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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 ZnFe,O,, 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 °C and roasting time of 9 h,
the degree of Cl removal reaches 99.4 % with Zn losses of 19.8 %. At temperature of 1100 °C 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 ZnFe,O, using high-temperature
oxidative roasting with relatively low zinc losses in the temperature range of 900 — 1000 °C.
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AnHomayus. Poct ipou3Bo/ICTBa U OTPEOICHHS CTAJIN TPUBOAUT K 00Pa30BaHUIO OOJIBIIOTO KOJINYECTBA TEXHOI€HHBIX 0TX010B. OJJTHUM U3 OTX0JI0B
BBICTYIIAET MBLIb IEKTPOAYTOBOTO CTANCIIABUIILHOTO Tipon3BozcTBa. B Poccuiickoit denepannu exeronHo odpasyercst mopsiaka 0,7 MITH T [bUIH.
B pabote u3y4ena nbUIb 0JHOTO U3 METAJLIYPIrUYECKHX NPEIPUATUH, B KOTOPO# MHK MPEUMYILECTBEHHO CoaepkuTes B Buie ZnFe,O,, a Takke
MIPUCYTCTBYIOT BPEIHbIC COSIMHEHUS XJIOPA ¥ CBUHIIA, KOTOPbIE CHIKAIOT KaueCTBO BElbL-OKCH/IA ITPH Tocieayoeii nepepadorke. Mccnenyemas
IIBUTH MOJIBEPrajiach BEICOKOTEMIIEPATypHOMY OKHUCIUTEIBHOMY OOXHUTY B MYy(EIbHOM 1edn. DKCIEPUMEHTHI IIPOBOAMINCH B HHTEPBAJIE TEMIIC-
paryp 300 — 1100 °C npu Bpemenu Beiziepkku | 4. B uatepBane Temmeparyp 900 — 1100 °C Bpemst BEIIEPIKKH BapbHPOBATIOCH B Ipeaenax 3 — 9 .
@Da30Bblil COCTaB MBUIM ONPEIEIISUIN C IIOMOLIBI0 PEHTTeHO()A30BOr0 aHAJIN3a, XUMHYCCKHI COCTAB — MUKPOPEHTICHOCIIEKTPAIbHBIM METOIOM.
VYeranosneno, uro npu temuneparype 900 °C u BpeMeHH BBIICPKKH 9 4 CTeNeHb yaaneHus xjopa cocrasisier 78 %. [Ipu temneparype oOxura
1000 °C u BpeMeHH BBLICPKKH 9 4 CTENEHb yaajieHus xjaopa gocturaet 99,4 % npu norepsix uunaka 19,8 %. IIpu Temneparype ooxkura 1100 °C
¥ BPEMEHU BBIACPKKH 3 U CTETEHb yAaleHus xyuopa cocrasiseT 91,2 %, a morepu nuHKa gocturaror 37,8 %, mo3ToMy MpOBEICHNE OKUCIUTENb-
HOTO 00Hra IpU JaHHOI TeMIIepaType SIBISIETCS HelelIeco00pa3HbIM. JKCIIEPUMEHTANIbHBIC MCCIIEIOBAHMSI TOKA3AJIU, YTO U3 ITBUIH JICKTPOAY-
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TOBOH T1€4H, B KOTOPOii LIMHK MPEMMYIIECTBEHHO COAEPKUTCA B BUe ZnFe,0,, BOSMOXHO peann3oBarh d(QQEeKTUBHOE YaIeHUE XJI0pa METOIOM
BBICOKOTEMITEPATypPHOTO OKHCIUTEIBHOTO O0KUTa ¢ OTHOCUTENIFHO HU3KUMHY HOTEPSIMU IMHKA B MHTepBase Temneparyp 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 lead' [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, CO,,
and SO,. 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

' World Steel in Figures. https://worldsteel.org/steel-by-topic/
statistics/world-steel-in-figures/ (Accessed 19.03.2025).
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CO, and SO,, 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: ZnFe,0, — 69; ZnO - 6; CaCO, - 17, SiO, - 5;
and KCI - 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
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Fig. 1. Phase composition of the researched EAF dust

Puc. 1. ®a3oBbIii cocTaB HCCASTyeMON BLTH

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.

