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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.

res used to develop this document and those intended for its further maintenan

e are

The proced
described in
different typ
editorial rulg

Attention is
patent rights

any patent rights identified during the development of the document will be in the Introduction a

on the ISO lis

Any trade ng
constitute ar

For an expl3
expressions
World Trade
URL: www. i

the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{
es of ISO documents should be noted. This document was drafted in accordanee wi
s of the ISO/IEC Directives, Part 2 (see www. iso. org/directives).

rawn to the possibility that some of the elements of this document may;be the subj
. ISO shall not be held responsible for identifying any or all such patent rights. Det

t of patent declarations received (see www. iso.org/patents).

me used in this document is information given for the conveniéence of users and do
endorsement.

ination on the voluntary nature of standards, the meaning of ISO specific term
related to conformity assessment, as well as informiation about ISO's adherence

Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the foll
50. org /iso/foreword. html.

This docume

Any feedbac
should be di
found at ww

nt was prepared by [IW, International Institiite of Welding, Commission IL.

K, question or request for official interpretation related to any aspect of this docy
Fected to [IW via your national standards body. A complete listing of these bodies ¢
v.iso.org/members.html.

This fourth e
revised. The

an addit

changes

and Table 5.

main changes compared-to-the previous edition are as follows:
onal specimen size D\has been added;

have been madein required diffusion times for high temperature tests, see 5.3.3.4, |

br the
'h the

ect of
hils of

ind/or

S not

s and
to the
wing

iment
an be

dition cancels and replaces‘the third edition (ISO 3690:2012), which has been technifally

NN

T

© ISO 2018 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/iso/foreword.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=5e614661388e91ff0a35e30f3c576922

INTERNATIONAL STANDARD ISO 3690:2018(E)

Welding and allied processes — Determination of
hydrogen content in arc weld metal

1 Scope

This document specifies the sampling and analytical procedure for the determination of diffusible
hydrcgnn in m:\rfnncifihl hainifir’ and ferritic steel weld metal :\ricing from the Mrn]r]ing f such steels

usinglarc welding processes with filler material.

The techniques specified in this document include collection of diffusible hydrogen'via digplacement of
mercliry or collection into a headspace filled with an inert gas such as argon. The amount of hydrogen
colledted is determined by measuring the displaced volume in the former andby, for example, thermal
condyctivity in the latter.

The temperature for collection of diffusible hydrogen is controlled to aveid thermal activjation of non-
diffuqible hydrogen.

NOTE Recommendations and restrictions in regard to older methpds of measurement using glycerine are
given |n Annex B for any comparison work to these older methods,

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For“dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendménts) applies.

ISO 14175, Welding consumables — Gases.and gas mixtures for fusion welding and allied prodesses

ISO/TR 17671-1, Welding — Recommendations for welding of metallic materials — Payt 1: General
guidapce for arc welding

ISO 8P000-1:2009, Quantities\and units — Part 1: General

3 Terms and definitions
No tefms and definitions are listed in this document.

[SO and IECwmaintain terminological databases for use in standardization at the following jpddresses:

et

$0Q-Online browsing platform: available at https://www.iso.org/obp

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

4 Principle

Filler material is deposited on to a standard test coupon in a manner that ensures control of pertinent
variables to produce a representative specimen for analysis. Subsequent storage and handling of the
specimen is controlled to prevent premature loss of hydrogen. Finally, the specimen is transferred to
a gas 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 hydrogen into an evacuated gas burette or into the inert gas headspace, respectively. The
amount of hydrogen 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

© ISO 2018 - All rights reserved 1
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metal enables calculations of diffusible hydrogen in deposited metal, Hp, or diffusible hydrogen in fused
weld metal, Hg, to be made.

NOTE

displacement of mercury or thermal conductivity detection is used for diffusible hydrogen analysis.

5 Test procedures

5.1 Production of weld specimens

Annex C gives information on determination of accuracy of results when a method other than

5.1.1 Sumfmary

The welding
and subsequ

the chilled specimen.

