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Аннотация. Рост производства и потребления стали приводит к образованию большого количества техногенных отходов. Одним из отходов 

выступает пыль электродугового сталеплавильного производства. В Российской Федерации ежегодно образуется порядка 0,7 млн т пыли. 
В работе изучена пыль одного из металлургических предприятий, в которой цинк преимущественно содержится в виде ZnFe2O4 , а также 
присутствуют вредные соединения хлора и свинца, которые снижают качество вельц-оксида при последующей переработке. Исследуемая 
пыль подвергалась высокотемпературному окислительному обжигу в муфельной печи. Эксперименты проводились в интервале темпе-
ратур 300 – 1100 °C при времени выдержки 1 ч. В интервале температур 900 – 1100 °C время выдержки варьировалось в пределах 3 – 9 ч. 
Фазовый состав пыли определяли с помощью рентгенофазового анализа, химический состав – микрорентгеноспектральным методом. 
Установлено, что при температуре 900 °C и времени выдержки 9 ч степень удаления хлора составляет 78 %. При температуре обжига 
1000 ℃ и времени выдержки 9 ч степень удаления хлора достигает 99,4 % при потерях цинка 19,8 %. При температуре обжига 1100 ℃ 
и времени выдержки 3 ч степень удаления хлора составляет 91,2 %, а потери цинка достигают 37,8 %, поэтому проведение окислитель-
ного обжига при данной температуре является нецелесообразным. Экспериментальные исследования показали, что из пыли электроду-
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Abstract. The growth of steel production and consumption leads to the formation of a large amount of technogenic waste. One of the wastes is electric arc 

furnace (EAF) dust. In the Russian Federation, about 0.7 million tons of dust are annually generated. The paper studies the dust of one of the metal-
lurgical enterprises, in which zinc is mainly contained in the form of ZnFe2O4 , and also contains harmful compounds of Cl and Pb, which reduce 
the quality of Waelz oxide during subsequent processing. The studied dust was subjected to high-temperature oxidative roasting in a muffle furnace. 
The experiments were carried out in the temperature range of 300 – 1100 °C with roasting time of 1 h. In the temperature range of 900 – 1100 °C, 
the roasting time varied within 3 – 9 h. The composition was determined using XRD phase analysis and micro-X-ray spectral method. It was found 
that at temperature of 900 °C and roasting time of 9 h the degree of Cl removal reaches 78 %. At temperature of 1000 ℃ and roasting time of 9 h, 
the degree of Cl removal reaches 99.4 % with Zn losses of 19.8 %. At temperature of 1100 ℃ and roasting time of 3 h the degree of Cl removal is 
91.2 %, and Zn losses reach 37.8 %; thereby, carrying out the oxidative roasting at this temperature is impractical. Experimental studies have shown 
that it is possible to effectively remove chlorine from EAF dust which predominantly contains zinc in the form of ZnFe2O4 using high-temperature 
oxidative roasting with relatively low zinc losses in the temperature range of 900 – 1000 °C. 
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 Introduction

The continuous growth of  steel production and con-
sumption inevitably leads to  the  generation of  large 
amounts of  technogenic waste. On average, 25 – 30 kg 
of  electric arc furnace (EAF) dust is produced per ton 
of  steel. In the  Russian Federation, approximately 
0.7 million tons of this dust are generated every year. It is 
typically stored in dumps, resulting in the loss of valuable 
metals such as iron, zinc, and lead1 [1; 2]. The accumula-
tion of such waste poses a potential hazard to both eco-
systems and human health [3]. The chemical composition 
of EAF dust varies depending on the specific production 
technology. The zinc content ranges from 2 to  25 %, 
and in some cases reaches up to  40 %. Understanding 
the  physicochemical behavior of  EAF dust components 
with the aim of extracting zinc, lead, and iron, as well as 
removing chlorine, is an important objective of modern 
metallurgical production [4 – 6]. 

In industrial practice, EAF dust is most often treated 
using pyrometallurgical methods. The Waelz process 
remains the predominant technology, accounting for about 
80 % of  all processed dust  [7]. EAF dust is composed 
mainly (up to 90 %) of oxides, while the remaining por-
tion consists of ferrites, sulfates, and chlorides, including 
sodium chloride (NaCl), potassium chloride  (KCl), and 
chlorides of zinc and lead [8]. One of the main challenges 
in EAF dust recycling is its high chloride content. These 
chlorides originate from chlorine-containing compounds 
present in the steel scrap, such as polymer materials and 
paint coatings.

