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REFRACTORY BATCH, IN PARTICULAR FOR THE PRODUCTION OF A
SHAPED BODY, AND PROCESS FOR PRODUCING THE SHAPED BODY

ABSTRACT

The invention relates to a refractory batch containing
at least one refractory metal oxide component, at least
one binder component, such as resin or pitch, if
appropriate antioxidants, at least one carbon carrier,
such as soot and/or graphite, and reinforcement fibers
which are formed from a stainless steel material, which
at the temperatures of wuse forms a coat of the
refractory metal oxide on its surface, and to a shaped

pody made from the batch and to a process for producing
the shaped body.
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REFRACTORY BATCH, IN PARTICULAR FOR THE PRODUCTION OF A
SHAPED BODY, AND PROCESS FOR PRODUCING THE SHAPED BODY

The invention relates to a refractory batch or
refractory material, in particular for the production of
a shaped body, in particular for 1lining converters,
casting ladles, metallurgical ladles and similar units
for steel processing and treatment, as well as the

process for producing the shaped body.

In the iron and steelmaking industry, the reaction and
transport vessels used are brick-lined with refractory
materials or lined with ramming compounds. Vessels of
this nature are, in particular, converters, such as
basic oxygen furnaces or bottom-blowing converters, in
which crude steel is obtained from pig iron.
Furthermore, steel casting ladles and treatment ladles
for secondary metallurgical processes (steel refining),
and also downstream units in the steel casting system,
are provided with a similar refractory lining.

In this case, steel casting ladles, for example, may
both be lined with a high alumina content and have an
alkaline lining based on MgO or dolomite.

In particular in converters, but also in steel ladles,
1t 1s customary to use linings in which the refractory
material has a high content of a carbon carrier. This
carbon carrier may be in the form of synthetic resins

of any type, tar or pitch or graphite or mixtures of
these constituents.
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The functions of the carbon carriers are complex.
However, the essential function of the carbon is to
minimize slagging of the shaped bodies by reducing the
wettability of the surface and, in addition, closing

open pores.

In use, refractory shaped bodies of this nature become

worn due to various operations carried out.

One wear mechanism 1is that relatively thin surface
layers of the shaped body which have been infiltrated
by slag wear away through dissolution, abrasion and

spalling. This 1s known as thermochemical wear.

- Thermomechanical wear, which takes place as a result of

spalling of unchanged ©brick regions because of

excessive thermomechanical stresses is also known.

In addition, carbon-containing shaped bodies also

become worn as a result of decarburization of the

layers on the hot side.

MgO 1s one of the most frequently used refractory raw

materlals.

Shaped bodies based on MgO are generally distinguished
by a high refractory guality and a very good ability to
wltnhstand slags, in particular highly alkaline slags,
1.e. they -exhibit considerable advantages against
thermochemical stresses. Drawbacks  which can  be
mentioned 1n particular with regard to the thermal
shock behavior 1s the relatively high coefficient of
thermal expansion of MgO and its high modulus of
elasticity. Furthermore, MgO has a relatively high

thermal conductivity.

For refractory shaped bodies or refractory batches
which have a high carbon carrier content as “slag

inhibitor”, 1in particular pitch-bonded shaped bodies,
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ln particular based on magnesite, ~are known. These
magnesite bricks, or alternatively dolomite bricks, can
be produced with tar or pitch bonding. To enable
pitch-containing binders Lo be used, these
coarse-grailned magnesite sinter mixtures are preheated
to approximately 100°C and higher as early as in the
silo and are mixed in the hot state with pitch and any
carbon additives and, if appropriate, crosslinking
substances, 1in heatable mixers. After the shaped bodies
have been pressed, they undergo heat treatment in a
tempering furnace at approx. 300°C. The tempering
increases the strength of the bricks and significantly
reduces the susceptibility to spalling through the
release of highly wvolatile hydrocarbons, in particular
1n the heat-up phase of the converter. With batches of
this nature, 1t 1s ensured, inter alia, that raw
materials with the lowest possible iron oxide and
silicate content and a low boron content, a high sinter

density and with large crystals (periclase) are used.

To 1increase the carbon content, and, in addition, to
achieve an 1ncrease 1in the thermal conductivity, so
that the heat can be dissipated more quickly in
particular to water-cooled outside walls, it is known
for refractory raw materials to be mixed with graphite

and provided with resin or pitch bonding.