5.1.2 Welding fixture

An example
specified in ]
during weldi
outin a singl
fixture shall
be water-cod
prevent cond

For all weldi
copper foil a
annealing. O
followed by v

g and, in particular, to ensure that unclamping upon compléetion of welding can be c{

consumable to be tested is used to deposit a single weld bead, which is rapidly que
ently stored at -78 °C or lower until analysis. Cleaning and slag removal are-perform

of a suitable welding fixture to provide uniform test pieces for the welding proc
.2 is shown in Figure 1. [t is designed to hold the uniform test pieces securely in aligy

e operation according to the conditions specified in 5.1.4€). The surface temperature
be between ambient and 25 °C above ambient at the start of each test weld. The fixtur

ensation of water on the surface of the fixture between test welds.

ng processes, the test piece assembly is clamiiped in the welding fixture using anr

shown in Figure 1. The foil may be annealed repeatedly and quenched in water afte
kide scale after annealing is removed hypickling with dilute nitric acid (10 % by vo
vashing with distilled water and drying.

hched
ed on

esses
iment
irried
of the
e may

led to decrease the cycle time. The temperature ofthe cooling water shall be controlled to

ealed
" each
lume)

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5e614661388e91ff0a35e30f3c576922

ISO 3690:2018(E)

Dimensions in millimetres

(=g

dst piece assembly per-Figure 2

s

ater cooling jacket(if necessary)

—

gver clamp
pper foildnserts (1 mm x 15 mm minimum x 300 mm)

pper
rbon, steel

W AW N R
O o

(@)

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

5.1.3 Test piece 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 and Table 1 for assembly A, assembly B, assembly
C, or assembly D 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 and Table 1 for the run on and the run off piece represent
minimum values.

© ISO 2018 - All rights reserved 3
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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 5.1.4 d) for evidence of proper clamping.

The centre test piece shall be numbered by engraving or stamping on the opposite side of that used for

welding. The entire test piece assembly shall be degassed at 650 °C + 10 °C for 1 h and cooled in either

a dry inert gas atmosphere or a vacuum. Alternatively, the test piece assembly may be degassed and

cooled in air if the surface oxide layer is removed prior to testing. Degassed test piece assemblies shall

be stored in a desiccator or under other suitable conditions to prevent oxidation of the test pieces. After

numbering and removal of oxide, the mass, m1, of each centre test piece shall be determined to the
D

t 0 1 for accarabliy A ot th o oo £+ 001 cforaccarmbloa D accara bl C o ey
neares ) g TOT o S5SSCHIOTy 17 O tOTthHC T Car St o, o g 10T a5SCoTy D aSsSCoty S O aSSCIoty o~

-

la IC Ih

Key
run on pigce of length I,
run off pigce of length I,
centre teqt piece of length I,
test piecelwidth

S+ o 0 o o

test piecelthickness

Figure 2 — Dimensions of the weld test assembly

Table 1 — Difnensions of the weld test assembly

Dimensions in millimetres

Test assembly I; and Iy Ic e t
Aa >25+50) 80 25 12
B >25 (50) 30 15 10
C =50 15 30 10
D >25 (50) 40 25 12

I3 2 25 mm and I 225/mm: manual metal arc welding

I3 =50 mm and [, =50 mm: other welding processes

a  Identical to the specimen geometry according to AWS A4.3-93.

5.1.4 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 5.2, 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.

4 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5e614661388e91ff0a35e30f3c576922

ISO 3690:2018(E)

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 welding procedure is specified in steps a) to f):

a)

b)

d)

f)

5.1.5

Welding shall be initiated on the run on piece at a point sufficiently distant from the centre test piece

such that a stable arc and a stable deposit shape are achieved before reaching the centr

e test piece.

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.

