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IRON OXIDES PARTICLES IN THE AIR AND FLY ASH, AND THEIR INFLUENCE
ON THE ENVIRONMENT (PRELIMINARY STUDIES)

Mariola JABLONSKA!, Danuta SMOLKA-DANIELOWSKA!

Abstract. The paper presents preliminary data concerning sizes, distribution and composition of the most popular particles,
which are formed during coal combustion, i.e. iron oxide particles. It is written only about particles of iron oxides, not de-
scribing different phases which contain iron (such as sulphides, carbonates or native iron). Particles of PM10 (Particule Mat-
ter 10) and the fallen dust were collected in several towns of the Upper Silesia. Fly ash samples from the coal combustion were
separated in electrofilters. All samples were gathered during the last years. Samples were analysed by X-ray diffraction on
Philips PW 3710 instrument (with CoKoa radiation) and Philips XL30 TMP scanning electron microscope equipped with
EDAX system and EDS type Sapphire.

In fly ashes, similar iron oxide particles were found. However, differences in concentration of accessory components were
observed. The magnesioferrite, hercynite and chromite occurred in the fly ashes.

Differences were also observed in grain size of the dominating particles. About 50—-60 wt. % of iron oxides particles present in
the atmospheric dust have diameters less then 10 mm, while about 10 wt. % of them show particles less then 2.5 mm (respira-
ble particles). The fly ashes from the electrofilters contained a lot of iron oxide particles with the diameter range 30-80 mm
(average about 70 wt. % of all iron oxides particles).

Most of larger iron oxide particles originating from the coal combustion are separated in the electrofilters, but the smallest
fractions (less then 10 mm) are emitted to the atmosphere. Since a lot of iron oxides particles, which diameters is less than 10
mm are observed in the air it may be assumed that these diameters are transported to long distances. Moreover, iron oxide par-
ticles which diameters are less then 2.5 mm can show a potential hazard to human health. There are preliminary studies of iron
oxides, which will be continued.
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Abstrakt. Niniejszy artykut przedstawia wstegpne wyniki badan dotyczace rozmiaréw, rozmieszczenia i sktadu najczgsciej
wystepujacych czasteczek o sktadzie tlenkow zelaza, ktore powstaty podczas proceséw spalania wegla kamiennego. Opis
dotyczy tylko wyzej wymienionych czastek natomiast pominigto inne fazy zawierajace zelazo (takie jak siarczany, weglany
czy tez zelazo metaliczne). Czasteczki PM 10 (pyt zawieszony) oraz pyt opadowy pobrane byty w kilku wybranych miastach
Gornego Slaska. Probki popiotu pobrano z elektrofiltrow zaktadow spalajacych wegiel kamienny. Wszystkie probki zebrano
w ciagu kilku ostatnich lat. Materiat badawczy poddano analizie rentgenowskiej metoda proszkowa, wykorzystujac dy-
fraktometr Philips PW 3710, uzywajac lampy kobaltowej CoK,, oraz badaniom w skaningowej mikroskopii elektronowej
przy uzyciu srodowiskowego mikroskopu Philips XL30 TMP wyposazonego w EDS typu Sapphire.

Dominujace czasteczki tlenkéw zelaza (magnetyt, hematyt, wustyt) obserwowano w pytach atmosferycznych i popiotach z
elektrofiltrow. Roznice obserwowano w ilosci i sktadzie czastek akcesorycznych. W popiotach czgsciej wystgpowaty: ma-
gnezioferryt, harcynit i chromit.

Réznice obserwowano tez w rozmiarach dominujacych czastek. Tlenki zelaza w pytach atmosferycznych o srednicach po-
nizej 10 mm stanowity ok. 50-60% obj., podczas gdy czastki o $rednicach respirabilnych (ponizej 2,5 mm) to ok. 10% ob;.
Popioty z elektrofiltrow zawieraja czastki tlenkow zelaza o $rednicach rzgdu 30—-80 mm (co stanowi ok. 70% obj. wszystkich
czastek o skladzie tlenkow zelaza). Wigkszo$¢ duzych czastek tlenkow Zelaza powstajacych w procesach spalania wegla ka-
miennego osadza si¢ na elektrofiltrach, jednak najmniejsze frakcje (ponizej 10 mm) sa emitowane z gazami spalinowymi do
atmosfery. Stad w powietrzu odnotowuje si¢ znaczne ilosci tlenkow zelaza o Srednicach mniejszych niz 10 mm co powoduje,
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iz rozmiary tych czastek sprzyjaja dalekiemu transportowi od zrodta ich powstawania. Natomiast czastki zawierajace tlenki
zelaza o $rednicach respirabilnych moga niekorzystnie dziata¢ na zdrowie. Badania te powinny by¢ kontynuowane celem
szczegotowego okreslenia wptywu tlenkow zelaza na srodowisko i organizmy zywe.

