
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

Particle Emission from Welding of Painted Steel
D. Körbera; H. J. Fißana

a University of Duisburg, Aerosolmeβtechnik, Duisburg 1, GFR

To cite this Article Körber, D. and Fißan, H. J.(1981) 'Particle Emission from Welding of Painted Steel', International
Journal of Environmental Analytical Chemistry, 10: 1, 13 — 21
To link to this Article: DOI: 10.1080/03067318108071527
URL: http://dx.doi.org/10.1080/03067318108071527

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067318108071527
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J .  Enuiron. A n d .  Chem., 1981, Vol. 10, pp. 13-21 
03W7319/81/1001-0013 $06.50/0 
0 Gordon and Breach Science Publishers Inc., 1981 
Printed in Great Britain 

Particle Emission from Welding of 
Painted Steelt 
D. KORBER and H. J. FIBAN 
University of Duisburg, Aerosolmejtechnik, Bismarckstrabe 81, 41 00 Duisburg 
1 GFR. 

(Received June 23, 1980) 

The particulate emission caused by welding of steel plates covered with 29 diversified shop 
primers has been investigated. The investigation includes the determination of particle mass, 
particle size distribution, and of the contents of heavy metals such as lead and cadmium. The 
results show that all investigated primers except those with high concentration of zinc 
pigment produce mass emissions which are very low in comparison to manual arc welding 
with covered electrode and C0,-welding on uncoated steel. The emitted particles of the 
primers are smaller than 1 p n  particle diameter and therefore respirable. Lead and cadmium 
was found in particles emitted during the welding process of all investigated primers. The 
highest amount was found in particles of primers with high contents of zinc and ferric oxide. 

KEY WORDS: Shop primer, welding, particulate emission, particle size, heavy metal 
emission 

I NTROD U CTlO N 

For protection against corrosion steel is covered with shop primers in a 
layer of about 20 pm. During fabrication the primered steel is welded 
without removal of the paint. By the high temperatures of welding the 
paints are decomposed: The organic compounds are cracked while the 
metals or metal oxides evaporate, followed by oxidation or reduction too. 
To discuss possible health effects it is necessary to characterize these 
emissions with respect to the composition of the primer. 

In this paper the physical and chemical characterization of the particle 
emission is reported. The physical characterization is done by measuring 

tPresented at 10th Annual Symposium in the Analytical Chemistry of Pollutants, May 28- 
30, 1980 Dortmund. 
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14 D. KORBER AND H. J.  FIDAN 

the particle mass and particle size; the chemical analysis of the particles 
covers the determination of heavy metals. 

EX PER I M ENTAL 

Welding process and materials 

Taking into consideration that only the pollution production by the 
thermal reaction of the primers should be investigated, the influence of the 
steel welding process had to be eliminated. This was done by the use of a 
“neutral” welding process, the Tungsten-Inertgas-Welding without any 
filler metal. From preliminary tests welding parameters with reproducible 
particle emissions were chosen. The welding parameters and the characteri- 
zation of the steel plates are listed in Table I. 

TABLE I 
Welding process and base material 

TUNGSTEN - INERTGAS - WELDlNGlT I GI 

WELDING CURRENT I, = 180A 
WELDING VOLTAGE & =  13V 
WELDING SPEED V, = 15 cmlmin 
INERTGAS FLOW V,, = 16 l l m i n  
ELECTRODE DIAMETER 

ELECTRODE SPACE 

D, = 3.2 mm 

S, = 3.0 mm 
WELDING PERIOD T = 1 2 0 s  

BASE MATERIAL 

COLD DRAWN STEEL, C10. WITH ANALYTICAL CERTIFICATE, DIMEN- 
SION 3 5 0 ~ 5 0 ~ 1 2  mm 

A total of 29 materials were investigated subdivided in three groups: 

1) 12 single components of primers (pigments, extenders, and binders). 
2) 14 combinations of primer components in given compositions 

3) 3 commercially available primers. 

The detailed composition of these materials is given in Table 11. The 
primers (suspended in organic solvents) were applied to the steel plates 
with a varnishing machine in layers of 20 pm f 3 pm thickness. A ten day 
drying period before welding was essential. 

selected in cooperation with manufacturers. 
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TABLE I1 

Survey of investigated primers 

15 

Test setup and methods of investigation 

The painted steel plates were fixed on a welding table of an automatic 
welding machine. The TIG-burner with a fitted stainless steel exhaust 
hood was moved with the given velocity across the primered plate 
(Figure 1). The whole particle mass during every welding period was 
collected by means of a glass fibre filter (Sartorius SM 134) mounted in 
the top of the hood. The volume drawn by the exhaust fan was 13001/min 
with a pressure drop of approximately 0.07 bar, which didn’t change 
during collecting regardless of the use of high zinc pigmented primers. 