€r extinction of the arc, the clamp shall be released and the test piece assem
immersed at 4 s + 1 s in an ice water bath. The test piece assembly shall be vigere

Y temoved and

isly agitated

of stirred in the ice water bath. After 20 s * 2 s, the test piece assembly shall\be trjansferred as

quickly as possible and completely immersed in a low temperature bath containing,
ethanol and solid carbon dioxide, denatured alcohol and solid carbon dioxide or liq
fter removal of the specimen from the ice water, ice shall still be present;in the bath.

fter a minimum of 2 min, the test assembly may be removed fromthe low tempera

for example,
pid nitrogen.

ture bath for

cleaning and inspection. All slag and welding fume residue shall be removed by steel wjire brushing.

e run on and run off pieces shall be broken off from the centre test piece. The und

plece shall be examined to assess the uniformity and extentof heat tinting. Properly

clamped test assemblies shall show parallel and uniform heat tinting of the underside

test piece. Dark oxidation shall not extend to the edges.of the underside of the centre

brside of this
aligned and
of the centre
test piece. If

this entire operation is not completed within 60 s, the eentre test piece shall be returnjed to the low

té¢mperature bath for a minimum of 2 min before eompleting these steps.

Centre test pieces may be stored at -78 °C ©or*lower in a methanol and solid carbdn dioxide or

denatured alcohol and solid carbon dioxide\bath for a period of up to 72 h or at -19
nlitrogen for a period of up to 21 days befope analysis.

Fpr purposes of classifying welding ¢onsumables, during welding of the test assembly

2P °Cand 20 % relative humidity:) When the relative humidity, measured using a slin

b °C in liquid

the ambient

hygrometer

apsolute humidity shall be at least 3'g of water vapour per 1 000 g of dry air. (This c<}'responds to

or other calibrated device;equals or exceeds this condition, the test shall be
demonstrating compliance,with the requirements of this document provided the actuz
satisfy the diffusible hydrogen requirements of the applicable consumable classificati
(The measurement 6frelative humidity can be easily converted to absolute humidity
ap such.)

Recording of data

All re]Jevant welding data, as shown on the data sheets, shall be recorded on the approprig

sheet

Reference should be made to the suggested report forms for each welding process d3

Tablep 2,73, and 4). Ambient conditions of temperature and humidity at the time of weldin
recorded and absolute humidity reported with the analytical results.

cceptable as
| test results
on standard.
hnd reported

ite weld data
ta sheet (see
shall also be

5.2 Welding procedures for the production of weld specimens

5.2.1 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 5.1. See 5.2.2 to 5.2.4 for specifications of the
procedures for different welding processes.
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5.2.2 Man

018(E)

ual metal arc welding

5.2.2.1 Electrodes

The covered

a)

electrode to be tested shall be used in one of the ways a) or b).

specified in the standard with which the electrode complies.

b)

For purposes of classification, the electrode and the method of deposition of the weld shall be as

For purposes 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 is 90 % of the

maximu

When a pre
manufacture
average shal

Electrodes W
condition sh

electrodes shall not touch each other or the side of the oven. During any drying-éperation, a calih

oven shall b
Only electro
complete, th
glass tube se

m cnggncfnﬂ hy the manufacturer shallbe used

drying treatment is required, the time and temperature specified by the censu
r shall be used. If a range is given by the manufacturer, e.g. 300 °C to 35073C; thg
be used and reported.

ith cracked or broken coatings shall not be used. Electrodes to be testédin the as req
1l be taken from a freshly opened undamaged package. During any(drying treatmer

e used and the electrodes shall spend the full specified time at\the drying temper
les under test shall be placed in the oven during this time.<When the drying operat
e electrode shall be cooled to ambient temperature in a container, e.g. a dried boros
aled with a rubber bung. The electrode shall be used:as‘soon as possible after it re

ambient tem

erature, but not more than 1 h after removal from.the oven unless securely sealed

mable
n the

eived
1t, the
rated
hture.
ion is
licate
aches
l. Any

electrodes r¢moved from the drying oven and not then used shall not be re-dried and subseqiently

used for the fest.

