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ABSTRACT

In order to minimize the incorrect disposal of dust generated in basic oxygen furnace
(BOF) converter and to generate a new application for this solid residue a simple
characterization route is proposed. The powder residue is used to produce self-
reducing pellets and can be used in the blast furnace process. The chemical analysis
of the sample was carried out using Inductively Coupled Plasma Atomic Emission
Spectroscopy (ICP-AES), and some elements as Fe, Si, P, Al and Ca were detected
with higher amount identified as iron achieving about 65%. Moreover, the X-ray
diffraction analysis indicated that iron reach phases are composed mainly as
magnetite (Fe3O,4) and hematite (Fe,O3) while quartz (SiO,) and calcite (CaCO3)
where the major impurities. The spectrometry dispersive energy(SDE) analysis
confirmed the presence of such elements and the images obtained by SEM allowed
visualizing the morphology of the particles. The average of particle size distribution of

the dust was 0,053 mm which is suitable for self-agglomerates pellets.
Key words: BOF dust, self-reducing pellets, characterization.

1 INTRODUCTION

During the oxygen blowing process in BOF converter, the gas carries the solid
micro-particles for the ventilation system, as shown in Figure 1. Subsequently, these
particles are captured and washed, generating slurry which must be treated for

correct destination of waste.
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Figure 1. Generation of dust in BOF conversor*.
* Mendes, 2009

According to the Figure 1, the pig iron with high content of carbon contact
oxygen and produces CO/CO, while small droplets of liquid freeze forming fines
micro-particles that are carried by the gas and need to be removed from off-gases
furnace in cleaning system. The total amount of these fine particles generated in the
process is about 3-30 kg/t of pig iron treated, depending on the operational
practice®.

k2345 phases like magnetite (FesO.),

In accordance with several previous wor
wustite(FeO), calcium oxide (CaO), zincite (ZnO), metalic iron particles and quartz
(SiO,) are usually detected in this powder. Table 1 shows typical chemical

composition of this materials .

Table 1. Chemical composition of BOF dust, according sources ¢,

Compounds |wt. % (1) |wt. % (2) |wt. % (3)|wt. % (4)
Total Fe 55.4 47.9 60.26 46.9
Femetalic - - 4.9 2.2

Fe203 - - 5.25 44.4
Fes0,4 - - - 0.3
FeO - - 66.48 -
SiO; 2.3 14 4.25 2.0
MnO 1.8 0.3 - 3.4
CaO 10.6 13.0 12.90 23.2
MgO 3.7 0.5 5.60 2.1
Zn0O 1.7 6.7 - 19
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PbO - 0.5 - 0.1
Na,O 0.3 0.7 - -

It can be observed in Table 1 that the iron present in this kind of dust can varies
from 40 to 60%, which is attractive to be used as raw materials for previous
processes of the steel mill such as sintering and blast furnace or BOF. Furthermore,
due to the high amount of calcium oxide usually present in this dust, it is possible to
reduce the binder used in pellets or sintering production.

Takano, C. ® in his work, verifies that recycling of steel wastes containing iron,
as self-reducing agglomerates is economically and technically feasible.

The agglomerates would be used to replace partially the scraps charged in BOF
converter and the economic return would be of the order of US$ 10 a US$ 20 per ton

of reused waste.

2 MATERIALS AND METHODS

First, the dust was manually homogenized using alternating quarters method
following, the sample was chemically and morphologically characterized and the
analysis of size distribution using granulometric distribution procedure was

performed.

2.1 Chemical Characterization

The chemical analysis was performed by Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP), model Genesis, available in Centro de Tecnologia
Mineral (CETEM), in UFRJ. For perform ICP analysis the sample was digested in
agua regia for 24 hours and diluted in distilled water.

SDE analysis (Spectrometry Dispersive Energy) was carried out to corroborates
the components identified by ICP method. The spectra acquisition was accomplished
by Smart SEM software in a scanning electronic microscope Zeiss EVO MA 10 and
coupled X-ray detector EDAX.

The adjustment parameters of the camera were constant for a representative
field of the sample. Furthermore, the images obtained by SEM were used to identify
the iron oxides present and were confirmed by a spot scanning in the region of the
analysis. For images acquisition, the sample was coated with gold. The images were

acquired by secondary electrons (SE) applying a 20kV voltage and using a work
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distance of 13.0mm; and back-scattered electron detector (BSE) with a 16kV voltage
and distance work of 12.5mm.

The phase identification performed with the aid of an X-ray diffractometer XRD-
6000 Shimazu, which allowed to comprehend how the components identified by ICP
and SDE are connected. The X-ray diffractometer worked with Co kA radiation, 30
mA current and 30kV voltage and the common configuration (8/268). The angle
calculated was 30° until 100° with a step of 0.02°. For identify the main phases it was
used the software Match v.1.10a with database Powder Diffraction (PDF). The

phases quantification generated by software Match is computed by Rietveld method.

2.2 Particle Size Distribution

Particle size analysis of the BOF dust was performed using an automatic

sieving during fifteen minutes, available in mineral technology laboratory of UFRJ.

3 RESULTS AND DISCUSSION

3.1 Chemical Characterization

The results obtained by spectroscopy can be visualized in Table 2. It can be
observed in the Table 2 that total Fe (64.99 wt.%) is the main component identified in
BOF dust followed by calcium (31.99 wt.%).

Table 2. Composition of BOF dust.

