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Characterization of dusts from
three types of stainless steel
production equipment

Kukurugya, F. (1); Havlik, T. (1); Kekki, A. (2); Forsén, 0. (2)

Steelmaking dusts, by-product in steel production process, are considered as
hazardous wastes from steel production. On the other hand, these dusts contain
significant amount of valuable metals, which could be recovered. Because of its
large heterogeneity and anisotropy it is difficult to design a suitable process for
its recycling. The first and the most important step for designing an efficient re-
cycling process is thorough material characterization. The aim of this work was
to characterize five samples of steelmaking dusts coming from stainless steel
production. In particular, two sample of electric furnace (EAF) dust, two samples
of argon oxygen decarburization (AOD) converter dust and one sample of ferro-
chrome converter (CrK) dust were characterized. Chemical analysis was carried
out by Atomic absorption spectroscopy (AAS). For a structural characterization
of the samples, the X-ray diffraction phase analysis (XRD) was used. Morpho-
logical analysis was carried out by optical microscopy and scanning electron
microscopy with semi-quantitative analysis (SEM-EDX) of dust particles. All five
samples were characteristic by high content of Zn, Cr, Fe, Ni and Ca. The most
common phases identified in the samples were: FeCr,0,, ZnFe,0,, Ca0 and Zn0.

All five samples had 100% of the particles under 55 pm.

teelmaking dust is generated as
a by-product from steelmaking
processes in amount around 10
to 20 kg per ton of produced steel
(1]. Due to its chemical and physical prop-
erties, steelmaking dust is categorized,
according to the US EPA classification, as
a hazardous waste [2].
The increasing demand for metals has
stimulated the development of new tech-
nologies worldwide to treat secondary
resources like steelmaking dusts, which
can present risks to the environment if
managed in an incorrect way [3].
The methods for steelmaking dust process-
ing can be divided into following catego-
ries: pyrometallurgical, hydrometallurgi-
cal and electrometallurgical processes, or
their combination. Hydrometallurgical
processing appears to be more perspective
in the future mainly from the environmen-
tal and economic point of view [4, 5].
One of the major problems regarding
steelmaking dusts processing is their het-
erogeneity in chemical and mineralogical
composition. For this reason it is difficult
to design “versatile” technology for their
processing and every technology must be
adjusted to the certain steelmaking dust.

For this reason, the chemical and structur-
al characterization of the material is a very
important stage to evaluate the recycling
feasibility [6].

Both chemical and mineralogical compo-
sitions depend on:

B Steelmaking process — Electric arc fur-
nace (EAF), Argon oxygen decarburi-
zation converter (AOD), Ferro-chrome
converter, Basic oxygen furnace (BOF),

B The chemical composition of a raw
material - steel scrap (almost 100% in
EAF)

B Type of produced steel — carbon steel
(high Zn content) [7] or stainless steel
(high Cr and Ni content) [1].

There are several works [1, 6, 8, 9] con-
cerning with characterization of EAF
(electric arc furnace) dust from carbon
steel production but only very few papers
[1, 3] concerned with steelmaking dust
from stainless steel production. This work
is intended for filling a gap in the area of
characterization steelmaking dust from
stainless steel production. Dusts from
carbon steel and stainless steel produc-
tion seem to be very similar at the first
sight but they differ significantly. The
main difference is in their chemical com-
position. In Table 1 can be seen the com-
parison in chemical composition between
dust formed during carbon steel produc-
tion and the one formed in stainless steel
production.

As shown by Table 1 the biggest differ-

ence between dusts coming from stainless

steeland carbon steel productionisin zinc
content, which is more than three times
higher in case of carbon steel production
dust. On the other hand, dust coming
from stainless steel production contains
other valuable metals like Cr, Ni and
Mn in significant amounts. These facts

EAF EAF
(stainless steel production) | (carbon steel production)
Compound/Element [w. %] [w. %]
CaO 6.59 -
$iO0, 5.76 -
MgO 4,25 =
MnO 5.88 -
Fe,O, 39.56 -
Fe - 27.23
Gr 10.9 -
Ni 4.1 0
Pb 1.4 1.28
Zn 5.2 17.05
Ca - 4.42
@d - 0.09
Mn - 1.03

Table 1: Chemical composition of EAF dusts from stainless steel and carbon steel

production [1, 10]