Furthermore, unfired shaped bodies, i.e. shaped bodies
which have not been produced with a ceramic bond, but
only from the bonding tar, are known, and shaped bodies
which, 1in addition to the refractory oxide component
(for example magnesite), contain a continuous bond
formed by graphite platelets have been developed.
Further developments envisaged using carbon in the form
of soot, resulting in a longer service life of the
shaped bodies. It has emerged that if relatively large
amounts of graphlite are used, synthetic resins (resol

resins, novolak resins) are particularly suitable as

binders for shaped bodies of this nature.

i I T T D I PPN e P ETHYT-Y LAGLEEL] G sl et AN {1 AT o r R M- s s 1 01 L e
vimr e e e el N A R MR M oSGl I U AU SN My R 0 R 2 7 v 1 0O oot 264 7 440t Ui 4 rt aldcdreaniie ol GREISRONACEERIE I SALAAH B~ 1 L e U SRR Al (1 M 114 e e tan s 1 B L Wi L R 1 =T



10

15

20

25

30

35

POV enn ke e s H AT L AL LALLM , S AT A W § B e R R ] g e 40 L 10 iR 1t HE R L O H 66 L AT I B A R C-LHM 3 AN S WS R 1361~ 2 Ad e, reimnainidthdepe o0t chee

CA 02310431 2000-08-03

Therefore, working on the basis of tar-bonded sintered
dolomite or magnesite bricks, pitch-bonded or
resin-bonded two-component bricks have been developed
which, with regard to the chemical resistance, combine
the advantages of the refractory oxides and of the

graphite.

In general, shaped bodies with resin bonding and
graphite are produced by mixing the components in the
cold state, shaping them under a high pressure and then
hardening them at approximately 200°C. The hardening
mechanisms depend, inter alia, on whether a
one-component resin (resol resin) or a two-component

resin with a hardener (novolak resins) 1is being used.

The resin content 1is usually between 2 and 5%, the
graphite content may be between approximately 7 and
20%, with around 15% perhaps being regarded as

customary.

o 1mprove the service properties of carbon-containing
bricks, 1t 1S additionally possible to add
antioxidants, 1in particular in the form of metals, such

as Al, Mg or Si.

In addition to the wear mechanisms which have already
been described, during operation of the converter,
steel scrap 1s added to the pig iron and is then melted
down. This steel scrap is introduced into the
converter, falls into the converter and in the pProcess
1mposes considerable loads, in particular as a result
of direct impact on the refractory lining. Furthermore,
1t 1s possible that mechanical wear may take place
through stresses caused by temperature changes during
heating or reheating after significant cooling, and
this wear makes 1its ©presence felt by spalling.

Furthermore, wear 1s caused by erosion in the area of
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powerful flows, for example at the pig iron impact

point (casting jet impact and in nozzle regions).

The refractory lining is also subjected to substantial
wearx 1n other areas of steelmaking and steel
processing, 1n particular in metallurgical ladles,

especially also in the casting jet impact region. The

loading.

To 1mprove the mechanical resistance of such refractory
linings, 1n particular refractory shaped bodies, it is
proposed, 1r DE 156 43 111 Al, to introduce
reinforcement bodies into the shaped bodies during
production, which reinforcement bodies are to make the
shaped body better able to withstand impact loads. The
reinforcement bodiles are to comprise in partibular wire
elements made Ifrom steel with a high heat resistance;

an approximate Z shape of these elements is proposed as

a particular embodiment.

Tests have shown, that reinforcement with steel wire of
this nature, and also reinforcement with steel fibers
in the form of a steel wool which is incorporated in
the shaped body, do not enable such mechanical
improvements to take place. On the one hand, it is not
possible to compress the material which has been mixed
with pieces of steel wire to the desired and required
level of compaction. On the other hand, pressing
results 1n an undesirable formation of compressed
layers, 1n particular when using steel wool, and the
inhomogeneitlies observed occur as early as during
mixing. The steel reinforcement elements are drawn
steel wires which  are substantially elastically
deformed 1n the brick during the pressing operation,
1.e. the energy of deformation is stored so that after

pressing, the brick 1s driven outwards again by the

restoring forces 1in Lhe drawn steel wires.
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Consequently, satisfactory compaction of the brick
material or sufficient dimensional accuracy and,
correspondingly, a suitable green strength of the
finished shaped body cannot be achieved. Furthermore,
shaped bodies of this nature cannot be handled safely,
since after pressing the restoring forces cause wire
elements to project out of the surfaces of the shaped
body, representing a significant risk of injury to the

staff who are processing or fitting the shaped bodies.