Ssowa kluczowe: tlenki zelaza, pyt atmosferyczny, popiot lotny, zanieczyszczenie, Gorny Slask.

INTRODUCTION

A fly ash and a slag are solid products of coal burning, a
mineral composition of which depends, to a large degree, on
physical and chemical properties of coal, its petrographic com-
position and the mineral contamination (Misz, 2002). It is esti-
mated that the fly ash represents 75-85% of the total mass of
wastes produced in heat and in heat and power stations in the
process of coal burning (Laudyn et al., 1997). Estimated data
indicate that 300—400 kilograms of wastes from heat and power
stations are produced out of one tonne of the combusted coal,
whereas in case of the burning of coal of poor quality coal com-
bustion, the amount of the ash may reach up to 50%
(Bojakowska, 1994).

In 2000 the total dust emission in the Upper Silesia
amounted to 24% of the total dust emission in Poland
(Szymanska-Kubicka et al., 2001). The concentrations of re-
spirable particles in the Upper Silesia were relatively high in
comparison with industrial areas in Western Europe and the
United States (Pastuszka, 2001).

Pollution emitted to the atmosphere by the heat and power
stations causes a number of negative effects in the environ-
ment. The process of hard coal burning releases huge amounts
of dusts. Due to their fine-dispersion nature (50-80% the parti-
cles with of < 10mm diameter in size), they may be transported
at long distances and deposited in areas not necessarily in the
immediate neighbourhood of the emitters (Nowak, Kwapu-
linski,1991; Zelechower et al., 1998).

Spherical forms of dusts, characteristic of the professional
power engineering, are seen on the surface of both buildings
and rocks in areas with a relatively low level of atmospheric
pollution (Wilczynska-Michalik, Michalik, 1996).

Morphology and chemical composition of fine-dispersion
pollution released in the process of hard coal burning is of great
importance with respect to the environmental protection. The
particles of the atmospheric dust, which contained iron oxides
and have diameters less then 2.5 mm can be potentially
hazardous to human health.

METHODS

Particles of PM10 and fallen dust were collected in several
towns of the Upper Silesia. Particulates of deposited dust were
allowed to accumulate in glass jars with a volume of 1x10* cm®
for one month at 2.5 m above a ground level. The samples of
airborne dust were collected at a height of 2.5 m on borosilicate
glass covered by Teflon filters using an automatic TEOM 1400
sampling device.

The material under investigation is the fly ash produced in
the process of coal burning and collected by electrofilters (ef-
fectiveness of waste gas collection 95-98%) in selected heat
and power stations located in the Upper Silesia.

The fly ash was produced as a result of coal burning in
steam and water boilers. The temperature in the combustion
chamber was between 950 and 1200°C.

All grain sizes of the suspended particles and settled dust
were measured in two dimensions using calibrated scanning

electron microscopy (with a relative error of 10%). A size of
particulates is determined as a root-mean-square size,

1
r.m.s.= {a2 + b’ }5 , where a and b are two orthogonal dimen-

sions across the grain (Rietmeijer, Janeczek, 1997).

The samples were examined by X-ray powder diffraction in
Geigerflex Rigaku-Denki and Philips PW 3710
diffractometers in aim to determine the abundance of the most
common crystalline components of the atmospheric dust and
fly ash.

All samples were also examined by scanning electron mi-
croscopy Philips XL30 TMP operated in the environmental
mode at 15 kV accelerating voltage and equipped with EDAX
EDS system, type Sapphire. Samples of fly ashes were ana-
lysed by the optical reflected light microscope.

RESULTS AND DISCUSSION

The composition of the atmospheric dust and fly ashes and
the grain size specified physical properties, which are of funda-
mental significance when defining an impact of a disposal site
on the environment (pollution of the air and groundwaters).

It also determines filtration and dusting properties. Many finer
particles of the fly ash are emitted to the natural environment.