When electrpdes are to be tested in the as received cofidition from a hermetically sealed cont
the electrodps shall be protected from moisture pickup once the seal is broken, until each c
welded. Somg sealed containers are re-sealable. In*such a case, each test electrode can be withd
individually and the container resealed while.the"withdrawn electrode is welded. If the contai

not re-seala
electrode sh
the electrodd

5.2.2.2 Mg

A copper fix
test piece as
throughput ¢

If the classiffi

covered elec
be 15 Aless t

le, then all of the test electrodes;shall be withdrawn when the seal is broken, and
1l be individually placed in a dried borosilicate glass tube sealed with a rubber bung
is to be used for test.

king the test welds

ure, such as that shown in Figure 1, shall be used for the alignment and clamping
sembly. The figture may incorporate water cooling channels in order to achieve a
f test piecesi&ither test piece assembly A, assembly B, or assembly D may be used.

ication standard is silent on this matter, the following shall apply. The classificat

han‘the maximum or 90 % of the maximum stated by the manufacturer, being maint

rodesis carried out using 4 mm diameter electrodes. In this case, the welding current

ainer,
an be
rawn
ner is
each
until

pf the
faster

on of
shall
ained

within a tol

rance nF +10 A Eor an n]or‘frnr‘n unfh a r‘]amnfnr nF 4 M fho cponr‘ nf urn]ﬂlnn’ sk

1l be

adjusted to produce an 8 g minimum weld deposit on the centre test piece of assembly A,a3 g mlmmum
weld deposit on the centre test piece of assembly B, or a 4 g minimum weld deposit on the centre test
piece of assembly D, 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.

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 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.
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The method of using the welding fixture is specified in 5.1.4. When welding is completed, the weld
specimen shall be quenched and stored as specified in 5.1.4, after which it shall be cleaned and analysed
for hydrogen content as specified in 5.3.

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 possible consistent with
maintaining a steady arc. For all purposes, the details listed in 5.2.2.3 shall be recorded.

5.2.2.3 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
resulfs

5.2.3| Submerged arc welding

5.2.3]1 Electrode wire

The cpnsumable solid or cored wire to be tested shall be used in one of thé ways a) or b).
a) Fpr purposes of classification, the welding parameters shall bé& the same as those used in the
preparation of the all weld metal test assembly for mechanical property determination using
4l mm electrode wire, with travel speed adjusted to provide a deposit mass on thg centre test
piece of 8 g minimum (assembly A), 3 g minimum for the{smaller centre test piece (assembly C),
of 4 g minimum for the smaller centre test piece (assebly D), unless otherwise spé¢cified in the
classification document. Test piece assembly B is not acceptable for submerged arc welds. For all
cpnsumable 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 proceds applied; no
minimum weld deposit sample mass is specifiéd.

b) Fpr purposes of investigation, the electrode wire and welding parameters shall be those given in
the specific welding procedure. The use-of a solid wire that has been degassed in a vaquum or inert
ghs at 650 °C for 1 h facilitates théinvestigation of the effect of welding parameters, and type of
flux and its drying procedure, upon the hydrogen content of the weld.

The afc energy for making the weld is restricted to a maximum of 3 kJ/mm.

5.2.32 Flux
Wher] drying is require€d, the flux shall be dried in one of the ways a) or b).

a) Fpr purposes of classification, drying shall be done in accordance with the requirements of the
standard with which the flux complies. Any preconditioning or drying of the flux shal| be reported
when aiH” designator is affixed to the flux classification.

b) Fpt-purposes of investigation, drying shall be done in accordance with the| appropriate
I €COTMIMENTAAtions.

Approximately 1 kg of flux is required for three welds. Drying shall be done in an open container placed
in a calibrated drying oven set at the correct temperature. Flux depth should be limited in order to
ensure that the entire mass of flux reaches the required temperature.

The flux shall spend the full specified time at the drying temperature and no other item(s) shall be
placed in the oven during this time. When the drying treatment is complete, the flux shall be cooled to
ambient temperature and used immediately. Alternatively, the flux shall be cooled in a sealed container
and stored until required for use. Used flux shall not be recycled.