4/2013 | 67.Jahrgang | METALL

4



METALL-FORSCHUNG

Sample Labeling
Electric furnace dust from production line 1 EAF1
Electric furnace dust from production line 2 EAF2
Argon oxygen decarburization converter dust from production line 1 AOD1
Argon oxygen decarburization converter dust from production line 2 AOD2
Ferro-chrome converter CrK

Table 2: Labeling of five different steelmaking

dusts from stainless steel production

Sample content [%]
Zn Fe Ni Cr Mn Pb Cd Ca | Mo* | LOI
EAF1 8.10 | 20.23 1.45| 18.16 1.67| 046| 048] 10.84| 0.07| 0.67
EAF2 6.40 | 1544 | 2.40| 17.19 1.61 0.88 | 0.38| 15.10 0.51 2.93
AOD1 9.75 | 29.20 0.67 | 18.56 1.35 0.09 0.19 5.50 0.11 1.35
AOD2 5120118751/ 2i70(1! 1339 1.68| 0.39 0.15] 17.20 125 1.30
CrK 7.35] 1394 | 0.12] 22.08| 0.24 0.11 0.12 | 17.40 0.01 2.18
Table 3: Chemical composition of the samples
must be taken into account when design-  Optical microscopy

ing recycling technology, which must be
adopted, to some extent, to the nature of
an input material. Therefore, a thorough
characterization of the dust is necessary.
The aim of this paper is to characterize
five samples of steelmaking dust from
stainless steel production. Samples of
steelmaking dust came from three differ-
ent steelmaking equipment. The charac-
terization is carried out through chemi-
cal, mineralogical, morphological and
granulometric analysis.

Experimental

Five samples of steelmaking dust produced
in Outokumpu Stainless (Tornio, Finland)
were analyzed. Description and labeling of
the samples are shown in Table 2.

These samples were chosen mainly because
they represent dusts coming from three the
most essential equipment used in stainless
steel production.

Methods

Chemical analysis

All five samples were submitted to the
chemical analysis by using method AAS
on atomic absorption spectrophotometer
Varian Spectrophotometer AA20+.

Mineralogical analysis
Mineralogical analysis was carried out
through X-Ray diffraction qualitative
phase (XRD) analysis on the PANalytical
X’Pert PRO MRD X-ray diffractometer
using Co Ka radiation.

The samples were introduced to observa-
tion by optical microscopy using Digital
microscope MZK 1701. Magnification of
200x was used during the observation. No
optical filters were used. These observa-
tions allowed not only the appreciation of
macromorphology of the samples, but also
the color resolution, what is impossible by
using SEM microscopy.

Granulometry analysis

Granulometry was determined by Scan-
ning-foto-sedimentograph,  Fritsch -
GmbH, Analysette.

Scanning electron microscopy - SEM
- EDX

Both of morphology of the samples and
chemical microanalysis were carried out
on scanning electron microscope JEOL
JSM-35CF with EDX analyzer LINK ANA-
LYTICAL AN 10/85S.

This observation serves to a closer inves-
tigation of chemical composition indi-
vidual particles and areas in the samples.
During the observation, several areas
were chosen for chemical analysis in order

to find out the distribution of elements in

the samples.
Results and discussion

Chemical analysis

The results of the analysis are documented
in Table 3.

It results from the Table 3, that these dusts
are typical by a high content of chromium
(13 - 23 %), zinc (5 - 10 %) and iron (13 -
30 %). The source of chromium in dusts
from stainless steel production is ferro-
chrome used as an alloy and zinc in dusts
originates from the galvanized iron scrap
[7].

In samples EAF2 and AOD2 also Ni con-
tent was considerably high when compar-
ing to primary ores where the average Ni
content is around 1.45 % [11].

These results show that besides consider-
ing these dusts as a hazardous waste they
might be also valuable secondary raw
materials for chromium, nickel and/or
zinc production. However, when design-
ing a recycling process it is necessary to
take into account also mineralogical form
of the metals.

Mineralogical analysis

The main phases identified in each sample

are given in Table 4. Evaluating the results

of XRD analysis was carried out using soft-

ware HighScore.

