[@)ev-ne |

Research

Jolanta Matusiak, Joanna Wycislik

Assessment of fume and chemical hazard in work
environment during welding and braze welding of various
construction materials by innovative methods

Abstract: It has been presented selected results of investigations oriented on
identification, analysis and assessment of fume and chemical hazard which occur
during application of innovative methods of joining various construction ma-
terials as well as on disclosure of the possibility of optimization of these meth-
ods in respect of the improvement in work conditions and the increase in work
safety during fabrication of welded structures in different industrial branches.
The results of the project “Assessment of fume and chemical hazard in work en-
vironment during joining various construction materials by innovative methods
as the action supporting the formation of safe work conditions” executed under
the Long-term National Programme “Improvement in safety and work condi-

tions” have been given as well.
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Introduction

Occupational safety and health protection
are now priorities accompanying the industrial
implementation of innovative welding technol-
ogies and the improvement of traditional tech-
nologies commonly used in the production of
welded structures. During welding, braze weld-
ing and pressure welding various harmful fume
and gas pollutants are emitted to a work envi-
ronment. Workers are also exposed to physical
hazards such as excessive noise, harmful opti-
cal radiation and electromagnetic fields. Par-
ticularly hazardous for the health of workers
are processes in which corrosion resistant steels

are welded. Chromium and nickel compounds
present in welding fume belong to substances,
the carcinogenic effect of which has either been
proven or considered highly probable. Recent
years have seen the common use of protective
coated steels in many industries. Anti-corro-
sive protective coatings applied as films con-
tain metals and organic substances. Sheets used
in the automotive industry are provided with
zinc coatings or coatings made of zinc alloys as
well as alloys of other metals. Such materials are
usually welded, weldbrazed and pressure weld-
ed. Joining processes are accompanied by emis-
sions of fumes having a high zinc content or
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chemical compounds belonging to the group of
aromatic hydrocarbons. After penetrating the
human organism, these substances may cause
poisoning or a variety of occupational diseases.

The need to create safe work conditions dur-
ing industrial welding and allied processes has
caused Instytut Spawalnictwa to become in-
volved in the research within the long-term
programme ~Improving Occupational Safety
and Work Conditions” financed and carried
out in Poland in the years 2011-2013 within the
scope of research and developmental works
by the Ministry of Science and Higher Educa-
tion/National Centre for Research and Devel-
opment. The Programme Coordinator is the
Central Institute for Labour Protection — Na-
tional Research Institute. Instytut Spawalnict-
wa is executing an independent project entitled
“Assessment of Chemical, Fume and Physi-
cal Hazards in the Work Environment Relat-
ed to Innovative Methods for Joining Various
Structural Materials as an Activity Supporting
the Assurance of Safe Work Conditions” The
first stage of the project was concerned with
the assessment of hazards in a work environ-
ment during low-energy arc welding and braze
welding of corrosion-resistant steels and coated
steel sheets [1]. Experimentation in the scope
of chemical and fume hazards included the
measurements of fume and gas emissions as
well as the analysis of the chemical composi-
tion of welding fume during cmT (Cold Metal
Transfer) and ColdArc welding and braze weld-
ing of corrosion-resistant steels and steel sheets
provided with anticorrosive protective coat-
ings. The second stage of the project was con-
cerned with hazards in the work environment
during resistant welding, friction stir welding
and ultrasonic welding and vibration welding
of various structural materials [2]. The scope
of laboratory tests regarding chemical and
fume hazards included tests of the emissions
of fumes, gases (co, NO,) and organic com-
pounds during spot resistance welding of pro-
tective-coated steel sheets, phase identification
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and the quantitative phase analysis of fumes
formed during welding of steel sheets provid-
ed with protective coatings.

This article presents the selected results of
tests focused on the identification, analysis and
assessment of chemical and fume hazards ac-
companying the use of innovative methods for
joining structural materials as well as the op-
timisation of these technologies in relation to
the improvement of work conditions and oc-
cupational safety during welding of structures
in various industries.

Emissions of fumes and gases and
chemical composition of fumes

during CMT and ColdArc welding
corrosion-resistant steels

Emissions of fume and gas pollutants were
tested for cmT and ColdArc gas-shielded arc
welding with a limited energy input to a joint.
In order to obtain results representative of
base metals used presently in various indus-
tries it was necessary to carry out tests on two
corrosion-resistant steel grades, i.e. austenit-
ic steel X5CrNil8-10 and chromium ferritic
steel X6Cr17. Allowing for the necessity to se-
lect the type of shielding gas in accordance with
production practice and recommendations
of electrode wire manufacturers, a welding
arc was shielded by gas mixtures character-
ised by various oxidation rates. The range of
shielding gases tested has enabled the assess-
ment of the impact of shielding gas composi-
tion on the amount and chemical composition
of emitted pollutants. The tests of fume and
gas emissions and the analyses of the chem-
ical composition of fumes during welding of
stainless steels were carried out for 4 various
values of current-voltage parameters, filler wire
feeding rates and welding rates. The enumerat-
ed technological parameters were selected for
all unitary measurements having in view joint
(overlay weld) aesthetics, absence of overlay
weld reinforcement and the elimination of po-
rosity (elimination of welding imperfections).
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Emission-related (nitrogen and carbon ox-
ides) test results and the results of the analy-
ses of fume chemical compositions enabled a
comparative analysis aimed to determine the
correlation between the material-technologi-
cal parameters of the processes and variables.
The analyses were concerned with the impact
of welding method, current-voltage param-
eters, shielding gas composition and a base
metal type/grade on the (size of) emission of
fumes, nitrogen and carbon oxides as well as
on contents of various chemical components
in fume [1].
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the emission of carbon oxide by approximately
60% if compared to co emission levels obtained

