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PREFACE

The 30™ international conference Ecological Truth & Environmental Research — EcoTER 23
kept three areas in focus: ecology, environmental protection and sustainable development.
The conference will be held on Mt Stara Planina in hotel Stara Planina, Serbia, 20-23 June
2023. The monograph is published on the occasion of the 30th anniversary of the conference.
On behalf of the scientific and organizing committee, it is a great honor and pleasure to wish
all the participants a warm welcome to the conference.

The monograph is published on the occasion of the 30™ anniversary of the conference.

We hope to convey the message of the conference, which is that a transformation of attitudes
and behavior would bring the necessary changes. This is also an opportunity for the
participants who are experts in this field to exchange their experiences, expertise and ideas,
and also to consider the possibilities for their collaborative research.

The 30" international conference Ecological Truth & Environmental Research — EcoTER 23
Is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology, the University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica, the University of Zagreb, Faculty of Metallurgy —
Sisak, the University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Association of Young Researchers, Bor.

These Proceedings 103 papers from the authors coming from the universities, research
institutes and industries in 11 countries: Australia, USA, Brazil, Spain, Portugal, Libya, Italy,
Bulgaria, Bosnia and Herzegovina, North Macedonia, and Serbia.

As a part of this year's conference, the 5™ Student Session — EcoTERS 23 is being held. We
appreciate the contribution of the students and their mentors who have also participated in
the conference.

The support of the Gold donor and their willingness and ability to cooperate has been of
great importance for the success of the EcoTER’23. The organizing committee would like to
extend their appreciation and gratitude to the Gold donor of the conference for their donation
and support.

We appreciate the effort of all the authors who have contributed to these Proceedings. We
would also like to express our gratitude to the members of the scientific and organizing
committees, reviewers, speakers, chairpersons and all the conference participants for their
support to the EcoTER 23. Sincere thanks go to all the people who have contributed to the
successful organization of the EcoTER '23.

Prof. Snezana Serbula,

President of the scientific and organizing committee
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Abstract

As an intermediate product of the steel production process using an electric arc furnace, electric arc
furnace dust (EAF dust) occurs. The resulting intermediate product of steel production is considered
hazardous industrial solid waste in many countries of the world, given that it contains a large number
of heavy metals that can reach the environment due to the action of atmospheric influences if it is not
adequately disposed of. In this paper, the physico-chemical characterization of the EAF dust
originating from a steel plant in the Republic of Serbia was performed, and Toxicity Characteristic
Leaching Procedure (TCLP test) and Leachability Procedure (LP test) were performed in order to
define the impact of this material on the environment and human health. The chemical analysis of the
tested sample of the EAF dust showed a zinc content of 32.44%, iron — 18.92%, lead — 1.39%,
cadmium — 0.04%, chromium — 0.25% and a lower content of a large number of other elements. The
results of the LP test showed an increased chloride content in the leaching eluate, above the permitted
limits, even for waste disposal at a hazardous waste landfill. In the TCLP eluate, the content of zinc,
cadmium and lead are above the permitted limits, thus the sample shows toxic characteristics and
danger to the environment and human health. In order to environmental and human health protection,
it is necessary to do the treatment of this type of material before disposal at the landfill.

Keywords: EAF dust, environmental protection, TCLP test, LP test.

INTRODUCTION

During the steel production using electric arc furnaces, at a process temperature of 1600°C,
during the melting of a batch of scrap iron, some elements evaporate. Volatile elements,
together with a part of solid particles, go as a gas phase to the gas purification system, during
which one of the intermediate products of this process — electric arc furnace dust (EAF dust)
is formed [1,2].

During the production of 1 ton of raw steel, about 10-20 kg of red-brown EAF dust is
generated [1,3-9]. Due to the presence of heavy metals in the EAF dust, it is considered
officially hazardous industrial solid waste in many countries [3,6-8,10-13].