Roasting is one of  the  approaches used to  remove 
contaminants from EAF dust. In studies  [9; 10], oxida-
tive roasting was performed at 950 °C with additional air 
supply. According to  the  results, about 98 % Pb and Cl 
and 1 % Zn volatilized. Other studies  [11 – 13] investi-
gated roasting in various gaseous atmospheres – air, CO2 , 
and SO2 . The dust samples were heated to 200 – 600 °C 
and held for 1 – 5 h. The authors selected low-tempera-
ture conditions to minimize zinc losses that occur at ele-
vated temperatures. The most effective atmospheres were 

CO2 and SO2 , whereas roasting in air showed the lowest 
efficiency. Sulfatizing roasting reduced the chloride con-
tent by 83 % (from 70.2 to  12.1 mg/kg), while carbo
nation roasting achieved an 81 % reduction (from 70.20 
to  13.23 mg/kg). In another study  [14], EAF dust was 
roasted with CaO added to convert zinc ferrite into zinc 
oxide. The experiments were conducted at 1100 °C for 3 h, 
and it was found that approximately 98 % Cl and Pb were 
removed from the initial dust. In [15], roasting was car-
ried out in a muffle furnace at temperatures ranging from 
300 to 1150 °C. The results showed that heating the dust 
to  1150 °C completely eliminated sodium and chlorine, 
while potassium and lead contents decreased by 81 and 
83.5 %, respectively. Zinc losses did not exceed 5 %. 
Chlorine removal results by roasting were also reported 
in  [16]. Crucibles containing dust were heated at  a rate 
of  300 °C/h to  900, 1000, and 1100 °C with a  roasting 
time of  240 min. After roasting, the  chlorine content in 
the  sinter decreased from 3.02 to  0.01 – 0.02 %, corre-
sponding to a chlorine removal degree of 99.6 %. Howe
ver, no data on zinc losses were provided.

Overall, published studies report inconsistent results 
concerning the  efficiency of  oxidative roasting in air 
atmosphere, especially with respect to  zinc losses. 
Therefore, the aim of this study was to further evaluate 
the effectiveness of oxidative roasting in air atmosphere 
for chlorine removal from EAF dust at high tempera-
tures. 

 Initial dust and experimental procedure
 

The study investigated electric arc furnace (EAF) 
dust obtained from one of  the metallurgical enterprises. 
A representative sample for chemical and phase composi-
tion analysis was prepared by homogenizing the collected 
dust. The phase composition of the dust was determined 
by X-ray diffraction (XRD) using a Rigaku  Ultima  IV 
diffractometer. The data were processed with the Match 
software package. The main identified phases (%) were as 
follows: ZnFe2O4 – 69; ZnO – 6; CaCO3 – 17; SiO2 – 5; 
and KCl – 3. 

The elemental chemical composition of the researched 
dust is presented in Tables 1 and 2. The composition 
was determined by micro-X-ray spectral analysis using 

1 World Steel in Figures. https://worldsteel.org/steel-by-topic/
statistics/world-steel-in-figures/ (Accessed 19.03.2025).

говой печи, в которой цинк преимущественно содержится в виде ZnFe2O4 , возможно реализовать эффективное удаление хлора методом 
высокотемпературного окислительного обжига с относительно низкими потерями цинка в интервале температур 900 – 1000 °C. 
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обжиг
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a JEOL JSM-7001F scanning electron microscope. Statis-
tical errors were evaluated using mathematical methods. 
To obtain statistically reliable data, nine samples (por-
tions of  the  homogenized EAF dust) were collected 
from a well-mixed bulk container. For each sample, four 
spectra were recorded (area analysis at 100× magnifica-
tion). Mean values of the analyzed elements were calcu-
lated from 36 spectra, and the confidence interval radius 
was determined using the SPSS software. The resulting 
data are shown in Table 1.

A series of oxidative roasting experiments was carried 
out in a muffle furnace. Each 18 g dust sample was placed 
in a corundum crucible and loaded into the furnace pre-
heated to the desired temperature. The experiments were 
conducted in the  temperature range of  300 – 1100 °C 
with a roasting time of 60 min under an air atmosphere. 

 Results and discussion

Fig. 2 illustrates the  effects of  temperature and time 
on the mass change of EAF dust samples during oxida-
tive roasting.

