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INTRODUCTION

Due to its zinc and lead contents, steelmaking dust
belongs to technological wastes of considerable envi-
ronmental noxiousness, but, above all, it is a
metal-bearing material that could be reused. Notwith-
standing the substantial development of steelmaking
dust processing methods, using, either: the rotary-grid
furnace (DryIron Process), the multi-hearth furnace
(Primuss Process) or other special-design furnaces
(such as the VHR, Kawasaki, Ausmelt, Tetronic,
Rausmelt, Recumet, Flash Reactor Process and others),
investigations aimed at their development and upgrad-
ing and searching for new solutions are being inten-
sively carried out �1-4�. The present work undertakes the
task of determining the effect of reduced pressure on the
potential for intensifying the processes of zinc extrac-
tion from steelmaking dust, while using a reducer in the

form of graphite and the addition of blast-furnace dust
containing 40 % of carbon.

The reactions of reduction of main steelmaking dust
components, which proceed during the thermal process-
ing of steelmaking dust using carbon, are represented by
equations (1-4) below �5-7�.

ZnO(s) + C(s) � Zn(g) + CO(g) (1)

ZnO·Fe2O3(s) + 2C(s) � Zn(g) + 2Fe(s) + 2CO2(g) (2)

Fe2O3(s) + C(s) � 2FeO(s) + CO(g) (3)

PbO(s) + C(s) � Pb(1) + CO(g) (4)

Figure 1 shows variation in the standard free enthalpy
�G° at a constant pressure of 1 atm for the reactions of
main metal oxides occurring in steelmaking dust with the
solid-phase carbon reducer, as calculated using the data-
base of the program FactSage®. The straight lines shown
in Figure 1, which represent respective reactions, indicate
that the process of reduction of franklinite (ZnO·Fe2O3)
with the formation of zinc vapour proceeds at a tempera-
ture above 1100 K, while the reduction of ZnO takes
place at a temperature above 1227 K.
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The paper presents the results of laboratory tests on the process of thermal reduction of electric arc furnace

dust (EAFD) in the temperature range from 1273 to 1473 K. Before proceeding to the experimental tests, a

thermodynamic analysis was made using the computer program FactSage® with the aim of determining the

optimal conditions for the dust components reduction reaction to proceed. The results of tests carried out, re-

spectively, under atmospheric pressure conditions and under reduced pressure conditions are presented, whe-

re carbon in the form of graphite and blast-furnace dust (containing approx. 40 % of carbon) was used as the

reducer. The test results represent the effect of reduced pressure on the potential for intensifying the process of

zinc removal from the dust. The degree of zinc extraction was considerably higher compared to the results of

tests carried out under atmospheric pressure conditions.
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Toplinska obradba elektrope}ne pra{ine niskotla~nom plinskom fazom. ^lanak daje rezultate labo-

ratorijskih istra`ivanja procesa toplinske obradbe elektrope}ne pra{ine (EPP) u temperaturnim intervalima

1273 K do 1473 K. Prije provo|enja laboratorijskih opita ustrojena je termodinami~ka analiza ra~unalnim pro-

gramom FactSage(R) s ciljem odre|ivanja optimalnih uvjeta reakcija procesa smanjenja komponenti pra{ine.

Izlazni rezultati pokusa, pojedina~no, pod uvjetima atmosferskog i sni`enog tlaka su predo~eni, gdje je ugljik u

grafitnom obliku i visokope}noj pra{ini (sadr`aj cca 40 % ugljika) bio reducent. Rezultati pokusa daju efekt

sni`enog tlaka na potencijal za intenzificiranje procesa uklanjanja cinka iz pra{ine. Stupanj uklanjanja cinka je

znatno vi{i u usporedbi s pokusima izvedenim pri normalnim atmosferskim uvjetima.
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EXPERIMENTAL

Steelmaking dust derived from one of the Polish
steelworks producing carbon steels was taken for tests.
Its composition is shown in Table 1.