Furthermore, the steel reinforcement elements begin to
melt during use. Tests on shaped bodies fitted with
steel elements after use have shown that the steel
wires have fused completely and the molten material 1is
dispersed finely through the microstructure of the-
brick, in particular along the grain boundaries and 1n
the interstices, so that the steel wilres can no longer
be located as cohesive elements even after a short
period of wuse. Consequently, steel wlre elements or
fibers of this nature - i1f they can be processed in the
brick at all - can only contribute to a possibly
improved strength in the green state of the brick. As
soon as the shaped body has exceeded a certailn
temperature threshold or is in use, 1t 1s no longer

possible to detect a positive effect from the steel

fibers.

The object of the invention 1s to provide a refractory
batch which contains reinforcements, 1in particular for
the production of shaped bodies, which has a high green
strength for the shaped body, 1improved resistance toO
wear, in particular in the event of impact or shock

loads, and an increased thermal shock resistance.
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This object is achieved with a refractory batch or material,
in particular for the production of a shaped body, having the
features of at least one refractory metal oxide component, a
binder component such as resin or pitch, if appropriate,
antioxidants, at least one carbon carrier, and reinforcement
fibers which are formed from a stainless steel material which
at the temperatures of use form a coat of the refractory
metal oxide. A refractory shaped body, 1in particular for
lining converters, casting ladles, metallurgical ladles and
similar units for steel processing and treatment, which is
produced from the batch as previously described. A process
for producing a shaped body, in particular a shaped body
wherein the shaped body at the temperature of use contains
stainless steel fibers on the surface of which a coating or
deposit of refractory metal oxide contained in a batch is
deposited, and wherein once a coating has been formed, it is
retalned even when cooled. The process may further be
characterized by the refractory metal oxide component being
of a desired grain range and put together from a plurality of
grain fractions, and when the stainless steel fibers are
mixed wilith one or a plurality of or all of the grain
fractions until a homogenous mixture 1is formed, and then if
appropriate are then mixed with the remaining grain
fractions, the dry carbon carrier i1s admixed to the mixture
of refractory metal oxide components and stainless steel

fibers.
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According to the invention, the refractory batch or the
refractory material contains at least one refractory
metal oxide component, a binder component, such as
resin or pitch, 1f appropriate antioxidants, in
particular metallic antioxidants, a carbon carrier such
as soot and/or graphite, and reinforcement fibers which
are formed from a stainless steel material, which at
the temperatures of use forms a coat of the refractory

metal oxide.

According to the 1nvention, the reinforcement body
selected can be mixed with the remaining constituents
of the batch without problems, in particular without
forming clusters, layers or other inhomogeneities and,
in addition, bonds successfully to the other components
even during mixing. Furthermore, for the production of
shaped bodies, the material for the reinforcement was
selected in such a way that it is deformable or ductile
to such an extent that, when the batch is pressed into
shaped bodies, these reinforcement bodies do not store
any significant energy of compression or deformation,
so that elasticity which would cause the elements to
seek to return to thelr original shape owing to
restoring forces does not occur. Consequently, the
reinforcement elements are pressed into the shaped body
microstructure which 1s formed by the pressing without
then driving the shaped body microstructure apart.
Furthermore, a selection was made 1in such a way that
the material forming the reinforcement bodies forms a
layer of scale on the surface during heating of the
batch, 1in particular as a shaped body, i.e. surface
oxidation of the material takes place without this
oxidation progressing too far into the interior of the
material and thus destroying the element through
further oxidation. Furthermore, the material was

selected in such a way that transition to the ligquid
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phase takes place as slowly as possible and only at
temperatures which are as high as possible, so that the
fibers retain their inherent stability as long as

possible.

In addition, according to the invention it has been
discovered that a coating or seam of the refractory
oxide material forms on this thin, scaled surface of
the reinforcement material, this seam being formed in

such a manner that a refractory coat surrounding the

reinforcement element i1is formed.

It has Dbeen found that, when the specially selected
reinforcement elements and the coats formed are mixed
in, 1mperfections in the shaped body can be produced in
a controlled way in terms of type, size, shape, number
and distribution. An advantage of the batch according
to th.e inventlon 1s that the particular selection of
the reinforcement material and its shape and size
enable the mechanical and thermomechanical properties
of a shaped body produced from the batch to be improved
considerably. In particular in the cold temperature
range, but also 1in the medium temperature range,

increases in the strength, in particular including the

tensile strength, were achieved, while 1n the
high-temperature range a considerably increased
resistance to impact and shock loads and a

significantly improved resistance to thermal shocks
were achieved. The 1improvement in the thermal shock
resilstance can be attributed to the controlled
formation of the 1imperfections. The increase in the
reslstance Or wear resistance to impact and shock loads
can be attributed to the fact that the reinforcement
elements which are 1in the 1liquid state in the
high-temperature range, as a result of the refractory
coating, act like cushions which, as hydraulic shock

absorbers, are able to absorb impacts and shock.
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In the following text, the invention 1s explained by

way of example with reference to a figure and exemplary

- embodiments, the figure showing a cross section through

a partial area of a shaped body formed from the batch
according to the invention, 1in which a reinforcement
element which is used according to the invention can be

seen in cross section.