© ISO 2018 - All rights reserved 7
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Table 2 — Report form (diffusible hydrogen, manual metal arc)

Investigating laboratory: Date:
Investigator's name:
Brand name & electrode maker: Batch No.:

Type of electrode:

Electrode designation:

Diameter of electrode (mm):

Overall length of electrode (mm):

Drying treatment:

°Cfor____h

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

Relative hum

idity % and temperature °C at the welding station during welding

Hydrogen ex{

raction temperature: °C

Hydrogen exf{

raction time: days h min

Type of test p

iece assembly (A or B or D):

Number of te

5t piece:

Voltage, V; a.d

.ord.c.:

Current, A:

Welding time

Weld length,

NIm:

Heat input, k

/mm:

Electrode len

gth used, mm:

Run-on lengt

h, mm:

Mass of depo

bited metal on test piece, g:

Test piece to

Frater distance, mm:

Diffusible hy¢lrogen

1 2 3 Averag

v

a) Hp, ml/10p g of deposited metal:
b) Hp, ppm of fused metal:

Other test details not included above:

5.2.3.3 Mdking the test welds

A copper fixture, such as‘that shown in Figure 1, shall be used for the alignment and clamping pf the
test piece asgembly. The~fixture may incorporate water cooling channels in order to achieve a faster
throughput df test pieces. Either test piece assembly A, assembly C, or assembly D may be used.

The centre piece remains the same size as specified in 5.1.3, but is aligned with longer run oh and
run off pieces'af 50 mm minimum. The preparation, degassing, and use of the test piece assembly are
specified in 5.1.3. 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 welding. No length for the run on portion of the weld deposit is specified, but the
length shall be sufficient to achieve arc and deposit stability before reaching the centre test piece.

8 © ISO 2018 - All rights reserved
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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 5.1.4.

3
Key
1fmm copper foil, of dimensions 35 mm x 300 mm or 37 mm x 300 mm (for flux depth of 25 min)
tdst piece assembly
welding fixture

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

5.2.314 Recording of welding data and results report form

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

Table 3 — Report form (diffusible hydrogen, submerged arc)

Invesfigating laboratory: Date:

Invesftigator's name:
Electfode diameter, mm: Electrode designation:
Flux designation:

Brangl name & electrodenaker: Batch No.:

Brantil name & flux maker: Batch No.:

Flux Jlrying temperature and time: ____°Cfor ____h

Electfode polarity (d.c. +ve, d.c. -ve or a.c.):

Relatjve umidity ____ % and temperature ____°C at the welding station during welding
Hydrpgen extraction temperature: ____°C

Hydrogen extraction time: ____days____h____min

Type of test piece assembly (A or C or D):

Number of test piece: 1 2 3

Voltage, V; a.c. or d.c.:

Current, A:

Welding time, s:
Weld length, mm:
Welding speed, mm/s:

Heat input, k]/mm:

Wire feed speed, mm/s:

Contact tube distance, mm:
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Table 3 (continued)

Run-on length, 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) Hr, ppm of fused metal:

Other test details not included above:

5.2.4 Tubular cored electrode with or without gas shield and wire electrode withgas'shield

5.2.4.1 Filler material

The filler mz[erial 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
preparafion of the all weld metal test assembly for mechanical property determination uging a
1,2 mm Yvire electrode, with travel speed adjusted to obtain a weld deposit mass on the centije test
piece of |8 g minimum (assembly A), 3 g minimum for the smaller centre test piece (assembly B),
or 4 g minimum for the smaller centre test piece (assembly D), unless otherwise specified |n the
classification document. It is well established that diffusible hydrogen results from tubular fcored
electrodps are strongly affected by the electrode extension. Care shall be taken that the cgntact
tip to wqrk distance used for the diffusible hydrogentest is the same as that used in prepariIg the
all weld |metal test coupon for mechanical property determination. For all consumable dianmeters
other thhn the 1,2 mm specified above, the weld deposit sample mass shall be representative of
good wellding practice and appropriate for the diameter and process applied; no minimum| weld
deposit Jample mass is specified.

b) For inveptigation purposes, the filler'material and welding parameters shall be those given |n the
appropriate welding procedure. If a)current range is given by the manufacturer, then the average
shall be pised.

