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Description

The invention relates to a ceramic refractory stopper {a stopper device)
for controlling a flow of molten metal at an outlet opening of 2
metallurgical vessel, such as a tundish.

The generic type of ceramic refractory stoppers comprises a rod-shaped
stopper body, one end of which being designed for fixation to a
corresponding lifting mechanism while the other end of which being
defined by 2 so called stopper head. The rod-shaped stopper body

typically has a central longitudinal axis.

It is well known in steel casting to arrange such a stopper rod, which in
many cases is a one-piece-stopper rod, in 2 vertical position, in order to
vary the cross-sectional area of an associated outlet opening of a
corresponding metallurgical vessel by said lifting action. Insofar any
directions disclosed herginafter, like “top”, “bottom”, “upper and lower
ends” always refer to the vertical use position as shown in the Figures of

the attached drawing.

Stopper rods of this type have also been used to introduce a treatment

gas, such as an inert gas, i, a. argon, into the hot melt (in particular steel
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melt) to improve the guality of the melt, for example to remove non-

metallic inclusions from the melt,

Insofar reference is made to WO 2006/007672. The known stopper rod

comprises:

- a m&»sh&paﬁ stopper body defining a central longitudinal stopper
axis, including

- at least one fitting for connecting the stopper rod to a gas supply
line, and

- at least one gas chanupel, running within said stopper body, from an
upper end of the stopper body toward an oppoesite end of the
stopper body and extending into a free outer surface area of a

stopper head.

According to WO 2006/007672 it has been observed that the gas may be

contaminated during its passage through the gas channel of the stopper rod

To overcome this drawback WO 2006/007672 discloses g stopper rod
wherein the wall of the gas channel is provided with a laver of a material

which does not produce carbon monoxide at the temperature of use.

It was found that the contamination of the treatment gas cannot be avoided
reliably by said inner lining. The reasons are not vet fully understood but

include:

- the gas {for example Argon, Nitrogen) may still be contaminated
by small particies of the lining material, for example by abrasion
and/or chemical reaction between the gas (for example in case of
Nitrogen) and the lining material.

- Without said lining the same problems arise with respect to the

efractory material of the siopper rod.



WO 2013/156252 PCT/EP2013/056082

- Temperature differences within the stopper rod and/or the gas
channel respectively may cause
- condensation effects of the treating gas which changes the gas
quality arbitrarily and

- depositions onto the wall of the gas channel.

This 15 especially true in cases where parts of the stopper rod are
immerged in a hot melt and other parts of the stopper rod project

above the melt into a3 much cooler environment.

Further the known technology does not consider harmful constituents of the
treatment gas, for example 510, other volatile sub-oxides, alkali-compounds
.

or the like which may contribute a blockage of the gas-channel(s) in the

stopper head.

The object of the invention is to provide a stopper rod of the type mentioned
overcoming these disadvantages. The invention is based on the following

cognition:

The effects mentioned are totally different. While the abrasion problem (1%
problem} is a problem of the material from which said stopper stop is
manufactured the 2°¢ problem (temperature gradient) is caused by the
application of said stopper rod. Inscfar any changes in the material of the
stopper rod may solve the 1°' but not the 2°% problem and vice versa any
external heating of the stopper area may reduce the temperature gradient but

not the abrasion problem

The invention makes a totally different approach: It accepts the 2 problems
mentioned but compensates these problems by filling a solid material
(hersinafter aiso called the filling material) into the gas channel while
teaving enough space for the gas to pass through, which material provides

the following effects:
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a} it is high-temperature resistant (>1000°C, »1.300°C, often »1500°C or
»1600°C } and therefore remains in the gas channel e.g. during use of the
stopper rod in a bath of molten steel of a similar temperature,

b) it characteristicly enlarges the surface area along which the gas flows on

&5

its way through the gas channel and at the same time makes the surface

c) any abrasives from the material of the stopper body or from the filling
material itself can be collected within the corresponding filler zone of the

gas channel.

Criterion a} is important to allow the filling material to fulfil its function

during use of the stopper rod.

