Markets & econoMy
The Steel Industry in Germany – Trends in Clean Steel
Technology and Refractory Engineering
A. Buhr, R. Bruckhausen, R. Fahndrich

The

importa
Seconda
processi
sulphuri
contents
improve
modific
not lea
tempera
steel lad

permanent development of steel producing technology is a
main driver for the development of new and improved refractories.
The paper briefly discusses the trends in steel secondary metallurgy
and how modern engineered refractories provide innovative solutions
for challenging conditions in the steel making process. Examples are
given how refractories contribute to steel quality and economical im
provements in the process.

Trends in secondary metallurgy

The steel industry is a key driver for new de
velopments in the refractory industry due to
the high market share of steel refractories
in the range of 60 to 70 % and the harsh
conditions for refractories in the steel mak
ing processes. A constant engineering of
refractories is needed to cope with new and
more demanding requirements in the steel
making process. The first part of the paper
briefly discusses trends in the steel making
technology, and the second part describes
examples how modern engineered refrac
tories provide solutions for economical pro
duction of high quality steels.

Trends in the steel making technology have
been discussed in detail by Fahndrich et al.
[1], and Bruckhausen and Fahndrich [2].
With regard to the focus of this paper, they
can be briefly summarised as follows.
There is continuous development of new
steel grades with tailored properties for
various, very different applications, and
there are more than 2000 different steel
grades on the market. These are high pur
ity steel grades with tight specifications for
undesired impurities and alloying elements.
Fig. 1 shows the achievable content of im

Fig. 1 Achievable contents after secondary
metallurgical treatment between 1960
and 2010 [1]
Tab. 1 Content of alloying agents due to
treatment
secondary
[1]
purities
in steelinover
the pastmetallurgy
50 years, and

Tab. 1 shows important alloying agents in
steel production and possible minimum
and maximum contents for different prod
ucts. The improvement of steel is to a great
extend achieved by treatment in the steel
ladle. The strong impact of this socalled
secondary metallurgical treatment in the
steel ladle from 1980 onwards is obvious.

Tab. 1 Content of alloying agents due to treatment in secondary metallurgy [1]
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Element

Min./Max. Content [%] Relevant Secondary Metallurgical Aggregates

C

0,0010–2,50

VOD/VD, RH, RHOB, stirring station

Si

0,01–3,70

RH, LTS

Mn

0,08–20,00

LF

Cr

0,03–25,00

VD, RH, LF

Mo

0,01–4,50

LF or primary steelmaking

Ni

0,03–80,00

LF or primary steelmaking

Cu

0,03–3,50

LF or primary steelmaking

N

0,0020–0,5000

VD, RH, LF, stirring station

Al

0,0020–5,50

VD, RH, stirring station

W

0,020–6,50

LF or primary steelmaking
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Co

0,03–10,00

LF or primary steelmaking

Germany

V

0,01–1,50

VD, RH, LF, stirring station

Ti

0,01–1,50

VD, RH, stirring station

B, Se, Te, Ca, Pb, S

0,001–0,300

stirring station, LF
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improvement of steel cleanliness by separation or
modification of non-metallic inclusions, and last
not least homogenisation of composition and
temperature. Lachmund [4] therefore refers to the
steel ladle as a “metallurgical reactor” (Fig. 3).
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important drivers for refractory innovations.
Secondary metallurgy covers a broad range of
processing such as de-oxidising, de-gassing, desulphurisation, de-carburisation to ultra-low carbon
contents, alloying in tight specification ranges,
improvement of steel cleanliness by separation or
modification of non-metallic inclusions, and last
not least homogenisation of composition and
temperature. Lachmund [4] therefore refers to the
Fig. 2 Metallurgical
– example automobile
industry
[3] 3).
steel ladlechallenges
as a “metallurgical
reactor”
(Fig.
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during An
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timesof(Fig.
4) in
the in
extendedtreatment
processing
liquid
steel
steel
ladle.
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adjustment and improvement of the refractory
steel
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a
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with
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linings and can be considered amongst the most
methods such as CAS-OB are required to
compensate this temperature loss and ensure the
right temperature for the casting of steel. The cost
of temperature loss respectively raising the
temperature of steel by 1 K are between three and
five [5] or even up to ten [6] Euro cent per ton of
steel
to different
sources.
Fig. 3 The
steelaccording
ladle as a “metallurgical
reactor”
[4]
The steel is constantly cooling down
during the extended treatment times (Fig. 4) in the
steel ladle. Therefore either higher tapping
temperatures from BOF or EAF or re-heating of the
steel in a ladle furnace or with thermo-chemical
methods such as CAS-OB are required to
compensate this temperature loss and ensure the
right temperature for the casting of steel. The cost
of temperature loss respectively raising the
temperature of steel by 1 K are between three and
five [5] or even up to ten [6] Euro cent per ton of
steel according to different sources.

