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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 comm|ttees Each member body interested in a subJect for WhICh a techmcal committee has been

established
non-gove
Internatio

Internatio
The mai
adopted py the technical committees are circulated to the member bodies for voting Publication as an

Internatio

In other
technical [committee may decide to publish other types of document:

An ISO/HAS or ISO/TS is reviewed after three years*in order to decide whether it will be confirmed for|a
further thyee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS [is
confirmed, it is reviewed again after a further three years, at which time it must either be transformed into gn
Internatignal Standard or be withdrawn.

Attention|is drawn to the possibility that'some of the elements of this document may be the subject of patent
rights. ISP shall not be held responsible for identifying any or all such patent rights.

ISO/TS 1p011-6 was prepared) by Technical Committee ISO/TC 44, Welding and allied processe
Subcommittee SC 9, Health-and safety.

ISO 15011 consists of~the following parts, under the general title Health and safety in welding and allied
processes — Laboratory method for sampling fume and gases:

and
nmental, in liaison with 1SO, also take part in the work. 1SO collaborates closely W|th tre
al Electrotechnical Comm|SS|on (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of technical committees is to prepare International Standards. Draft International Standargs
al Standard requires approval by at least 75 % of the member bodies casting-a vote.
ircumstances, particularly when there is an urgent market requirement for such documents, |a

O Publicly Available Specification (ISO/PAS) represents an agreement between technical experts jn
O working group and is accepted for publication if it is approved by more than 50 % of the members

an |
an |

6O Technical Specification (ISO/TS) represents an agreement between the members of a technical
ittee and is accepted for publication if it is approved.by 2/3 of the members of the committee casting

»

Part [1: Determination of fume emission rate during arc welding and collection of fume for analysis

Part Pt“Determination of the emission rates of carbon monoxide (CO), carbon dioxide (CO,), nitrogen
monoxide (NOJ and nitrogen dioxide (NO,) during arc welding, cutting and gouging

Part 3: Determination of ozone emission rate during arc welding
Part 4: Fume data sheets

Part 5: Identification of thermal-degradation products generated when welding or cutting through products
composed wholly or partly of organic materials using pyrolysis-gas chromatography-mass spectrometry

Part 6: Procedure for quantitative determination of fume and gases from resistance spot welding
(Technical Specification)

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=5432df6a132a3f16a81a36c59847a107

ISO/TS 15011-6:2012(E)

Requests for official interpretations of any aspect of this Technical Specification should be directed to the
Secretariat of ISO/TC 44/SC 9 via your national standards body. A complete listing of these bodies can be

found at www.iso.org.
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Introduction

Welding and cutting activities generate fume and gases which can be harmful to health and should be
controlled within the limits laid down by regulations.

Determingtiorroftheparticte size distributiomarnd-thequatitative amatysis(metatticand-organic fractiomand;
possible, [speciation) of the dust collected are part of the current practices in human health risk assessment!

if

In additign, determination of the emission rate of fume and gases is essential for a properi“hazafrd
charactenjzation (qualitative and quantitative analysis).

Emission| rates cannot be used directly to assess the welder's exposure, but it is expected that materiagls
giving low emission rates will result in lower welder exposures than materials with high emission rates used |in
the same|working situation.

vi © 1SO 2012 — All rights reserved
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Health and safety in welding and allied processes — Laboratory
method for sampling fume and gases —

Part ©:
Rrocedure for quantitative determination of fume and gasels
from resistance spot welding

11 Scope

This part of ISO 15011 provides guidance on determination of emission rates of fume and gases generated by
pot welding of uncoated and coated steel sheets, expressed as the quantity of pollutants per spgt weld. It
bscribes the test principle and considers methods for sampling and analysis.

Q n

This part of ISO 15011 can be used for determining the influence) of the type of material, the coating system,
nd the material thickness on the possible generation of fume’and gases when using a fixed combjination of
ectrodes, welding equipment, and testing conditions.

D Q

The data generated can be used by product manufagturers to provide information for inclusion in safety data
shheets and by occupational hygienists to evaluate\the significant substances emitted by spot weld|ng in the
performance of risk assessments and/or workplace‘exposure measurements.