Criterion b) is important as the new surfaces force the gas to transverse
flows {up to small turbulences). The filling material further achieves (gets)
a temperature similar to the temperature of the stopper body, when the
stopper rod is in use, thus leading to additional heating surfaces for the gas,

an increase of the gas temperature and an equilization the gas temperature

o

over the respective parts of the gas channel and further downstream toward
the outlet section of the gas channel, The heat transfer is mainly effected by

thermic radiation.

Any temperature difference between the material of the stopper body and
the gas is favorably reduced. This is true although the gas velocity increases
in view of the reduced cross seciion available for the gas to flow through
(under the assumption of a certain gas volume necessary for the treatment of

the melt).

This criterion (b} is linked with the demand to secure that the gas passes

that distance (part) of the gas channel filled with this material in an
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appropriate volume and implicitly includes a corresponding selection of

suitable filling materials and suitable shapes.

A powdery material would cause blockage of the gas channel and avoid the
necessary gas volume to pass through. A particulate material or & material
with a high open porisity necessarily provides gaps and/or hollows and/or
slits and/or spaces like pores between adjacent particles and/or within the
material through which the gas may flow, i.e. such materials have 2
considerabie “open porosity” or “permeability to gas”, which may be
adjusted according to a range necessary to lef the reguired volume of gas

pass through.

The criterion is improved if the filling material has 2 high thermal
conductivity. The filling material then receives and transports the heat even
more efficiently. The filling material receives its high temperature by direct
heat conduction from the corresponding meli, into which the stopper is
immerged, via the stopper body as well as by heat radiation from the stopper

body.

The filling material must extend over a considerable distance (length) of the

and to

o

gas channel in order to provide the desired new large surface areas

achieve the desired effects,

her much more untform in a

As a result the gas temperature is not only hig

hig
stopper rod according to the invention compared with prior art devices
A further advantage is that condensation effects of the gas are reduced or

even avoided.

With respect to criterion ¢} this “packed bed” (filling) acts as a collecting
chamber for abrasions from the refractory material or any lining or

glaze *ﬁsgaﬁweiy and avoids that corresponding dust and/or particles
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follow the gas stream along the gas channel toward the gas outlet opening
with the danger of blockage of the gas channel by clogging effects. This is
particularly important with stopper rods having a gas outlet opening of
reduced diameter - compared with ifs upsiream sections - like typically
being the case at the stopper head.

t

In other words: Even in case abrasion may not be avoided completely th

F

-h

{'3

3

invention may compensate said abrasion be providing a filler material whi
“absorbs” (collects) any such solid materials. Such particles may physically

adhere to the filling material or react with it,

In its most general embodiment the invention relates to a ceramic refractory

stopper, comprising

® a rod-shaped stopper body defining a central longitudinal
stopper axis
e at least one fitting for connecting a gas supply line,

e at least one gas chanunel of a total length L within said stopper
body, extending between an inlef section at a first end of the
stopper body and an outlet section in a free outer surface area at

a second end of the stopper body, which second end defining a

s

stopper head, wherein

» a high temperature resistant material is arranged withia the gas
channel according to the following conditions:

» the high temperature material extends along a distance R of the
gas channel being > 25% of the total length L of the gas
channel and

@ solid parts of the high temperature resistant material infill
between 10 and 90% by volume of the gas channel along said

espective distance R.
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The distance of that part of the gas channel filled with the material is

decisive to achieve the advantages mentioned and therefore it may
xceed 30% {or may be >40%, >30%, »>60%, »>70%) of the total length of

the gas channel. In principle a longer filler path will lead to better
results, but at the same time the type and amount of the {iller material
must be selected carefully to secure that the required gas stream may

pass the stopper without any disadvantageous pressure losses

a

pivw

The filler material may be arranged parallel to the central longitudina

stopper axis of the stopper rod.

According to an embodiment at least 20% of said gas channel volume
{calculated without any filler material therein} are filled with solid parts
aid said high temperature resistant material, including percentages
C >258%, »>30%, »40%, >50% to achieve the improvements. For sake of
clarity: apy open porosity within the solid parts of the filling material,
through which gas flows, does not define the “solid volume” of the

filling material.

