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Description

[0001] The presentinvention relates to refractory purg-
ing plugs generally used for blowing gas into a metallur-
gical vessel. It refers in particular to such purging plugs
provided with a wear indicator informing an operator of
the level of wear of the purging plug.

BACKGROUND OF THE INVENTION

[0002] In metal forming processes, metal melt is trans-
ferred from one metallurgical vessel to another, to a
mould or to a tool. For example a ladle is filled with metal
melt out of a furnace and transferred to a tundish. The
metal melt can then be cast from the tundish to a tool for
forming slabs or to a mould for forming billets or ingots.
In some cases, itis desirable to blow a gas into the molten
metal contained in such metallurgical vessels. This can
be useful to accelerate the homogenization of the tem-
perature and composition of a bath, to carry non metallic
inclusions present in the bulk of the bath up into the slag
top layer, to create favourable conditions within the mol-
ten metal, and the like. The gas is generally blown into
the molten metal by means of purging plugs located at
the bottom or side of a metallurgical vessel such as a
ladle or a tundish.

[0003] Purging plugs are in the form of a block of re-
fractory material, generally extending along a longitudi-
nal axis. At one end of the block, a gas inlet connected
to a source of pressurized gas is fluidly connected to a
gas outlet at the opposite end of the block. The gas inlet
and gas outlet may be fluidly connected to one another
through an open pore network, by one or more channels
(e.g., slit shaped or with circular cross-section), ora com-
bination of both. An open pore network is sometimes said
to yield “indirect permeability," whilst a channel is said to
yield "direct permeability." It is generally recognized that
direct permeability plugs are more efficient than indirect
permeability plugs, mostly because a pore network com-
prises an uncontrollable tortuosity which affects nega-
tively the permeability of the plug, whilst the size and
geometry of a manufactured channel can be controlled
such as to minimize tortuosity, and therefore increase
the permeability compared with pores of same equivalent
diameter or dimensions.

[0004] As illustrated in Figure 1, a purging plug (1) is
usually embedded in the wall and lining of a metallurgical
vessel (31), with the gas inlet facing the exterior side of
the metallurgical vessel, and with the gas outlet facing
the inside of the vessel, in contact with the molten metal.
The terms "gas inlet" and "gas outlet" being defined with
respect to the flow direction (11) of the gas being injected
into the metallurgical vessel. Because of their structure
and extreme working environment, purging plugs wear
more quickly than the refractory liner of the vessel, with
severe erosion of the order of several mm or even cm
after each use. This means that during the lifetime of a
metallurgical vessel such as a ladle, gas plugs need be
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changed several times. The changing of a gas plug takes
time, is work intensive, and requires the purchase of a
new plug each time, so that operators tend to push the
use of a plug as long as possible to extend the intervals
between plug changes. One major danger with pushing
the use of a plug too long, is that if the erosion of the plug
is too deep, theremaining base of the plug may be unable
toresist the pressure of the molten metal and may leave
a gaping hole whence molten metal may flow out freely.
If this happens during transfer of the ladle towards a
tundish, it may spray molten metal at temperatures of the
order of 1400°C all over the workshop with dramatic con-
sequences. To avoid thisto happen, wear indicators have
been proposed in the art, informing the operator of the
degree of erosion undergone by a purging plug, who can
decide whether it could be used again or not.

[0005] US5202079 proposes an indirect permeability
type plug (i.e., wherein the gasflow path is defined by the
porosity of the plug) comprising an outer body defining
the external geometry of the plug, said outer body being
made of a non-porous refractory material, and an inner
core made of a refractory material of higher porosity, al-
lowing gas to flow from an inlet to an outlet of the plug.
The transverse cross section of the porous core, normal
to the longitudinal axis of the plug, varies along said lon-
gitudinal axis. When a metallurgical vessel is emptied of
its molten metal load, gas is injected through the plug as
it is still hot, and the gas flowing out of the hot plug into
the interior of the empty vessel will glow defining the
shape of the porous core cross-section exposed to the
interior of the vessel giving the operator an indication on
the level of erosion of the plug depending on the shape
of the glowing section. This system, however, isrestricted
to indirect permeability type plugs, and reduces the effi-
cacy of the plug by restricting the gas flow path to the
inner core of the plug. Another disadvantage of this type
of plug is the cooling effect of the gas. The plug gets
colder. This increases the wearing but also the risk of
metal freezing and clogging of the plug.