The refractory batch according to the invention
comprises a refractory metal oxide. This metal oxide
may in particular be Al,0; (alumina), MgO (periclase) or
dolomite. These raw materials are present together with
the wusual, known 1mpurities. The raw materials are
classified according to a desired grain size
distribution, and 1in this way a desired gralin range 1is

achieved by combining the classes suitably. The grain
range extends 1in particular from 0 to 10 mm, and a

typical grain size distribution may be from 0 to 6 mm.
The refractory metal oxide content 1n the batch may be

between 70 M% and 100 M%.

If the refractory metal oxide used i1is magnesium oxide,
it is preferable to use a magnesium oxide with a low
iron oxide, silicate and boron content, a high sintered
density and periclase crystals which are as large as

possible; the MgO content is 97% or higher.

Furthermore, the batch according to the invention
comprises a binder component. The binder component may
be in the form of a one-component synthetic resin
(resol 1resin) or a two-component synthetic resin
(novolak resin). According to the invention, pitch
bonding may also be desired, in which case the binder
component used 1s pitch together with a hardener
(nitrate, sulfur). If synthetic resins are used, they
form from 1 M% to 5 M%, 1n particular from 2 to 3 M%,
of the total batch.
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The batch according to the invention also comprises a
carbon carrier, 1n particular in the form of soot
and/or graphite, the carbon carrier content in the
total batch being between 0 M%$ and 30 M3, 1n particular
between 11 and 15 M%. The batch may in addition contain
antioxidants, 1n particular metallic antioxidants, such
as silicon, aluminum or magnesium 1n amounts from 0% to

10s. The total carbon content after carbonization 1S

between 0% and 30%.

Specially selected, melt-spun stainless steel fiber

elements are used for the batch according to the
invention. In particular, melt-spun steel fibers which
are produced using the melt extract (ME) process or the
melt overflow (MO) process are used. In the ME process,
a rotating, water-cooled copper drum with a structured
surface 1s 1mmersed 1in molten stainless steel, the
copper drum throwing the moclten material centrifugally
out o©f the crucible. In the ©process, the molten
material, which 1s 1n the form of fibers, solidifies
and 1s collected. Fibers obtained using the ME process

have a diameter of, for example, 500 um at a length of

around 20 mm.

In the MO process, the rotating, water-cooled copper
drum 1s arranged beneath an opening in the crucible
containing the molten material, and the molten material
1s poured slowly onto the rotating drum. MO fibers can
be made much thinner than ME fibers, and fibers
obtained using the MO process are long fibers which can
be used, for example, for fabrics. The MO fibers are
Sickle-shaped 1n cross section. According to the
invention, it has been discovered that fibers produced
using the MO process are particularly suitable if they
are shorter than the MO fibers usually produced. The

fibers used have a diameter of from 5 to 250 um for a
length of from 4 to 100 mm.
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According to the invention, the material used to form
the fibers 1s chromium steel, for example of the grade
chromium-nickel steel 430, and/or  chromium-nickel
steel, for example of the grade chromium-nickel stee]
310. The batch contains up to 3 M% (MO) fibers or up to

5 M%¥ (ME) fibers; the batch may also contain mixtures

of the two types of fiber.

To produce the batch, the grain range is compiled from
a plurality of grain fractions. In particular, however.
1t 1s possible to assemble the grain range from grain
fractions and to firstly branch off the dust, ultrafine
and fine grain fraction from the desired grain range.
The fibers or the reinforcement elements are firstly
gradually admixed to this dust, fine and ultrafine
grain fraction, for example with a grain size of from 0
to 100 upm, 1n a mixer, until the desired amount of
reinforcement elements has been added. Then, mixXing
continues until the mixture is homogeneous, after which
the dry carbon carriler, such as graphite or soot, is
added. Then, the remaining, coarser fraction of the
refractory metal oxide 1is gradually admixed to this
preliminary mixture, until the entire mass of the
refractory metal oxide has been homogeneously mixed
with the fibers and the graphite. It is also possible
for the preliminary mixture to be added to the

remaining grain range of the refractory metal oxides,

which 1s already situated in a mixer.