5.2.4.2 Shjelding gas

The shielding gas shall be-of a welding grade as specified in ISO 14175. The shielding gas usef and
gas flow shalll be in acgordance with the appropriate recommendations. Details of the shieldirlg gas
composition|and flow/shall be recorded on the report form. For investigation purposes, if may
sometimes ble necessary to dry the shielding gas in order to remove moisture. If this is done, thén the
moisture corjtentof the gas shall be measured and reported.

5.2.4.3 Making the test welds

A copper fixture 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, assembly B, or assembly D may be used.

The run-on and run-off pieces of the test piece assemblies shall have a minimum length of 50 mm. The
test piece assembly shall be clamped in the fixture using annealed copper foil as shown in Figure 1.

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 and weld deposit masses shall be as specified in 5.2.4.1. The
time spent in deposition shall be noted. The trailing end of the crater shall be on the run off piece, but
at a maximum distance of 25 mm from the centre test piece. No length for the run on portion of the
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weld deposit is specified, but the length shall be sufficient to achieve arc and deposit stability before
reaching the centre test piece.

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 5.1.4.

5.2.4.4 Recording of welding data and results report form

The report sheet given in Table 4 provides full details of all the test variables that pertain to the test
results.

Table 4 — Report form (diffusible hydrogen, MIG, MAG, TIG or cored electrgde)

Investigating laboratory: Date:

Invesgigator's name:

Type ¢f filler material: Drying treatment: ____°Cfor ____h

Filler material designation: Gas cup i.d., mm:

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

Shielding gas:

Shielding gas flow, 1/min:

Electijode polarity (d.c. +ve, d.c. —=ve or a.c.): Details of tungsten electrode, if any :
Make:

Relative humidity ____ % and temperature ____°C at Diameter, mm:

the w¢lding station during welding

Hydrqgen extraction temperature: °C Cone angle:

Hydrqgen extraction time: days h min Designation

Type ¢f test piece assembly (A or B or D):

Numbler of test piece: 1 2 3

Voltage, V; a.c. or d.c.:

Currept, A:

Weldipg time, s:

Weld length, mm:

Weldihg speed, mm/s:

Heat ipput, k]/mm:

Wire deed speed, mi//s:

Contaft tube distahce, mm:

Run-dn length; mm:

Mass pf deposited metal on test piece, g:

Test achta cvatnr dictanen s,
plece-to-erater-distaneemm:

Diffusible hydrogen

1 2 3 Average

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

b) Hf, ppm of fused metal:

Other test details not included above:
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5.3 Measurement of hydrogen in the test weld

5.3.1 General

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 document, displacement of

mercury and

NOTE

thermal conductivity detection.

given in Annex A.
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Dimensions in millimetres

a O | P ‘
b/’E%F— 5& 2

t

a) Two way glass vacuum stopcock b) Side view of bent arm 3,in c)

80

c) Overall view of Y tube

Key

1 29/32 socket

2 29/32 cone

3 afm bent up 452 see Figure 4 b)]
4 spal (flat inside)

5 ecisienbore tube

jsb)

air.

b U vVdLUUIIL,

[}

Straight portion before bend.

NOTE Not to scale.

Figure 4 — Diffusible hydrogen collecting apparatus, Y tube

Following a rinse with acetone and drying in a jet of air, the test piece shall be transferred to the wide
limb of the burette. The two way vacuum 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 piece shall be manoeuvred into position under the capillary
tube by carefully lowering the burette towards the horizontal 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
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the burette is raised to the vertical position and 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 glass 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) thediffusible 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;

c) plastic ¢r rubber gloves should be used at all times when handling mercugy: of mercury
contamihated samples and equipment;

d) any mergury spill should be cleaned up immediately.