[0006] Similarly, US4385752 discloses porous plugs
comprising a porous outer body and a porous inner core
having a different emissivity than the refractory of the
outer body. The principle is therefore quite similar to the
previous document, with the difference that the outer
body is also porous, thus increasing the efficacy of the
plugs with respect to the one disclosed in US5202079.
This solution is, however, also restricted to porous plugs
only.

[0007] US5249778 extends the principle disclosed in
the former two documents to direct permeability plugs,
by providing a plug with one or more channels extending
from a gas inlet to a gas outlet, and further including a
porous insert in fluid communication with the gas inlet,
and extending along the longitudinal axis of the plug up
to the height corresponding to, or nearly to the end of
use of the plug. When erosion reaches the porous insert,
gas flowing through the porous insert will cool the refrac-
tory centre quicker than the periphery, thus creating a



3 EP 2 812 137 B1 4

dark spot at the centre indicative of the end of the plug’s
service life. Each of the foregoing plugs require gas to
be injected through the plug when the vessel is empty,
and therefore not necessarily close to a connection to a
gas source. The cooling of the plug leads to the draw-
backs above mentioned.

[0008] US5330160 discloses a purging plug compris-
ing an insert made of a material having a lower melting
point than the metal contained in the vessel, said insert
being inserted into a cavity extending from the plug top
(which is to contact the molten metal) down to a level of
plug considered as indicative of the end of the service
life thereof. The low melting point insert can extend up
to and is flush with the top end of the plug, or end to a
level lower than said top end" the top of the cavity being
filled with a top cap made of a high wear resistant refrac-
tory material. When the top cap is worn out and the top
of the low melting temperature material contacts the mol-
ten metal to be cast, the low melting temperature material
melts and is replaced in the cavity by molten metal to be
cast. When the vessel is emptied, some metal remains
in the cavity and glows forming a "magic eye" clearly vis-
ible by an operator. When the erosion of the plug reaches
the bottom of the cavity, the magic eye disappears and
the operator is thus informed that the plug should be re-
placed. In a variation of the former plug, US5421561 dis-
closes a plug wherein the low melting temperature insert
is enclosed in a non-metallic tube acting as thermal in-
sulator to further enhance the glow of the "magic eye".
The manufacturing of such plug is rather work intensive,
as a cavity needs be drilled into the body of the plug and
the insert inserted therein, whilst the space between the
cavity walls and the insert must be decreased. One won-
ders whether the low melting temperature visual wear
indicator is needed at all, since all is required is a cavity.
Furthermore, this system provides a binary signal, indic-
ative that the plug can be used as long as the magic eye
isvisible, butitdoes not inform the operatoron the erosion
rate of the plug. In practice, to be on the safe side, the
operators replace the plug when the magic eye appears.
[0009] The present invention proposes a solution al-
lowing to estimate the erosion rate of the plug, which is
very easy and relatively cheap to manufacture.

SUMMARY OF THE INVENTION

[0010] The presentinvention is defined by the attached
independent claims. The dependent claims define pre-
ferred embodiments. In particular, the present invention
concerns a gas purging plug for blowing gas into a met-
allurgical vessel comprising:

1. (a) An elongated body made of a first refractory
material and extending from a first, inlet end to a
second, outlet end over a distance, H, measured
along a central longitudinal axis comprising,

2. (b) At least one gas flow path fluidly connecting a
gas inlet located at said first inlet end of said elon-
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gated body to a gas outlet, located at the opposite
second, outlet end;

3. (c) A final visual wear indicator in the form of an
elongated core extending from the first inlet end (2a)
to a first distance, h1, measured along the central
longitudinal axis, which is less than the length, H, of
the elongated body, h1 < H, said final visual indicator
being made of a second refractory material of differ-
ent visual appearance than the first refractory mate-
rial at least at atemperature comprised between 800
and 1500°C,

Characterized in that, it further comprises an intermedi-
ate visual wear indicator, partially embedded in the final
visual wear indicator and extending from an initial dis-
tance, hO, to a final distance, h2, from the first, inlet end,
wherein h0 < h1 < h2 < H, and wherein the intermediate
visual wear indicator is made of a third material, permit-
ting to yield a different visual appearance than the first
and second refractory materials at least at a temperature
comprised between 800 and 1500 °C.

[0011] Itis clear that it can be advantageous if the sec-
ond refractory material of the final visual wear indicator
and the third material of the intermediate wear indicator
are selected such as to permit to yield a different visual
appearance with the first refractory material of the body
at temperatures beyond, in particular below, 800 to
1500°C, but since it is desired to have an indication of
the level of erosion of the plug without having to cool the
vessel down, in most cases it suffices that the visual dif-
ferences between materials appear in that temperature
range.