during ColdArc welding (Fig. 3). The test results

have demonstrated that as far as the emission of
pollutants into a work environment is concerned,
cMT welding of stainless steels is considerably
more advantageous. A stable arc, small number
of spatters and lower gas and fume emissions

make the Cold Metal Transfer method recom-
mendable in terms of the improvement of work
conditions during welding sheets made of cor-
rosion-resistant steels.
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of cMT (Cold Metal Transfer) method is
connected with significantly lower emis-
sions of fumes, NO, and co in compar-
ison with emissions accompanying the
use of the ColdArc method [1]. The emis-
sion of fume during cMT welding of an
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Fig. 2. Emission of nitrogen oxides during cMT and ColdArc welding of

7 chromium ferritic steel using 98%Ar+2%0, shielding gas [1]
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Fig. 3. Emission of carbon oxide during cmT and ColdArc welding of

chromium ferritic steel using 97.5%Ar+2.5%COz2 shielding gas [1]
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Effect of shielding gas composition on
emission of pollutants during CMT
and ColdArc welding of corrosion-
resistant steels

Testing the size of emissions during weld-
ing of the austenitic steel involved the use of
argon and two mixtures, i.e. 98% Ar + 2% O,
and 97.5% Ar + 2.5% CO, as shielding gases. In
turn, emission-related tests during welding of
the chromium ferritic steel involved the use of
four gas mixtures varying in oxidation proper-
ties. The following shielding gases were used:

- 98% Ar + 2% O,,

- 975% Ar + 2.5% CO,,

82% Ar +18% CO,,

90% Ar + 5% CO; + 5% O,.

The test results confirmed the existence

of a correlation between the size of fume

and gas emissions and the type of shielding

gas [1,3,4]. During cMT and ColdArc weld-

ing of the austenitic steel the highest fume

emission accompanied the use of pure argon.

During the comparison of the gas mixtures

it was observed that a greater fume emission
was connected with the use of the mix-

ture 97.5%Ar + 2.5%CO,. A particular-

ly visible effect of this gas on the size of

fume emission accompanied ColdArc

welding of the austenitic steel (Fig. 4).
Lower fume emission indicators char-

acterised the use of an argon + oxygen
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Fig. 4. Effect of shielding gas composition on fume emission

during ColdArc welding of austenitic steel [1]
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Fig. 5. Effect of shielding gas composition on nitrogen oxide

emission during CMT welding of austenitic steel [1]
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Fig. 6. Effect of shielding gas composition on carbon oxide

emission during CMT welding of austenitic steel [1]
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gas mixture can be ascribed to the fact
that the main source of carbon oxide
during gas-shielded arc welding is the
shielding-forming carbon dioxide. As
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a result of the thermal dissociation of CO,

(2C0O,> 2CO + 0O,), carbon oxide is emitted

to a work environment.

During cMT and ColdArc welding of the

chromium ferritic steel the lowest fume emis-
sion was observed when the 97.5%Ar+2.5%-

CO, and 98%Ar+2%0, mixtures were used

as shielding gases. A significant (2-3
times) increase in fume emission was
observed for the 82%Ar+18%CO, shield-
ing gas and the 90%Ar+5%C0O,+5%0,
triple-component shielding gas (Fig. 7).
The 82%Ar+18%CO, gas mixture re-
duced the emission of nitrogen oxides;
during welding the X6Cr17 steel this
mixture was characterised by the low-
est NO, emission indicators (Fig. 8). Due
to the necessity of reducing carbon ox-
ide emission during welding the chro-
mium ferritic steel the argon + oxygen
mixture is recommended as a shielding
gas. The lowest carbon oxide emissions
accompanied the use of the 82%Ar+18%-
CO; shielding gas (Fig. 9).

The tests of fume, nitrogen oxide and
carbon oxide emissions during low-en-
ergy arc welding of corrosion-resistant
steels have revealed the correlation be-
tween the type of a shielding gas and the
emission of pollutants. In order to re-
duce fume emissions during welding of
austenitic and ferritic steels it is recom-
mendable to use the Ar+O, mixture. The
highest fume emission was observed for
welding of the austenitic steel when pure
argon was used as a shielding gas. In turn,
the highest fume emission accompanied
welding of the chromium ferritic steel
when the 82%Ar+18%CO, mixture and
the 90%Ar+5%CO,+5%0, triple-com-
ponent mixture were used as shielding
gases. In order to reduce nitrogen ox-
ide emissions during welding of corro-
sion-resistant steels it is advisable to use
bi-component Ar+CO, gas mixtures. In
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turn, the reduction of carbon oxide emissions
during CMT and ColdArc welding of the aus-
tenitic steel requires the use of the Ar+O, mix-
ture or pure argon as the shielding gas. The
Ar+0O, mixture can also be used to reduce the
emission of carbon oxides during welding of
the chromium ferritic steel.
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Fig. 7. Effect of shielding gas composition on fume emission dur-
ing CMT welding of chromium ferritic steel [1]
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Fig .8. Effect of shielding gas composition on nitrogen oxide emis-
sion during CMT welding of X6Cr17 steel [1]
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Effect of shielding gas composition on
the content of carcinogenic substances
in fume during welding of corrosion-
resistant steels