As it results from the XRD analysis, all

five samples are very similar from point

of view mineralogical composition. The

main phases present in almost every sam-

ple are:

B oxides - Ca0, ZnO and Fe,0,

B ferrites - FeCr,0,, ZnFeO, and
NiOAZSFeOJSFeZOAi

From a hydrometallurgical point of view

it is very important to know the minera-

logical form of the metals in order to set up

optimalleachingconditions. Ascanbe seen

in Table 4, zinc is present mainly as ZnO

and/or ZnFe,0,,

any kind of hydrometallurgical treatment.

which is very resistant to

Sample

EAF1 EAF2 AOD1 AOD2 CrK
FeCr,0, FeCr,0, FeCr,0, FeCr,O, FeCr,0,
ZnFe,0, ZnFe O, ZnFe O, ZnFe 0, ZnFe,0O,

Niy .Fe .. Fe. O, NiFe,O, ZnCr,0, NiwiiEel iFe O, ZnFeCrO,

ZnO CaO EelO ZnO Cr,0,

Ta) CaCo, Fe O, CaCoO, Fe O,

MnO, ZnO Ca(OH), ZnO

CaO

Table 4: Main phases identified in each sample
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Fig. 1: XRD patterns of five main ferrites present in the samples

Nickel is present as a spinel compound
(NiFe)Fe,0,. Chromium is present in all
samples mainly as chromite, FeCr,O,.

The biggest problem regarding XRD anal-
ysis of this kind of material is that almost
all metals in these samples are present
as ferrites, whose XRD patterns are very
similar what makes their identification

very difficult. In Fig. 1 are shown theo-
retical peak positions in XRD pattern of
five main ferrites present in the samples:
Fe/0,,FeCr 0, NiFe O}, Ni; .Fe, Fe,Q,
and ZnFe O,

As can be seen from the figure above the
peaks positions of the ferrites in XRD pat-
tern are very similar and it is very diffi-

Fig. 2 Morphology of five different dusts from stainless steel production: a) EAF1; b)

EAF2; c) AOD1; d)AOD2; e) CrK

cult to distinguish what kind of ferrite is
present in the sample. In addition, ferrites
present in the real sample very often do
not have ideal structure and therefore their
peaks can be shifted from the theoretical
position.

Others work [3] concerning with char-
acterization of AOD converter dust from
stainless steel production also confirms
the presence of phases such as: chromite
FeCr,0,, magnetite Fe,O,, hematit Fe,O,
and calcite CaCO,.

The results of the XRD analysis show
that zinc, iron and chromium are mainly
present as ferrites which are very resistant
to any kind of treatment. Because of that, it
is necessary to use more aggressive condi-
tions (high temperature or stronger leach-
ing reagent) for metals recovery.

Optical microscopy

Results of optical microscopy observation
are listed in Fig. 2.

As can be seen from Fig. 2, particles in all
five samples have predominantly spherical
shape where bigger particles are covered
with the smaller ones. The presence of two
fractions was also confirmed by granulom-
etry analysis. It is possible to observe small
white spots in all samples, which repre-
sent CaO, whose presence was confirmed
by XRD analysis. The smallest amount of
white spots was observed in the sample
AODL1 where the content of calcium com-
paring with the other samples was the low-
est. On the other hand the highest amount
of white particles was observed in samples
AOD2 and CrK where the calcium content
was higher than 17 wt.%.

Granulometry analysis

Cumulative and distribution curves of the
particle size in individual samples are illus-
trated in Fig. 3.

The results of granulometric analysis
showed that all samples have a very simi-
lar granulometry, where 100 % of the par-
ticles are below 55 pm. From the distribu-
tive curves of all five samples can be clearly
seen that there are two major fractions in
size range 0 to 22 pum and 28 to 47 um for the
samples EAF1 and EAF2. For the samples
AODI and AOD?2 it was 8 to 22 pm and 28
to 47 um. For the sample CrK the size ranges
were 0 to 22 um and 27 to 47 um.

If chemical composition and granulometry
analysisare compared a correlation between
Ca content and quantity of the size fraction
0 to 22 pm could be found. In the samples
where the Ca content was the highest (sam-
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Fig. 3: Granulometry of the samples: Cumulative and distribution curve a) EAF1; b) EAF2;
c) AOD1; d) AOD2; e) CrK
AREA CONTENT [WT. %]
Mg Si Ca Cr Mn Fe Cu Zn Ni
EAF1-1 5 7.3 1507 97 5.5 29.2 2:5 17 2
EAF1-2 1.2 14 115 Sl 0.4 84.8 14 2.5 0.3
EAF1-3 249 19.8 177 4.8 6.8 292 1£9 1210 0.2
EAF1-4 0.9 9.5 3513 4.6 23 38.5 1.9 54 0.2
EAF1-5 33 4 2 12 31D 53.2 210 17.7 0.8
Table 5: Chemical composition of certain areas in the sample EAF1
AREA CONTENT [WT. %]
Mg Si Ca Cr Mn ke Cu Zn Ni
EAF2-1 119 6.2 290 12.9 3.9 25171 5] 9.4 2.8
EAF2-2 1.3 6.1 2.8 8.9 342 62 2.4 5.6 4.5
EAF2-3 12 39.3 2815 0.9 0.5 13.4 14 1.5 0.2
EAF2-4 3.3 16.3 25.9 5.7 9 22.8 2.5 4.1 3]
EAF2-5 1.3 8 10.8 8.9 2 39 34 8.4 13.6
EAF2-6 L7 5ul 46.5 9.4 25 18.1 2.3 6.8 24