If the gas channel has parts with a smaller cross-section (especially parts

with a cross section smaller than - for example - the gméa size of a

particulate filling material, so that the filling material doesn’t fit in; this
may be the case especially in the stopper head) the filling material will

only be implemented in those part of the gas channel of larger cross-

section to avoid any undesired blockage.

Typically the gas channel has a cylindrical shape although other designs

are possible.

To achieve the metallurgical effects in the metal bath a certain volume

03

(amount} of gas is necessary. {n typical metallurgical applications said
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art of the gas channel, filled with the particulate material, may have a

"3

N - 3
cross-section of > 300 mm”.

(44

The selection of a suitable filling material should account for the

following properties {alternatives in brackets):

5

- thermal capacity, established in accordance with EN 993-14

BEN 993-15 of more than 0.4 J/g X [0,8-5 /g KJ.
- thermal conductivity established in accordance with EN 993-14,

EN 993-15 of more than 0,04 W/mK [>0,5 or >1,0 to <5 or <10

i

with @ maximum 253 W/m X1 .
- temperature resistance of more than 1600 °C (>1500°C)
- gas permeability, established in accordance with EN 993-4, of

less than ! x 10 % m®
- abrasion resistance: The filling material should not loose more
than 10M.-% (better <3M.-% or <1M.-%) by abrasion during ifs

maximum time of use.

The more pm@m’eﬁi@s the material exhibits the more suitable it is to be used

as a filling material in a stopper rod according to the invention,

The filling material may be selected from the group comprising: charcoal,
oxidic refractory materials, non-oxidic refractory materials, graphite felts,

or mixfures thereof,
A particulate filling material may be provided as a preparation of any two-

imensional shapes, including: granules, pellets, fibres, pyramids,

It may be prepared as particles with a grain size between 1 and 10mm, for

exampie a grain size dgp between 2Zmm and 8mm or between Zmm and 5 mm,
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-

meaning that 90% of the particles fall within said range. In case of {ibres a

length up to 30 mm and an average diameter <100um is suitable

The term “particulate material” includes a shaped material with a
corresponding open pore volume (open porosity) and gas permeability. This

may be, as an example, a foamed ceramic shape

According to an embodiment the filling material may be arranged as one
continuous filling, L.e. likefas a cartridge, a column or the like within the

gas channel. The invention includes the possibility to arrange/ integrate two

ey

or more continuous fillings in a stopper rod, with & clearance between the
respective fillings. A cartridge may be designed as an envelope surrounding

a loose {particulate) filling material or as a shaped body.

It may be helpful, especially under extreme conditions, to provide a cover at
least on top of one of the free end sectious of the filling, wherein the cover
is a high temperature resistant, gas permeable filter with free spaces for the

gas to pass through being smaller than those of the filling material. This

filter cover serves to avoid any solid particles from the refractory material

erial to enter downstream sections of the gas channel and it

(‘?

or the Tilline ma

e

1

especiaily avoids an h solids from entering in the gas outlet region of

the gas channel. The filter typically extends over the whole cross section of

1

the gas channpel. Its gas permeability 18 less (for example >10%, »20%.>40%

T

less) than that of the filling material,

This gas permeable filter can be is made of high temperature resistant

fibres, for example alumina fibres.

the

j

Further features of the invention will derive from the subclaims an
other application documents. The stopper may be realised by arbitrary

combinations of the design features disclosed, if such combinations are not

explicitly excludec
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It should be noted that terms like “rod-shaped” ete., cylindrical, concentric,
parallel etc. always refer to the manufactured technical product and insofar

refer to corresponding technical features and are not used in a strongly

The invention will now be described with respect to the attached schematic

drawing, showing in:

Figure 1. A sectional view of a first embodiment of the new stopper.

Figure 2: A sectional view of a second embodiment of the new stopper.