2| Normative references

The following referenced documents are indispensable for the application of this document. Hor dated
rdgferences, only the edition cited applies. For undated references, the latest edition of the r¢ferenced
dpcument (including any améndments) applies.

30O 7708, Air quality —Patrticle size fraction definitions for health-related sampling

30 15011-5, Health’and safety in welding and allied processes — Laboratory method for sampling fume and
gases — Part 5) Identification of thermal-degradation products generated when welding or cutting through
pfoducts cofpposed wholly or partly of organic materials using pyrolysis-gas chromatography-mass
spectrometry

IO 16609-5, Specification and qualification of welding procedures for metallic materials —| Welding
procedure specification — Part 5: Resistance welding

ISO 15767, Workplace atmospheres — Controlling and characterizing uncertainty in weighing collected
aerosols

ISO 18278-2:2004, Resistance welding — Weldability — Part 2: Alternative procedures for the assessment of
sheet steels for spot welding

CEN/TR 14599, Terms and definitions for welding purposes in relation with EN 1792

CEN/TR 15230, Workplace atmospheres — Guidance for sampling of inhalable, thoracic and respirable
aerosol fractions

© 1SO 2012 — All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in CEN/TR 14599 and the following apply.

31
gas
thermal degradation substance generated when welding and sampled in the gas phase

3.2

welding spatter
exit of mglten metal from the overlapping area between the sheets and characterized by flying sparks and/pr
by plumes in the overlapping area emanating from the solidified weld nugget

NOTE The solidified weld nugget can be examined for signs of weld spatter by destructive testing.

3.3
surface gpatter
exit of mplten metal occurring in resistance spot welding at the contact area between electrode and shept
surface

NOTE Surface spatter is visible to the eye and can often be recognized after welding,by means of a remaining dark
trace of regidues on, and/or light formation of plumes at, the sheet surface.

4 Principle

Fume anf gases generated by resistance spot welding are extracted into a sampling chamber in order fo
determinI the amount of dust generated. According to the principle of sedimentation, coarse particles afe
separated and the airborne particles are collected on a preweighed filter, which is then reweighed. The fume
can then pe chemically analysed, if required.

In order tp determine the gaseous components, the(emissions are collected in a fume box, then sampled and

quantified in an appropriate manner. Identification of any thermal degradation products of occupational
hygiene gignificance are undertaken in accordance with ISO 15011-5 prior to the welding test.

5 Apparatus

5.1 Repistance spot welding: equipment. Refer to ISO 15609-5 for information and guidance @n
approprigte resistance spot welding equipment and resistance spot welding conditions.

5.2 Eqpipment for determination of fume emission rate.
5.21 elding chamber for determination of fume emission rate. See Annex A.

5.2.2 ampler.

5.2.21 Inhalable sampler, designed to collect the inhalable fraction of airborne particles, as defined in
ISO 7708, with a high enough design flow rate to extract all the fume generated without loss on to the walls of
the welding chamber.

5.2.2.2 Respirable sampler, designated to collect the respirable fraction of airborne particles, as defined
in ISO 7708, with a high enough design flow rate to extract all the fume generated without loss on to the walls
of the welding chamber.

5.2.3 Filters, with a suitable pore size, e.g. 8 ym, and of a diameter that is compatible with the sampler
(5.2.2). Refer to ISO 15767 for guidance on selection of filters when carrying out gravimetric measurements.

2 © 1SO 2012 — All rights reserved
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5.2.4 Adaptor, for connecting the welding chamber to the sampler, having an airtight fit in order to prevent
outside air being entrained into the chamber.

5.2.5 Balance, accurate to +0,01 mg, for preweighing and reweighing test filters.

5.3 Equipment for determination emission rates of gases.

5.3.1 Welding chamber for determination emission rates of gases shall be large enough to contain the
emitted gases during welding and shall not be constructed using materials which could emit organic gases on

heating. The chamber shall be equipped with a number of suitable ports through which the emitted gases can
b¢ sampled.

Ah example of a welding chamber for determination emission rates of gases is given in AnnexB.

