrees Celsius, of the measured hydrogen volume.

The test piece shall be removed from the container, weighed, and the mass, m,, recorded to the nearest 0,1 g

for assembly A centre pieces or to the nearest 0,01 g for assembly B or C centre test pieces.
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Table 4 — Minimum holding time at a given temperature for complete hydrogen evolution

Minimum extraction time Temperature
h °C
0,35 400+ 3
0,4 390+ 3
0,5 360+ 3
1 285+3
2 225+3
3 195+ 3
4 175+ 3
5 160+ 3
6 150+ 3
8 140+ 3
10 125+ 3
12 1204+ 3
14 115+ 3
15 110+ 3
18 100+ 3
36 70+ 3
64 50+3
72 45+3

4.3.3 | Calibration

The cplibration shall be carried out by supplying a known hydrogen volume to the carrier gas hot extraction
system over the working aréa-of interest. The analysis instruments should preferably incorpgrate different
closed gas calibration units-with different volumes. The apparatus shall be assembled and operated following
the intructions of the_manufacturer. Depending on the analysis instrument, a sufficiently long |gas flow time
shall e assured for-stabilization prior to analysis. During normal instrument use, any existing calibration shall
be checked by gas‘dosing before analysis is attempted. The instrument preparation procedure| shall also be
adherpd to. Checks shall be made at the start and completion of a series of analyses in order {o ensure that
no drift has oceurred in the instrument calibration. The interval between drift checks shall not exgeed 4 h. The
deteclor shall'be calibrated over the appropriate range of hydrogen.

4.3.4 Linearity

The linearity of response of the instrument may be judged by using linear regression analysis to fit the
calibration data and then calculating the correlation R2. Values of R? close to unity indicate a high degree of
correlation.

The range of hydrogen contents to be measured ranges from 0,05 ml to significantly over 1 ml at STP, when
the entire diffused volume of hydrogen gas is captured and analysed. The range of hydrogen contents to be
measured is significantly less when analysis is based on methods utilizing a gas sample taken from the
collection container. Hydrogen injection shall cover the applicable range in order to confirm linearity of
response.
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4.3.5 Calculation and expression of results

4.3.5.1 Diffusible hydrogen in deposited metal A

The volume at STP of diffusible hydrogen in deposited metal, Hp, in millilitres per 100 g, shall be calculated
from the following equation:

Hp =Vg1p % m21 CiOm1 (3)
where

Vatp  [s the volume, in millilitres, of hydrogen gas at STP;

mo s the final mass, in grams, of the test piece with deposited metal;

my s the initial mass, in grams, of the test piece.
4.3.5.2 Diffusible hydrogen in fused weld metal H

In order to asfess the diffusible hydrogen content in a welded joint, it is necessary to determine the dif’LusibIe
hydrogen in the fused weld metal. In the calculation of the diffusible hydrogen in fused weld metal, not only the
deposited mejal is considered, but also the fused portions of the base material.

Thus, in dete
pickup in the
50 % of Hp.

If the hydrogdg
cross-section

rmining the fused weld metal, the respective total;weld volume, and hence also the hyd
base material, is taken into account. In general,\for a given test sample, H is of the or

n content is required in terms of concentration in the fused metal, it is necessary to meas\
b area of the fused metal and of the deposited metal. These shall be measured on the e

the test piec¢ by using an enlarged tracing or photograph, or an image-analysing microscope, ang

averaging thg

results. Diffusible hydrogen in thefused weld, Hg, in parts per million by mass [ppm], sk

rogen
der of

re the
nds of

then
all be

calculated from the following equation:

Hg = Hp ><O,9><A—D (4)
Ar
where
Hp is the diffusible ydrogen concentration, in millilitres per 100 g, in the deposited weld metal;

Ap is thT average area of deposited weld metal;

Ag is the average area of fused metal.

4.3.6 Reporting of results

All data that are relevant to the interpretation of results shall be reported on the analysis data sheet given in
Table 5 as appropriate for the method. The hydrogen concentration of each individual weld sample shall be
calculated to one or two significant figures (as appropriate). For the purposes of this International Standard,
the average value of the hydrogen concentration of triplicate welds, at a minimum, shall be calculated to the
same number of significant figures and then rounded and reported to the nearest whole number for reporting
in millilitres per 100 g.
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