[0012] The third material of the intermediate visual
wear indicator may be a metal, preferably steel, more
preferably carbon steel or stainless steel, which at least
partly melts in contact with the molten metal to be cast,
such that, after emptying of the vessel, leaves some of
said metal to be cast in the cavity formed by the removal
of the metal visual indicator. Alternatively, the third ma-
terial of the intermediate visual wear indicator may be a
refractory material, preferably selected from the group of
silicon carbide, magnesite, alumina, castable
Al,03-Si0,, AI203, spinel, Al-C, Mg-Cr , preferably Al-
C, as long as it yields a different visual appearance from
the first and second refractory materials of the plug body
and of the final visual wear indicator, respectively, at least
at a temperature comprised between 800 and 1500 °C.
For better visibility, it is recommended to use an indicator
made of metal. The glowing of the metal is clearly visible
and eases the job of the operator.

[0013] The secondrefractory material of the final visual
wear indicator may be selected from the group of silicon
carbide, magnesite, alumina, castable Al,03-SiO,,
Al203, spinel, Al-C, Mg-Cr , preferably Al-C, as long as
it yields a different visual appearance from the first and,
if it applies, the third refractory materials of the plug body
and of the intermediate visual wear indicator, respective-
ly, at least at a temperature comprised between 800 and
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1500 °C.

[0014] The length, h2-h0, of the intermediate visual
wear indicator is preferably comprised between 25 and
150 mm, more preferably between 30 and 100 mm, most
preferably, between 40 and 70 mm. The height, h2, be-
tween the plug base and the top of the intermediate wear
indicator is preferably not more than 400 mm, more pref-
erably not more than 300 mm, most preferably not more
than 200 mm. The height, h1 - hO, of the portion of the
intermediate visual wear indicator embedded in the final
visual wear indicator is preferably comprised between 10
and 75 mm, more preferably, between 15 and 50 mm,
most preferably between 20 and 30 mm. Between 20 and
80% of the length of the intermediate visualwear indicator
is preferably embedded in the final visual wear indicator;
preferably, 40 to 60% of the length thereof is embedded
and, more preferably about half of the intermediate visual
wear indicator is embedded in the final visual wear indi-
cator. The lower level, hO, reached by the intermediate
visual wear indicator may be of the order of 100 to 150
mm, preferably 105 to 140 mm, more preferably between
120 and 130 mm.

[0015] To further enhance the visual differences be-
tween the two, the intermediate and final visual wear in-
dicators may have a cross-section normal to the central
longitudinal axis (X1) of different shapes. In case the in-
termediate visual wear indicator is made of an electrical
conductor, such as a metal, an electric circuit may ad-
vantageously be connected to two distinct points of the
intermediate indicator, at predetermined heights. A light
bulb, LED or the like can be connected to said circuit.
When the erosion of the plug reaches the highest electric
connection, the circuit is disrupted and the light corre-
sponding to said point switches off, indicating the oper-
ator, even before the vessel is emptied, that a certain
level of erosion has been reached. This embodiment is
particularly suitable for vessels which, contrary to e.g.,
ladles, are notemptied regularly. Forinstance, it can give
an indication of the level of erosion of a purging plug
mounted on a tundish even without emptying the tundish.
[0016] The purging plug of the present invention can
be a direct permeability type plug, whrein the gas flow
path is in the shape of one or several slots extending
from the inlet end to the outlet end of the plug or may
alternatively be of the indirect permeability type, wherein
the gas flow path is defined by the open porosity of the
first refractory material making the body of the plug.
[0017] The present invention also concerns a metal-
lurgical vessel comprising a gas purging plug as dis-
cussed above, with the gas outlet in fluid communication
with the interior of said vessel. The vessel can be for
example a ladle or a tundish.

BRIEF DESCRIPTION OF THE FIGURES

[0018] Various embodiments of the present invention
are illustrated in the attached Figures:
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Figure 1: shows a purging plug mounted on the bot-
tom floor of a metallurgical vessel.

Figure 2: shows a perspective view of a purging plug
according to the present invention showing the in-
termediate and final visual wear indicators.

Figure 3: shows various transverse cuts of a plug
at different levels thereof, illustrating the visual ap-
pearance of the plug depending on the level of ero-
sion of the plug.

Figure 4; shows a preferred embodiment of the in-
vention with light indicators of the level of wear of
the plug.