Table 6: Chemical composition of certain areas in the sample EAF2

plesEAF2, AOD2, CrK, - over 15 %) the size
fraction 0 to 22 um was clearly visible in dis-

tributive curves (Fig. 3b,d,e). On the other
sidein samples where the Ca content was the

lowest (EAF1 and AODI) the size fraction
0 to 22 um was hardly visible in distribu-
tive curves (Fig. 3a,c). From these results,
it concludes that Ca (white spots in Fig. 2)
is represented mostly by the size fraction 0
to 22 pm.

These results of granulometric analysis
are important in designing conditions for
hydrometallurgical treatment.

Scanning electron microscopy - SEM
- EDX

Fig. 4 represents the sample EAF1 where
the chosen areas contain mainly Fe, Ca and
Zn (Table 5). In the area of EAF1-3 was also
relatively high content of Si (19.8 %), what
can indicate a local presence of Si phases.
The areas in the sample EAF2 (Fig. 5) are
by their chemical composition similar to
the areas in the sample EAF1. However,
this sample is characteristic by significant-
ly higher content of Ca (area EAF2-6), what
is also confirmed by the chemical analysis
of the sample listed in Table 1. Accord-
ing to the stoichiometry composition, Ca
present in the area EAF2-6 can be present
as Ca(OH),, which was also found by the
XRD analysis (Table 4). One area with high
content of Si (area EAF2-3) was also present
in the sample.

The areas in the sample AOD1 (Fig. 6 and
Table 7) are characteristic by a high con-
tent of Fe (in the area AOD1-1 over 90 %),
Cr (over 20 % in the area AOD1-5) and Ca
(36.6 % in the area AODI-6).

The highest content of Ca was found in the
areas of the sample AOD2 (Fig. 7 and Table
8) that correspond with the chemical com-
position in the Table 3. The highest content
93.6 % of Ca was found in the area AOD2-
4. Other significant metals in the sample
AOD?2 were Fe, Cr and Zn.

Particle CrK-1 in the sample CrK (Fig. 8 and
Table9) contains almost 43 % of Znand area
of the particle CrK-5 more than 43 % of Zn.
Itresults from the Table 9 that both particles
have very similar chemical composition.
Area CrK-4 contains 64 % of iron what is
value close to the stoichiometric amount of
Fe in Fe,O,. This iron oxide was identified
also by XRD analysis. Area CrK-3 is typical
by the highest amount of Ca. However, this
high amount of Ca was expected as the CrK
sample, according to Table 3, has the highest
content of Ca from all five samples.

Conclusion

Five samples of steelmaking dusts from
stainless steel production were investigat-
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AREA CONTENT [WT. %] ed in this paper. The samples were deliv-
Mg Si Ca Cr Mn Fe i 7n Ni ered from Outokumpu Stainless (Tornio,

oD BRI IR e E R EEEETE B _ ,
All five samples were submitted to chemical,
AR 1 i i Y i o e sl L mineralogical and granulometric analysis

AOD1-3 15 0.9 24 10.2 39 39.5 n.a 2.8 0.5 as well as to observation by SEM-EDX.

