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Abstract

Steelmaking dust is considered to be a hazardous by-product from steel production. Because of
large heterogeneity and anisotropy of this kind of waste it is difficult to design suitable process for
its recycling. The first and the most important step for recycling process design is to characterize
the material from different points of view (chemical, structural, morphological composition).

The aim of this work was to characterize the steelmaking dust from Outokumpu Stainless (Tornio,
Finland). Chemical analysis was carried out by Atomic absorption spectroscopy (AAS). For struc-
tural characterization the X-ray diffraction phase analysis (XRD) was used. Morphological analysis
was carried out by optical microscopy and scanning electron microscopy with semi-quantitative
analysis of dust particles. Besides the analysis above also density measurements, specific area mea-

surements and granulometric analysis were carried out.

1 Introduction

Steelmaking dust is generated as by-product from steelmaking processes in amount around 10 to
20 kg per ton of produced steel [1]. Main compounds of steelmaking dust are represented by iron
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oxides [2]. Due to its chemical and physical properties, steelmaking dust was categorized as ha-
zardous waste according to the US EPA classification [3].

The increasing demand for metals has stimulated the development of new technologies worldwide
to treat secondary resources like steelmaking dusts, which can present risks to the public health
and/or to the environment if managed in an incorrect way [4].

The methods for steelmaking dust processing can be divided into following categories: pyrometal-
lurgical, hydrometallurgical processes, or their combination. Hydrometallurgical processing appears
to be more perspective in the future mainly from environmental and economical point of view [5, 6].
One of the major problem regarding steelmaking dusts processing is their heterogeneity in chemical
and mineralogical composition. From this reason it is difficult to design “versatil” technology for
their processing and every technology must be adjusted to the certain steclmaking dust. From this
reason, chemical and structural characterization of steelmaking dust is a very important stage to
evaluate the recycling feasibility [7].

Both chemical and mineralogical composition depends on:

* steelmaking process — Electric arc furnace (EAF), Basic oxygen furnace (BOF) a. o.

¢ chemical composition of raw material - steel scrap (mainly in EAF)

¢ type of produced steel ~ carbon steel (high Zn content) or stainless steel (high Cr content).

There are several papers [1, 7-9] dealing with characterization of EAF (electric arc furnace) dust
from carbon steel production but only very few papers dealing with AOD (Argon Oxygen Decarbu-
rization) converter dust from stainless steel production.

According to the analysis [4] among main metals in AOD converter sludge from stainless steel pro-
duction are: Fe (34.0 %), Cr (10.2 %), Ca (7 %), Mg (3.7 %), Mn (1.7 %), Si (1.7 %) and
Ni (1.4 %). These metals occur mainly in the following phases: chromite FeCr,0,, magnetite Fe;Oq,
hematite Fe,0; and calcite CaCOs. Nickel was identified as Fe-Ni oxide or mainly in the metallic
form.

The aim of this paper is to characterize steelmaking dust from stainless steel production in AOD
converter. The characterization is carried out through chemical, mineralogical, morphological and
granulometric analysis.

2 Experimental
2.1 Material

Two studied samples of AOD converter dust were originally produced in Outokumpu Stainless
(Tornio, Finland). These samples were signed as TH1 and TH2 are described as follows: Argon
Oxygen Decarburization dust | (TH1) and Argon Oxygen Decarburization dust 2 (TH2).
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2.2 Methods
2.2.1 Elemental analysis

Both samples were submitted to chemical analysis by using of method AAS on atomic absorption
spectrophotometer Varian Spectrophotometer AA20+. The results of the analysis are documented in
Table 1.

Table 1:  Chemical analysis of the samples

content {%]

Ni Cr Mn Pb Cd Ca LOI

sample
Zn Fe

TH1 9.75 29.20 0.67 18.56 1.35 0.09 0.19 5.50 1.35
2.70 13.39 1.68 0.39 0.15 17.20 1.30

TH2 5.20 18.75

As can be seen from Table 1, AOD dust is characterized by high content of chromium (> 18 % in
TH1). Significantly high content of chromium (over 10 %) was also observed in samples described
in papers {4, 10]. The source of chromium in AOD dust is ferrochrome used as an alloy in stainless
steel production [11].

222 Density

Density of samples was evaluated by pycnometer using distilled water as medium for standard me-
thod of density measurement. The results are shown in Table 2.

Table 2:  Density of samples

Sample Density E.n-:.u_
TH1 4.3378
TH2 4.3841

2.23 Granulometry

Granulometry was determined by Scanning-foto-sedimentograf, Fritsch GmbH, Analysette. Cumu-
lative and distribution curves of particles size in individual samples are shown in Figure 1.
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Figure 1:  Granulometry of samples THI and TH2: Cumulative and distributive curves

The results of granulometric analysis showed that both sample have similar granulometry where
100 % of all particles is below 50 pm. From cumulative curves of samples TH1 and TH2 can be
clearly seen that there are two major fractions in size range 8 to 22 pm and 28 to 47 ym, which
represent 65 % in the sample TH1 and 74 % in the sample TH2.