DETAILED DESCRIPTION OF THE INVENTION

[0019] As can be seen in Figure 2, a purging plug (1)
according to the present invention comprises a body ex-
tending along a longitudinal axis (X1) between a gas inlet
(3a) at a first end of said body and a gas outlet (3b) at
the opposite end of said body, along said longitudinal
axis, the gas inlet (3a) being in fluid communication with
the gas outlet (3b) via at least one gas flow path. The
body is made of a first refractory material. A slit shaped
gas flow path (3) is illustrated in Figure 2, defining adirect
permeability type plug. In such embodiment the first re-
fractory material of the plug body (1) is substantially non-
porous, or at least does not have an open porosity able
to form a continuous gas flowpath extending from the
gasinlet(3a)tothe gasoutlet (3b) ofthe plug. The present
invention can also be applied to indirect type plugs,
wherein the gas flow path is defined by the open porosity
of the first refractory material constituting the body of the
plug. A frustoconical body is illustrated in the Figures,
but it is clear that the present invention is independent
of the outer geometry of the purge body (1), as long as
a first longitudinal axis (X1) can be defined.

[0020] A plug according to the present invention com-
prises at least two visual wear indicators (4, 5) arranged
such that they can inform an operator on at least four
different levels of erosion of the plug. In particular, it com-
prises a final visual wear indicator (5) in the form of an
elongated core extending from the first inlet end (2a) to
a first distance, h1, measured along the central longitu-
dinal axis (X1), which is less than the length, H, of the
elongated body, h1 <H. The final visual indicator is made
of a second refractory material of different visual appear-
ance than the first refractory material at least at a tem-
perature comprised between 800 and 1500°C. The final
visual wear indicator (5) of the present invention may be
made of a porous second refractory material as disclosed
in US4385752, and even comprising the same material
as the non-porous first refractory material of the body,
but with a higher porosity as disclosed in US5249778. A
porous visual indicator requires gas injection there-
through to create a visual contrast indicative of the level
of erosion. Since the cooling effect of the gas is not de-
sired and a source of gas is not necessarily available
when the vessel is empty, it is preferred that the visual
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appearance between the final visual indicator and the
firstrefractory material of the body be sufficiently different
without the need of blowing gas through the plug. For
instance, the first and second refractory materials may
have different colours, quite visible with a naked eye and
the final visual wear indicator (5) needs not be porous. It
is preferred that the visual wear indicator be visible with-
out having to cool the vessel, so that the visual appear-
ance between the first and second refractory materials
should be different at least at a temperature comprised
between 800 and 1500 °C. It is clear that if the two ma-
terials show a different appearance at lower tempera-
tures, it is even better, but in most cases, it suffices that
the contrast be visible at high temperatures.

[0021] The final visual wear indicator (5) extends up to
a height, h1, of the plug measured from the plug base
(2a) along the longitudinal axis (X1), which is higher than
the lowest admissible level, h0, of erosion of the plug. It
can be made of any of the following materials: silicon
carbide, magnesite, alumina, castable Al,03-SiO,,
AlI203, spinel, AI-C, Mg-Cr. Thefinal visualwear indicator
(5) is preferably made of Al-C.

[0022] The purging plug of the present invention com-
prises an additional, intermediate visual wear indicator
(4) made of a third material different from the first and
second refractory materials of the plug body (1) and the
final visual erosion indicator (5). The third material of the
intermediate visual wear indicator (4) must be such that
when exposed by erosion, the plug seen from above (i.e.,
from the interior of the vessel) yields a different visual
appearance at the surrounding body (1), at the interme-
diate visual wear indicator (4), and at the final visual wear
indicator (5) when exposed. As illustrated in Figures 2
and 3(e), the intermediate visual wear indicator (4) is in
the form of an elongated rod, partially embedded in the
final visual indicator (4) with a portion thereof protruding
out of it. The intermediate visual wear indicator (4) ex-
tends from a height, h0O, defining a height equal to or
slightly above the maximum level of erosion tolerated by
the plug, to a height, h2, from the base (2a) of the plug,
wherein, h0 < h1 <h2 <H, wherein H is the total height
of the plug.