The particle mass emission was determined gravimetrically by use of a 
microbalance. Every filter was dried before weighing for 30 min at 60°C 
which was the highest temperature the filters were exposed to during 
welding. Afterwards the filters were sealed and stored for chemical 
analysis. The determination of the contents of heavy metals in the 
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FLOW METER FLOW CONTROL PUMP 

DISPLAY 

FIGURE 1 Test Setup. 

particles was done by use of atomic absorption spectrometry (Rank 
Hilger, H 1550 with carbon rod atomizer H 1475). The weighed filters 
were cut into representative parts and extracted by mineral acids. Filter 
samples were treated with O.lnHNO, or HCI by use of ultrasonic 
vibrations to dissolve lead, cadmium, and zinc compounds.’, In the case 
of metal oxides which were difficult to dissolve the filter pieces were 
digested with a mixture of hot mineral acids in a Teflon beaker., The 
elements lead and cadmium present in low concentrations were de- 
termined by flameless AA, while the other metals have been measured in 
an Acetylenelair-flame. Background correction was achieved by use of a 
continuous lamp and the method of standard addition. 

The particle size distribution of the emission was determined with an 
electrical aerosol analyzer (“EAA”, TSI Type 3030). For measuring particle 
size the test setup was changed: A sampling device with a 19mm diameter 
tube was mounted in the middle of the hood at the same height as the 
filter used for mass collection. The sampling tube, operated at isokinetic 
flow conditions, drew a representative sample of the particles out of the 
main stream and lead it through a cartridge filter diluter to the EAA.4 
The measuring range of the EAA covers a particle size range between 
0.01-1 pm particle diameter. The instrument determines the particle num- 
ber concentration in 8 particle size c l a ~ s e s . ~ ~ ~  

RESULTS 

Three determinations of mass emission were performed for every primer 
listed in Table I1 and after taking the mean the appropriate particle mass 
flows were calculated (Figure 2). Additionally the particulate emission of 
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FIGURE 2 Particle mass flows of the primers. 

an uncoated plate (No. 00, Figure. 2 )  and the background mass con- 
centration of the ambient air used for transport and dilution were 
determined (h, = 0.003 mg/s). The mass emissions of primers with zinc 
pigment (s.No. 7, 24, 28 in Figure 2 )  are much higher than for all other 
investigated primers, but their emissions reach only the range of those 
produced by typical manual electrode welding7 and C0,-welding' of 
uncoated steel. 

The particulate matter of all primer components and the commercial 
primers collected on filters was analyzed for content of lead and cadmium 
(Table 111). The contents of zinc and iron were determined only for some 
chosen primers, because these results could be transferred to the zinc and 

TABLE I11 
Contents of heavy metals in the particles 
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18 D. KORBER AND H. J. FIBAN 

iron contents of the other primers. In addition to the concentration data 
the calculated metal mass flows, that is the mass emission of a metal per 
time unit, are given in Table 111, because these data permit a comparative 
and mutual evaluation of the primers’ emissions. Blank values were also 
determined and taken into account in the measured values, which are 
mean values of three independent determinations. The particles emitted 
from welding of uncoated steel were investigated too. 

The analyzed metals are in oxidized form, but their real structure is 
complex and has not been researched here. The results in Table I11 show 
that the lead and cadmium emissions of most primers are low. 

Zinc and ferric oxides produce the highest amount of lead and in the 
case of zinc primers cadmium, too. For zinc pigmented primers most of 
the emission consists of oxidized zinc caused by its high volatility. To get 
some more information about the composition of unknown primers and 
the alteration of the concentrations of certain heavy metals in original 
primers and emitted particles, several paints have been analyzed 
(Table IV). The results reveal as expected that the concentrations of the 
volatile metals like zinc, cadmium, and lead increase in the emitted 
particles. 

TABLE IV 
Contents of heavy metals in the applied primers 

By the evaluation of the EAA data particle number distributions were 
obtained which are plotted for some typical primers in Figures 3 and 4. 
All measured distributions are similar in shape and height except the 
distribution obtained from welding over uncoated steel which indicates 
that the coatings lead to increased particle number concentrations in the 
particle diameter range above 0.3 pm. Nearly all emitted particles are 
smaller than 1.Opm and therefore respirable. As health effects are pro- 
bably determined by the mass of the pollutants, statements in regard to 
the m a a  such as partide volume distributions were calculated under 
assumption of spherical particles and plotted in Figures 5 and 6 for the 
corresponding primers. These representations indicate that the mass mean 
diameter of the emitted particles is around 0.1 pm. 
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FIGURE 3 Particle number distributions. 
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FIGURE 4 Particle number distributions. 
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FIGURE 5 Particle volume distributions. 
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FIGURE 6 Particle volume distributions. 
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