While assessing work conditions during weld-
ing of corrosion-resistant steels it is necessary
to include the effect of shielding gas composi-

compounds in the fume. The test results have
led to a conclusion that the physicochemical
properties of a gaseous shielding have a signif-
icant impact on the content of chromium(VI)
and nickel compounds in welding fume formed
during the cMT and ColdArc welding of steels
[1,3]. The analyses of the test results have re-

tion not only on total fume emission but also vealed that a chromium(VI) content in fume
on the content of chromium(VI) and nickel increases if an arc shielding is composed of gas-
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Fig. 10. Cr(VI) content in fume during ColdArc welding of
X6Cr17 steel using various shielding gases [1]
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steel using various shielding gases [1]
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es characterised by strong and medium
oxidising properties. During cMT and
ColdArc welding of chromium ferritic
steel the strongly oxidising 82%Ar+18%-
CO, gas mixture caused the highest con-
tent of Cr(VI) content in fume (Fig. 10).
High Cr(VI) content values were also
observed for the 90%Ar+5%C0O,+5%0,
triple-component gas mixture character-
ised by medium oxidising properties as
well as for the argon + oxygen mixture.
The low-oxidizing index mixture contain-
ing carbon dioxide (97.5%Ar+2.5%CO,)
caused a low chromium(VI) content in
the fume. This is due to low oxidising
ability and the presence of carbon oxide
(characterised by reducing properties)
in a welding arc. A low Cr(VI) content
in fume during welding of the austenit-
ic steel was tied to the use of argon as a
shielding gas (Fig. 11). Tests related to
nickel content in fume were carried out
with three different shielding gases, i.e.
argon, argon + oxygen and argon + car-
bon dioxide. The effect of shielding gas
composition on nickel content in fume
during cmT welding is presented in Fig-
ure 12.

Conclusions

1. The material-technological condi-
tions of cMT and ColdArc welding of
corrosion-resistant steels affect the emis-
sion of total fume and its chemical com-
position, in particular the content of
chromium(VT) and nickel.
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2. The tests of the emission of fume and
gases generated during welding of stainless
steels have demonstrated a significant influ-
ence of a selected welding method on the size
of pollutant emission. During cmT (Cold Metal
Transfer) welding the size of fume, No, and
co emission is lower than that accompanying
emission during ColdArc welding.

3. The lower emission of pollutants to a work
environment during cMT welding of stainless
steels makes this method significantly more
convenient. Due to a stable arc, small num-
ber of spatters and the possible reduction of
fume and gas emission, the Cold Metal Transfer
method is especially recommended for improv-
ing work conditions during welding of sheets
made of corrosion-resistant steels.

4. The composition of a shielding gas signifi-
cantly affects the size of total fume emission as
well as the emission of gases and chromium(VI)
and nickel content in fume generated during
cMT and ColdArc welding of stainless steels:

— reduction of fume emission during welding
austenitic and ferritic steels requires the use
of the Ar+O, mixture. The highest emission
of fume during welding of austenitic steel
was observed when pure argon was used as a
shielding gas, whereas the highest fume emis-
sion during welding of chromium ferritic
steel was observed when the 82%Ar+18%CO,
mixture and the 90%Ar+5%CO,+5%0, tri-
ple-component mixture were used as shield-
ing gases;

— reduction of nitrogen oxide emission dur-
ing welding of corrosion-resistant steels re-
quires the use of the Ar+CO, bi-component
mixture;

— reduction of carbon oxide emission during
cmT and ColdArc welding of austenitic steels
requires the use of the Ar+O, mixture and
pure argon as shielding gases. Also during
welding chromium ferritic steels it is advisa-
ble to use the Ar+O, mixture in order to re-
duce carbon oxide emissions;

— chromium(VI) content in fume increases
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when strong and medium index oxidising
gases are used as shielding gases. Mixtures
with a low oxidising index, containing carbon
dioxide contribute to a low chromium(VTI)
content;

— nickel content in fumes increases when the at-
mosphere of an arc has an oxidising character.

Emission of fumes and gases and
fume chemical composition during

CMT and ColdArc braze welding of
coated steels

Testing emissions of pollutants during ar-
gon-shielded arc braze welding was carried
out for four different base metals [1,4,5], i.e.
DX 54D grade unalloyed steels with a zinc coat-
ing and a zinc-iron coating as well as br6oox
ultra strength steel (UHss) provided with a zinc-
iron coating. The tests were conducted for dif-
ferent thicknesses and densities (100 g/m” and
140 g/m?) of protective coatings. The coatings
were also characterised by improved surface
quality and had undergone oiling for better
anticorrosive protection. A filler metal used
in the tests was CuSi3 filler metal wire with a
high copper content (Cu = 95%). During braze
welding, a base metal does not undergo partial
melting and the window of current-voltage pa-
rameters is significantly narrower than during
welding processes. For this reason, pollutant
emission tests were carried out only for 3 dif-
ferent current-voltage parameter values, filler
metal wire feeding rate and welding rate. The
discussion of the test results refers to the impact
of the grade of the material weldbrazed and the
type of coating used on the size of fume and gas
emission as well as on the chemical composi-
tion of fume emitted during a welding process.