[0023] This arrangement takes full advantage of the
two visual wear indicators, as it permits four levels of
erosion to be identified. As illustrated in Figure 3(a)-(d),
when the erosion reaches a height, h, of the plug which
is above h2 (=the highest point of the intermediate visual
wear indicator), the top surface of the plug as can be
seen by an operator observing from above the empty
vessel appears like a homogeneous surface of the first
refractory material of the plug body (2), as shown in Fig-
ure 3(a) (cut A-A). When the erosion reaches a height
comprised between h2 and h1 (=highest point reached
by the final visual wear indicator), the operator can see
the cross section of the intermediate visual wear indicator
(4) enclosed in the first refractory material of the plug
body (2), as shown in Figure 3(b) (cut B-B). When erosion
proceeds further between h1 and hO (= bottom end of
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the intermediate visual wear indicator), the operator can
see three different portions: the surrounding body (2) en-
closing the cross section of the final visual wear indicator
(5), which itself encloses the intermediate visual wear
indicator (4), as shown in Figure 3(c) (cut C-C). Finally,
when the erosion proceeds below hO0, the visual appear-
ance of the top surface of the plug consists simply of the
second refractory material of the final visual wear indica-
tor (5) embedded in the surrounding plug’s first refractory
material (2), as shown in Figure 3(d) (cut D-D). At this
point, the plug cannot be used further, lest it would wear
off completely during the next operation, leaving a gaping
hole where the plug should be.

[0024] The intermediate visual wear indicator (4) can
be made of a third refractory material selected out of the
same list of materials presented for the second refractory
material of the final visual wear indicator (5), as long as
it yields a visual appearance at least in a temperature
range comprised between 800 and 1500°C, which is dif-
ferent, on the one hand, from the first refractory material
of the body (2) of the plug, so that an erosion of the plug
to a height comprised between h2 and h1 can readily be
spotted by visual observation and, on the other hand,
from said second refractory material, so that an erosion
of the plug between h1 and hO can be identified. The third
refractory material can be the same as the first refractory
material of the plug body, but with a higher porosity, al-
lowing gas to flow therethrough when the top surface of
the intermediate visual wear indicator is exposed to am-
bient by erosion, and thus cool at a quicker rate than the
surrounding body, yielding a darker colour than the latter.
Alternatively, the third refractory material can as such be
visually distinct from the first and second refractory ma-
terial. It can for instance be loaded with a pigment, such
as carbon black or titanium dioxide, giving a colour dif-
ferent from the first and second refractory materials.
[0025] In an alternative embodiment, the intermediate
visual wear indicator can be made of a third material
which is not refractory and which actually has a melting
temperature lower than the temperature of the molten
metal to be contained in the vessel. When the erosion of
the plug reaches a height of h2, thus exposing the top of
the intermediate visual wear indicator (4) to contact with
the molten metal at a temperature higher than the melting
temperature of the third material, the intermediate visual
wear indicator will melt and the cavity left by the molten
intermediate visual wear indicator gets filled by the mol-
ten metal contained in the vessel. After emptying the ves-
sel, some metal remains in the cavity forming the "magic
eye" reported in US5330160. It should be stressed that
the final visual wear indicator (5) shall never be made of
a low melting temperature material else, upon eroding
the plug down to a height h1; the molten metal contacting
the top of the final visual wear indicator (5) would melt it
and fill the cavity left by it which extends down to the base
(2a) of the plug, and flow out of the vessel with dramatic
consequences.

[0026] The third, low melting temperature material of
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the intermediate visual wear indicator can be selected
from the group of soapstone, calcium silicate, talcum, or
metal. In a preferred embodiment of the invention, the
intermediate visual wear indicator is made of metal, pref-
erably steel, such as carbon steel or stainless steel. The
expression "low melting temperature material” is used
here to refer to materials having a melting temperature
lower than the temperature of the molten metal contained
in the vessel.

[0027] Alternatively, the material of the intermediate
visual wear indicator does not necessarily presenta melt-
ing temperature lower than the temperature of the molten
metal contained in the vessel. In such a case the material
is such that it melts during the cleaning of the plug by
oxygen lancing. The cleaning of the plug by oxygen lanc-
ing is not always necessary but it helps to better identify
the different wear indicators and/or melt some of them.
[0028] The intermediate and final visual wear indica-
tors (4, 5) are in the shape of an elongated prism, of any
cross sectional geometry: their cross section may be
round, to yield a cylinder, or may be polygonal. If the
cross sectional geometries of the intermediate and final
visual wear indicators are different from one another, say
one is square and the other round, the visual contrast
between the two can be even more striking, and any con-
fusion between an erosion down to the height comprised
between h2 and h1 (i.e., where the intermediate visual
wear indicator (4) alone is exposed) and an erosion down
to below hO (i.e., where the final visual wear indicator (5)
alone is exposed) can thus be avoided.