Table 1. Composition of steelmaking dust used in
the tests / wt%

C Pb Zn FeO Fe2O3 Cl S

2,50 4,00 22,38 1,00 41,51 0,55 3,00

Before proceeding to experimental tests, simulation
of the process of steelmaking dust thermal treatment
was performed using the computer program FactSage®,
which implements the free Gibbs enthalpy minimization
method, to determine the thermodynamic conditions of
the course of reaction. The calculation was made with
the variable values of pressure and temperature and the
amount of the reducer used (in the form of blast-furnace
dust and graphite). On the basis of the analysis of phase
composition of the dust used in the present study, made
for the purposes of this work, a sample mass of 100 g
was taken, with the following component contents:

13,49 g ZnO(s) + 38,3 g ZnO·Fe2O3(s) + 1,70 g ZnS(s) +
7,85 g Fe2O3(s) + 3,4 g Fe3O4(s) + 11,21 g CaO·Fe2O3(s)

+ 12,47 g CaO·SiO2(s) + 3,4 g PbCl(s) + 1,18 g PbO(s) +
3,2 g NaCl(s) + 1,3 g KCl(s) + 2,5 g C(s)

In the subsequent steps in the salutation, the amount
of the reducer was increased, with the reducer being
then used in experimental tests. In addition to carbon,
the blast-furnace dust brought in also iron oxides and
slight amounts of zinc and chlorine to the sample, which
were also allowed for in this analysis. Composition of
the blast-furnace dust is shown in Table 2.

Table 2. Composition of blast-furnace dust used in
the tests / wt%

C Pb Zn FeO Fe2O3 Cl S

40,23 0,03 0,44 5,32 44,04 2,64 0,36

In order to verify the results obtained from computer
simulations, experimental tests were carried out in a

high-temperature laboratory furnace designed for oper-
ation under either overpressure (of up to 1 MPa) or nega-
tive pressure (of up to 1×10-3 MPa) conditions. The
amount of reducer used for these tests, and the values of
pressure and temperature, as determined on the basis of
the computer simulation results, are shown in table 3.
The blast-furnace dust addition was selected so that it
brought in a carbon amount similar to that in the case of
using graphite.

Table 3. ¸Conditions of experimental tests carried out
(temperature, pressure, and the percentage
share of reducer addition)

Tempe-
rature/K

Pressu-
re/MPa

Sample
Graphi-

te/%
Sample

Blast-Fu
rnace

Dust/%

1373 0,1 A1 5 B1 15

A2 7,5 B2 20

A3 10 B3 25

1473 0,1 A4 5 B4 15

A5 7,5 B5 20

A6 10 B6 25

1273 1×10-3 A7 5 B7 15

A8 7,5 B8 20

A9 10 B9 25

1373 1×10-3 A10 5 B10 15

A11 7,5 B11 20

A12 10 B12 25

Before proceeding to the experimental tests proper,
the reaction chamber was purged with argon several
times in order to create a non-oxidizing atmosphere. In
the reduced pressure tests, the assumed pressure inside
the furnace chamber was achieved by using a vacuum
pump, and then the heating of the furnace was started,
while maintaining a constant pressure value at the preset
level during the process. The value of pressure was re-
corded continuously as the temperature increased. After
attaining a specified temperature, the sample was held in
steady conditions (pressure, temperature) for 30 min-
utes.

RESULTS AND DISCUSSION

Figures 2 to 5 represent the degree of zinc removal
obtained in the experimental tests using the reducer in
the form of graphite and blast-furnace dust, as depend-
ent on the pressure in the furnace reaction chamber at
constant temperature, in relation to the degree of zinc re-
moval, as determined from the computer simulation car-
ried out. In the majority of cases analyzed, a high level
of agreement between the thermodynamic calculations
and the experimental results was achieved, which indi-
cates the usefulness of such analysis in the planning of
tests in real conditions. Before carrying out experimen-
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Figure 1. Variation in the standard free Gibbs enthalpy of
the reaction of reduction of main steelmaking
dust components using carbon



tal tests with the addition of the reducer, a series of tests
were performed in the identical conditions without re-
ducer addition, whereby it was demonstrated that the
amount of carbon contained in the dust was too low to
achieve the adequate degree of reduction of zinc com-
pounds. The highest removal degree of 34,45 % and
21,18 % was achieved under atmospheric pressure con-
ditions at a temperature of 1473 K and in vacuum
(p=1×10-3 MPa) at a temperature of 1373 K, respec-
tively, which means at the same time that the process of
zinc removal from the dust without the reducer is
heavily restricted.