Effect of anticorrosive coating on fume
and gas emission during braze welding
of coated steel sheets

The analysis of the test results has revealed
that the greatest fume emission accompanied
braze welding of sheets provided a coating
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sion accompanied braze welding of the —#=DX 54D ZF 140 RBO gr. 1,5 mm —>é=DP 600X ZF 100 RBO gr. 2,0 mm
sheet with the z140 zinc coating (Fig. 16). Fig. 14. Effect of protective coatings on fume emissions
Similarly as in the case of fume emission during ColdArc braze welding [1]
the thickness of a coating also affects the
size of gas emission (Fig. 17). When sub- % | fexme/s! 84A] 39|
. . . 0,025 — 16V} —
jected to braze welding, thicker ZF and 75A —— —
. .. . 0020 [15V] e — |90A
Z coatings cause greater emissions of ni- roa——_ x|V
. 0,015 - 54 A 84 A
trogen and carbon oxides. s5a| 13V ey 16V
0,010
The tests have revealed that emissions = A
. ) 0,005 ﬂ— 54V 5V
of nitrogen and carbon oxides depend | [V [ia
on the types of protective coatings, yet 29 42 49 Vdr [m/min]
this correlation is difficult to define ex-  =gEB R SEpaesemerse

plicitly. During ColdArc braze welding
the emission of No, and co was the high-
est for the sheet with the thicker coat-
ing made of zinc and iron - DX54D ZF

Fig. 15. Effect of protective coatings on nitrogen oxide emissions
during ColdArc braze welding [1]

0,030

140. During cMT welding the emission Evox [me/s] 80A
4 . g . g . 0,025 al12v
of nitrogen oxides was also the highest -
. . ! 80A
for the zF140 coating. In turn, the high- / 11V
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. 0,000 : : ‘
also strongly affected by the thickness 27 43 5,1 Velr [m/min]
=¢—DX 54D Z 100 MBO gr. 1,5 mm =i—DX 54D Z 140 MBO gr. 1,5 mm

of a coating. Similarly as in the case of

fume emissions this dependence is di- Fig. 16. Effect of protective coatings on nitrogen oxide emissions
rectly proportional, i.e. in braze welding during cmT braze welding [1]
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of steel sheets provided with ZF and Z coatings
an increase of a coating thickness is connect-
ed with higher emissions of nitrogen and car-
bon oxides.

While assessing work conditions accompa-
nying arc braze welding of sheets having pro-
tective coatings, it is important to bear in mind
a high content of zinc compounds in the fume.
A coating made of the zinc-iron alloy (ZF) caus-
es a greater zinc content in fume if compared
to a zinc content related to a coating made of

0,035

[@)ev-ne |

pure zinc (Z type). The content of zinc in the
fume amounts to 42-43% during joining sheets
provided with ZF coatings and 37-38% during
joining sheets having Z coatings (Fig. 18). The
content of zinc in the fume is also depend-
ent on the thickness of the protective coat-
ing. Zinc contained in the protective coating is
characterised by low melting (419°c) and boil-
ing (907°c) points and starts evaporating just
above 600°c [5,6]. During braze welding of
galvanised sheets, zinc melting in the area of
elements being joined evaporates part-

Eco [mg/s] R

75A
15V

0,030

0,025

0,020

A
16V 89 A

17V

ly with its small amount passing to liq-
uid brazing metal [7]. If compared with
MIG/MAG welding, MIG braze welding

0,015 15V

4 90 A

0,010 17V

__—Ad7sa

= =LA 84 A
7oA = |16V
- M~

is characterised by a smaller heat input,

79A
16V

0,005

which enables maintaining the original

0,000
2,9
«==¢==DX 54D Z 100 MBO gr. 1,5 mm

===DX 54D ZF 140 RBO gr. 1,5 mm

4,2
=i—DX 54D Z 140 MBO gr. 1,5 mm

Fig. 17. Effect of protective coatings on carbon oxide emissions

during ColdArc braze welding [1]
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anticorrosive coating of a base metal in
a joint area.

The test results have revealed that
the main fume constituents during cMT
and ColdArc braze welding are copper
29.8-31.4% (from the filler metal), zinc
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15V

37-43% (from the coating), iron 1.8-3.5%
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al), manganese 0.7% (from the base and
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filler metals) and silicon 1.3-1.7% (from
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the base and filler metals) [1,5].
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Fig. 18. Zn content in fume during ColdArc braze welding

of coated sheets [1]
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Conclusions

1. The greatest fume emission accom-
panies braze welding of steel sheets with
ZF coatings, i.e. made of a zinc and iron
alloy. The zinc coating was characterised

by lower emission values for the same

current-voltage process conditions and
the same braze welding methods.