[0029] Theintermediate wearindicator(4)typically has
a length comprised between 25 and 150 mm, preferably
between 30 and 100 mm, more preferably, between 40
and 70 mm. Between 20 and 80% of its length is prefer-
ably embedded in the final visual wear indicator (5), more
preferably between 40 and 60% of its length, and more
preferably, about half of the intermediate visual wear in-
dicator (4) is embedded in the final visual wear indicator
(5). A plug can safely be used until at least 100 mm of
the plug remains un-eroded. For this reason, the lowest
point, hO, reached by the intermediate visual wear indi-
cator (4) should be slightly greater than 100 mm, and is
preferably comprised between 105 and 150 mm, prefer-
ably between 110 and 130 mm.

[0030] If the intermediate visual wear indicator (4) is
made of an electric conducting material, such as a metal,
it can be advantageous to define an electric circuit (100,
101, 102) connected to at least two distinct points of said
intermediate visual wear indicator (4) and further com-
prising a light (L1, L2, L3) indicating whether the circuit
is still operational or is disrupted by the erosion of the
plug. Figure 4 shows an example of such embodiment,
wherein three parallel circuits are all connected to the
lowest point of the intermediate visual wear indicator (4)
at a height h0, and to three points at different levels of
the indicator, a first circuit (102) at the top, h2, of the
indicator, a second (101) at the height, h1, where the
intermediate and final visual wear indicators (4, 5) meet,
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and a third (100) at the bottom, hO, of the indicator (4)
but separated from the first connection. Three lights (L1,
L2, L3) are connected to each parallel circuit and are lit
as long as the circuits are operational. When the erosion
reaches the height h2 at the top of the intermediate visual
wear indicator (4), the electric circuit (102) is disrupted
and the light (L2) goes off indicating that erosion has
reached the height, h2. As erosion reaches the height
h1, the second electric circuit (101) gets disrupted and
the light (L1) goes off indicating the erosion reached the
level h1. Finally when the erosion reaches the bottom of
the intermediate visual wear indicator (4) at height hO,
the third light (L3) goes off as the electric circuit (100) is
disrupted. Of course, each parallel circuit can be con-
nected to an electrical switch instead of a light, the switch
being kept open as long as current can flow in each elec-
tric circuit (100, 101, 102). Each switch is connected to
a second circuit comprising a light. When a circuit con-
nection to the intermediate visual wear indicator is dis-
rupted by erosion, the corresponding switch closes the
second circuit, lighting the corresponding light. Such ex-
ternal light indicator can be very useful for monitoring the
level of erosion of a plug coupled to a metallurgical vessel
which is not emptied at short intervals like for example
in a tundish. The operator can thus be warned of a dan-
gerous level of erosion of the plug before the tundish has
been emptied.

[0031] The purging plugs described above comprise
only an intermediate and a final visual wear indicators
(4, 5), the former being partly embedded in the latter. It
is clear that an additional, third or even a fourth wear
indicators can likely be partly embedded in one another,
thus giving a finer reading of the erosion rate of the plug.
Itis believed, however, that a dual indicator plug accord-
ing to the present invention will fulfil the needs in most
applications where such plugs are being used.

[0032] A purging plug according to the present inven-
tion can be manufactured very easily and economically.
A dual-indicator unit is first manufactured. An intermedi-
ate visual wear indicator (4) in the form of an elongated
rod or prism, can be placed standing at the bottom of a
tool into a cavity of depth corresponding to the portion of
the intermediate visual wear indicator (4) sticking out of
the final visual wear indicator (5). A slip of the second
refractory material is then castover the rod and is at least
partially hardened. Alternatively, a slip of the second re-
fractory material is cast in a prismatic (preferably cylin-
drical) tool and while still viscous, an elongated rod or
prism in a third material is partly submerged into said slip,
which is then, at least partially hardened. If an electric
circuit is used, the wiring can be embedded in the final
visual wear indicator (5) during manufacturing of the dual
indicator unit.

[0033] The partly hardened dual-indicator unit is then
positioned at the bottom of a tool for producing the plug’s
body (2). If the plug is of the direct permeability type tool,
foils of a material degrading at the firing temperature
should be positioned where the slits are to be arranged.
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A slip of the first refractory material is then cast over the
dual-indicator unit to form the plug’s body (2) and the tool
can be heated to fire both first and second refractory ma-
terials. After firing, the plug can be demoulded and the
final process steps can be carried out as well known by
any person in the art. Alternatively, the plug can be cast
directly into its metallic casing. The heat treatment and
process steps can be easily adapted by the person skilled
in the art.