If resin-bonded shaped bodies are to be produced, the
resin 1s then added to the cold mixer and mixed until
the mixture 1s homogeneous. If a resin/hardener mixture
1s being used, the resin is premixed with the hardener,
and the two components are added together, oY
alternatively first only the resin is added, followed
by the hardener, mixing in each case taking place until
the mixture 1s homogeneous. Moreover, it is possible
for the mixture of the refractory metal oxide, the

reinforcement elements and the carbon to be placed in a
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separate, dedicated mixer in order to be mixed with the
resin or binder, where the mixing with the resin takes
place. In addition, if desired, the batch contains

antioxidants as well as further usual constituents,

such as pressing aids, if required.

The finished batch mixture is fed to the pressers which

are customary 1in the refractory industry where it is
pressed 1into shaped bodies, for example using a

pressure of 180 N/mm?.

The finished resin-bonded shaped bodies are then
subjected to the hardening step which is customary in

this technique, at temperatures of between 120°C and
200°C.

If pitch bonding of the batch according to the
invention 1s to be the result, the process steps up to
final mixing of the solid constituents, including any
auxiliary constituents required, such as antioxidants
and further known auxiliary constiltuents, are carried
out, and then this preliminary mixture is added to a
heated mixer, where this mixture is mixed with pitch
and 1s homogenized. A pitch content of from 1% to 5% is
particularly desired. After homogenization of the
pitch, or during this homogenization, the crosslinking
agents for the pitch are added, in particular sulfur
and/or nitrate. After compression on the pressers which
are customary for this technique, in particular heated
pressers, the shaped bodies produced are subjected to a
tempering step at 200°C to 300°C, the pitch being

crosslinked with the aid of the crosslinking agent.

The shaped bodies produced in the ways described above
are then fitted at the appropriate locations in the

furnace, converter or in the metallurgical ladle.

. . . . . .- IRt e e e BRRRRIRT LR R ET e b CHEHHAERTR |01 QR 4 N AN o rreagtene oy e eeeee
A AT Ao LRI 5 RS ITATER R I Sy TR BN A 0 ) M T W 1 40 I ][O TS 4 i ORI 504 it MR DR L 1 siirims 1 et Socnimn HAtwh B s ‘



10

15

20

CA 02310431 2003-11-03

- 13 -

During heat-up and operation of the shaped body, a seam
of the refractory metal oxide used, which coats the

reinforcement element, forms around the fiber.

- The figure shows an enlarged excerpt from a shaped body

which has been formed from the batch according to the
invention. The refractory metal oxide was 1in this case
MgO (periclase). In the center of the picture, it is
possible to see a cross section through a reinforcement
element or a stalnless steel fiber; the sickle-shaped
or crescent-shaped cross section of the fiber - as can
be seen - has not ‘changed even after more than 200
hours of use. Around the fiber and adjacent to the
fiber, 1t 1s possible to see the seam or the coating of
the refractory metal oxide (MgO), which has evidently
stabilized and secured the fiber in terms of its
geometry and 1ts arrangement in the shaped body, since
the shape of the fiber in terms of its length has also
not changed substantially (not shown in the figure).
The seam of the refractory metal oxide surrounding the
fiber on all sides, together with the fiber in the

ligquid state, 1.e. in the high-temperature range, forms

a type of elongate cushion.
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In accordance with one aspect of the invention a refractory
batch or refractory material for producing a shaped body 1is
provided: comprising at least one refractory metal oxide
component, a binder component 1including resin or pitch,
antioxidants as required, at least one carbon carrier, and
reinforcement fibers which are formed from a stainless steel
material, the stainless steel material being ductile melt-
spun fibers so that at the temperature of use, the refractory
metal oxide component coats the ductile metal-spun fibers,
whereby the reinforcement fibers do not store any significant
energy of compression or deformation when the refractory
batch or refractory material is pressed into the shaped body.
The refractory batch or refractory material may be further
characterized in that any elasticity which would cause the

shaped body to return to its original shape due to restoring

forces does not occur. The refractory metal oxide component
may contain magnesium oxide (MgO), which may be a high
purity, mnatural or synthetic MgO sinter. The refractory

metal oxide may contain dolomite, and the dolomite may be a

natural or synthetic dolomite sinter. The refractory metal

oxide Al,0,, and the L,0, may be tabular alumina. The binder
may be a one component synthetic resin, a two component
synthetic resin, pitch, and/or wherein the batch may include
crosslinking reagents or a pitch. The antioxidants may be
metallic antioxidants, including silicon and/or aluminum
and/or magnesium. The refractory metal oxide component may
have a grain size of up to 10 mm and/or a grain distribution
from 0 to 10 mm. The refractory metal oxide component
content in the batch may be between 70 M%¥ and 1 and 100 M%.
The binder may be a resol resin and/or a novolak resin. The
synthetic resin may be present in an amount from 1 to 5 M%,
the pitch may be present in an amount of 1 to 5 M%. The

carbon carrier may be present in an amount up to 30 M%. The
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metallic antioxidants may be present in an amount from 0 to
10 M%. The reinforcement fibers 1include stainless steel

fibers which are produced using a melt overflow process or a

melt extract process and have a diameter of from 5 to 250 um
and a length of from 4 to 100 mm. The reinforcement fibers
may be sickle-shaped or crescent-shaped 1n cross sgection.
They may be formed from a chromium steel and/or chromium-

nickel steel.