“ig. 1 shows a longitudinal sectional view of a stopper rod 10 according to
the invention in its working position. In accordance with prior art it is made
of a refractory ceramic stopper body 12, shaped as a rod, comprising a

substantially cylindrical main section 12m (in Fig.1 the upper section) and a

1

head section 12h at its lower end, typically called a stopper head.

The rod-shaped stopper body 12 defines a central longitudinal stopper axis
A (Fig.2) and comprises a cylindrical gas channel 14, runuing within said
stopper body 12, concentrically with respect to axis A, from an upper end
12u of stopper body 12 toward said stopper head 12h (thus defining an
upper section 14u of cylindrical gas channel 14 of inner diameter D) and
extending into said stopper head 12h and finally extending into a {ree outer
surface area 126 of said stopper head 12Zh (thus defining a lower section 141

of cylindrical gas channel 14 of inner diameter d).

At its upper end 12u a metallic fitting 16 is arranged around

said gas channel 14 within the refractory ceramic material.
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Said fitting 16 comprises an inner thread for a form-fit
connection o a gas supply line 30,

While the total length of said gas channel 14 between a free

top surface 12t and its outlet opening 140 at the lower end of

[

stopper 10 is defined as L. about 0,41 {represented in Figure 1
as distance R) of said gas channel are filled with a particulate

charcoal, schematically illustrated by cuboids 20,

The distance R, and insofar the height of the filler material 20
in the gas channel 14 is defined at its upper and lower end by
a fibre filter 220,u shaped as plates, wherein the cross section
of said filter plates 220,u is slightly larger than the said
diameter D to keep the filters 220,u (with the charcoal in

between) at place {(by friction),

This arrangement may be compared with a cartridge and

*"“:ﬁ

indeed one option to arrange the said particulate material

within gas channel 14 is to prepare the filler material like a

cartridge, which cartridge being made of a ¢ylindrica

velope, for example made of paper and limited at its ends by

During use the envelope may burn off, while the said filter
plates 220,u are made of ceramic fibres, which withstand the
temperatures within said stopper rod during use, as the

charcoal does

1

The example according to Fig, 1 is characterized by the

o

following dimensions after final preparation for use (possible

alternatives with typical upper and lower limitations, valid as

well for other embodiments and other filler materials ar
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= i

tated in brackets, although data outside these ranges do fall

as well under the general idea of the invention):

el

- = 1065 mm (800 to 1200mm]

- D= 28mm [20 to 50 mm]
- d= 2mmi ! to6 mm]

- particle size of filler material: dep= 2,0 mm
Tdop=2 fo 6 mm]
bulk density of charcoal: 0,2kg/m” [0,1-0.6 kg/m”]

thermal conductivity of filler material; ITW/mE

- thermal capacity of filler material: 1J/gK
in a practice test with this stopper it could be proved that the desired gag-

flow (Argon: S1/min) could be maintained over the complete period of use

without any distracting back-pressure or other negative effects

The embodiment according fo Fig.2 is similar to that of Fig. 1

80 that only the distinguishing features are described
ereinafter:
Instead of one continuous column of filler material (of 2

tength of 0,41 according to Fig.1) the embodiment of Fig. 2

comprises two filler section 20.1 and 20.2 {defining 2
cartridges) each roughly of about half the length (=0,21) of
that according to Fig. 1 and each with a filter plate 22.1xu,

22.2u only at its lower end.

Accordingly a space 14i defined by a corresponding section of
the gas channel 14 is arranged between both said filler
sections 20.1, 20,1 and a gas channel section 14m is defined

a
between filter 22.2u and gas channel section 141
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13
Finally 2 particulate MgO sinter material is used
charcoal (according to the example of Fig.1) arn

made of miner

In other words:

16 takes the following way toward outlet opening 1

Th

ne t

ai fibres.

