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Abstract—The paper presents the results of the investigation of elemental and phase composition of zinc-con-
taining electric arc furnace dust, the product formed by the dust calcination with lime, and the residue formed
by alkaline leaching of the calcined product. The phase distribution in samples is studied by X-ray diffraction
analysis, Mössbauer spectroscopy, and scanning electron microscopy. It is shown that electric arc furnace
dust calcination with lime followed by alkaline leaching the calcined product can be used to recycle the dust
with recovery of valuable components.
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INTRODUCTION

Dust of electric arc furnaces (EAF) of steelmaking
production is a valuable technical product with a high
content of zinc and iron, but its recycling is still
neglected in Russia. This dust is generally shipped to
dumps as a waste, which leads to environmental dete-
rioration in the regions where the dust landfills are
located. Thus, the problem of processing of the gener-
ated and accumulated dust becomes more and more
important from year to year.

Over the past few decades, many technologies for
processing the EAF dust have been developed [1], but
their industrial application is hampered by technical
difficulties and a low economic efficiency. The most
popular industrial method of EAF dust recycling in
the world is the Waelz process [2]. This method is
based on distillation recovery of zinc and lead in a
rotary kiln (Waelz kiln) by heating a charge with car-
bonaceous reducing agent. The product collected in
the off-gas cleaning system with high contents of zinc
and lead, which is called Waelz oxide, and the residual
product is called Waelz slag. The formed Waelz oxide
is a valuable material for the production of zinc and
lead. The iron-containing Waelz slag can be used in
the sinter production in ferrous metallurgy.

Based on the Waelz process, the technology [3, 4]
of processing the EAF dust was developed and applied
in Russia. The technology has the following two
stages: (i) Waelz process I is the volatilizing of zinc,
lead, and halides in a Waelz kiln with carbon addition;
(ii) Waelz process II is the purification of Waelz oxide
from halides and lead and the removal and oxidation
of the impurities that adversely affect the subsequent
hydrometallurgical stages of zinc production.

The present work looks into the possibility of the
separation of zinc and lead and the removal of halides,
which are harmful for the further hydrometallurgical
extraction of zinc by a single-stage process. For this
purpose, we propose to use the calcination of the EAF
dust with lime during which the zinc-containing com-
pounds (ferrites) that are present in the dust can trans-
form into a highly soluble oxide form, and lead and
halides can volatilize. The results of [5, 6] confirm that
calcium oxide facilitates the transition of zinc ferrite to
zinc oxide. After leaching the calcine, a solution for
the electrolytic recovery of zinc can be formed, and
the insoluble residue containing calcium and iron can
be used in ferrous metallurgy.

The EAF dust and its processing products are mul-
ticomponent and complex in chemical and phase
composition materials. To investigate the physico-
chemical basis of the proposed method of processing
the EAF dust, the elemental and phase compositions1 The article was translated by the authors.
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Table 1. Elemental composition (wt %) of the dust, the cal-
cined product, and the leaching residue

EAF dust Calcine Leaching residue

Fe 19.57 12.61 15.00
Zn 21.46 14.93 0.79
Ca 7.59 30.37 35.97
Si 3.56 4.37 2.73
Mn 3.11 1.77 1.80
K 2.75 0.50 0.012
Mg 1.54 0.71 1.62
S 0.88 1.97 0.21
C 1.68 0.154 2.52
Cl 2.41 0.021 –
Na 6.36 – 1.08
Pb 1.59 0.14 0.16
Al 0.61 0.53 0.94
P 0.25 0.13 0.043
Cr 0.42 0.23 0.058
Cu 0.28 0.19 0.12
Ti 0.116 0.08 0.085
V 0.056 0.026 0.004
Sn 0.063 0.043 0.054
Sb 0.039 – –
Co 0.061 0.035 0.041
Ba 0.038 0.035 0.020
Ni 0.024 0.017 0.021
W 0.073 0.035 –
Sr 0.004 0.015 0.053
of the initial and obtained products were studied.
Samples were obtained in laboratory experiments by
calcination of the EAF dust with lime and leaching the
calcine.
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Table 2. Mössbauer parameters and the iron distribution in t

Is stands for the isomer shift; Qs, for the quadrupole splitting; H, th

Material Spectral 
region Is, mm/s Qs, mm/s Н, kO

EAF dust Sextet 1 0.27 –0.02 489
Sextet 2 0.67 0.00 459
Doublet 0.34 0.51 –

Calcined product Sextet 1 0.35 –0.53 505
Sextet 2 0.21 0.71 429
Doublet 0.34 0.51 –

Leaching residue Sextet 1 0.35 –0.53 505
Sextet 2 0.21 0.71 429
Doublet 1 0.36 0.55 –
EXPERIMENTAL

The calcined product was formed by the calcina-
tion of the EAF dust with 60% lime in a laboratory fur-
nace at 1000°C for 4 hours. The amount of lime was
set according to preliminary calculation to decompose
more than 95% of zinc ferrite. The leaching residue
was obtained by leaching the calcine in an NaOH
solution.

The elemental composition of the dust, calcine,
and leaching residue samples was studied by atomic
emission, atomic absorption, and X-ray f luorescent
spectroscopy using Jobin-Yvon Ultima 2, Therm
Fisher Scientific iCE3500 and ARL QUANT’X
devices, respectively. The sulfur and carbon contents
were determined by a LECO CS-400 device. The
phase composition of the samples was studied using an
ARL X’TRA diffractometer and CuKα radiation. An
analysis of iron-containing phases was carried out on
an Ms-1104Em Mössbauer spectrometer in the con-
stant acceleration mode with a Co-57 source in an Rh
matrix. After the proper preparation of the samples
and carbon sputtering, the microstructure and phases
of the samples were investigated by scanning electron
microscopy (SEM) on a Zeiss EVO LS10 device with
X-ray energy dispersive microanalysis in the backscat-
tered electron mode.