Developments in refractories
engineering

Fig. 4 Evolution of residence time of liquid steel in the ladle from tapping to start of
casting [4]

Analyses of typical steel grades for auto
mobiles in Fig. 2 demonstrate the increas
ing demand for low impurities and tight
specification of steel.
An extended processing of liquid steel in
secondary metallurgy requires continuous
adjustment and improvement of the refrac
58

ation or modification of non-metallic inclu
sions, and last but not least homogenisation
of composition and temperature. Lachmund
[4] therefore refers to the steel ladle as a
“metallurgical reactor” (Fig. 3).
The steel is constantly cooling down during
the extended treatment times (Fig. 4) in the
steel ladle. Therefore either higher tapping
temperatures from BOF or EAF or re-heating
of the steel in a ladle furnace or with ther
mochemical methods such as CAS-OB are
required to compensate this temperature
loss and ensure the right temperature for
the casting of steel. The cost of temperature
loss, specifically raising the temperature of
steel by 1 K are between 3 and 5 [5] or even
up to 10 [6] EUR per ton of steel according
to different sources.
The high number of different steel grades
(>2000) but also the different conditions
in each steel plant, where none is exactly
like another, require multiple and complex
processing routes during secondary metal
lurgy in order to finally achieve the desired
high quality steel product. Typical routes
are shown in Fig. 5 considering primary
melting, stirring, RH and VD/VOD degas
sing, ladle furnace and chemical heating
installations. Careful and exact planning
and performance of processing is needed
for technically and economically successful
steel production. Bruckhaus [2] therefore
reported about “zero error strategies” with
maximum productivity and flexibility as an
important trend in modern steel making.
Secondary metallurgy can only be performed
with high performance refractory linings
in the steel ladle. The following examples
demonstrate how engineered refractories in
steel ladle lining provide technical and eco
nomical solutions for challenging conditions
in modern steel making. A special focus is
given on high purity alumina refractories.

tory linings and can be considered among
the most important drivers for refractory
innovations. Secondary metallurgy covers
a broad range of processing such as deoxidising, de-gassing, de-sulphurisation,
de-carburisation to ultra-low carbon con
tents, alloying in tight specification ranges,

Inert refractories for clean steel
production
Refractories for steel ladle side walls must
withstand slag attack by aggressive, metal
lurgical reactive slag e.g. calcium-aluminate
slag with CaO/Al2O3 ratio around 1 for Alkilled steel (Fig. 6). In addition, the refractory
lining must be thermodynamically stable in
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Fig. 5 Secondary metallurgy process routes – flexibility and diversity [1]
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thermal cycling. Recent investigations with
the new sintered alumina aggregate BSA
96 have shown a much more homogeneous

and earlier spinel formation in AMC bricks
when compared to brown fused alumina
[11].