N

3.2 Sampling lines, consisting of tubing connecting the sampling points and the pumps or equipment for
measuring gas concentration.

The sampling lines shall have a diameter <10 mm, be as short as practicable; and shall incorporgte a dust
lter, mounted in a suitable filter holder, placed as close as possible to the sampling point in order tp prevent
ist from entering the sampling line.

o =

[3))

3.3 Direct-reading apparatus for measuring carbon monoxide {CO) is based on one of the|following
inciples:

©

— dispersive infra-red absorption and non-dispersive infrazred absorption, used with or withouf filters to
reduce interference from carbon dioxide;

—+ diffusion of CO through a semi-permeable membrane at a rate proportional to the concentration| followed
by electrochemical oxidation of the gas at a potential-controlled electrode and measuremegnt of the
current produced.

5[3.4 Equipment for sampling volatile.organic compounds (VOCs), e.g. Tenax') tubes.

3.5 Equipment for sampling”’ aldehydes and other carbonyl compounds, e.g.
4-dinitrophenylhydrazine (DNPH) tube.

N O

513.6 Equipment for sampling polycyclic aromatic hydrocarbons (PAHSs), e.g. XAD-21) tube.
5[3.7 Equipment forsampling phenols, e.g. XAD-7") tube.

3.8 Equipment”) for sampling isocyanates, e.g. glass-fibre filters impregnatgd with
(2-pyridyl)piperazine.

- O

6| Procedure

6 4+—Preparation-of-testpieces

Prepare strips of the material to be tested, having a width of 50 mm and a length which is sufficient to ensure
a minimum of 100 spot welds can be performed at a welding frequency of 20 spots/min with a spot weld
distance of 30 mm. If necessary, join two or more strips to produce a test piece of sufficient length.

1) Example of a suitable product available commercially. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by ISO of the product named.

© 1SO 2012 — All rights reserved 3
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6.2 Set up of welding equipment

Set up the resistance spot welding equipment (5.1) to weld together two test pieces (see 6.1) within the
welding chamber, with the spot welds centrally placed at a spot weld distance of 30 mm. Use the welding
chamber described in Annex A for determination of fume emission rate or as described in Annex B for
determination of emission rates and gases.

In order to ensure good contact between the electrode and the test piece, condition the welding electrodes by
performing 20 welds. Carry out this conditioning of the electrodes using sheets of soft, deep-drawing steel
without layer or coating, having the same thickness as the material under test.

6.3 Selection of welding parameters
Set the welding parameters for emission measurements as given in Annex C.

Set the welding current so the spot diameter, in millimetres, is approximately 4,5Vt, where 1i§ the thickness pf
the matetlial under test, in millimetres. If spatter occurs, set the welding current 500 A below this value.

NOTE 1 Setting the current to produce a test spot diameter of approximately 4,5\r avoids most spatter, which |is
necessary|for reproducible emission rate measurements.

NOTE 2 | Guidelines on the measurement of spot weld diameters for peel and shear fracture are contained [in
ISO 14329121

Ensure that the welding time is sufficiently long to overcome electrode“bounce effects and setting inertia, in

order thaj the pressure on the electrodes reaches a minimum of 95.% of the nominal value before the current
is flowing

6.4 Fume emission rate

6.4.1 Selection and use of sampler

Use eithgr inhalable samplers (5.2.2.1) or respirable samplers (5.2.2.2), according to which size fraction |is
applicablé to the limit values of interest, e.g/for'manganese.

Use the §amplers at their design flow rate, in accordance with the specifications given by the manufacturer, jn
order thaf they collect the intended fraction of the airborne particles.

Refer to CEN/TR 15230 for guidance on suitable samplers.

6.4.2 Connection of sampler to the welding chamber

Connect the samplef((5.2.2) to the welding chamber (see Annex A) using the sampling line (5.3.2) and the
adaptor (9.2.4).

6.4.3 Sfmpling

Before sampling, mark, condition, and preweigh the filter to be used for sampling (see 6.4.5.1).