In this paper, the physico-chemical characterization of the EAF dust originating from a
steel plant in the Republic of Serbia was performed, and its toxicity characteristics and
leachability were examined in terms of defining its impact on the environment and human
health after disposal in a landfill.
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POTENTIAL ENVIRONMENTAL POLLUTION WITH EAF DUST

The potential pollution of this type of waste consists in the possibility of leaching of heavy
metals, such as: Zn, Cu, Ni, Cd, Cr, Pb, F and ClI, etc., which are in its composition [14].
Inadequate disposal of the EAF dust has a negative impact on the environment [7]. There is
still a large amount of EAF dust in the world, the treatment of which should be carried out as
soon as possible, and which is accumulated around steel plants or in landfills of this material.
Disposal method of the EAF dust is very important. If the EAF dust is inadequately disposed
of, and in inappropriate landfills, due to the action of atmospheric influences, self-leaching of
heavy metals from the EAF dust may occur. It is necessary to ensure that when the EAF dust
is disposed in hazardous waste landfills, it must be protected from rain, in order to prevent the
formation of polluted leachate, which could contaminate the surrounding areas [14].

Figure 1a shows a "mountain” of the EAF dust generated from steel production in Egypt
[1]. The figure represents a typical inadequate way of disposing of this type of waste, given
that the waste is exposed to atmospheric influences. Also, considering that the EAF dust is a
material with very fine particles that can spread in the air, this kind of exposure to it due to the
action of the wind makes it possible [1,14]. A more adequate way of disposal of the EAF dust
from steel production in the Republic of Serbia is shown in Figure 1b. The EAF dust is
packed in jumbo bags and stored under a canopy at the landfill around of the steel plant, in the
production process of which it is generated.

a)

Mountain of the EAF dust H

T ——

B N R anEL
o rew s .

h."_._.- oyt AR 1CM  —
Figure 1 Method of disposal of the EAF dust in the world and in our country a) landfill in Egypt [1];

b) landfill in the Republic of Serbia

In order to environmental protection and human health protection from the negative impact
of this type of hazardous waste, it is necessary to carry out its treatment in accordance with
the legislation of the country where it is located. Before applying any treatment of electric arc
furnace dust, it is necessary to carry out its detailed characterization.

Physico-chemical characterization

The results of the physical characterization of the initial representative sample of the EAF
dust are as follows: moisture — 0.36%, pH value of the sample — 11.42, density — 4.351 g/cm?
and bulk mass — 654 kg/m?.

The chemical composition of a representative EAF dust sample is presented in the Table 1.
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Table 1 Chemical composition of a representative EAF dust sample [15]

Element Content, % Element Content, %
Zn 32.44 Ca 3.85
Fe 18.92 Co 0.0017
Sn 0.037 Pb 1.39

S 0.51 Ni 0.036
Mo <0.005 P 0.15
Mn 181 Mg 0.93

Si 1.34 Sh 0.022
Cr 0.25 Al 0.73
As 0.0041 K 0.87
Cd 0.04 Na 1.28
Cl 2.85 Hg 0.0001
Bi 0.013 Ag 0.00604
Cu 0.19 Au 0.00004

LABORATORY INVESTIGATIONS OF THE IMPACT ON THE ENVIRONMENT
AND HUMAN HEALTH

According to the Rulebook on categories, investigation and classification of waste (Official
Gazette of RS 93/2019, 39/2021), with regard to the impact on the environment and human
health after its disposal, toxicity and leachability tests of the material were performed on a
representative sample of the EAF dust. Laboratory tests were carried out according to
accredited standard methods: SRPS EN 12457-2 for testing material leachability, and EPA
1311 for testing material toxicity characteristics.

Leachability Procedure (LP test)

The results of the leachability test (LP test) of a representative EAF dust sample according
to the SRPS EN 12457-2:2008 standard are presented in Table 2 [15].

Due to the increased chloride content in the leaching eluate (leaching solution) above the
permitted limits, even for waste disposal at a hazardous waste landfill, based on the
leachability test results, the EAF dust sample was categorized as hazardous waste in terms of
disposal. These results indicate that the EAF dust must undergo pretreatment before final
disposal.