In another aspect of the invention the batch contains up to 3
M% of fibers produced by the melt overflow process or up to 5

M% fibers produced using the melt extract process.

In another aspect of the 1invention there 1s provided a
process for producing a shaped body comprising using a batch
in which a refractory metal oxide i1s classified, and a grain
range 1is put together from a plurality of grain fractions,
mixing stainless steel fibers with one, a plurality of or all
of the grain fractions until a homogenous mixture 1s formed,
mixing the stainless steel with the remaining grain fractions
as required, 1in order to form the homogenous mixture,
admixing a dry carbon carrier to the mixture of refractory
metal oxide components and stainless steel fibers, and
forming the stainless steel fibers from ductile melt-spun
fibers so that at the temperatures of use the refractory
metal oxide components coat the ductile metal spun fibers,
wherein the ductile metal spun fibers do not store any
significant energy of compression or deformation when the
batch is pressed into the shaped body so that any elasticity
which would cause the shaped body to return to 1ts original
shape due to restoring forces does not occur. The process
may have a one component or two component synthetic resin and

auxiliary constituents as required such as antioxidants which
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component, stainless steel fibers and dry carbon carrier, and
the entire mixture obtained may then be pressed into shaped

bodies after which 1t 1s subjected to hardening at

temperatures of between 120 to 200°C. The process may be
further characterized by the mixture of refractory metal
oxide component stainless steel fibers and dry carbon carrier
being added to pitch in a heatable mixture and the entire
mixture being homogenized, c¢rosslinking reagents for the
pitch may be added to the mixture, and the mixture pressed

into shaped bodies after which the shaped bodies are tempered

at a temperature of from 200 to 300°C until the pitch has

crosslinked with the crosslinking agents.

In another aspect of an invention a shaped body 1s provided
for lining converters, casting ladles, metallurgical ladles
and similar units for steel processing and treatment at a
temperature of use including stainless steel filbers, a
coating or deposit of a refractory metal oxide contained in a
batch, the batch being deposited on a surface of the
stainless steel fibers, the batch including binder so that
once the coating has formed an even when the coating has been
cooled, the coating 1is retained on the surface, the binder
means including resin or pitch, and the stailnless steel
fibers being ductile metal spun fibers to permit the coating
thereon, whereby the ductile metal spun fibers do not store
any significant energy of compression of deformation when the
batch is pressed into a shaped body so that any elasticity
which would cause the shaped body to return to 1its original

shape due to restoring forces does not occur.

The invention 1is explained below with reference to exemplary

embodiments:
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Exemplary Embodiment 1

An MgO sinter is classified. Fibers made from a chromium

steel and obtained using the melt overflow process, with a

diameter of 100 pum and a length of 6 mm, are added to the

dust, ultrafine and fine grain fraction (=10 to 20 M%), which

has been placed 1n a mixer, 1n an amount of 1%, based on the
total mass. Following homogenization, 10% of flake graphite
is added, and homogenization takes place. From the remaining

fractions of the classified MgO sinter, a grain composition

Oor grain range with a typical grain
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distribution curve for magnesite-carbon bricks is mixed
together 1n a mixer. The fine fraction together with
the fibers and the graphite is then admixed to this
coarse Iraction of the refractory metal oxide. After
nomogenization has taken place, 2% of a resol synthetic
resin 1s added in a separate mixer, and mixing takes
place until the mixture is homogeneous. The batch which
has Dbeen obtained in this way is then pressed on a
hydraulic press under a pressure of 180 MPa. There is
no evidence oI any change in volume or length of the
pressed part after pressing. The shaped bodies obtained
ln this way are then hardened at 200°C and then used in
practice. When used in a steel casting ladle, the wear
1n the area of the casting jet impact is reduced by 10

to 15% with a shaped body made from the abovementioned

batch according to the invention.