Components (mg/L) %
P 0.51 0.24
Al 1.1 0.51
Fe 141 64.99
Ca 69.4 31.99
Si 4.7 2.17
Ti 0.23 0.11

According to Mendes™, high concentration of Ca is due to the addition of calcite
into basic oxygen furnace to control the basicity of the slag. The average value
obtained in this study confirmed those reported by several authors®” with a wide
range of concentration varying from 40 to 65 wt%. On the other hand, Takano, C.®
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identified around 8.70 wt.% of calcium oxide in BOF thick mud, a low value compared
with that presented in Table 2. Although, Junca et. al® in his work, it was found
23wt.%, a fairly high value when compared with Takano C.®’s work .

In addition, another elements in lower concentration were detected as
aluminum, 1,1wt.%, 0,51 wt% of phosphorus and 0,23wt.% of titanium.

Those elements in higher amount were detected by X-ray diffractometer as
magnetite (Fes0,4), hematite (Fe,O3), quartz (SiO,) and calcite (CaCOs3) as indicated

in the spectra shown Figure 2.
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Figure 2. Spectra of BOF dust by X-ray diffraction.

In Figure 3, it is shown images acquired using SEM; in 3 (a), the image of an
area of the sample obtained by secondary electrons (SE) detector, and in 3 (b)

another region using the back-scattered electron detector (BSE).
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Figure 3. Images of the sample of BOF dust acquired by (a) secondary electron
detector and (b) back-scattered electron detector.

It is possible to visualize many spherical particles in the region analyzed, and
this was observed as a pattern for all samples. A spot SDE was performed on these
spherical particles and a high concentration of iron and oxygen was identified, as
expected since the iron content slurry is obtained by solidification of liquid droplets
during splash.

In Figure 4 is compared the images acquired in the current work with the
pictures of BOF dust sample by Junca et. al ® and EAF dust sample Machado,
J.M.S.©. As observed, their previous work also confirmed the presence of the same

spherical particles present in the metallurgical processes dust.

Figure 4. a) spherical particle in BOF dust of the sample used in this current work, b)
same particle found in another BOF dust sample and c) in EAF dust.

Figure 5 is the spectra obtained using spot SDE of the spherical particle

shown in Figure 4(a).
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Figure 5. Spot spectra of the spherical particle obtained by SDE.

The presence of iron and oxygen was high, and in lower quantities, it was also
detected elements such as magnesium, sodium, calcium and carbon. In the second
column (Sample 01) in Table 3 it is displayed the analysis of average composition of
five spherical particles of the sample studied in this work detected using SDE and in
the third column (Sample 02) are the results for the same particles for EAF dust,

according Machado, J. M.S.®"s work.

Table 3. Chemical composition of the BOF and EAF dusts.

Elements Wt. % Sample 01 Wt. %Sample 02*
Iron 42.64 90.34
Oxygen 46.14 8.41
Sodium 1.59 -
Magnesium 0.99 -
Calcium 1.09 0.39
Silicon - 0.25
Chromium - 0.62
Carbon 7.56 -

*Footnotes: Machado, J. M.S., (2004)®,

The SDE analysis performed by Machado, J. M.S.® detected 90,34 wt.% of iron
and 8.41 wt.% of oxygen, which corresponds to magnetite, probably. Figure 6 is the
result of the components obtained using SDE scanning performed in all area of
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sample identified in Figure 3 (a). The composition is shown in the table presented in

Figure 6.
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Figure 6. SDE Spectra of the BOF dust.

It was observed the presence of 6.66 wt.% of zinc, and others elements as Fe,
Ca, Mn, Pb, Mg, usually found in dust of EAF and BOF®b,

In addition, a high concentration of carbon was detected, 20.23 wt.%. Figure
7(a) is the image of a particle in the sample commonly cognized. Figure 7(b) is the
spot SDE, which confirmed that this particles is composed of carbon.
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Figure 7. a) Image of the particle obtained in SEM and b) respective spot scanning
by SDE.
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It was carried out a series of similar analysis on other areas and the average
value of iron concentration found was 62wt.%.

3.2 Size patrticles distribution

Table 4 is the result of the mass retained in each sieve used in this work (0.15
mm until 0.0053 mm).

Table 4. Size particles distibution of the BOF dust.

Sieve opening (mm) | Mass retained (Q) %
0.15 8.47 5.69%
0.106 23.37 15.70%
0.075 15.19 10.21%
0.053 12.84 8.63%
<0.053 88.97 59.78%
Total 148.84 100.00%

It can be seen that particle size distribution is situated in the range of 0.053 to
0.15 mm, with 59.78% smaller than 0.053 mm. The particle distribution is very fine
and agglomeration process using nucleants particles is demanded in order to use
this fines as raw materials for steelmaking process or reduction in self-reducing

facilities®?,

4 CONCLUSION

In this work it was carried out the dust characterization of BOF converter using
ICP, x-ray, SDE particles distributions and images obtained by SEM. The chemical
analysis was performed by ICP spectrometer and 65 wt% of iron was detected with
large amount of calcium, 32wt.%. The results of X-ray diffraction indicated that the
major phase were magnetite (FesO4), hematite (Fe,O3), quartz (SiO,) and calcite
(CaCOs3). Chemical analysis by SDE allowed to confirm the large amount of iron
present in the sample, showing an average percentage of 62% for different regions of
the samples. Both analysis, X-ray and SDE, were satisfactory to recognize and
quantify the constituents and phases. The images obtained by SEM allowed
visualizing the particle morphologies found in the dust. The spot scanning by SDE
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performed together with the corresponding image confirmed the spherical geometry
of the iron oxide present in the sample. The distribution of the size particles indicated
that the size is in a range of 0.053 to 0.15 mm. The results obtained in this work were
confirmed a detailed using several complementary techniques. The fully
understanding of the characteristics of the particles and its agglomerates contributed
to improve the use of self-reducing agglomerates in the reduction processes and also
recycling into BOF or EAF processes.
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