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Abstract:

The melting foundry work is challenging, as it is performed in an environment that features high
temperatures and the dispersion of nanoparticles (NP) and ultrafine particles (UFP) with multiple
chemical compositions, which can significantly impact human health. Hence, it is necessary to
study the particle size distribution and chemical composition to assess professional exposure and
understand their potential health effects.

This study aims at characterizing the airborne particles at the metallurgical workplace
environment. Accordingly, short-term samples were collected from areas and examined using
scanning electron microscopy (SEM) coupled with energy dispersive spectroscopy (EDS) to define
particle morphology and their chemical composition.

This analysis was conducted to explore the extent of their spread according to height and distance
from the source of the furnace. Thus, we collected various-height samples.

Consequently, the spatial mapping revealed high concentrations of particles near the furnaces and
plumes of particles rising in the stairwells and moving toward other work areas. The SEM/EDS
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results confirmed the high number of nanoparticles measured, indicating that the aerosols were
rich in metals, including iron, aluminum, selenium, and zinc.

The survey’s findings can be used to deduce appropriate new strategies to mitigate workers'
exposure to airborne metals.

Keywords: Nanoparticles, Airborne, Ultrafine particles, Scanning Electron Microscope, Workspace
healthy, Foundry, Energy-dispersive X-ray spectroscopy (EDS).
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1. Introduction

The airborne nanoparticles' effects on human health have been a concern for decades. Indeed,
epidemiological studies have linked airborne particles to increased mortality and incidence of

cardiovascular [1-3], pulmonary [4, 5], and neurological [6].

Numerous workers are exposed to a range of particles present on a nanometric scale. In
occupational hygiene, it is common to differentiate manufactured nanoparticles (NP) from
ultrafine particles (UFP) from natural, human, or industrial sources. The NP and UFP toxicity
has been extensively investigated by several authors [6-10]. Furthermore, studies show that an

NPs are generally more toxic than the same chemical size [11, 12].
1-The foundries’ dust nature,

2-The dust origin and its development within foundries,

3- The Airborne particles characterization,

4-The importance of the chemical composition of airborne particles,
5-The importance of knowing the size of airborne particles

This study considers a foundry that produces nodular and grey iron castings. Samples were
collected throughout the work in various workshops where particles were collected during the

metal melting, casting, and the sanding process.

Analytical methods usually include representative sampling protocols to define the worker’s
exposure [13, 14]. Conversely, this method uses scanning electron microscopy (SEM), and

energy-dispersive X-ray spectroscopy (EDS).
2.Experimental:

2.1. Description of the foundry:
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It involves a large workshop of 50 meters long and 90 meters wide, equipped with a furnace

comprising fans for the dust removal.
The working area has been divided into three sections, namely:

1. Zone 1: Near the furnace and the plumbing machinery. It starts from the location of the

furnace and goes up to 30 meters.

2. Zone 2: The central area, where the products exit and are treated after heat treatment,
ends within 30 meters. The presence of the workers in this area is intense due to the work’s

requirements.

3. Zone 3: The exit zone, where the workers prepare to leave their workplace. This area is

the closest to the gate.

Environmental samples were taken following the standard working conditions in the three

different workshop areas.

One in the first zone (i.e., near the furnace), the next one near the continuous casting area in the
(i.e., the central area) at about 10 m from the treatment zone, and third in the exit zone to

investigate the presence of particles in the outdoor environment.
2.2.The Elemental Analysis

A Quanta 250 Scanning Electron Microscope was used to examine the samples in powder form.
Moreover, to highlight the topography of the corrosion product studied, several high-resolution
images were taken in different areas and at different magnifications, ranging from 2000 to 10000

times.

The following parameters have been selected for the analysis;

- Pressure mode: High vacuum (> 1.03 10-4 Pascal)

- Primary electron beam: 15Kv

- Electron beam size (spot): 2.5 and 3

- Secondary electron detector: Everhart Thornley Detector ETD ()
- Working distance (WD): 8 mm

- Magnification: from 2000x to 100000x

Sample Analysis by Energy Dispersion X-Ray (EDX)

The samples’ morphology and the chemical composition are illustrated in the images resulting

from the Scanning Electron Microscope (SEM) analysis coupled with the EDX.
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3. Results and discussion

The Airborne PFU and NPs concentration data were collected during normal working hours

(i.e., 8 to 4 p.m.) when furnace operation was intensive.

Accordingly, the analysis was based on two variables to study the dispersion of ultrafine particles

and NPs resulting from the iron liquefaction and casting processes:
- Distribution according to the size of the dust particles
- Distribution according to the chemical composition of the dust

The different samples and the three workshop areas investigation revealed a high concentration
of the metal particles near the first area of the kiln. This concentration is moderate near the
second area, and relatively low near the third area. This initial study established a baseline for the
distribution of the metal particle concentrations of the UFPs and NPs in the furnace, as shown in

Figure 1 (a).

The element distribution is illustrated and will be very important in Figure 1(b) (treatment zone)
with high concentrations by introducing processes that require other elements. Furthermore, a

noticeable change in the concentration of some metallic elements is confirmed in Figure 1(b).
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Figure 1: Distribution of the most important metal elements used in the foundry industry by

zone.
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Regarding zone 3 (i.c., the exit zone) there is a decrease in the airborne density compared to
zones 1 and 2, with a change in metal element concentration, as confirmed by Figure 1(c).
3.1. SEM examination

The distribution of the airborne particles in the form of glomerules of regular spherical size up to
a diameter of 30 pm can be observed from the first view in the SEM with a magnification of (a)
x1200 and (b) x2000 is at 5kv. The presence of objects of irregular size is also visible. It is

noteworthy to state that this research only considers the spherical objects.