5.3.2.4 Anplytical procedure

The test pie¢e shall be maintained at 25 °C = 5 °C, until there is no inctease in calculated hydrogen
volume, corrpcted to standard temperature and pressure (STP), i.e. 0¢Cdnd 760 mmHgY, on successive
days. “No ingrease” can be understood as allowing for a change, over 24 h, of no more than 1| % of
the total voliime collected. The length of the hydrogen gas columin and the head of mercury shiall be
measured uding a cathetometer. Room temperature and atmespheric pressure shall be measured and
recorded. The volume of hydrogen collected, corrected to STP;'V, in millilitres, is given by Formuld (1):

e 27Bx(p—h)mr’c
760%(273+T)x1000

M

where

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

p isthe atmospheric pressurej.in millimetres of mercury;

h isth differential head aPmercury between the two limbs of the Y tube, in millimetres;
r  isthl inside radius‘of the capillary tube, in millimetres;

T isthe room témperature at the time of hydrogen measurement, in degrees Celsius.

When evolutjonhasceased, the test piece shall be removed from the apparatus and its final mass, jny, in
grams, shall b&determined, to the nearest 0,01 g. All the relevant data shall be recorded.

5.3.3 Thermal conductivity detector method

5.3.3.1 General

In general, systems utilizing a thermal conductivity detector fall into one of two types: the first is hot
carrier gas extraction where the specimen is heated at a relatively high temperature (up to 400 °C)
and the diffusible hydrogen is evolved from the specimen and measured continuously. The second
type is where the specimen is loaded into a suitable collection chamber that is heated at a relatively
lower temperature (typically between 45 °C and 150 °C). Quantification of the hydrogen collected is
performed as a separate step, typically utilizing a gas chromatography device.

1) 760 mmHg = 101,325 kPa.
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It is not the objective of this document to specify the several systems that are based on the thermal
conductivity detector (TCD), e.g. gas chromatography or hot carrier gas extraction, that are available
for the measurement of hydrogen in metals. However, it is important to note that any alternative
system incorporating the facility for measuring the hydrogen in weld metal shall provide a proper
correlation, 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, C, or D.

5.3.3.2 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 prush, in good condition, with intermittent periods of cooling. The intervals‘spenf outside the
coolinjg bath during this operation shall not exceed 60 s [see also 5.1.4 d) and 5.1.4-¢)].

5.3.3]3 Test piece loading

The dentre test piece shall be removed from the methanol and solid €drbon dioxide bath, denatured
alcohpl and solid carbon dioxide bath or liquid nitrogen bath and raised to slightly aboje 0 °C. This
can be conveniently achieved by immersing the test piece in water until the ice which fgrms initially
has dptached or melted. The test piece shall be rinsed in acetpohe) dried in an air jet, and |oaded into a
suitalle container for collection of hydrogen. The container shall be purged and filled with an inert gas
such &s argon and isolated from the atmosphere.

5.3.3[4 Measurement method by hot carrier gas extraction

Hydrilgen extraction is accomplished in this procédure within a short period of time (rapid method).
The fnanufacturer's instructions shall be fellowed to operate the equipment. After yarming the
specimen in accordance with 5.3.3.3, it shall be loaded into a suitable container for the|collection of
hydrdgen. The test piece and container.may be heated up to a maximum of 400 °C for measurement
of thq diffusible hydrogen content. Collection and measurement of the hydrogen occurs continuously
until pll of the diffusible hydrogen ‘is quantified. (See footnote to Table 5.) Exceeding the degassing
temperature of 400 °C can leadto:an activation of further hydrogen traps, thus elevating the apparent
diffugible hydrogen results.

5.3.3/5 Measurementmethod for collection and subsequent measurement of hydrogen

After[warming the specimen per 5.3.3.3, it shall be loaded into a suitable container for the collection
of hydrogen. The.container shall be purged and filled with an inert gas such as argon and sealed to the
atmosphere. The container shall be transferred to an oven or other suitable heating device for collection
of hydrogen'per the operating conditions specified in Table 5.

Uponfcampletion of the heating and collection period, the container shall be cooled to roomftemperature
and amatysed—forhydrogemr—thiscamr be—accomptistred—by amatysimgeittrer the—emntire quantity of
hydrogen evolved from the test piece or an aliquot that can be apportioned to the entire quantity. A TCD
shall be used to quantify the amount of hydrogen present in the outgas mixture.

