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The hard component of welding aerosol is one of the main hazards, which are encountered by those working
with welding and related technologies. The investigations on this subject have been carried out for more
than half a century. The size and dispersity of the particles are of particular interest among the properties
and peculiarities of structure of hard component of welding aerosol, as these parameters define the ways
of penetrating into a living organism. The present study examines dispersity of particles of hard component
of welding aerosol by means of several types of equipment, involving different analysis principles. It was
shown that the technique of preparation of a sample for analysis and peculiarities of equipment greatly
influence the results. The morphology of particles was also examined. 20 Ref., 5 Figures.
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For more than half a century, welding aerosol
has been one of the main objects of investigation
of negative factors affecting human organism in
the process of welding. Nowadays these investi-
gations are of extreme importance in view of new
data in medicine and toxicology.

Welding aerosol is a by-product of welding
process and consists of hard and gassy compo-
nents, predetermined by its formation processes.
Under high-temperature heating during welding,
the components of coating undergo thermal de-
struction, and some part of base and electrode
materials evaporates. As a result of blowing out
of the formed gas-vapor mixture into relatively
low-temperature environment, condensation of
vapor phase occurs and the small hard particles
are formed [1]. The primary object of investiga-
tion is the hard component of welding aerosol
(HCWA), as it contains main hazardous con-
stituents.

The HCWA influence on a living organism
(toxicity) is a complex characteristic and de-
pends on many factors, namely size and morpho-
logy of single particles or their agglomerates,
total quantitative distribution by sizes (disper-
sity), chemical composition, content of highly-
toxic compounds, solubility. Each of these fac-
tors should be analyzed separately and in com-
bination with others.

The size of particles is an important factor,
which to a great extent determines the HCWA
toxicity: solid particles with a diameter of less than
20 μm may remain suspended in air flow [2]. Size
of single particles and their agglomerates varies
from several dozens of nanometers to dozens of
micrometers [3—5]. About 70—80 % of particles
with a diameter of 0.1—2.0 μm, which penetrate
into organism through respiratory organs, may be
removed in breathing out. The particles of coarser
size may be removed from the organism by spitting
[6, 7]. The most hazardous are nanosized and sub-
micron particles, which due to their small size may
penetrate through skin [8], as well as directly to
brain via nerve endings [9—12].

The particles of HCWA are of regular and
irregular spherical shape. The majority of parti-
cles has heterogeneous structure (particles con-
sist of core and shell) [1, 13, 14], which is pre-
determined by selectivity of the process of evapo-
ration and condensation (various constituents of
high-temperature vapor are condensed at differ-
ent temperature). First, the condensation of the
elements with lower vapor pressure and higher
melting temperature (manganese, iron) occurs,
and then the elements with higher vapor pressure
and lower melting temperature (sodium, potas-
sium, silicon and others) condense. Thickness of
shell depends on temperature and oxidation po-
tential of arc atmosphere [1]. Figure 1 shows the
appearance of particles and agglomerates of
HCWA.
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Dispersity is analyzed by using several types
of equipment, operating on different principles.
The aerodynamic separation (Berner and Ander-
son impactors) [2—5, 15, 16] is the most widely
applied method. The method of measurement of
charged particles mobility in electric field
(SMPS scanning analyzers) [2, 16, 17] is applied
more rarely. Laser granulometry (laser analyzers
with flow-through and fixed cells) [18] is rela-
tively new and scarcely applied method.

It is difficult to define the characteristics of
single particles in common with their total quan-
titative distribution by sizes due to the wide range
of particle sizes. The substantial drawback of ap-
plying aerodynamic separation method is destruc-
tion of clusters as a result of collision in their
passing through separate levels of the impactor.
The drawback of the HCWA analysis, carried
out by the method of laser granulometry, is the
specifics of technique of preparation and carrying
out of analysis, namely mechanical effect on the
mass of deposited aerosol in its separating from
the filter, use of dispersion medium (usually it

is distilled water with or without surface active
agent), and ultrasonic oscillations. The most
promising method is the HCWA investigation
using equipment, which analyzes the particles
directly in air flow, namely diffusion, laser and
electrical analyzers.

To examine the morphology of single particles,
the electron microscopy is applied (SEM, TEM,
EPMA electron probe) [3, 5, 7, 16, 19, 20]. In
this case, HCWA is deposited on metal substrates.

To examine the dispersity, the Malvern Zeta-
sizer 1000 HS (Great Britain, measurement
range of 0.002—3 μm, fixed cell), HORIBA LA-
300 (Japan, measurement range of 0.1—600 μm,
flow-through cell), and AeroNanoTech diffusion
aerosol spectrometer DAS 2702 (Russia, meas-
urement range of 3—200 μm, analysis in air flow)
were used.

It should be mentioned that the equipment
for dispersity analysis has limited measurement
range, which makes it difficult to get compre-
hensive and real description of HCWA charac-
teristics.

The first two analyzers are working on the
principle of laser granulometry method, while
the third one is working on the method of trans-
mission of the air flow with particles through
diffusion batteries and determination of deposi-
tion (or slippage) coefficient of aerosol particles
during passing. In each case, the object of inves-
tigation was HCWA, obtained in welding with
rutile-type electrodes.