An irregular distribution of PFU and NP from 1 nm to over 2500 nm in diameter is shown in

Figure 2.

a b

T HV det | mag O | WD [spot|
20.00 kV|ETD | 14 000 x 5mm| 3.0

Figure 3: spherical particles of various sizes and diameters.
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Figure 4: Morphology of metal powders observed by scanning electron microscopy in

secondary electron mode are spherical particles and agglomerates of various sizes, ranging

from 10 to 589 nm.

The images in Figures 3 and 4 are given at a low magnification, where spherical particles of
various sizes and diameters can be seen. It is possible to distinguish show particles of different
shapes, including micron-sized particles, which are the finest sand grains. Nevertheless, the most
important thing to note, especially in Figure 4, are the large spherical particles with smaller

particles deposited on their surfaces, which are sub-assemblies of nanoparticles.

The images demonstrate that in Figure 3 the small nanoparticles are homogeneous in contrast to
the large ones that are clearly visible. Therefore, we can see some bodies adhering to their external
face (Figure 3), such as the small nanoparticles. It is also evident that the NPs condense on each

other to form aggregates of large-volume NPs or relatively large micro-NPs compared to the
NPs.
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Figure 5: SEM-EDS image to obtain spectra in the selected areas (points)

A micro-analyzer (EDX), is installed in the scanning electron microscope. The latter collects the
photons released by the primary electron beam. The x-ray detector can determine the photons’
energy. In addition, data describing the chemical type of the atom is obtained by analyzing these

beams. Figures 5-7 provide examples of particle collection.
The following observations can be made from the established analysis

Conversely, the EDX data of the nanoparticles below 150 nm (EDS Spot 4) highlights the
concentration of chemical components in several micro areas, indicating only oxygen (O) and
iron (Fe) atoms. With ratios of 56.15 for the oxygen and 43.85 for the iron. This finding

demonstrates that these nanoparticles are NPs of Fe,Oj; iron oxide particles (Figure 5, Table 3).
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Figure 6: EDX spectrum of the powder on the EDS Spot4 area
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Chemical element mass rate atomic mass rate
OK 26.84 56.15
Fe K 73.16 43.85

Table 2: Quantitative results for the EDS Spot4 areas
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Figure 7: The EDX spectrum of the powder on the EDS Spot2 area.

Chemical element mass rate atomic mass rate
CK 5.84 20.26

OK 4.25 11.06

SiK 2.25 3.34

Fe K 87.65 65.34

Table 3: Quantitative results for the EDS Sport2 range of points of interest

The presence of non-metallic elements such as C and Si, with a significant rate of Fe and O in

various percentages, is the most important observation that can be made in Table 3 of the Spot 2

illustrated in Figure 7.

3.2. Form, distribution, and degree of aggregation of the emitted particles
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The size of the particles ranges from 27 to 240 nm (Figure 6 to 10). However, aggregates can be

larger depending on the aggregation degree.

In line with our previous analysis, we can gather that when the NPs are small and of constant
spherical size, their components are pure, comprising two elements, namely: iron, and oxygen.
These element found in the proportions of 43.85% and 56.15%, for iron and oxygen,
respectively (Figure 5 and 6 and Table 2). This confirms that they are iron oxide nanoparticles

since they are widely distributed in area 4.

As mentioned earlier (Figures 3 and 7, Table 7), the nanoparticles above 147 nm in diameter are
irregular and have several compounds attached to their external surface, which is coherent with

the description of Natalia et al. [17].

This implies that nanoparticles start forming from a core of iron and oxygen (Fe203). This core
may be a single molecule combining various chemical components to form large nanoparticles of

various chemical elements.
5- Conclusions:

The main purpose of the present research is to analyze the morphology and distribution of

particulates in a steel workshop using electron microscopy and EDX.

The samples have been collected while melting and during intensive working. Accordingly,
measurements considered the number of PFUs, morphology, and composition of metallic

elements.

The results improved the knowledge regarding exposure to ultrafine particles and metal element
fractions in nano-scale particles, which were in accordance with the previous studies conducted
in similar industrial conditions [18-22]. Indeed, The study findings contribute to the
characterization of occupational exposure to UFPs and may be useful to identify preventive

measures to limit the workers” exposure.

Moreover, our results provide relevant information on the evolution of nanoparticles under
UFPs, which confirms that a nanoparticle arises from an initial core consisting of iron oxide,
then with the adhesion of several chemical elements to its surface, it begins to grow until
reaching a diameter of a few hundred nanometers. This case has been verified by the presence of

particles attached to the surface of the nanoparticles.

Similar NP collectors have been observed in factories performing MIG welding [22] and in
particles collected in polluted air studies [23], indicating that they could be as common as
aggregates of this type. Thus NP should be studied in detail, as they transport accidental

nanoparticles on their surface [18, 21].
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These results contribute to the characterization of occupational exposure to PFU chemicals and
may be useful in identifying preventive measures to limit worker exposure. Furthermore, the
study findings provide relevant information to improve knowledge of health effects associated
with workplace exposure to UFPs. The description provided by this paper could help to better

structure a workplace exposure matrix and plan an early biological response study.
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