Exemplary Embodiment 2:

An MgO sinter 1s classified as in Exemplary Embodiment
1. Fibers made from a chromium steel (for example of
grade chromium steel 430) which have been obtained
using the melt overflow process and have a diameter of
100 pm and a length of 20 mm are added to the dust,
ultrafine and filne grain fraction (approx. 10 to
20 M%), which has been placed in a mixer, in an amount
cf 1 M%, based on the total mass. After homogenization,
5% of a graphite 1is added, and homogenization takes
place. A grain composition or a grain range with a
typical graln distribution curve for magnesite-carbon
prick 1s mixed together in a mixer from the remaining
fractions of the classified MgO sinter, as in Exemplary
Embodiment 1. The further process steps correspond to

the process steps from Exemplary Embodiment 1.

Compared to a standard shaped body without the
stainless steel (fibers, the improvements which can be

seen from the chart are achieved:
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@Elgtmchaﬂnn n. V. von M 3710 Im verglelch zu M 8710 mit Fasxervermtirkung

43.73 a

19.70 WSwndard  Bmit Swanifasem 430/20-38 L

223.00

20.00

{ 15.82
1%.00 . -

20.00

£.00

with fiber reinforcement

With steel fibers 430/20-10

E modulus (GPa)

G modulus (GPa)

Cold compression strength (MPa)

Cold flexural strength (MPa)

Open porosity (%)

Hot flexural strength 1200°C (MPa)
Fracture energy 1200°C (10 Nmm)

0 Elongation at break 1200°C (mm 10-1)
1. E modulus 1200°C (10 MPa)

F WO 00 3 O U D W N

In the refractory batch according to the invention in
particular for the production of shaped bodies, it is
advantageous that, because of the special selection of
the steel reinforcement elements, for the first time
refractory raw material, carbon carrier and
reinforcement elements have been made extremely easy to
process 1n a single mass, the reinforcement elements
producing a change in shape after pressing through the
elastic accumulation of deformation forces.
Furthermore, formation of inhomogeneities during milixX1ing

and the formation of layers during pressing are
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suppressed. A further advantage is that the special
selection of the material forming the reinforcement
elements has made 1t possible to form a ceramic coat
around these elements, so that the reinforcement
elements retain their original shape even in the
high-temperature range. A further advantage is that the
reinforcement elements, together with the refractory
coating, form a large number of imperfections and
cushions 1n the microstructure of the shaped body,
which are able, firstly, to significantly increase the
thermal shock resistance and, secondly, to absorb
impacts and shocks caused in particular by scrap
striking the converter, in the manner of hydraulic
shock absorbers in the microstructure of the shaped
bodles. According to the invention, therefore, a
refractory batch 1in particular for the production of
shaped bodies which makes it possible to produce shaped
bodies which have an improved resistance to wear in
particular caused by shock and impacts, and to
thermomechanical and mechanical stresses, is produced.
Furthermore, the advantages described can also be
achieved 1f the refractory batch according to the
invention is used for spraying or ramming compounds and

for mortars.
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THE EMBODIMENT OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OF PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A refractory batch or refractory material, for producing
a shaped body, comprising:

at least one refractory metal oxide component, a binder
component including resin or pitch, antioxidants as required,
at least one carbon carrier, and reinforcement fibers which
are formed from a stainless steel material, the stainless
steel material being ductile melt-spun fibers so that, at the
temperatures of use, the refractory metal oxide component
coats the ductile melt-spun fibers, whereby the reinforcement
fibers do not store any significant energy of compression or
deformation when the refractory batch or refractory material
is pressed into the shaped body, so that any elasticity,
which would cause the shaped body to return to 1ts original

shape due to restoring forces, does not occur.

2. The batch as claimed in c¢laim 1, wherein the refractory

metal oxide component contains MgoO.

3. The batch as claimed in claim 1, wherein the refractory
metal oxide component is a high-purity, natural or synthetic

MgO sinter.

4 . The batch as claimed in claim 1, wherein the refractory

metal oxide component contains dolomite.

5. The batch as claimed in claim 4, wherein the refractory

metal oxide component 1s a natural or synthetic dolomite

sinter.
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6 . The batch as claimed in claim 1, wherein the refractory
metal oxide component 1is Al,0;.
7. The batch as claimed in claim 6, wherein the refractory

metal oxide component is tabular alumina.

8 . The batch as claimed in claim 1, wherein the binder

component comprises a one-component synthetic resin.

9. The batch as claimed 1i1n claim 1, wherein the binder

component comprises a two-component synthetic resin.

10. The batch asg claimed in c¢laim 1, wherein the binder

component comprises pitch.

11. The batch as claimed 1n claim 10, wherein the batch

comprises crosslinking reagents for pitch.