Subject the material under test to a minimum of nine series of 100 spot welds, cleaning the welding chamber
after each test and replacing the electrode caps after every 300 spot welds. Remove, condition, reweigh, and
replace the test filter after completing each series (see 6.4.5.1). If there is shut-down of the pump or clogging
of the filter, terminate sampling with fewer than 100 spot welds completed.

If welding spatter occurs during sampling (material discharge), the test is invalid, so reject the filter.

NOTE The generation of welding spatter increases fume emission.

4 © 1SO 2012 — All rights reserved
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If surface spatter occurs, document its occurrence, but do not reject the filter, as the test is still considered

valid.

If necessary, perform additional tests to obtain at least six valid measurements, which is the
necessary for satisfactory counting statistics.

6.4.4 Blank test

Collect a sample blank by performing a test similar to that described in 6.4.3, but without making we
air through the filter for a time which corresponds to that taken to carry out a series of 100 spot welds

6/4.5 Analysis
6/4.5.1 Gravimetry

Determine the mass of fume collected on each filter from the difference in mass beforejand after sam
divide by the number of spot welds made to express the result in milligrams per spetweld.

Refer to ISO 15767 for controlling and characterizing errors in weighing collected aerosols.

bfore each weighing, condition the filter for 48 h with a temperature maintained constant to within
e relative humidity to within £5 %.

5 O

n order to compensate for possible environmental variations during weighing or conditioning of filterg
syitable number of reference filters, which are not being used for the measurement, during each

ighing. Apply a correction to all test results to account for the average difference in mass of the
filkers between the initial and final weighings.

Spbtract the result of the sample blank test from_the result of the emission measurements to corre
cljoss-contamination from the welding chamber;

6{4.5.2 Determination of the metal in the fume

flinformation about the compositian jof the fume is required, especially with respect to the pres
concentration of hazardous metals, analyse the fume using an appropriate technique.

REfer to ISO 15202-2[3] for-sampling dissolution, 1ISO 15202-3[4 for analysis by inductively coupled
afomic emission spectrometry and ISO 30011[6] or analysis by inductively coupled plasma-mass spe

6/5 Emission rate of gases

6J/5.1 Preparation for sampling

m

hsure_that the welding chamber is clean before use. Wipe the internal surfaces of the welding cha
cloth Wetted with a suitable solvent, e.g. acetone, and ensure that all traces of the solvent have g
pfore welding.

O QO

minimum

Ids. Draw

pling and

2 °C and

, weigh a
series of
reference

ct for any

ence and

plasma —
ctrometry.

mber with
issipated

Fit the welding chamber with appropriate sampling systems, according to the type of analyses to be performed.
Select the specific sorbent tubes or filters to be used (5.3.3 to 5.3.8) using the results of pyrolysis performed

on the coating present on the test piece surface using the method specified in ISO 15011-5.

NOTE Examples of gases that can be generated by resistance welding of organic coated materials are:
— volatile organic compounds (VOCs), including 1,3-butadiene, some aldehydes and carbonyl compounds;
— polycyclic aromatic hydrocarbons (PAHs);

— phenols;

— isocyanates.

© 1SO 2012 — All rights reserved
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In all cases, connect the chamber to direct reading apparatus for measuring CO, as CO concentration is
monitored throughout sampling to correct the measured concentration of gases for leakage from the welding

chamber.

6.5.2 Sampling

Carry out

50 to 100 spot welds and then close the entrance and exit slits in the front and back panels of the

welding chamber with their lids. Collect samples of the gases to be measured for 30 min. Measure the
concentration of CO during the first 2 min of sampling and then again between 13 min and 15 min and finally
between 28 min and 30 min of sampling.

Repeat th

6.5.3 B
Collect b

through 1
100 weld

6.54 A

Analyse the components according to published recommended analytical methods for the determination pf

hazardou
7 Calc

71 En

For each
following

me A

mpg F

Msp

where

e test three times, flushing the welding chamber with compressed air between each test.

ank test
ank samples for each gas by performing a test similar to 6.5.2, but without making ‘welds. Draw air

he sorbent tubes/filters for a time corresponding with the time needed to carry out a series pf
ng points.

nhalysis

S substances in workplace air.
culation method

ission rate of dust

of the three tests carried out, calculate the amount of dust per spot weld, in micrograms, using the
equations.