RESULTS AND DISCUSSION

Table 1 gives the results of elemental analysis of the
samples. As it follows from the elemental composi-
tion, almost all zinc passed into a solution after leach-
ing, but 0.79% of zinc remains in the leaching residue.
During the calcination of the dust with lime, the most
part of lead passes into fumes. Сhlorine remains in the
calcine in a trace amount.

Figure 1 shows the X-ray diffraction patterns of the
dust, calcine, and leaching residue. Table 2 presents
the Mössbauer spectra parameters of the samples. The
results of these studies point out that zinc in the EAF
 13

he phases of samples

e hyperfine field; and G, the line width.

e G, mm/s Phase Fe distribution 
over phases, at %

0.31 Fe3O4 34
0.41
0.40 ZnFe2O4 66

0.31 Ca2Fe2O5 81
0.35
0.40 ZnFe2O4 19

0.40 Ca2Fe2O5 14
0.50
0.55 Ca3Fe2(OH)12 + ZnFe2O4 86
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Fig. 1. X-ray diffraction patterns of (1) EAF dust, (2) calcined product, and (3) leaching residue.
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dust is both in the form of ferrite and oxide, and zinc
in the form of ZnFe2O4 is more than in ZnO. In addi-
tion, the EAF dust contains magnetite, calcite, graph-
ite, sodium, and potassium chlorides. Unlike the EAF
dust sample, the formed calcine contains more zinc in
RUS
the form of ZnO than in ZnFe2O4. Mössbauer spec-
troscopy of the iron-containing phases shows that 66%
of iron is in the form of ZnFe2O4 in the dust sample
and only 19% in the calcine sample. The main phase
of calcine is dicalcium ferrite. This finding indicates
SIAN METALLURGY (METALLY)  Vol. 2018  No. 13
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Fig. 2. SEM microphotographs of (a, b) EAF dust, (c, d) calcined product, and (e, f) leaching residue.
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that, during the calcination, there is a transition of

zinc from ferrite to oxide form according to the general

reaction

(1)

According to X-ray diffraciton analysis, a small

amount of zinc remains in the leaching residue is in

the form of ferrite. Dicalcium ferrite Ca2Fe2O5 trans-

forms into the hydrated calcium ferrite Ca3Fe2(OH)12

in leaching. In the doublet with wide lines of the

Mössbauer spectrum of the leaching residue, it is

impossible to quantitatively calculate the iron distri-

bution ratio between Ca3Fe2(OH)12 and ZnFe2O4.

+ = +2 4 2 2 5ZnFe O CaO Ca Fe O ZnO.
RUSSIAN METALLURGY (METALLY)  Vol. 2018  No.
Figure 2 shows SEM microphotographs of the EAF

dust sample. Table 3 gives the compositions of the par-

ticles shown in Fig. 2. As the microphotographs show,

the EAF dust sample contains conglomerates of sub-

micron particles and a great number of slag particles

with a wide range of compositions. In addition, large

particles of magnetite, wustite, and graphite are

detected. The submicron particles collected in con-

glomerates substantially consist of zinc and iron distil-

lates oxidized in the off-gas cleaning system. Zinc both

in ferrite and in oxide forms is mainly as submicron

constituents. Zinc oxide particles of 1–3 μm in size are

also detected (Table 3, no. 9).
 13
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The calcination of the EAF dust with lime at
1000°C leads to a significant increase in the particle
size in the obtained calcine sample. Except for calcium
silicates and alumosilicates with various composi-
tions, the extensive regions of Ca2Fe2O5 (Table 3;

nos. 11, 13) that surround small ZnFe2O4 sections

(Table 3, nos. 10, 14) are present in the microphoto-
graphs of the calcine sample. Numerous particles of
zinc oxide few microns in size are also detected
(Table 3, no. 16). The relative positions of unreacted
zinc ferrite and obtained dicalcium ferrite are charac-
teristic of a solid-phase interaction, where the layer
contact between raw materials is broken after the for-
mation of a continuous product, which leads to incom-
plete reaction. Therefore, it is necessary to thoroughly
mix the reagents for more complete reaction (1) and
increasing its rate. In addition, reaction (1) can pro-
ceed more fully with an increase of the quantity
of lime.

The leaching residue sample contains many submi-
cron conglomerated particles based on Ca3Fe2(OH)12

of various sizes. Dicalcium ferrite, quartz, and other
phases are present in the form of singular grains up to
100 μm in size. The remaining zinc ferrite is detected
both in submicron conglomerates and in particles up
to 15 μm in size (Table 3; nos. 23, 24).

CONCLUSIONS

During the calcination of the EAF dust with lime,
most zinc was found to pass from ferrite to soluble zinc
oxide. The most part of lead passes into fumes and the
chlorine is removed. The zinc content in the residue

after the alkaline leaching of the calcined product is
less than 1%.

Thus, the calcination of the EAF dust with lime
and the subsequent alkaline leaching can be used to
recycle the EAF dust to produce intermediate prod-
ucts for the production of zinc and lead and an iron-
containing material for ferrous metallurgy.
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