Alumina-spinel
refractories
are
successfully used in ladle side walls for both, Al8 (2016) [1]
59
and Si-killed steel grades. They are applied either
as castables or bricks. In steel ladle side walls,
spinel forming castables provide advantages when

succes
and Si
as cas
spinel
compa
slag r

Such fired spinel bricks must have very
low SiO2 contents in order to provide the desired
performance. Franken et al. [9] reported that spinel
bricks with 1% SiO2 achieved only 40% of lifetime
when compared to spinel bricks with 0.1% SiO2.
Consequently, classical clay binder concepts for
fired bricks must be modified e.g. by use of reactive
alumina.
The performance of AMC bricks depends
on the alumina aggregate used. Bauxite containing
bricks represent the lowest quality. Such bricks
cannot provide the performance reserve necessary
Tab. 2 Typical for
data
of ladle
lining refractories
more
demanding
and flexible processing of steel
in the ladle. In the ladle bottom, high purity AMC
MgO/C Bricks
AMC Bricks
AM
AM
bricks based on tabular alumina clearly outperform
BFA
BSA 96
Fired Bricks
Castables
brown fused alumina bricks. Krausz et al. [10]
reported about a 50% lifetime
reduction with brown
C [%]
10–15
6–8
–
–
fused alumina instead of tabular alumina in ladle
Thermal Conductivity [W/m·K]
10
6,5
6,4
3,5
3,5
bottom bricks. The high purity tabular bricks
Bulk Densityprovide
[g/cm³] higher creep and slag
2,9 resistance and 3,25
3,08
3,0–3,2
2,9–3,0
the
most consistent rate of spinel formation during
thermal cycling. Recent investigations with the new
sintered alumina aggregate BSA 96 have shown a
much more homogeneous and earlier spinel
formation in AMC bricks when compared to brown
fused alumina [11].
Ultra-low carbon steels, which are used e.g.
for automotive steel sheets, are susceptible for
carbon pick up from the refractory lining, if the
refractories contain carbon and especially graphite.
Such steel grades have specifications of max. 10-20
ppm carbon, so even few ppm carbon pick up are
considered critical these days. Different to
magnesia refractories, alumina refractories don´t
require carbon/graphite in their formulation for
achieving the desired thermo-mechanical flexibility
shock
resistance.
Even
carbon bonded
Fig. 8 Carbon and
pickthermal
up of steel
from
refractories
in submersion
laboratory testing: low vs. high carbon refractories [4]
AluMagCarbon (AMC) bricks contain significantly
less graphite when compared to magcarbon bricks
covering the ladle, but this often cannot be
(Tab. 2).
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This heat transfer achieves a kind of steady state
situation once the lining is completely warmed up,
typically after the first 3-4 heats.
Another heat loss comes from the thermal
cycling of the ladle, where the hot face is cooling
down during the empty phases from about 1550 to
about 800 °C. It depends on the heat capacity and
the thermal conductivity of the wear lining how
much heat gets lost during the empty period. This
aspect has recently been discussed by Ogata et al.
(Fig. 9).
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Consequently, the refractory lining thick
ness was reduced in many European steel
works. Tab. 3 gives examples for extreme
cases where high performance aluminaspinel materials enable wear lining thick
ness of only 110–140 mm for new installed
linings and still achieving ladle campaigns
of 114–140 heats on average.
Such capacity increases are possible until
the maximum crane weight becomes the
limiting factor. In such cases, a focus is also
given on the weight of the refractory lining.
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the inherent closed porosity in sintered ag
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temperature
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Concept for advanced permanent linings
In order to increase the ladle capacity, also
the permanent lining thickness has been reduced in
many European steel ladles and special insulating
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Fig. 12 Samples after slag test; CaO/Al2O3–
ratio 1,08, (Induction furnace,
1600 °C/ 2 h; air) [15]
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Purging plugs are exposed to severe thermal
shock conditions as shown in Fig. 15. A ther
mocouple was placed in the purging plug as
an indicator for the stirring performance
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Fig. 14 a–b Thermal modelling of steel ladle lining: spinel castable wear lining and per
manent lining with 72 mm bonite LD brick and 5 mm microporous insulating board [15]:
new castable lining 155 mm (a), and worn 50 mm (b)
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Functional refractories
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