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SUMMARY

The ongoing struggle to reduce the production costs in steelmaking is one of the important driving
forces for R&D engineers. By combining new technical solutions from different areas with new
ideas for steelmaking, it is possible to find new cost effective processes for steel production.

During the last decade, great efforts have been made worldwide to develop new techniques for
near net shape casting of steel. Most of these projects have dealt with production of steel strip.

This paper describes the work carried out at MEFOS to develop the DSC (Direct Strip Casting)
process. The process is based on the horizontal single belt principle. Based upon the experience to
date, we can conclude that belt casting is a technology suitable for high productivity demands, e.g.
for mass production of low carbon steels.
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SUMMARY

The ongoing struggle to reduce the production costs in steelmaking is one of the
important driving forces for R&D engineers. By combining new technical solu-
tions from different areas with new ideas for steelmaking, it is possible to find
new cost effective processes for steel production.

During the last decade, great efforts have been made worldwide to develop new
techniques for near net shape casting of steel. Most of these projects have dealt
with production of steel strip.

This paper describes the work carried out at MEFOS to develop the DSC
(Direct Strip Casting) process. The process is based on the horizontal single belt
principle. Based upon the experience to date, we can conclude that belt casting
is a technology suitable for high productivity demands, e.g. for mass production
of low carbon steels.

INTRODUCTION

The profitability of steelmaking is strongly influenced by an extremely large
deviation in price, depending on the market situation. Consequently, there is an
ongoing struggle to lower the production costs for liquid steel and finished
products. In order to lower the production cost, it is important to reduce the
number of production steps.

The first revolution in steelmaking took place in the mid 19™ century when the
Bessemer process was developed. A new revolution is now under way with the
development of:
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- Smelting reduction processes using iron ore fines and pulverised coal
directly,
- Near net shape casting, eliminating one or more rolling operations.

If the researchers succeed in either of these two areas, this will represent a great
success for the making and shaping of steel.

During the last decade, a large number of strip casting projects have been started
worldwide. One international joint research and development project is carried
out at MEFOS and the Technical University of Clausthal, Germany. This paper
will mainly describe the work carried out at MEFOS.
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Fig 1 MEFOS’s and TU Clausthal’s joint development programme
DIRECT STRIP PRODUCTION

During the 1980s, a large number of direct strip casting projects were started
worldwide. The driving force behind these projects was to lower the capital, as
well as the operation cost, by eliminating several steps in the production chain.
An important part of the operation cost is the cost of energy. Strip casting has a
big potential for reducing energy consumption. Compared with the conventional
way of producing hot rolled strips, which requires about 460 kWh/tonne [1]
from CC slabs to hot-rolled strip, the following decrease in energy consumption
can be expected [1]:
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- Direct hot charging 45 %

- Direct hot rolling 70 %
- Thin slab 85 %
- Cast strip ready for cold rolling 93 %

These expected advantages of developing a near net shape casting technique for
production of steel strips inspired several Scandinavian steelmakers in the late
1980s, when they started a strip casting project. The partners who participated
in the Scandinavian project were:

- MEFOS

- AB Sandvik Steel

- SSAB Tunnplit AB

- Avesta AB

- Rautaruukki Oy

- The Swedish Steel Producers’ Association

The project was partly financed by the Swedish and Finnish governments
through NUTEK and HIM. The Swedish Power Board, as an energy producer,
also supported the project. Besides MEFOS, researchers from the Technical
University of Helsinki took part in the project.

During the first part of the project (1990-91), considerable efforts were made in
evaluating different basic techniques for production of steel strips. The aim of
the first phase was to find a process technology which could fulfil the following
goals:

- High productivity strip production, similar to the LD-CC route,

- Casting technology with low investment and operating cost,

- The knowledge and experience gathered should be a complement to the
know-how built up by other strip casting projects worldwide,

- Process suitable for carbon steels as well as stainless steels.

The major techniques studied included single-roll casting, twin-roll casting, and
single belt casting. The basic characteristics for these three strip casting tech-
niques are shown in Figure 2.
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Characteristics

@ Single roll casting Thickness <l mm
Production capacity Low (special products)
State of development Commercialised
Steel grades Amorphous metals
Thickness ~3 mm
Production capacity <400 000 tons/year
State of development Under commercialisation
Steel grades Stainless and low grades

of carbon steels

iy ' Single belt casting Thickness 5-15 mm
Production capacity <2 000 000 tons/year
@ State of development Under development
£ DI /5 ) Steel grades All kind of carbon steel

and stainless steels

Fig 2 Characteristics of different strip-casting methods

After evaluating all factors in the early 1990s, the decision was taken to co-op-
erate with Mannesmann Demag Hiittentechnik and to further develop their sin-
gle belt casting technique for strip production, the Direct Strip Casting Process
(DSC).
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Legend :

1. LADLE TURRET 5. EDGE HEATING

2. CASTING MACHINE 6. ROLLING MILL

3. WMITHDRAWAL MACHINE 7. LAMINAR STRIP COOUNG SECTION

4, CUTTER 8. COILER

Fig 3 The Direct Strip Casting Process, DSC
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An MDH single belt pilot caster was at that time already erected in Mannes-
mann’s steel smelting shop of Belo Horizonte, Brazil. It was decided that the
pilot caster would be moved to MEFOS. The group of companies taking part in
the project was enlarged to include not only Mannesmann Demag
Hiittentechnik, but also Daido Steel, Japan and Vitcovice Steel of the Czech
Republic. The first castings at MEFOS were carried out in December 1992.