2. Fume, nitrogen oxide and carbon

oxide emissions depend on the thick-

ness of Z and ZF anticorrosive coatings;

31,6 Cul%l 89 A
314 56 A A Al
31,2 BV A e el I
, \ 15V 17V
31,0 1 igc - ~ 86A[
30,8 75 A A |16V
15V —;747, L
30,6 - 56V [~ —7a A / 86 A
s04 | [13A 15V 16V
30,2 saA T~ #7765
14V 16V
30,0 — =

2,9
«=4-DX 54D Z 100 MBO gr. 1,5 mm

=== DX 54D ZF 140 RBO gr. 1,5 mm

4,2
~{i—DX 54D Z 140 MBO gr. 1,5 mm

«=>=DP 600X ZF 100 RBO gr. 2,0 mm

Fig. 19. Cu content in fume during ColdArc braze welding
of coating sheets using CuSi3 wire with a diameter of 1.0 [1]
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this dependence is directly proportional.

3. The effect of the type of an anticorro-
sive coating on the chemical composition
of fume generated during braze weld-
ing processes is visible while analysing
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zinc content in fume. The zinc-iron alloy coat-
ing (ZF) causes a greater zinc content in fume
than the Z coating (mad of pure zinc). The con-
tent of zinc in fume stands at 42-43% during
joining sheets provided with ZF coatings and
at 37-38% during joining sheets having Z coat-
ings. The content of zinc in fume also depends
on the thickness of the protective coating.

Resting emissions of fume and gases
during resistant welding of steel
sheets provided with double-layer
protective coatings

The tests focusing on emissions of pollutants
during spot resistance welding were carried out
for sheets with double-layer protective coating
[2]. The sheets selected for the tests, i.e. ZE 36/36
and ZE 50/50 had been subjected to two-sid-
ed electrogalvanising. The second layer was an
organic coating: Granocoat and Gardo Protect.
The sheets were characterised by improved sur-
face quality and the coatings had undergone
oiling for better protection. The emission of
pollutants was also tested for spot resistant
welding of sheets with a metal alloy coating: al-
uminium alloy, iron and silicon, AS 120 coating.
The sheet used was hot-dip aluminised with a
12 um thick coating. The surface of the coating
was additionally protected by oiling.

The steel grades selected for the tests are
commonly used in metal processing and the
automotive industry, as well as in the produc-
tion of industrial fixtures, chemical equipment
and household goods. The results of the tests
are universal and relate to a vast sector process-
ing steels with coatings.

During welding the technological process
parameters such as welding current, voltage,
welding energy, current flow time, pressure
force and the number of welds were recorded.
The tests were carried out with welding current
from a 8-10 kA range, pressure force from a
250 - 350 daN range and welding time between
250 and 300 ms. The results related to the sizes
of pollutant emissions during spot resistance

14 BIULETYN INSTYTUTU SPAWALNICTWA

welding of various coated sheets have made
it possible to conduct a comparative analysis
which included the effect of welding current
on the emissions of fume, carbon oxides and
nitrogen oxides. The comparison also involved
the sizes of fume and gas emissions for similar
technological welding conditions but different
steel grades and various types of coatings.

The project implementation [2] was also con-
nected with the carrying out the phase iden-
tification and the phase quantitative analysis
of fume formed during spot resistant welding
of steel sheets having protective coatings. The
research also involved the analysis of organ-
ic compounds formed during welding of steel
sheets with double-layer coatings as well as the
determination of benzene, toluene, ethylben-
zene, xylenes, phenol, cresols and polycyclic ar-
omatic hydrocarbons.

Effect of welding current on emission of
total fume and gases

Tests of fume, carbon oxide and nitrogen
oxide emissions during spot resistance weld-
ing have revealed a significant effect of weld-
ing current on the size of pollutant emission;
an increase in welding current caused greater
emissions of total fume, carbon oxides and ni-
trogen oxides during welding sheets of the same
thickness and with maintaining the same val-
ues of welding time and pressure force [2,8,9].
The dependence between welding current and
the size of pollutant emission is common for
all the types of coated materials tested. For in-
stance, during welding of the pco4 zE 50/50 AO
+ Granocoat sheet with a thickness of 1.25 mm
it was observed that an increase in welding cur-
rent from 8 kA to 10 kA resulted in a three-fold
increase in fume (Fig. 20) and carbon oxide
emissions. Particularly high emission indica-
tors related to total fume, carbon oxides and
nitrogen oxides characterised welding sheets
with high welding current exceeding 10 kA.
High current parameters of resistance welding
cause dynamic melting and evaporation of the
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Ep [mg/weld]

protective coating as well as the burning %%
of the organic later; the melting of the
base metal, i.e. steel, was also observed. ©°
Resistance welding processes carried out 010 0,06 I
using higher current are connected with  0os —
the intense expulsion of metal forming oo . \ ”

fume. The correlation between weld- Welding current [kA]

ing current and emissions of total fume, Fig. 20. Effect of welding current on total fume emission during
carbon oxides and nitrogen oxides may spot resistance welding of 1.25 mm thick bcog zE 50/50 A0 +
provide the basis for the technological Granocoat sheet [2]

reduction of pollutant emissions by de- Ep [me/weld] P
creasing welding current values. w0 / =