The gas,

gas channel section 14u

MgO (filler) section 20.1
filter plate 22.1u

gas channel section 141
MgO (filler) section 20.2
filter plate 22.2u

gas channel section 14m

gas channe! section 141

filler section{(s}

pov]
oy
L]
=y
[¢3
w
e
<3
]
B
o o

characteristics:

a redirection of the gas flow

an increased |

nud the filter is

PCT/EP2013/056082

instead of

entering the gas channel 14 at fitting

ible to achieve the following

1ot solid surface in contact with the gas

a more or less uniform temperature of the treatment

gas (here: Argon) within gas channel 14

no relevant condensations of treatment gas slong gas

1

channel 14
any abrasion
collected within said filler sections
adjacent filter

channel section 141 of reduced diameter,

plates and hindered to enter

s and/or other solid impurities are
andfor the

into gas
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14

Ceramic refractory stopper, comprising

a}

)

a rod-shaped stopper body (12) defining a central longitudinal

el

stopper axis (A) including
at least one fitting (16) for connecting a gas supply line (30}, and
at least one gas channpel (14) of a toial length (L) within said
stopper body (12), extending between an inlet section at a first end
{12u) of the stopper body {12) and an outlet section in a free outer
surface area {120) at a second end of the stopper body, which
econd end defining a stopper head {12h), wherein
a high temperature resistant material (20) is arranged within the
gas channel {14) according to the following conditions:
the high temperature material extends zlong a distance (R) of the

gas channel {14) being > 25% of the total length (L) of the gas

T

nannel (14) and

]

solid parts of the high temperature resistant material infill between

o ¥ o

10 and 90% by volume of the gas channel {14) along

riafi“e

o

=

=

respective distance (R).
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Ceramic refractory stopper according to claim 1, wherein the gas
channel (14} extends along more than 50% cof its total length (L},
rarallel to the central longitudingl stopper axis (A).

Ceranpic refractory stopper according to claim I, wherein the gas
channel (14) has a smaller cross-section at its part (141} within the

stopper head (12h) and the high temperature resistant material {20) is

Ceramic refractory stopper according to claim 1, wherein the gas
b & 1=

chanpel (14) has 2 cylindrical shape.

Ceramic refractory stopper according to claim 1, wherein said part of

o

the gas channel (14w, 14m), filled with the high termperaiure resistan

material, has a cross-section of > 500 mm”®.

Ceramic refractory stopper according to claim 1, wherein the high
emperature material (20} is selected from the group complying with
at least one of the following properties:

a} thermal capacity, established in accordance with EN 993-14,15
of more than 0,4 J/gK

by thermal conductivity, estabiished in accordance with EN 993.
14,15 of more than 0.04W/mK

c) femperature resistance of more than 1000°C.

Ceramic refractory stopper according to claim 1, wherein the high

temperature resistant material (20) is a particulate material.

Ceramic refractory stopper according to claim 1, wherein the high
temperature resistant material is selected from the group comprising:
at

charcoal, exidic refractory materials, non-oxidic refractory m



WO 2013/156252 PCT/EP2013/056082

i

i

bd

0.

143

4

.Ceramic refractory stopper according to claim 1, wherein the solid

16

Ceramic refractory stopper according to claim 1 or 7, wherein the

2\3

high temperature resistant material (20) is provided as s preparation

-

comprising: three-dimensional shapes, granules, pellets

pyramids, cones, spheres.

Ceramic refractory stopper according to c¢laim 1 or 7, wherein the
high temperature resistant material {20} is provided by particles with

a grain size dgg of 1-10 mm.

Ceramic refractory stopper according to claim 1, wherein the high

temperature resistant material (20) is arranged as one continuous
filling.
. Ceramic refractory stopper according to claim 1, wherein the high

emperature resistant material {(20) is arranged as two or more

o

continuons fillings (20.1, 20.2) with a clearance {(141) between the

respective fillings (20.1, 20.2)

Ceramic refractory stopper according to c¢laim 1, wherein the high

temperature resistant material (20) is covered, as least at one of its
free ends, by a high temperature resistant, gas permeable filter (224,

220, 22.1u, 22.20).

parts of the high temperature resistant material infill between 20 and
60% by volume of the gas channel (14) along said respective distance

(D).

4
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[

15, Ceramic refractory stopper according to claim 1, wherein the high

temperaiure resistant material extends along a distance (D) of the gas

3

channel {14) bei

(14).

=

g = 50% of the total length (L) of the gas channel
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