The development today is in its second phase and is financed by the ECSC,
Krupp Hoesch Stahl, Mannesmann Demag Hiittentechnik, Preussag Stahl,
Rautaruukki and SSAB Tunnplit. The development work is divided into two
parts. The aim of one part of the work, carried out at MEFOS, is to demonstrate
high productivity. The other part of the work, carried out at TU Clausthal, aims
to demonstrate in-line rolling.

THE SINGLE BELT CASTER

The single belt caster erected at MEFOS is shown in Figure 4. The caster con-
sists of an endless belt mounted around two drums. The distance between the
drums is 5.2 meters. The upper part of the belt is water cooled from below with
a specially designed cooling technique, using high velocity water under-
pressure.

Two different systems for feeding the liquid steel onto the belt have been used.
One of the systems utilises low pressure for control of the steel flow while the
other one allows the liquid steel to flow down on a distributor box.

Fig 4 Single belt caster at MEFOS
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Preheating position

Casting position

Tube Feeding System - TES

Low Pressure System - LPS

Fig 5 Liquid steel feeding systems at MEFOS

When carrying out casting trials with the LPS, the steel (about 8 tonnes) was
melted in an EAF and transferred in a ladle to the caster. Steel for the TFS trials
was melted in a induction furnace of 4 tonnes placed directly on top of the
caster. This gives good operational conditions, such as temperature control,
start-up control and so on. Experimental data valid up to March 1997, can be
seen in Table I:
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Table I Experimental data

Productivity 30-90 t/hr m width
Strip thickness 3-15 mm

Strip width 450 mm

Strip length max. 120 m

Casting time max. 10 minutes

The strip length is limited by the amount of liquid steel available. Three differ-
ent steel grades have been cast; low carbon and austenitic stainless steels. The
most frequent one has been the medium carbon steel (C=0.2 %, Si=0.4 % and
Mn=0.5 %).

STATE OF DEVELOPMENT

The demands on a hot rolled strip are very high. The thickness variation, both
transverse and longitudinal, must be limited to 1% of the strip thickness. The
combined casting and in-line rolling technology must fulfil these quality de-
mands. In a hot-strip mill for carbon steel, the strip is rolled 5-9 times in a
roughing mill before it is finally rolled in a finishing train with 6-7 stands. With
the new casting technique, the rolling operations can be drastically reduced and
the number of rolling operations should only be limited by the requirements for
creating the right microstructure before cold rolling.

This places great demands on the quality of the as-cast strip. The development
carried out so far can be divided into the following steps:

1. Feeding of steel onto the belt caster,
2. Stability of the water cooled belt,
3. Oxidation of the free surface of the strip.

Feeding of steel

In order to produce an as-cast strip with the right surface conditions, the flow of
steel onto the caster must be controlled. At the solidification point, the distribu-
tion of the steel has to be as even as possible, both transverse and longitudinally.

Both systems tested (TFS and LPS) were built in such a way that they limit and
optimise the turbulence of the liquid steel when it flows onto the belt. The TFS
has so far proved to be a practical, reliable system while the LPS, which has a
potential to feed the liquid steel practically free of turbulence, needs further
development.
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Stability of the water cooled belt

Using results from the first casting trials, it was clearly established that buckling
of the belt could not be allowed in order to get a constant thickness of the strip.
Extensive FEM (Finite Element Method) calculations were carried out in order
to get more information on how the properties of the as-cast strip could be im-
proved by further development of the belt stability. The calculations clearly
showed that the following changes would have to be made [2]:

- The belt material should be changed from steel to copper,
- The heat transfer through the belt should be optimised,

- The cooling water flow must be increased,

- The belt must be pre-heated and further pre-tensioned,

- The under-pressure under the belt should be increased.

After the implementation of these changes a tremendous improvement was ob-
tained in both belt flatness and strip quality. The results before and after the
changes made based upon the FEM calculations are clearly shown in Figure 6

[3].

Belt buckling, before

Disptacement {mm)
(=)

Belt buckling, after

0 I | |
5 10 15 20
Time (sec) :
Fig 6 Belt buckling during casting at MEFOS
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Oxidation of the free surface of the strip

The quality of the top surface of the as-cast strip is very much influenced by the
cooling and oxidation conditions. The oxidation rate of the liquid top surface is
very rapid in open air. Therefore, based on the experience from the first trials,
the first part of the machine must be covered by a lid and protected by inert gas
in order to avoid oxide formation on the liquid surface. Later trials have demon-
strated the success of this technique. This protection is an absolute must for
achieving good surface quality.