Mass loss, %

1 2 3 4 5 6 7 8 9

Roasting time, h

Fig. 2. Effects of time and temperature on mass change
of the EAF dust samples:
1-900 °C; 2-1000 °C; 3-1100 °C

Puc. 2. 3aBUCUMOCTb U3MEHEHHUSI MacChl 00pa3IoB
OT BPEMEHH U TEMIIEPaTyphI:
1-900°C; 2-1000 °C; 3 —1100 °C

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

Ta6auya 1. CoctaB uccienyemoii nbliim /I (cratucrnyeckue navubie, mac. %)

Element O | Na | Mg | Si S |Cl| K |Ca|Cr | Mn| Fe | Cu|Zn | Pb
Mean value 27023082208 | 18| 17|39 ]| 05|45 /|402| 05129 1.0
0,
95 % confidence | 5 1 5 o1 | 01 01|01 |01 0200 01 07 01 0301
interval radius
Eﬁ’frconﬁdence 27928 | 1.0 | 23|09 |20 | 1.7 | 41 | 0.6 | 46 409 05 |13.1 L1
Lower confidence
limit 262119072108 |17 |16]|37|05]|44|395|04 126/ 0.8
Tabauya 2. Cpennuii coctas ucciaenyemoii nsLab I, mac. %
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 27012308 |22(08 | 18| 1.7]39]| 05| 45/[402| 0.5 |129| 1.0 | 100.0

551



N3BECTUA BY30B. YEPHASA METAJ/IJIYPTUA. 2025;68(5):549-555.
I'puzopvwes E.B., Kaneatowur F0.E. u dp. Yianenue xj0pa U3 IbLJIH JyroBOro CTajenaaBUJIbHOT0 NPOU3BOJCTBA OKUCIUTENbHBIM 00XKHUIOM

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

TG6./IUL{CI 3. CocTaB NbLJIM MOCJI€ OKHCIUTEIHLHOI0 00KUTa NpH pa3sjiidHbIX TEMIIEpaTypax, Mmac. %

Element O | Mg | Al Si S Cl K | Ca| Cr | Mn | Fe | Zn | Total
EAF initial dust | 17.7| 1.0 | 04 | 28 | 09 | 1.7 | 1.8 | 42 | 0.5 | 5.6 | 49.3 | 142 | 100.0
300 °C 1581 15105 24|09 |19 |18 40| 05 | 53 |50.6|149| 100.0
400 °C 165 1.0 | 04 | 26 | 09 | 1.8 | 1.9 | 40 | 0.6 | 53 |49.5| 155 100.0
500 °C 176 | 1.2 | 03 | 27 | 08 | 1.9 | 1.7 | 44 | 0.8 | 53 |49.0| 144 | 100.0
600 °C 163 13 | 05|26 |07 |25| 18|54 |07 |50 482|152 100.0
700 °C 173109 | 04 | 25| 0.7 | 23 | 1.8 | 58 | 0.6 | 5.6 |48.8 | 13.5| 100.0
800 °C 1581 14 104 | 25|06 |22 |17 66| 06 | 53 |49.2|13.8]| 100.0
900 °C 158 1.1 | 03 |24 |08 |12 |12 64| 07|55 |51.2|134] 100.0
1000 °C 131107 | 04 |23 |06 | 16| 1.1 | 65|08 | 59 556|114 100.0
1100 °C 163 1504 3707|0906 71|09 |51 514|116/ 100.0

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.

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

Chlorine content, wt. %

0

Roasting time, h

Fig. 3. Effects of time and temperature on Cl content in the EAF
dust samples during oxidative roasting in air atmosphere:
1-900 °C; 21000 °C; 3 - 1100 °C

Puc 3. 3aBucumocts cozepkanust xiopa B nsiiu O/IT ot Bpemenn
1 TEMIIEPATYPbl IPH OKHCIUTEIFHOM O0KHUTe Ha BO3AyXe:
1—-900 °C; 2-1000 °C; 3 - 1100 °C
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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
t0 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 °C,
which can be attributed to minimal chlorine removal and
to the decomposition of calcium hydroxide Ca(OH), and
calcium carbonate CaCO,. This temperature range corres-
ponds to the decomposition temperatures of these com-

16

14.20

Zinc content, wt. %

0 1 2 3 4 5 6 7 8 9
Roasting time, h

Fig. 4. Effects of time and temperature on Zn content in the EAF
dust samples during oxidative roasting in air atmosphere:
1-900°C; 2—-1000 °C; 3 - 1100 °C

Puc 4. 3aBucumocts cozepkanust uHka B mbutd /1T ot BpemeHu
U TEMIIePaTy bl IIPH OKHCIUTEIFHOM OOKHTe Ha BO3IyXe:
1—-900 °C; 2-1000 °C; 3 - 1100 °C
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Table 4. Degree of chlorine removal and zinc loss at different temperatures and roasting time, %

Ta6auya 4. CteneHb ynajieHusi XJ10pa i NOTEPH UHKA MPH Pa3IMYHBbIX TeMIIEpaTypax
W BpeMeHHU BbIIeP:KKH, Yo

; Temperature, °C
Roasting 900 1000 1100
time, h
Cl removal Zn loss Cl removal Zn loss Cl removal Zn loss
1 5.8 5.6 353 19.7 47.0 18.3
3 18.8 24.6 73.5 20.8 91.1 37.8
6 40.0 20.7 78.2 23.6 99.4 40.1
9 77.6 23.0 97.6 19.8 99.4 374

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 ZnFe,O, — 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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