0,20

=}
L
w

Effect of welded material coating o ,//

on emission of pollutants 04 *"’4/,;5———*
Emissions of pollutants during spot > e —
resistance welding were carried out for *° . | . | o
. . . N HC 340 LA + ZE 50/50 AO + gran t 1,25 mm .
five types of coatings differing in the XSO D01 Welding current
. . . = DC04 ZE 50/50 AO + granocoat 1,25 mm
manner of application, chemical compo- —-DC 04 Z€ 36/36 0C 1,25 mim
.. . L. ==#=LAC 320Y400T 1,25 mm
sition, thickness and additional protec- —8~LAC320¥400T 1,5 mim

tion of the coating surface. Double-layer Fig. 21. Effect of protective coating type on total fume emission during
coatings are composed of a metal layer —  spot resistance welding of 1.25mm and 1.5mm thick steel sheets [2]
electrolytic zinc coating (ZE type) and a L P—

thin organic coating (Granocoat or Gar- 008 P

do Protect types). One of the sheets tested

was provided with a metal coating being . /'//

an Al+Si+Fe alloy. The effect of the type é/ - e —
. . . 0,02

of coating of the material being welded =
on the size of fume, carbon oxide and o0 \ | \ | i

. . . . . + +granocoat 1,25 mm welding current[kA]
nitrogen oxide emissions is presented Do 0azsmm racarents
. . ~#—DC04 ZE 50/50 AO + granocoat 1,25 mm
in Figures 21-23. The tests have revealed —DC04 2€36/36.0C 125 mm

=3#=LAC 320Y400T 1,25 mm

=®-LAC 320Y400T 1,5 mm

the influence of the type of a protective
coating on the size of total fume and gas
(co, NO,) emissions. The highest emis-

Fig. 22. Effect of protective coating type on carbon oxide emission dur-
ing spot resistance welding of 1.25mm and 1.5mm thick steel sheets [2]

sion of total fume accompanied welding 20 e mefwei )

of LAC 320Y400T ZE50/50 oc Gardo Pro- ZZZ: /

tect grade sheets and Dco4 ZE 36/36 oc 00020 — L .
Gardo Protect grade sheets. Lower fume oouss ./;://

emission values were observed for the 00010 4:__//_.,7—47
sheets with the Granocoat coating, ie. "™

HC 340 LA ZE 50/50 AO + Granocoat 8 9 10
HC 340 LA + ZE 50/50 AO + granocoat 1,25 mm Welding current [kA]
and Dco4 ZE 50/50 A0 + Granocoat. The T D04 72 50150 80 + granocoat 1,25 mm
. . =>¢=DC 04 ZE 36/36 OC 1,25 mm
sheet with the alloy metal coating of the T s o et 125

Al+Si+Fe alloy type was characterised by Fig. 23. Effect of protective coating type on nitrogen oxide emission dur-
the lowest emission of total fume (Flg 21). ingspot resistance welding of 1.25mm and 1.5mm thick steel sheets [2]
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The highest carbon oxide emission accompa-
nied welding of the sheets with the Gardo Pro-
tect coating. In the case of Granocoat coatings
and Al+Si+Fe metal coatings the indicators of
Co emission are comparable. The lowest carbon
oxide emission was observed during welding

100

welding (suspended fume) for welding current
from the 8 -10 kA range and the chemical
composition of the fume collected from
the chamber (settling fume) after welding
DC 04 ZE 50/50 AO + Granocoat grade sheets
is presented in Figure 24.

DCO04 ZE 50/50 A0 Granocoat sheets (Fig.
22). The tests have also revealed that the
highest NO, emission is connected with
the Gardo Protect coating (Fig. 23). L

Phase identification and
quantitative phase analysis

of fume formed during spot
resistance welding of steel sheets
with protective coatings

0,01 -

The phase identification of total fume
formed during welding of steel sheets
provided with protective coatings involved the
determination of the following phase compo-
nents of fume: wistite (FeO), metallic Mn, me-
tallic Zn, metallic Fe, ZnO, magnetite (Fe;04),
hematite (a-Fe»Os), Mn;04, FeCOs, metallic
Al, Al,O; and MnAl,O,. The identification was
carried out for the following 3 sheets with dou-
ble-layer protective coatings: DC 04 ZE36/36 OC
Gardo Protect, HC 340 LA ZE 50/50 AO + Grano-
coat and DC 04 ZE 50/50 AO + Granocoat. In
the fume formed during welding of sheets us-
ing 8-9 kA current it was possible to identify
FeO, metallic Mn, metallic Zn, metallic Fe and
ZnO in the chemical composition. In the fume
formed during welding of sheets using higher
current, i.e. 10 kA, it was possible to identify
FeO, metallic Mn, Zn, metallic Fe, zinc oxide,
magnetite Fe;O,4, hematite a-Fe, O3, Mn;O4 and
FeCO;. In the fume collected from the cham-
ber (fume settling during a welding process) it
was possible to identify the following chemi-
cal composition: FeO, metallic Mn, metallic
Zn, metallic Fe, zinc oxide, magnetite Fe;Os,
hematite a-Fe,O;, Mn;O,, metallic Al, AL,Os,
and MnAl,O.,.