Examinations of material and properties

Hot rollings were performed in several passes to final thicknesses of 3 mm, and
cold rollings to final thicknesses of 0.6 to 0.15 mm. The deep drawing proper-
ties of the strip cast 0.20% C steel as measured by the Swift test are of the same
level as for a low carbon (0.07%) commercial deep drawing sicel of type CR2,
in spite of the much higher strength of the strip cast steel [5].

Figure 7 shows photographs of the “cups” drawn. These tests were done with a
steel grade containing 0.2% C, which is not an ordinary drawing grade. The
drawing properties were surprisingly good.

Fig 7 Photographs of samples for deep drawing test
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Figure 8 shows the microstructure of a hot strip manufactured in the laboratory
simulation facility according to the DSC process for a Drawing Quality (DQ)
steel type. The structures are very similar to those of conventional steel and are
constant over the entire casting thickness. The “signs of casting operations per-
formed” are eliminated most efficiently by hot rolling. Studies have shown that
a reduction degree of 50% appears to provide a suitable starting material for
further cold rolling and heat treatment [5].

Further examination will seek to determine the minimum degree of hot rolling to
obtain satisfactory R-values.

upper
surface

middle

room temp.

Fig 8 Microstructure of DQ produced according to the DSC process

COST COMPARISON

The cost for capital and operation when producing low carbon steel grades in
the conventional CC+HSM (Hot Strip Mill) line and thin slab processes includ-
ing in-line rolling (CSP, ISP) is well known. Currently, it is only possible to
estimate the cost for strip production with twin rollers, single rollers and with
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the DSC process. According to our best knowledge, costs can be estimated ac-

cording to Table II.

Table 11 Estimation of costs for different strip production systems

Process Annual capacity | Productivity per Specific in- Conversion cost

strand vestment cost b

Mt/year t/hr.m. $/year.t (index) $/t (index)

CC+HSM 3-4 ~200 ~100 ? 100

Thin slab+ in- 2 ~100 ~70? ~70

line rolling

Strip casting 2 ~200 ~302 ~60

(DSC)

Y Conversion cost for casting + rolling
& Green field

From the cost comparison in the table above, it can be concluded that the capital
cost per tonne is drastically lower for thin-slab casting, including in-line rolling,
as well as direct strip casting (DSC) than conventional CC+HSM.

For the DSC process, the total conversion + capital cost is expected to be even
lower than the conversion cost (excluding capital) for CC+HSM in spite of the
lower capacity of the DSC process [6].

CONCLUSIONS

A pilot plant single belt caster has been erected and tested at MEFOS. Although
development is still in progress, the following conclusions can be drawn;

1. Belt casting has shown to be a casting technique suitable for high produc-
tivity demands.

2. During casting it is crucial to control both the flow of steel onto the belt
and the belt flatness.

3. The free surface of the as-cast strip must be protected from oxidation in
order to allow the steel to solidify before it is oxidised.

4. Low carbon steel grades must be hot reduced about by 50% in order to
reach the right microstructure before cold rolling.
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5 The calculations regarding operational as well as capital cost show that
these are low compared to CC+HSM, in spite of the lower capacity of the
DSC process.

Based upon experience to date, it is feasible that a single belt caster to be used
for production of low carbon steel grades should be in line with two to three
rolling stands, laminar cooling and a down coiler as shown in Figure 2.

Strip casting is an area where tremendous efforts and capital are being invested
in order to create a casting technique eliminating several steps from the strip
production chain. It is fair to say that when this becomes a reality, there will be
a new revolution in the making of steel opening new possibilities to both cut the
total production cost (including capital cost) and to produce new steel grades.

FUTURE WORK

The development of the DSC technique is to be intensified. The casting widths
on the caster at MEFOS will be increased to 900 mm.

Table Il  Aims and strategy of the project started 1997

Test/development of a near Test/development of the DSC
production scale belt caster at concept:
MEFOS Casting and in-line rolling at
TU Clausthal
Formulation
of basic B
uestions
casting width: 900 mm casting width: <300 mm
casting thickness: 5-15 mm casting thickness: 5-15 mm
casting speed: <40 mi/min casting speed: <25 m/min
Advantages: Transfer of Advantages:
«—| results for —
scale up
¢ Cost reduction by concen- o TFast development at low
tration on major develop- costs
ment issues
e Cutting down on develop- Know-how —* e Finding detail solutions on
ment costs and time by +—| transferred a near laboratory scale for
adaptation of the solutions later scale up
derived on a laboratory
scale
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Partners in the project are:

- ECSC

- Krupp Hoesch Stahl AG

- Mannesmann Demag Hiittentechnik

- MEFOS

- Preussag Stahl AG

. The Swedish Steel Producers’ Association
- TU Clausthal
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Main Advantages

Casting thickness 5 - 15 mm
Casting speed 30 - 60 m/min

Direct production of hot strip of usual quality and dimensions by
means of in-line rolling

Suitable for medium and large production rates up to 2 mio. tpa
Low investment costs, low production costs
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Main Advantages

Casting thickness 5 - 15 mm
Casting speed 30 - 60 m/min

Direct production of hot strip of usual quality and dimensions by
means of in-line rolling

Suitable for medium and large production rates up to 2 mio. tpa
Low investment costs, low production costs
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