As seen in Fig. 2, an increase in temperature causes 
slight mass variations of  the  samples (within 1 – 3 %), 
both upward and downward. These fluctuations are likely 
associated with the  decomposition of  carbonates and 
hydroxides, the  volatilization of  certain elements and 
compounds, as well as the  further oxidation of  metals 
to higher oxides.

After roasting, the dust samples were examined under 
an electron microscope. The results are presented in 
Table 3. 

Table 1. Composition of the researched EAF dust (statistical data, wt. %)

Таблица 1. Состав исследуемой пыли ЭДП (статистические данные, мас. %)

Element O Na Mg Si S Cl K Ca Cr Mn Fe Cu Zn Pb
Mean value 27.0 2.3 0.8 2.2 0.8 1.8 1.7 3.9 0.5 4.5 40.2 0.5 12.9 1.0
95 % confidence 
interval radius 0.9 0.5 0.1 0.1 0.1 0.1 0.1 0.2 0.0 0.1 0.7 0.1 0.3 0.1

Upper confidence 
limit 27.9 2.8 1.0 2.3 0.9 2.0 1.7 4.1 0.6 4.6 40.9 0.5 13.1 1.1

Lower confidence 
limit 26.2 1.9 0.7 2.1 0.8 1.7 1.6 3.7 0.5 4.4 39.5 0.4 12.6 0.8

Таблица 2. Средний состав исследуемой пыль ЭДП, мас. %

Table 2. Average composition of the researched EAF dust, wt. %

 Element O Na Mg Si S Cl K Ca Cr Mn Fe Cu Zn Pb Total
Mean value 27.0 2.3 0.8 2.2 0.8 1.8 1.7 3.9 0.5 4.5 40.2 0.5 12.9 1.0 100.0

Fig. 1. Phase composition of the researched EAF dust

Рис. 1. Фазовый состав исследуемой пыли

Fig. 2. Effects of time and temperature on mass change 
of the EAF dust samples:

1 – 900 °С; 2 – 1000 °С; 3 – 1100 °С

Рис. 2. Зависимость изменения массы образцов  
от времени и температуры:

1 – 900 °С; 2 – 1000 °С; 3 – 1100 °С
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As shown in Table 3, an increase in temperature leads 
to  a decrease in the  chlorine content of  the  EAF dust 
samples. Based on these findings, additional high-tem-
perature oxidative roasting experiments were carried out 
with varying roasting times to evaluate the effect of this 
parameter on dust dechlorination. Dust samples weigh-
ing 10 g were placed in corundum crucibles and loaded 
into a muffle furnace. The experiments were conducted 
at temperatures ranging from 900 to 1100 °C, with roas
ting times of  3, 6, and 9 h. After roasting, the  samples 
were analyzed using electron microscopy. The experi-
ments showed that the  maximum degree of  dechlori-
nation reached approximately 98.9 % at 1100 °C and 
a roasting time of at least 6 h. At a roasting time of 9 h, 
a similar dechlorination degree of 96.8 % was obtained. 
The experimental results are shown in Fig. 3.

Further electron microscopy analysis revealed that oxi-
dative roasting at 1100 °C for more than 6 h is inefficient 
because of increased zinc losses. At 1000 °C, zinc losses 
reached approximately 24.8 %, whereas at 1100 °C they 
increased to 38.5 %. These results are presented in Fig. 4.

The findings indicate that increasing temperature 
and roasting time during oxidative roasting significantly 
reduces the  chlorine content in EAF dust, from 1.70 
to 0.04 – 0.10 %. Temperature is therefore one of the most 
critical parameters influencing the efficiency of dechlori-
nation. According to  the  data in Table 3, the  maximum 
chlorine content (2.5 wt. %) was observed at 600 ℃, 
which can be attributed to minimal chlorine removal and 
to the decomposition of calcium hydroxide Ca(OH)2 and 
calcium carbonate CaCO3 . This temperature range corres
ponds to  the decomposition temperatures of  these com-

Table 3. Composition of the EAF dust after oxidative roasting at various temperatures, wt. %

Таблица 3. Состав пыли после окислительного обжига при различных температурах, мас. %

 Element O Mg Al Si S Cl K Ca Cr Mn Fe Zn Total
EAF initial dust 17.7 1.0 0.4 2.8 0.9 1.7 1.8 4.2 0.5 5.6 49.3 14.2 100.0