Conversion of the measured value to give the hydrogen volume at STP, Vy, in millilitres, shall be made

using Formula (2):

273 ﬂ

~(273+T) 760 (2)

Vy

where
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p isthe pressure of the measured hydrogen volume, in millimetres of mercury;
V' is the measured volume of hydrogen, in millilitres;
T isthe temperature of the measured hydrogen volume, in degrees Celsius.

The test piece shall be removed from the container, weighed, and the mass, mp, recorded to the nearest
0,1 g for assembly A centre pieces or to the nearest 0,01 g for assembly B, C, or D centre test pieces.

Table 5 — Minimum holding time at a given temperature for complete hydrogen evolution

Minimtn-extractiontiire——Speehnentemperature?
h °C
0,35 400+3
0,4 390+£3
0,5 3603
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 1203
14 115+3
15 1103
18 100+ 3
36 70+ 3
64 50+3
7.2 45+3
a  The temperatures shown above are the temperature of the
specimen,\tot necessarily that indicated by the equipment. Sufficient
calibratief) tests shall be conducted to determine the time necessary
to reaeh'the desired temperature and that the time at temperature is
sufficient to release substantially all of the diffusible hydrogen (see
5.3.2.4).
5.3.4 Calil[ration
The calibrat i i i as hot

extraction system over the working area of interest. The analysis instruments should preferably
incorporate different closed gas calibration units with different volumes. The apparatus shall be
assembled and operated following the instructions of the manufacturer. Depending on the analysis
instrument, a sufficiently long gas flow time shall be 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 adhered to. Checks shall be made at
the start and completion of a series of analyses in order to ensure that no drift has occurred in the
instrument calibration. The interval between drift checks shall not exceed 4 h. The detector shall be
calibrated over the appropriate range of hydrogen. In addition, for the hot extraction method sufficient
calibration tests shall be conducted to determine the time necessary to reach the desired temperature
shown in Table 5 and that the time at temperature is sufficient to release substantially all of the
diffusible hydrogen (see 5.3.3.4).
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5.3.5 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 R2 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.

5.3.6] Calculation and expression of results

5.3.6J]1 Diffusible hydrogen in deposited metal, Hp

The yolume at STP of diffusible hydrogen in deposited metal, Hp, in millilitres per 100 g, shall be
calculated from Formula (3):

100
mz —my

wher¢

VkTp  is the volume of hydrogen gas at STP, in milljlitres,
n2 is the final mass of the test piece with deposited metal, in grams;

m is the initial mass of the test piece, in grams.

5.3.6{2 Diffusible hydrogen in fused weld metal, Hr

In ordler to assess the diffusible hydregen content in a welded joint, it is necessary to determine the
diffuqible hydrogen in the fused weld metal. In the calculation of the diffusible hydrogenniLn fused weld
metal, not only the deposited nietal is considered, but also the fused portions of the base npaterial.

Thus,| in determining the(fused weld metal, the respective total weld volume, and hence also the
hydrqdgen pickup in the base material, is taken into account. In general, for a given test sample, Hr is of
the offder of 50 % of Hp:

Ifthe hydrogen contentis required in terms of concentration in the fused metal, itis necessaiy to measure
the cijoss-sectional area of the fused metal and of the deposited metal. These shall be megsured on the
ends pf the test piece by using an enlarged tracing or photograph, or an image-analysing microscope,
and thendaveraging the results. Diffusible hydrogen in the fused weld, Hf, in parts per million by mass
[ppm], shall be calculated from Formula (4):

A
Hy :Hon,9><A—D 4)
F

where
Hp  isthe diffusible hydrogen concentration in the deposited weld metal, in millilitres per 100 g;
Ap  isthe average area of deposited weld metal [see Figure 5 a)];

Ar  isthe average area of fused metal [see Figure 5 b)];

0,9 isthe conversion factor to change ml/100 g to ppm.
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a) Ap - average area of deposited weld metal

b) Af - average area of fused metal

Figure 5 — Deposited weld metal and fused metal
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