Figures 2 to 3 show the effect of temperature and the
amount of the reducer used on the potential for zinc re-
moval from the dust. With increasing addition of the re-
ducer, a higher zinc removal degree was achieved. Ac-
cording to Figure 2, under atmospheric pressure condi-
tions and using a 10 % addition of carbon in the form of
graphite, a dust zinc removal degree of 80,59 % at a tem-
perature of 1373 K, and 95,80 % at 1473 K can be
achieved.

Blast-furnace dust used as the reducer allows an al-
most complete removal of zinc from the dust. With the
use of a 25 % addition of blast-furnace dust, a zinc re-

moval degree of 93,80 % and 99,50 % was achieved at a
temperature of 1373 K and 1473 K, respectively, and at
a pressure of 0,1MPa.

The results obtained under atmospheric pressure
conditions show that zinc can be satisfactorily removed
from the dust with the use of a 10 % addition of graphite
and a 25 % addition of blast-furnace dust at a tempera-
ture of 1473 K. Figures 4 and 5 show the effect of re-
duced pressure on the intensification of the zinc com-
pounds reduction process at the variable amount of the
reducer used and temperature. According to the testing
results obtained, the application reduced pressure offers
a possibility for removing zinc at a lower temperature
compared to atmospheric pressure conditions with the
same amount of reducer used. By adding carbon in the
amount of 7,5 % of the dust mass, 98,62 % of zinc can be
removed at 1373 K, compared to 70,37 % in atmo-
spheric pressure conditions.

In the case of using blast-furnace dust, a high zinc re-
moval degree was obtained at a temperature of 1273 K
(with a 20 % addition, the zinc removal degree was 94,43
%). At the same temperature with the use of a 10 %
graphite addition, the maximum zinc removal degree
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Figure 2. Comparison of the zinc removal degree obtai-
ned in the experimental tests (Experiment) and
in the computer simulation (FactSage) with the
use of reducer in the form of graphite

Figure 3. Comparison of the zinc removal degree obtained
in the experimental tests (Experiment) and in the
computer simulation (FactSage) with the use of
reducer in the form of blast-furnace dust (BFD)

Figure 4. Comparison of the zinc removal degree obtai-
ned in the experimental tests (Experiment) and
in the computer simulation (FactSage) with the
use of reducer in the form of graphite

Figure 5. Comparison of the zinc removal degree obtai-
ned in the experimental tests (Experiment) and
in the computer simulation (FactSage) with the
use of reducer in the form of blast-furnace
dust (BFD)



amounted to 65,78 %. At the process temperature of 1373
K, even using the smallest of the blast-furnace dust addi-
tions considered (i.e. the 15 % addition), an almost com-
plete removal of zinc from the dust was obtained.

This means that, at this temperature and under a neg-
ative pressure of 1×10-3 MPa, further increasing the
blast-furnace dust addition does not enhance the zinc re-
moval degree.

CONCLUSION

On the basis of the investigation carried out it has
been found that graphite and blast-furnace dust can be
efficient reducers of zinc compounds occurring in
steelmaking dust. Reduced pressure intensifies the pro-
cess of zinc removal from steelmaking dust, while re-
ducing the temperature and the amount of reducer nec-
essary for the respective reduction reactions to proceed
efficiently. Computer simulation of processes occurring
during the thermal treatment of dust, performed using
the program FactSage®, can be an effective tool in most
cases for the planning of experimental tests (only for
graphite, Figures 2 and 4, discrepancies are high). It is
result from these discrepancies that graphite is not suit-
able reducer with regard on its structure and in compari-
son with the blast furnace dusts. The expected process
outcome has been largely reflected in the results of tests
carried out in real conditions.
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