The chemical composition of the fume
settled on the measurement filters during

16

B Wiistite FeO
@zn0
@ Metallic Al

BIULETYN INSTYTUTU SPAWALNICTWA

Mass content [%]

8 kA 9 kA

H Metallic Mn
B Magnetite Fe304
@AI03

chamber fume

B Metallic Fe
EMn30,

O Metallic Zn
EHematite a-Fe,03
EMnAl,O4

Fig. 24. Quantitative phase analysis of fume formed during spot re-
sistance welding of DC 04 ZE 50/50 AO + Granocoat grade sheet [2]

After welding the sheets tested with the cur-
rent 8 kA, the main constituent of welding fume
is metallic Zn in the range from 42.8% to 65.7%
[m/m]. Also, the presence of metallic Mn in the
range from 12.1% to 42.2% [m/m] and of FeO in
the range from 13.6% to 45.1% [m/m] was iden-
tified. After welding the sheets tested with the
current 9 KA the main constituent of welding
fume is metallic Zn in the range from 40.2% to
53.6% [m/m], next FeO in the range from 23%
to 39.2% [m/m], and also metallic Mn in the
range from 10% to 24,9% [m/m]. After weld-
ing DC 04 ZE 50/50 AO + Granocoat grade sheet,
Zn0O - 30.5% [m/m] was identified in the fume.
In turn, welding of steel sheets having a dou-
ble-layer coating using the current of 10 kA is
connected with the emission of fume, the chem-
ical composition of which is more complicated
in comparison with that obtained during weld-
ing with lower current parameters. If welding is
carried out with the current 10 kA, welding fume
is mainly composed of (Fig. 25) the following:

- magnetite Fe;O, in the range from 70.9 to
75.1% [m/m],

- ZnO in the range from 8 to 13.5% [m/m],

- hematite a-Fe203 in the range from 4.6 to
16.8% [m/m],
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— wistite FeO in the range from o.5 to 5.6%

[m/m],

- metallic Zn in the range from 0.7 to 3.8%

[m/m].

Mass content [%]

100
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The tests revealed that resistance welding of
sheets with Granocoat organic coatings is ac-
companied by the formation of welding fume
characterised by high benzene emission. Dur-

ing welding of steels sheets having Gar-

DC 04 ZE 36/36 OC Gardo Protect HC 340 LA ZE 50/50 AO +

Granocoat

B Wistite FeO @ Metallic Mn @ Metallic Zn B Metallic Fe

B Magnetite Fes0, B Hematite a-Fe,03 B Mn30, @ FeCOs

Fig. 25. Chemical composition of fume formed during resistance
welding of sheets with double-layer coatings, welding current

10 kA [2]

Emission of organic substances formed

during spot resistance welding of
coated steel sheets

The analysis of organic substance emissions
during welding of coated sheets was carried
out for three groups of organic compounds [2]:

— for BTEX compounds - benzene, toluene,

ethylbenzene and o,m,p-xylene,

for phenol, o-cresol and m+p cresol,

for polycyclic aromatic hydrocarbons

— 16 PAH.

Among organic substances analysed
the most hazardous for human health
are benzene and polycyclic aromatic
hydrocarbons (paH). Benzene is a sub-
stance listed among carcinogenic and
mutagenic substances [10]. According
to IARC guidelines, benzene is regarded
as a carcinogenic (group 1). Nine of the
PAH identified in the tests are carcino-
genic: dibenzo(a,h)anthracene (Relative
Potency Factor RPE-5), benzo(a)pyrene
(Wwk-1), benzo(a)anthracene (RPF-0.1),
benzo(b)fluoranthene (rRPF-0.1), ben-
zo(k)fluoranthene (RPF-0.1), indeno-
(1,2,3-c,d)pyrene (RPF-0.1), anthracene
(RPF-0.01), benzo(g,h,i)perylene (RPE-
0.01) and chrysene (RPF-0.01) [11].
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do Protect coatings with current from
the range tested (8-9 kA), the emission of
benzene is approximately 10 times lower
(Fig. 26). The highest RPF emission was
identified for fluorene, phenanthrene
and chrysene. Welding fumes also con-
tained benzo(a)pyrene, i.e. a toxic and
carcinogenic (cat. 2) and mutagenic (cat.
2) substance listed among carcinogenic
and mutagenic substances. The highest
emission of benzo(a)pyrene accompa-
nied welding of HC 340 LA ZE 50/50 AO +
Granocoat sheets. Particularly high emission of
these organic substances was observed during
welding of sheets provided with ZE+Granocoat
double-layer coatings. The emission of such
substances to a work environment is connected
with the decomposition of protective coatings
and oil applied on the surface of sheets (Fig. 27).