AOD1-4 2 1.7 2.8 1212 4.4 50.7 n.a 3.1 1.1 Chemical analysis was carried out by AAS
aopis| 13 | 1 [ 12 | 205 ] 54 [ 626 | na [ 21 | 12 | method The results show that the main
elements in all five samples were Fe, Cr, Zn
AODI1-6 1 12 36.6 9 3.7 337 n.a 2.1 0.5 and Ca: Contertt of Znwas inrange 5-10 %,
Table 7: Chemical composition of certain areas in the sample AOD1 iron 13-30 %, chromium 13-23 % and cal-
cium 5-18 %. In the samples AOD2 and
AREA CONTENT [WT. %] EAF2 was Ni content more than 2 %. Cad-
Mg Si Ca Cr Mn Fé Cii 7n Ni mium and lead contents were lower than 1
AOD2-1 | 26 13 337 12 48 315 - 95 3 9%. It results from chemical analysis than

Cr, Fe and Zn content is significant for its
AOD2-2 0.6 0.5 13.8 3.7 1.5 731 n.a 3.9 2.2 recovery from this kind of waste.

AOD2-3 142 0.5 37.1 L7 6.8 30.1 n.a 7.6 2.8 Mineralogical analysis shows that Cr

AOD2-4 | 0.5 0.5 93.6 0.7 0.3 1.9 n.a 2.1 0 and Fe are present mostly as chromite,

FeCr,0,. Zn is present as zincite, ZnO

Table 8: Chemical composition of certain areas in the sample AOD1 and franklinite, ZnFe,O,. Calcium was

found in the form of calcite, CaCO, and

AREA CONTENT [WT. %] calcium oxide CaO. Nickel was found in

Mg Si Ca Cr Mn Te Ca Th Ni the sample EAF2 as a ferrite NiFe,O, and

pll s ee ey Lues lime] vl liegee]s 0 ] I the samples EAFL and AQD2 25 a com-

plex ferrite Ni , Fe  Fe O,. Information

CrK-2 AL G T e AT N T R e g anihetoisal compattisnris

CrKk-3 1.2 0.9 88.7 2 0 2.1 L6 3.1 0 very important from recycling feasibility
CrK-4 0.7 0.5 73 19,3 0 64 34 3.9 0 point of view.

CrK-5 12 | 35 | 101 | 197 | 04 [ 185 | 28 | 433 | o | By means of optical microscopy it was

found out that almost all particles in all
Table 9: Chemical composition of certain areas in the sample CrK five samples have spherical shape. Also it
was observed that bigger brown particles
(consisted mainly of Fe, Zn, Cr) are covered
with smaller white particles (consisted of
Ca). The size range of the bigger particles
was from 27 um to 47 pm and size range
for the smaller particles was 0 to 22 pm.
Granulometry of all five samples was very
similar where 100 % of the particles were
below 55 pm.

SEM-EDX confirmed the spherical shape
of most particles in all samples. This obser-
vation shows that selected particles consist
of more than only one phase. The main ele-
ments in most spherical particles were Fe,
Ca and Zn. In the sample EAF2, there was
also a small particle (EAF2-5 in Fig. 5) with
Ni content 13.6 %. Small spherical particles
in the sample CrK (CrK-1 and CrK-4 in Fig.
8) contain more than 42 % of Zn. Rectan-
gular particle in the sample AOD2 (AOD2-
4 in Fig.7) contains 93.6 % Ca.

Results of the characterization showed that
steelmaking dusts coming from stainless
steel production could be used as second-
ary raw materials for production of metals
like Cr, Niand Zn as their contents in these
dusts are comparable or even higher than
Fig. 5: Morphology of the sample EAF2 with magnifications: a) 300x and b) 1000x in primary ores.
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1 AOD1-1

CJAopi-3

Fig. 8: Morphology of the sample CrK with magnifications : a) 300x and b) 1000x
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Netzentgeltbefreiung sichert Stromnetz und Wetthewerbsfahigkeit

7. Mirz 2013 - Die Entscheidung des Ober-
landesgerichts Diisseldorf zur Netzentgelt-
befreiung zwinge, so die WirtschaftsVerei-
nigung Metalle (WVM). den Gesetzgeber,
handwerkliche Fehler in der Gesetzgebung
zu bereinigen. Hier sei dringend eine Kor-

rektur formaler Fehler notwendig, die nicht
zu Lasten der Industrie gehen diirfe. Der
Beitrag der Industrie fiir die Stabilitit der
Stromnetze miisse wieder ins Gesetz aufge-
nommen werden, forderte WVM-Prisident
Oliver Bell. Er begriifite, dass die Bundes-

regierung bereits eine neue Regelung vor-
bereite. Die zuvor rechtlich einwandfreie
Regelung zeigte, dass die Netz stabilisie-
rende Leistung des industriellen Stromver-
brauchs zum Gelingen der Energiewende
beitrage.
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