2.24 Specific area

Specific area and micropores of individual samples was determined by BET method using liquid
nitrogen and helium (99.9 %) as media. Used apparatus was Micromeritics’ Gemini 2360 Series of
surface area analyzers, Germany. The results are shown in Table 3.

Table 3:  Specific area and micropores volume of samples
Sample Sy (multi) T=~\E Sa (Area) H.SN\E Pores volume ?E.‘\E
TH1 3.8005 3.6172 0.0028
TH 2 3.1210 2.9630 0.0023

2.2.5 Optical microscopy

Samples were introduced to observation by optical microscopy by using Digital microscope Dino-
Lite Pro AM413T. The magnification 190x was used for each sample. No optical filters were used
at observation. These observations allowed not only the appreciation of macromorphology of sam-
ple constituents, but also the colour resolution, what is impossible by using of SEM microscopy.
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Figure 2:  Morphology of AOD converter dusts — samples THI and TH2

As can be seen from Figure 2 particles in both samples have predominantly spherical shape where
bigger particles are covered with smaller ones. The difference between both samples is small white
particles present in the sample TH2. Their presence can be mxn_mm:ma,g higher content of Ca in the
sample TH2 in compare with TH1 (Table 1).

2.2.6 Scanning electron microscopy

Both of morphology of samples and chemical microanalysis was determined on samples. Scanning
electron microscope JEOL 5800 was used for study of morphology. Chemical microanalysis was
made by Energy-Disperse Analyzer LINK 3.1 installed on scanning electron microscope JEOL
5800.

Morphology of samples — SEM - EDX

The morphology of samples is documented by Figures 3 and 4. Results of semi-quantitative analy-
sis of dust particles are given in Tables 4 and 5.
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Figure 3: Morphology of dust particles TH1
Table 4:  Results of semi-quantitative elemental microanalyses of sample TH1
1 content [mass %]
sample Mg | Si |S| K| Ca | Cr | Mn | Fe | Ni | zn
THI-I 2.7 2 |0 14109 | 113 | 41 46 07 | 27
(background area)
THI1-2 1.3 1 (0] 09 1.2 205 | 54 | 626 | 1.2 | 2.1
THI-3 2 1.7 (0| 1.6 | 28 122 | 44 | 507 | 1.1 | 3.1
THI-4 1 1.2 10 13| 366 9 37 | 337 1 05| 2.1
THI-5 1.5 109015 24 10.2 | 39 | 395 | 05| 28
THI-6 1.7 | 140 2 9 122 | 42 | 485 1 0.7 | 2.1
THI1-7 0 0710}02 04 2.7 09 | 904 | 0.2} 1.6
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Figure 4: Morphology of dust particles TH2
Table 5:  Results of semiquantitative elemental microanalyses of sample TH2
sample content [mass %]
Mg | Si S K Ca Cr Mn Fe Ni | Zn
TH2-01
(background area) 25 (21 O | L7 | 322 | 121 | 5.1 | 325 | 24 |95
TH2-02 26 | 1.3 0 1.5 } 337 12 4.8 | 315 3 9.5
TH2-03 0.6 | 0.5 0 06 | 138 37 15 | 730 | 22 | 39
TH2-04 12 10502119 371 11.7 6.8 | 30.1 | 28 | 7.6
TH2-05 05 |05 0 0.3 | 93.6 0.7 03 1.9 0 2.1
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N
Kukurugya, Ordé, Takdcovd, Vindt, Miskufovd, Havlik, Kekki, Aromaa, Forsén, Makkonen C

Electron probe micro-analyzer (EPMA)

TH1 and TH2 samples were also investigated by using of EPMA. Before electron probe microana-
lyses the samples were studied and photographed in reflecting light using a polarization microscope
Olympus BX51. Microanalyses were made using JEOL JXA-8200 electron probe microanalyzer.
Acceleration voltage was 15 kV and beam current 15 nA.

10 Erdbeonrs Brean i obssrration that eyeept of heterogensons character of samples, phases Occurring
troguently are such ast stheon and ferrous silicon phases (figure. 54, b), Fe-Cr phases, chromite and
Cr-Fe-oxide (Figure 6a, b), Magnesiochromite and glass (Figure 7a, b), Cr-Fe oxide (Figure 8a, b)
and in TH2 Mo-phases (Figure 9a, b).

a b

Figure 5:  Silicon and ferrous silicon phases in the sample TH2

The main elements of areas 5, 6, 7 and 8 in the figure 5 are characterized by high content of Si, Fe
and C. Area S contains 5.3 % C, 32 % Si and 58.3 % Fe. Chemical compositions in areas 6 and 7
are very similar (6 and 7.4 % C, 51 and 53 % Si, 40.2 and 37.5 % Fe). Arca 8 is characterized by
very high content of Si (93 %) while content of C is nearly 7 %.
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Cr-'Fe-oxide