The technique of standard sampling of HCWA
(mechanical separation of the aerosol deposited
on filter) leads to the formation of «briquette»
accumulation, and mechanical disintegration
does not allow obtaining the qualitative object
for analysis. Thus, the ultrasonic treatment was
applied to destroy briquettes.

To carry out the investigation by means of
Zetasizer 1000 HS, the HCWA, removed from
the filter, was crushed mechanically and put into
the container, filled with distilled water and sur-
face active agent (1 % solution of sodium hexa-
metaphosphate). The suspension was stirred for
10 min in the UZDN-A ultrasonic disperser, then
put in the cuvette, filled with dispersion medium
for the two-thirds, and then the analysis was
carried out (Figure 2).

The obtained data prove that the HCWA has
a bimodal distribution of particles by sizes. The
average particle diameter for each spike is 156
and 370 nm.

To analyze by means of HORIBA LA-300, the
HCWA sample, obtained by removing the depos-
ited aerosol from filter, was put into the analyzer

Figure 1. Typical size and morphology of HCWA particles
[15]: a – coarse particle with deposition of nanosized par-
ticles; b – agglomerates of nanosized particles

Figure 2. Dispersity of HCWA particles obtained by means
of Zetasizer 1000 HS instrument
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cuvette, filled with the distilled water. The
analysis of each sample was made in three stages:
immediately after sample putting at the minimum
speed of the purge pump without ultrasonic treat-
ment; repeatedly at the medium speed of the
purge pump without ultrasonic treatment, and
at the medium speed of the purge pump after
ultrasonic treatment for 30 s.

HCWA sample, after its putting into distilled
water, represented rather coarse agglomerates of
50—80 μm average size (Figure 3, spike c). How-
ever, when the speed of the purge pump was
increased, the agglomerates were refined to the
average size of 10 μm (spike b) and considerable
amount of constituents of less than 1 μm size
appeared. The application of ultrasonic treatment
causes their further destruction. As a result, the
average size of the fine-dispersed fraction makes

up about 0.5—0.6 μm (spike a). In all three cases,
the HCWA has a bimodal distribution.

Thus, the samples, obtained by mechanical
removing of HCWA from the filter, are hardly
suitable for analysis without additional ultra-
sonic treatment, which duration changes signifi-
cantly the results of analysis. The further treat-
ment can, probably, provoke the destruction of
agglomerates, formed in the air flow, and repre-
sent the natural shape of HCWA, that does not
make it possible to judge about real sizes of par-
ticles and agglomerates.

To investigate the HCWA by means of DAS
2702, the air intake was realized at the distance
of 70—80 cm from the arc burning zone. The proc-
ess of analysis started since the moment of arc
ignition and continued after completion of arcing
till the beginning of substantial total reduction

Figure 3. Range of HCWA distribution by sizes after 30 s ultrasonic treatment (a), at medium speed of purge pump
without ultrasonic treatment (b) and at minimum speed of purge pump without ultrasonic treatment (c)

Figure 4. Change in amount of particles N (a) and their size distribution d within time of analysis (b) using DAS 2702
spectrometer
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of the amount of particles. Before the analysis
started, the background amount of particles was
determined.

The obtained results (Figure 4) prove that
there is a great amount of primary particles of
about 20 nm size in the HCWA immediately upon
the start of welding process. As a result of fast
agglomerating, their amount increases rapidly,
and they are missing in the air flow already after
several minutes upon completion of welding.
However, the amount of nanosized particles re-
mains high and the spike occurs at the size range
of 60—80 nm.

Sampling for investigation of morphology of
the HCWA particles was realized by deposition
of the latter on the adhesive carbon film, located
at the wall of chamber for sampling the HCWA
bulk samples at the height of 70 cm from the
welding arc zone. Such an approach allows us
not only to obtain the sample with the monolayer
of particles, but also to examine their morphology
(Figure 5). The examination was carried out in
JEOL scanning electron microscopes JSM-35CF
and JSM 6490-LA.

The morphology of particles, formed during
welding, is heterogeneous. The nanosized parti-
cles form agglomerates (Figure 5, a), which may
consist both of several particles, and also of sev-
eral thousands. There are also coarse round par-
ticles, having the size from several micrometers to
several tens of micrometers (Figure 5, b). Some-
times they have cavity inside (Figure 5, d), which
explains their ability to reach considerable height
(70 cm) in the flow of welding aerosol. Most often,
these particles are formed due to metal spattering.
Moreover, they are ofteny covered with the layer
of nanosized particles (Figure 5, c).

Thus, the results, obtained in course of the
HCWA analysis by using different types of equip-
ment and different techniques of preparation of
samples and their analysis itself, may diverge
considerably. The results, obtained by using the
«no-contact» analysis in DAS 2702 spectrometer,
may be considered as the most valid ones.
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Figure 5. Results of examination of morphology of agglomerates (a) and particles (b—d) of HCWA
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