Table 2 Leachability test results for the representative EAF dust sample
Reference value Reference value

Parameter BEEITEE for non-hazardous for hazardous
value a N
waste waste
pH 11.31 6-13° -
Conductivity,
vy 8288 . .
pUS-cm

Content of dry matter, mg-kg™*
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Table 2 continued
Reference value Reference value

Measured

Elements for non-hazardous  for hazardous
value a "
waste waste
Zn 3.00 50 200
As <0.20 2 25
Cu <0.05 50 100
Sh <0.50 0.7 5
Cd <0.08 1 5
Mo 4.70 10 30
Ni <0.07 10 40
Se <0.33 0.5 7
Pb 10.00 10 50
Cr <0.05 10 70
\Y/ <0.08 200 -
Hg <0.005 0.2 2
Ba 2.60 100 300
Ag <0.05 50 -
CI 30900 15000 25000
F 36.30 150 500
SO.* 7400 20000 50000
Phenol index 0.24 1000 -

abannex 10 of the Rulebook on categories, investigation and classification of waste
(Official Gazette of RS 93/2019, 39/2021), Article 2, Parameters for testing waste and
leachate from non-hazardous waste landfills* and hazardous waste®. Ambient
temperature 21°C, humidity 52 %, pressure 970 hPa.

°Reference value for pH according to the Rulebook 93/2019, 39/2021 Annex 7, H15-
Waste that has the property of producing another substance in any way after disposal,
e.g. leachate that has any of the following characteristics (H1-H14), is 6-13. The
measured pH value is within the allowable range.

Toxicity Characteristic Leaching Procedure (TCLP test)

Table 3 [15] presents the results of the toxic leaching characteristic test (TCLP test) (EPA
1311) of a representative sample of the EAF dust intended for disposal.

The obtained results of the TCLP test show that the EAF dust sample, due to the increased
content of zinc, cadmium and lead in the TCLP eluate (leaching solution), which are above
the permitted prescribed limits, showed toxic characteristics. This type of hazardous waste
requires additional attention and the application of appropriate treatment in order to
environmental protection and human health protection.

The treatment of this type of hazardous waste can be performed by hydrometallurgical,
pyrometallurgical or combined procedures [1,5,6,10,15]. Considering the highest content of
zinc in the EAF dust, compared to all other elements, there is a possibility of its recovery by
some of the mentioned procedures, which would also make it possible to make a profit. Apart
from the application of the appropriate treatment of the EAF dust, primarily in order to protect
the environment from the negative impact of hazardous waste, it is observed that this material
can represent a secondary raw material for recovery of zinc.
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Table 3 TCLP test results of a representative EAF dust sample

Reference value Reference
Measured for non- Measured value for non-
Elements 3 hazardous Elements 3 hazardous
value, mg-dm value, mg-dm
waste?, waste?,
mg-dm-3 mg-dm?
V <0.008 24 Ag <0.005 5
Cr <0.005 5 Cd 13.88 1
Ni 0.068 20 Ba 0.880 100
Cu 0.050 25 Hg <0.0005 0.20
Zn 2690.67 250 Pb 61.16 5
Ar <0.020 5 Mo <0.007 350
Se <0.033 1 Sh <0.050 15

4Annex 10 of the Rulebook on categories, investigation and classification of waste (Official Gazette of RS
93/2019, 39/2021), Article 1, Parameters for testing the toxic characteristics of waste intended for disposal.

CONCLUSION

Dust from the electric arc furnace (EAF dust) is generated as an intermediate product of
the steel production process by melting secondary raw materials in an electric arc furnace.
Due to the fact that the EAF dust contains a large number of heavy metals that can enter the
environment due to the action of atmospheric influences, this material is considered
hazardous industrial solid waste in many countries of the world. Chemical analysis of a
representative EAF dust sample, originating from the Republic of Serbia, determined the
content of the following elements: zinc — 32.44%, iron — 18.92%, lead — 1.39%, cadmium —
0.04%, chromium - 0.25% and lower content of a large number of other elements. Laboratory
tests of toxicity characteristics (TCLP test) and leachability (LP test) were also performed on
a representative EAF dust sample. The results of the TCLP test showed that the content of
zinc, cadmium and lead are above the permitted prescribed limits, on the basis of which it can
be concluded that the sample shows toxic characteristics and danger to the environment and
human health. The results of the LP test showed increased chloride content in the eluate for
leaching, above the permitted limits, even for waste disposal at the hazardous waste landfill.
In order to protect the environment and human health, it is necessary to do the treatment of
this type of material before its disposal in a landfill. The treatment can be performed using
hydrometallurgical, pyrometallurgical or combined procedures. Apart from the application of
appropriate treatment of the EAF dust, primarily in order to protect the environment from the
negative impact of this hazardous waste, this material can also be used as a secondary raw
material for zinc recovery, and gaining adequate economic profit.
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