In the present research trials were done to trace the influ-
ence of iron oxide particles on the environment. A grain size of
those particulates was analysed first.
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Grain size distribution of iron oxides (haematite, magnetite,

Table 1

wastite) in fly ash

Range of diameters in microns <20 20-80 > 80
% of total 21.75 23.75 44.50

Iron oxides mean 2.10 8.50 16.50
std.dev. 1.70 2.20 4.50

Fig. 1. Atmospheric particles of iron oxides from Chorzéw
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BSE image; EDS spectrum

Table 2

Grain size distribution of iron oxides (haematite, magnetite,
waustite) as a function of season in settled dust from Upper
Silesia (a summary for all locations)

Range of diameters in microns <5 5-10 >10
% of total 61.5 21.5 17.0
Iron oxides: | SUHer mean 2.25 7.38 15.96
season
std. dev. 1.22 1.65 3.62
Haematite
Magnetite % of total 64.5 22.6 12.9
Wiistite heating | 1 oan 256 | 715 17.40
season
std. dev. 1.21 1.49 6.27

Fig. 2. Atmospheric particle of magnetite from Siemianowice
Eltskie, BSE image

Many bigger fly ash particles (with a above 20 um) are col-
lected on electrostatic precipitators (Table 1), while the smaller
particles penetrated into the air, as it results from one-year-ob-
servations (Table 2). Because the particles collected in the at-
mospheric dust have diameters approximately 10 um (Fig. 1a,
b, ¢), especially in the winter season, it may be suggested that
the iron oxide particulates can be transported for a long dis-
tance from their sources. The particles of the atmospheric dust
mostly have diameters below 5 wm and can be hazardous to a
human health.

Particles which are composed of iron oxides (magnetite
(Fig. 2), haematite and wiistite) are observed both in the atmo-
spheric dust and the fly ash. Their chemical composition fre-
quently differs from their natural analogue, being probably de-
pendent on parameters of the coal combustion process and feed
coal properties. The rest of the iron oxide particles, which are
observed in the atmospheric dust pollutants have been similar
to goethite and various spinels such as chromite, magne-
sioferrite, hercynite, franklinite, jacobsite.

The particles of magnetite and haematite, which were ana-
lysed in the atmospheric dust and in the fly ash, occur as spheri-
cal and oval forms (Fig. 3a, b, ¢), in most cases porous, with nu-
merous hollows and ducts. They are characterised by a skeleton
structure (Fig. 4) seen in the dendrite, fan- and rounded-shaped
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Fig. 4. Skeleton structure of magnetite and haematite
particle (reflected light) from the fly ash from the heat and
power stations in Upper Silesia (Poland)

el

Fig. 3a, b — examples of iron oxides in the analysed fly ash
in the heat and power stations in Upper Silesia (Poland)
equipped with electrofilters; ¢ — fan-shaped inclusions of
magnetite and haematite in the aluminosilicate matter
(reflected light); fly ash from the burning of bituminous coal
in Upper Silesia (Poland)

Fig. 5. Dendrite structure of fly ash particle (a)
and atmospheric dust particulate (b)
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forms (Fig. 5a, b). Some particles are empty inside but they are
spherical. That type of particles formed in smaller amounts.

The iron oxide particles are observed in the atmosphere but
they may be also identified in the soils (Strzyszcz, 1983;
Magiera et al., 2002).

The present results are preliminary and concern the oc-
currence of the particles of various sizes. In future, investi-
gations of magnetic susceptibility will be carried out to rec-
ognize an influence of anthropogenic pollution to the natu-
ral environment.

CONCLUSIONS

The particles of the atmospheric dust and the fly ash very
often consisted of iron oxides (magnetite, haematite, wiistite
and a lot of intermediate phases). The latter ones probably have
a different structure, depending on differences in the coal com-
bustion processes. These components comprise average
80-90% wt of all iron oxides particles in the air.

Many of them in the atmosphere have diameters between
5 mm and 10 mm. The results are the preliminary study, which

determined the size and distribution of PM5, PM10 and other
dust. Due to their size, those particles can be transported for a
long distance and they pollute the natural environment. The
problem of the environmental protection is especially signifi-
cant in the highly urbanised areas.

The studies on the iron oxide particles will be continued to
determine the influence of these particles on the natural envi-
ronment especially on the air, soils and a human being.
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