[0034] A purging plug according to the present inven-
tion gives information on at least four levels of erosion of
the plug (as illustrated in Figure 3) by using a simple dual-
indicator unit, comprising an intermediate visual wear in-
dicator (4) partly embedded in afinal visual wear indicator
(5). The simple design of the plug is very easy and eco-
nomical to produce, quite like a standard plug with no
indicator, requiring no labour intensive machining step
to drill a cavity to insert a rod therein as in US5330160
orinUS5421561. Itallows the implementation of a"magic
eye" as described in the foregoing documents, with ad-
ditional functionalities and in a simpler way to produce.
The present invention can be implemented in purging
plugs of the direct and indirect permeability types alike.

Claims

1. Gas purging plug (1) for blowing gas into a metallur-
gical vessel comprising:

(a) An elongated body (2) made of a first refrac-
tory material and extending from afirst, inlet end
(2a) to asecond, outletend (2b) over a distance,
H, measured along a central longitudinal axis
(X1) comprising,

(b) At least one gas flow path (3) fluidly connect-
ing a gas inlet (3a) located at said first inlet end
of said elongated body to a gas outlet (3b), lo-
cated at the opposite second, outlet end;

(c) A final visual wear indicator (5) in the form of
an elongated core extending from the first inlet
end (2a) to a first distance, h1, measured along
the central longitudinal axis (X1), which is less
than the length, H, of the elongated body, h1 <
H, said final visual indicator being made of a
second refractory material of different visual ap-
pearance than the first refractory material at
least at a temperature comprised between 800
and 1500 °C,

Characterized in that, it further comprises an inter-
mediate visual wear indicator (4), partially embed-
ded in the final visual wear indicator (5) and extend-
ing from an initial distance, hO, to a final distance,
h2, from the first, inlet end (2a), wherein hO < h1 <
h2 < H, and wherein the intermediate visual wear
indicator (4) is made of a third material, permitting
to yield a different visual appearance than the first
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and second refractory materials at least at a temper-
ature comprised between 800 and 1500 °C.

Gas purging plug according to claim 1, wherein the
third material of the intermediate visual wear indica-
tor (4) is a metal, preferably steel, more preferably
carbon steel or stainless steel, which at least partly
melts in contact with the molten metal to be cast,
leaving a cavity containing some of said metal to be
cast.

Gas purging plug according to claim 1, wherein the
third material of the intermediate visual wear indica-
tor (4) is a refractory material, preferably selected
from the group of silicon carbide, magnesite, alumi-
na, castable Al,O5-SiO,, Al203, spinel, Al-C, Mg-
Cr, preferably Al-C.

Gas purging plug according to any of the preceding
claims, wherein the second refractory material of the
final visual wear indicator (5) is selected from the
group of silicon carbide, magnesite, alumina, casta-
ble Al,05-SiO,, Al203, spinel, Al-C, Mg-Cr , prefer-
ably Al-C, and is different from the intermediate vis-
ual wear indicator in case it is made of a refractory
material.

Gas purging plug according to any of the preceding
claims, wherein the length, h2-h0, of the intermediate
visual wear indicator (4) is comprised between 25
and 150 mm, preferably between 30 and 100 mm,
more preferably, between 40 and 70 mm, and the
height, h2, between the plug base and the top of the
intermediate wear indicator .is not more than 400
mm, preferably not more than 300 mm, more pref-
erably not more than 200 mm.

Gas purging plug according to the preceding claim,
wherein the length, h1 - h0, of the portion of the in-
termediate visual wear indicator (4) embedded in the
final visual wear indicator (5) is comprised between
10 and 75 mm, preferably, between 15 and 50 mm,
more preferably between 20 and 30 mm.

Gas purging plug according to any of the preceding
claims, wherein the intermediate and final visual
wear indicators (4, 5) have a cross-section normal
to the central longitudinal axis (X1) of different
shapes.

Gas purging plug according to any of the preceding
claims, wherein said at least one gas flow path (3)
is in the shape of one or several slots extending from
the inlet end (2a) to the outlet end (2b) of the plug or
is alternatively defined by the open porosity of the
first refractory material making the body (2) of the

plug.
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Gas purging plug according to any of the preceding
claims, wherein the intermediate visual wear indica-
tor (4) is made of an electric conductive material,
such as a metal and wherein an electric circuit (100,
101, 102) is defined between two distinct points of
the intermediate visual wear indicator (4), at a level
comprised between hO and h2, said electrical circuit
further comprising a light indicator (L1, L2, L3) con-
nected thererto.