12. The batch as claimed in claim 1, wherein antioxidants

are metallic antioxidants.

13. The batch as claimed in claim 12, wherein the metallic

antioxidants are silicon and/or aluminum and/or magnesium.

14. The batch as claimed in claim 1, wherein the refractory

metal oxide component has grailn size up to 10 mm.

15. The batch as claimed in claim 1, wherein the refractory
metal oxide component has a grain size distribution from 0 to

10 mm.
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16. The batch as claimed in claim 1, wherein the refractory

metal oxide component content 1in the batch 1s between 70 M%

and 100 M%.

5 17. The batch as claimed 1in claim 1, wherein the binder

component is resol resin and/or a novolak resin.

18. The batch as claimed in claim 1, wherein a synthetic
resin is present i1n an amount from 1 to 5 M%.

10

19. The batch as claimed in claim 1, wherein a pitch 1is

present in an amount of 1 to 5 M%.

20. The batch as claimed in c¢laim 1, wherein the carbon

15 carrier is present 1n an amount up to 30 Ms%.

21. The batch as claimed in claim 1, wherein metallic

antioxidants are present 1n an amount from 0% to 10%.

20 22. The batch as claimed 1in claim 1, wherein the
reinforcement fibers include stainless steel fibers which are

produced using a melt overflow process.

23. The Dbatch as claimed in claim 1, wherein the
25 reinforcement fibers include stainless steel fibers which are

produced using a melt extract process.

24, The Dbatch as claimed 1in claim 1, wherein the
reinforcement fibers have a diameter from 5 to 250 um with a

30 length from 4 to 100 mm.
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25. The batch as claimed in claim 1, wherein the
reinforcement fibers are sickle-shaped or crescent-shaped in

Cross section.

26. The Dbatch as claimed in claim 1, wherein the
reinforcement fibers are formed from a chromium steel and/or

chromium-nickel steel.

27. The batch as claimed 1in claim 1, wherein the batch
contains up to 3 M% fibers produced using a melt overflow

process.

28. The batch as claimed 1in claim 1, wherein the batch
contains up to 5 M% fibers produced using a melt extract

process.

29. A process for producing a shaped body, comprising the
steps of:

using a batch in which: (1) a refractory metal oxide 1is
classified, and (2) a grain range 1s put together £from a
plurality of grain fractions, mixing stainless steel fibers
with one, a plurality of or all of the grain fractions until
a homogenous mixture 1s formed, mixing the stainless steel
with the remaining grain fractions, as requlired, 1in order to
form the homogenous mixture admixing a dry carbon carrier to
the mixture of refractory metal oxide components and
stainless steel fibers, and forming the stainless steel
fibers from ductile melt-spun fibers so that at the
temperatures of use, the refractory metal oxide components
coat the ductile melt-spun fibers, whereby the ductile melt-
spun fibers do not store any significant energy of
compression or deformation when the batch 1s pressed into the

shaped body, so that any elasticity, which would cause the
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shaped body to return to its original shape due to restoring

forces, does not occur.

30. The process as claimed in claim 29, wherein a one-
component or two-component synthetic resin and, auxiliary
constituents, as required, such as antioxidants, are admixed
to the mixture of refractory metal oxide component, stainless
steel fibers and dry carbon carrier, and the entire mixture
obtained is then pressed into shaped bodies, after which it

is subjected to hardening at temperatures of between 120 and

200°C.

31. The process as claimed in claim 30, wherein the mixture
of refractory metal oxide component, stainless steel fibers
and dry carbon carrier is, 1if appropriate, added to pitch 1in
a heatable mixer, and the entire mixture 1s homogenized,
crosslinking reagents for the pitch are added to the mixture,
and then the mixture is pressed into shaped bodies, after

which the shaped bodies are tempered at a temperature of from

200 to 300°C wuntil the pitch has crosslinked with the

crosslinking agents.

32. A shaped body for lining converters, casting ladles,
metallurgical ladles and similar units for steel processing
and treatment, at a temperature of use, comprising:

stainless steel fibers; a coating or deposit of a refractory
metal oxide contained in a batch; the batch being deposited
on a surface of the stainless steel fibers; the batch
including binder means so that once the coating has been
formed, and even when the coating has been cooled, the
coating is retained on the surface; the Dbinder means
including resin or pitch; and the stainless steel fibers

being ductile melt-spun fibers to permit the coating thereon;
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whereby the ductile melt-spun fibers do not store any
significant energy of compression or deformation when the
batch 1is pressed 1into the shaped body, so that any
elasticity, which would cause the shaped body to return to

its original shape due to restoring forces, does not occur.
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