BZn0O

T [ng/ 100 welds]
@benzene Mtoluene

w oW
[Vl
o

250 -

HC 340 LA ZE HC 340 LA ZE
50/50 AO + 50/50 AO +
Granocoat (8 kA) Granocoat (9 kA)

DC 04 ZE 50/50 DC 04 ZE 50/50 DC04 ZE 36/36  DC 04 ZE 36/36

AO + Granocoat AO + Granocoat
(8 kA) (9 kA)

0OC (8 kA) OC (9 kA)

Fig. 26. Emission of benzene and toluene during resistance welding
of sheets having double layer coatings (ZE+organic coating) [2]

M@ Benzo(a)anthracene

O Benzo(b)fluoranthene
H Benzo(a)pyrene

@ Dibenzo(a,h)anthracene

@ Chrysene
O Benzo(k)fluoranthene

W Indeno(1,2,3-cd)pyrene
[ Benzo(g,h,i)perylene

[mg/ 100 welds]

HC 340 LA ZE
50/50 AO +
Granocoat (8 kA) Granocoat (9 kA)

50/50 A0+ +Granocoat (8kA)  +Granocoat (9 kA) (8 kA) (9 kA)
Fig. 27. Emission of polycyclic aromatic hydrocarbons during spot
resistance welding of sheets with double layer coatings

(ZE + organic layer) [2]
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Concluding remarks

1. The tests of total fume, nitrogen oxide and
carbon oxide emissions during spot resistance
welding of sheets with double-layer coatings
(ZE+Granocoat/Gardo Protect) revealed the
effect of welding current on the size of pollut-
ant emissions; an increase in welding current
causes a greater emission of total fume, nitro-
gen oxides and carbon oxides during welding
of sheets having the same thickness and being
welded for the same time and exposed to the
same pressure force. The dependence between
welding current and the emission of pollutants
was observed for all the grades of materials with
double-layer coatings tested.

2. The tests have revealed the effect of the
type of a protective coating on the size of total
fume, nitrogen oxide and carbon oxide emis-
sions; under similar technological welding
conditions, greater pollutant emissions were
characteristic of the steel sheets with the ZE
coating (electrogalvanised sheet) + Gardo Pro-
tect organic coating. The hot galvanised steel
sheet with the Al+Si+Fe alloy metal coating was
characterised by a lower total fume emission.

3. The main chemical constituents of weld-
ing fume formed during resistance welding of
coated steel sheets are the following:

o for welding current between 8 and 9 kA: me-
tallic Zn, metallic Mn, wiistite (FeO) and ZnO;

o for welding current of 10 kA: magnetite
Fe;04, ZnO, hematite a-Fe,Os, wistite (FeO),
metallic Zn.

4. The main chemical constituents of set-
tling welding fume formed during resistance
welding of coated steel sheets are magnetite
(Fes0y4), metallic Zn, metallic Fe, ZnO, wiistite
(FeO), metallic Mn, hematite (a-Fe,O3) as well
as Al,Os, metallic Al and Mn;O.,.

5. The tests have revealed the effect of the
type of a double-layer protective coating on the
emissions of organic substances; welding fume
formed during resistance welding of sheets hav-
ing Granocoat organic coatings is characterised
by high benzene and toluene emission.
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6. Welding fumes were also identified as
having polycyclic aromatic hydrocarbons. The
tests have revealed the presence of nine carcino-
genic substances, i.e. dibenzo(a,h)anthracene,
benzo(a)pyrene, benzo(a)anthracene, benzo(b)-
fluoranthene, anthracene, benzo(k)fluoranthene,
indeno(l,2,3-c,d)pyrene, benzo(g,h,i)perylene
and chrysene.

7. The formation of carcinogenic substances
during resistance welding of coated sheets is as-
cribed to the temperature-triggered decompo-
sition of the oil layer as well as with melting and
the decomposition Gardo Protect and Grano-
coat coating layers. Particularly high emis-
sion of these organic substances accompanied
welding of sheets provided with ZE+Granocoat
double-layer coatings.

Summary

Welding and braze welding techniques
which, in the aspect of the tests related to oc-
cupational safety, were the subject of the re-
search “Assessment of Chemical, Fume and
Physical Hazards in the Work Environment
Related to Innovative Methods for Joining
Various Structural Materials as an Activity Sup-
porting the Assurance of Safe Work Condi-
tions” are technologies of today and tomorrow
as regards joining various structural materi-
als in many industries. These joining methods
are referred to by the European Welding Fed-
eration as Cool, Clean and Clever (3C) and
are perceived as a group of production weld-
ing processes characterised by innovativeness,
constant development and improvement of
equipment, technologies and materials as well
as processes offering possibilities of continu-
ous improvement of work conditions. Research
into the work environment carried out at In-
stytut Spawalnictwa have enabled the identi-
fication, analysis and assessment of chemical
and fume hazards accompanying low-energy
arc welding and braze welding as well as re-
sistant welding of modern structural materi-
als. This research has helped to determine the
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possibilities of optimising these technologies
in order to improve work conditions and oc-
cupational safety. The tests have enabled the

development of technical (material-techno- 4.

logical) and organisational recommendations
concerning the prevention of hazards during
welding and braze welding. The recommenda-
tions made have taken into consideration the
analysis of all tests results and formulated de-
tailed conclusions referring to individual join-
ing methods and chemical, fume and physical
hazards [4,9] and are intended for specialists in
welding techniques who, in collaboration with
occupational safety services in production fa-
cilities, will select base metals, technological
parameters and joining methods while arrang-
ing safe workplaces.
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