Zmreﬂ

meq = Mg
Zmrefo

Zmreﬂ

mpq —mpgo
Zmrefo

F IME —ng

mg

= 1,000
asp

asp

mpg

mpo

mp1

mg

is the number of spot welds;

is the mass of dust on the blank filter, expressed in milligrams;

is the mass of blank filter before the test, expressed in milligrams;

is the mass of the blank filter + mass of dust from the blank test, expressed in milligrams;

is the mass of dust emitted during welding, expressed in milligrams;

© 1SO 2012 — All rights reserved
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mg is the mass of dust on the measurement filter, expressed in milligrams;
mEq is the mass of the measurement filter before the test, expressed in milligrams;
ME1 is the mass of the measurement filter + mass of dust after the test, expressed in milligrams;

ZmrefO is the sum of the reference filter masses before the test, expressed in milligrams;

meﬂ is the sum of the reference filter masses after the test, expressed in milligrams;

mgp is the amount of dust per spot weld, expressed in micrograms per spot weld.

Chlculate and report the average of the three test results.

7|12 Emission rate of gases

For each of the three tests carried out, calculate the concentration of gas perspot weld, in micrograms, using
the following equations.

The mass of gaseous compound on the sorbent tube or filter emitted\during welding, m, in micrograms, is
given by:

m = mg —mb
where

my, is the mass of gaseous compound on the blank value sorbent tube or filter, in micrograms;

m, is the mass of gaseous compound on-the measurement sorbent tube or filter, in microgramg,.

g

The mass of gaseous compound on, the~sorbent tube or filter taking the monitored CO concentrption into
agcount, g4 IN Micrograms, is then.given by:

$co,0
?co,av

Mregcalc =M

where

Pco.av Isthesaverage concentration of CO monitored over the entire sampling period, in micrglitres per
litre (ppm by volume);

Pop,0. IS the initial concentration of CO monitored in the first 2 min of sampling, in microlitres per litre
(ppm by volume).

The concentration of gaseous compound adjusted for the measured CO concentration, p,gcqc: IN MICrograms
per cubic metre, is then given by:

Procale = Mrecalc
recalc =
V.

air

where 7,

air 1S the volume of air sampled after welding during 30 min, in litres.

© 1SO 2012 - All rights reserved 7
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The concentration of gaseous compound per spot weld, pgp, in micrograms per cubic metre per spot weld, is
then given by:

_ Precalc

Psp
bsp

where bgp is the number of spot welds.

Finally, the mass of the gaseous compound per spot weld, mgp, in micrograms per spot weld, is given by:

Psp V
mgp|= 2o

1000

where Vi the volume of the welding chamber in litres.

Calculatetand report the average of the three test results.

8 Dodumentation
The documentation shall contain at least the following information:

a) matgrial:

— gl essential information for the identification of the material under test such as identification number,
marks of quality, sheet thickness, type of surface and thickness, type identification of the surface pr
composition of the coating system including associated charge numbers, type and amount of oil or pf
he surface after treatment, if applicable,

— ¢leaning methods for the material, if applicable;
b) details of the welding chamber;
c) data pn welding equipment and welding patameters:

— {ype of machine,

— type of current (a.c./d.c.),

— g¢urrent polarity, if applicable,

— height of r.m.s. cdrfent for obtaining the test spot diameter (4,5V1),
— ¢ontrol mode_(phase control/constant current mode),

— electrodexforce,

—  $queeze time,

— welding time,
— hold time,

— interval time, if applicable;

NOTE Sample documentation of welding parameters is given in Annex C.

8 © 1SO 2012 — Al rights reserved
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d) dust sampling:
— details of the filters,
— consecutive numbering of the filters,
— number of spot welds per filter,
— number of occurrences of surface spatter per filter,

— number of occurrences of weld spatter (having caused rejection of filters), if applicable,

— dust emission per spot weld for each filter,

— mass per spot weld for each element measured, if applicable;

NPTE An example of the sampling test report is given in Annex D.

e] gas sampling — emission per spot weld for each gaseous compound measured:
9| Testreport

The test report shall contain at least the following information:

a) areference to this part of ISO 15011 (ISO/TS 15011-6:2012);

b) the name and address of the product manufacturer or supplier;

2]

the type of product and/or the trade name of the praduct tested;

d]) the test results, as documented in Clause 8, to:the extent required by the customer.