300 °С 15.8 1.5 0.5 2.4 0.9 1.9 1.8 4.0 0.5 5.3 50.6 14.9 100.0
400 °С 16.5 1.0 0.4 2.6 0.9 1.8 1.9 4.0 0.6 5.3 49.5 15.5 100.0
500 °С 17.6 1.2 0.3 2.7 0.8 1.9 1.7 4.4 0.8 5.3 49.0 14.4 100.0
600 °С 16.3 1.3 0.5 2.6 0.7 2.5 1.8 5.4 0.7 5.0 48.2 15.2 100.0
700 °С 17.3 0.9 0.4 2.5 0.7 2.3 1.8 5.8 0.6 5.6 48.8 13.5 100.0
800 °С 15.8 1.4 0.4 2.5 0.6 2.2 1.7 6.6 0.6 5.3 49.2 13.8 100.0
900 °С 15.8 1.1 0.3 2.4 0.8 1.2 1.2 6.4 0.7 5.5 51.2 13.4 100.0
1000 °С 13.1 0.7 0.4 2.3 0.6 1.6 1.1 6.5 0.8 5.9 55.6 11.4 100.0
1100 °С 16.3 1.5 0.4 3.7 0.7 0.9 0.6 7.1 0.9 5.1 51.4 11.6 100.0

Fig. 3. Effects of time and temperature on Cl content in the EAF 
dust samples during oxidative roasting in air atmosphere:

1 – 900 °С; 2 – 1000 °С; 3 – 1100 °С

Рис 3. Зависимость содержания хлора в пыли ЭДП от времени 
и температуры при окислительном обжиге на воздухе:

1 – 900 °С; 2 – 1000 °С; 3 – 1100 °С

Fig. 4. Effects of time and temperature on Zn content in the EAF 
dust samples during oxidative roasting in air atmosphere:

1 – 900 °С; 2 – 1000 °С; 3 – 1100 °С

Рис 4. Зависимость содержания цинка в пыли ЭДП от времени 
и температуры при окислительном обжиге на воздухе:

1 – 900 °С; 2 – 1000 °С; 3 – 1100 °С
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pounds. A general increase in the concentrations of other 
elements in the dust was also noted. However, to confirm 
the relationship between these effects and the decompo-
sition of  hydroxides and carbonates, additional studies 
on phase transformations during heating are required. 
In  the  temperature range of 700 – 1100 °C, the chlorine 
content decreased from 2.5 to  0.9 wt. %, which agrees 
with the data reported in [15; 17 – 19]. Additional experi-
ments were performed to assess the effect of roasting time 
at 900 – 1100 °C, varying from 1 to 9 h with 3 h intervals. 
As seen in Figs. 3 and 4, both chlorine and zinc losses 
increase with longer roasting time. Table 4 summarizes 
the obtained dechlorination degrees and zinc losses. 

At a roasting temperature of 1000 °C and a roasting 
time of 3 h, the degree of chlorine removal was 73.5 %, 
while zinc losses remained within 20.8 %. Extend-
ing the roasting time to 9 h resulted in almost complete 
chlorine removal (97.4 %) with zinc losses of  19.8 %. 
At a roasting temperature of 1100 °C and a roasting time 
of  3 h, the  degree of  chlorine removal reached 91.2 %, 
but zinc losses increased significantly to  37.8 %. When 
the roasting time was increased to 6 h, chlorine removal 
was nearly complete (99.4 %), accompanied by similarly 
high zinc losses of approximately 40.1 %. 

 Conclusions

The literature provides conflicting information regar
ding the practicality of high-temperature oxidative roasting, 
mainly due to  inconsistent data on zinc losses. However, 
the  present experimental study has shown that effective 
chlorine removal from EAF dust – where zinc is predomi-
nantly present in the form of ZnFe2O4 – can be achieved. 
The main parameters influencing the efficiency of chlorine 
removal are the  roasting temperature and roasting time. 
Maximum efficiency is reached at temperatures above 
900 °C and roasting times longer than 3 h. At 1000 °C and 
a roasting time of 9 h, almost complete chlorine removal 
was achieved, while zinc losses reached about 20 wt. %. 

Thus, high-temperature oxidative roasting at an opti-
mal temperature of  900 – 1000 °C (to avoid excessive 

zinc losses) can be considered an effective method for 
EAF dust dechlorination and can be integrated into exis
ting metallurgical production processes. 
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