Chromite

a b

Figure 6: Chromite and Cr-Fe-oxide in the sample TH1

Phase described as Chromite in Figure 6a, b contains over 65 % Cr,03 and 30 % FeQ. On the con-
trary the Cr-Fe-oxide phase consists mainly of FeO (67 % for particle in Figure 6a and 76 % for
particle in Figure 6b). Content of Cr,Oj in the Cr-Fe-oxide phase is 2.6 % in case of the particle in
Figure 6a and 12 % for the particle in the Figure 6b. Both figures (Figure 6a and b) show that the
phase with high Cr content is encapsulated inside the particles.

a b

Figure 7: Magnesiochromite and glass phases in the sample TH1

Points 12 and 43 in the Figure 7 represent magnesio-chromite phase containing 17 % MgQO, over
70 % Cr;03 and small amount of FeO (2.5 to 4.2 %). Phase 13 is glass phase consisting of SiO;
(17 %), CaO (32 %) and FeO (40 %). Phase 44 is a mixture of oxides such as MgO (8 %), SiO;
(15 %), CaO (39 %), Cr20; (11 %), MnO (2 %) and FeO (17 %).
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a b

Figure 8: Cr-Fe-oxide phase in the sample TH1

Particles (2, 11) displayed in the Figure 8 consist of two oxides Cr,O3 and FeO. Particle 2 contains
11 % Cry03, 78 % FeO and particle 11 contains 6.5 % Cr,03, 83.5 % FeO.

a, b,

Mo-oxide phases in the sample TH2

Figure 9:

Phases in Figure 9a, b (45, 59) are characteristic by high content of MoOs. Phase marked with num-
ber 45 (Figure 9a) contains more than 54 % MoQs and 30 % CaO. Phase 59 (Figure 9b) contains
practically only MoQOj (over 80 %).

2.2.7 X-Ray diffraction qualitative phase analysis

X-ray diffraction qualitative phase analysis was made on the PANalytical X'Pert PRO MRD X-Ray
diffractometer using Co Ka radiation. X-Ray diffraction patterns of individual samples are shown
on the Figure 10 and 11, results of X-Ray diffraction qualitative phase analysis made by computer
system RIFRAN are given in Table 6 and 7.
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Figure 10: XRD pattern of the sample TH1

Table 6:  Identified phases in the sample THI
Ref. Code Compound Name Chemical Formula
01-089-2618 Iron Chromium Oxide FeCr,04
01-070-2551 Zinc Oxide Zn0O
01-086-1350 Iron Oxide 13.8.\0»
01-082-1532 Zinc Chromium Oxmao ANZO.SSO;.:_xVAOﬂ_.omese.o_vaA
01-089-2779 Calcium Hydroxide Ca(OH),
[TH2
2000 4
I
’ PSS S Y % A S S
Poation {*2Theta (C el (Coj
Figure 11: XRD pattern of the sample TH2
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Table 7:  Phases identified in the sample TH2
Ref. Code Compound Name Chemical Formula

01-070-4068 Calcium Oxide CaO

01-089-6228 Iron Silicon Oxide (Feo.760S10.231 )(Fe0.975S10.025)204

00-048-1066 Zinc Hydroxide Zn(OH),

01-086-1357 Iron Oxide Fe2.05004

01-081-2041 Calcium Hydroxide Ca(OH),

00-004-0759 Iron Chromium Oxide FeyCryO4
3 Conclusions

Two samples of AOD converter dust from stainless steel production were from both elemental as
well as mineralogical composition point of view investigated in this paper. The samples were deli-
vered from Outokumpu Stainless (Tornio, Finland).

The following methods for analyzing were used: elemental analysis, density measurements, specific
area measurements, optical microscopy, scanning electron microscopy and X-Ray diffraction qua-

litative phase analysis.

Elemental analysis shows that the main metals in both samples were Fe, Cr, and Zn whereby the
content of Cr in sample TH2 was more than 18 %.

Granulometric analysis showed heterogeneity of size distribution for both sample TH1 and TH2
where 100 % of all particles were below 50 pm. Two main size fraction +8-22 pm and +28-47 ym
represent over 60 % of all particles in the sample THI and 74 % in the sample TH2.

XRD diffraction analysis detected as main phases in both samples: chromite FeCr,O4 and magnetite
Fe;0.. As it was demonstrated by elemental analysis (T able 1) sample TH2 is characteristic by high
content of Ca which is most likely present as calcium oxide CaO and/or calcium hydroxide
Ca(OH),. Zinc is probably present as zinc hydroxide Zn(OH), and zinc oxide ZnO. It is necessary
to consider that both samples (TH1 and TH2) contain ferritic phases having very similar XRD pat-
terns what makes their exact identification problematic. Moreover, some minerals are encapsulated
inside of grains. These are not identified by XRD phase analysis as “invisible” for X-rays.

Electron probe micro-analysis showed that in both samples are areas with high content of the fol-
lowing metals: Cr, Mg, Ca (Figure 7), Fe (Figure 8), Si (Figure 5), and Mo (Figure 9). It was also
observed that many of the mentioned metals are encapsulated inside particles what can cause prob-
lems during recycling process, especially during hydrometallurgical processes. In addition, Cr and
Fe were found mainly in the form of ferrites, which are very resistant to hydrometallurgical

processing.
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