© 1SO 2012 - All rights reserved 9
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Annex A
(informative)

Examples of designs of fume box

A.1 Use a welding chamber as shown in Figures A.1 to A.4. The opening of the tube where the strip is
Introducn mav_ha closad - byv o nolvumar can ac wwall ta facilitata tha ~aidinag of tha ofrin 1n that ~acq  the
a6t BYy—a—pPorye—eap—aS—Wem—to—Iathitate—e—gtiaih g—o—e—StHp—h—tat —thC

opening [n this cap should be significantly bigger, as shown in Figure A.4, to maintain the proper air‘flgw
direction.

—

A.2 Thg welding chamber is a cylindrical glass tube with an internal diameter of (70 + 1) mm. Durihg the tes
the metal| strips to be welded are guided through this tube. The chamber encloses the welding electrodes and
has side prms top and bottom with threaded-rubber or PTFE joints which seal against the electrode shanks.
On one s|de of the tube is an opening for connecting the sampler.

A.3 The flow through the welding chamber is such that air enters by the tube end‘nearest to the electrodes
passes the welding point, and exits through the side opening to the sampler (see.Figure A.1).

A.4 The¢ end through which the test strip leaves the tube is closed, to the extent possible, by a cap to reduge
air ingresp; in its centre, the cap contains a horizontal slot through which the test strip is guided.

2
1 \
N P \
o o o o o|lo o o o -— 4
3
a
Key
1 polynper cap with sealing
2  electjodes
3  opening for.attachment of sampler
4  weldihg direction

Q

Air flow-

Figure A.1 — Schematic diagram of the welding chamber for
determination of fume emission rate
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N
Figure A.2 — lllustration of the welding chamber for determination of fi e
emission rate using a respirable sampler Q’\
2
9
1
2
8
£
7
Kby N\
1] welding machine O
2| welding chamber .
3| lead-through of me\@sheet
4 metal sheet %
5| connectin Q&Qa inlet
6| adapt %‘
7 fiIteréQort
8 s@ pling head with filter support and connection of pump
9 PG
Figure A.3 — lllustration of a test set-up for determination of fume emission rate

using a respirable sampler
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Dimensions in millimetres

Figure A.4 — Design specification for-the welding chamber for
determination of fume rate
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Annex B
(informative)

Example of a welding chamber for determination of the
emission rate of gases

polycarbonate) windows.

The welding chamber is constructed with slits in the front and the back, through which the test pie
[see Figure B.1 b)]. The height and the width of these slits are large enough to enable;welding of test
different thicknesses and widths. The test piece, in the form of a strip, is manually*moved through th
alguide, and for this reason, the maximum feasible length of a test piece is 1,2/ n1.

The gap between the top and the bottom of the slits and the test piece is:minimized during welding
ol brushes [see Figure B.1 b)], both at the front (entrance of the test piece) and the back (exit of the t
The entrance and exit slits in the front and back panels of the welding chamber are closed after w
eans of lids attached to the welding chamber. The holes through/which the electrodes pass into th
chamber are sealed in such a way that leakage of emitted gases\from the chamber is minimized.

nere are four positions at the back of the welding chamber for connection of 37 mm filter cassq
ameter of the sampling positions are a little smaller-(39’mm) in order to prevent any leakage of gag
nd after welding.

Q —

Q

:2012(E)

on of the
a length
glass (or

bce is fed
pieces of
e slits on

Dy means
bst piece).
elding by
e welding

ttes. The
es during
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Key
1  brush
2 lid (infopen position)

N
3 test piece guide QQ

Key

1 dust filter

2 feeding slit (closed with lid)
3 sampling line

4  electrodes

b) During sampling (after welding)

Figure B.1 — Examples of a welding chamber for gas analysis
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