A metallurgical vessel (31) comprising a gas purging
plug according to any of the preceding claims, with
the gas outlet (3b) in fluid communication with the
interior of said vessel.

Metallurgical vessel according to the preceding
claim which is a ladle or a tundish.

Patentanspriiche

1.

Gas-Spllstein (1) zum Einblasen von Gas in einen
metallurgischen Behalter, wobei der Gas-Splstein
umfasst:

(a) einen langlichen Kérper (2), der aus einem
ersten feuerfesten Material besteht und von ei-
nem ersten Einlassende (2a) zu einem zweiten
Auslassende (2b) Uber einen Abstand H ver-
lauft, der entlang einer Mittel-Langsachse (X1)
gemessen wird, wobei er umfasst:

(b) zumindest einen Gas-Stromungsweg (3),
der einen Gaseinlass (3a), der am ersten Ein-
lassende des langlichen Korpers angeordnetiist,
mit einem Gasauslass (3b) fluidmaRig verbin-
det, der am entgegengesetzten zweiten Auslas-
sende angeordnet ist ;

(c) einen optischen End-Verschleilindikator (5),
der die Form eines langlichen Kerns besitzt, der
sich vom ersten Einlassende (2a) zu einem ers-
ten Abstand h1 erstreckt, der entlang der Mittel-
Langsachse (X1) gemessen wird und kleiner als
die Lange H des langlichen Kdérpers ist, h1<H,
wobei der optische End-Indikator aus einem
zweiten feuerfesten Material besteht, das zu-
mindest bei einer Temperatur, die zwischen 800
und 1500 °C liegt, eine andere Optik als das
erste feuerfeste Material besitzt;

dadurch gekennzeichnet, dass er weiters einen
optischen Zwischen-Verschleilindikator (4) um-
fasst, der teilweise in den optischen End-
VerschleiRindikator (5) eingebettet ist und sich vom
ersten Einlassende von einem Anfangsabstand hO
zu einem Endabstand h2 erstreckt, mit
hO<h1<h2<H, und wobei der optische Zwischen-
VerschleiRindikator (4) aus einem dritten Material
besteht, das ermdglicht, dass es zumindest bei einer
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Temperatur, die zwischen 800 und 1500 °C liegt, zu
einer anderen Optik fihrt, als sie beim ersten und
beim zweiten feuerfesten Material auftritt.

Gas-Splulstein gemaR Anspruch 1, wobei das dritte
Material des optischen Zwischen-Verschleillindika-
tors (4) ein Metall ist, bevorzugt Stahl, mehr bevor-
zugt Kohlenstoffstahl oder Edelstahl, der zumindest
teilweise schmilzt, wenn er mit dem geschmolzenen
Metall in Berlihrung gelangt, das gegossen werden
soll, wobei ein Hohlraum zurlickbleibt, der einiges
Metall enthalt, das gegossen werden soll.

Gas-Splulstein gemal Anspruch 1, wobei das dritte
Material des optischen Zwischen-Verschleilindika-
tors (4) ein feuerfestes Material ist, das vorzugswei-
se aus einer Gruppe ausgewahlt wird, die umfasst:
Siliciumcarbid, Magnesit, Aluminiumoxid, gieRbares
Al,O3-Si0,, Al,O4, Spinell, Al-C, Mg-Cr, vorzugs-
weise Al-C.

Gas-Splulstein gemaR irgendeinem der vorherigen
Anspriiche, wobei das zweite feuerfeste Material
des optischen End-VerschleilRindikators (5) aus ei-
ner Gruppe ausgewahlt wird, die umfasst: Silicium-
carbid, Magnesit, Aluminiumoxid, gieRbares
Al,O3-Si0,, Al,O3, Spinell, Al-C, Mg-Cr, vorzugs-
weise Al-C, wobei es sich vom optischen Zwischen-
VerschleilRindikator unterscheidet, wenn dieser aus
einem feuerfesten Material besteht.

Gas-Splulstein gemal irgendeinem der vorherigen
Anspriiche, wobei die Lange h2-h0 des optischen
Zwischen-Verschleilindikators (4) zwischen 25 und
150 mm, bevorzugt zwischen 30 und 100 mm und
mehr bevorzugt zwischen 40 und 70 mm liegt und
die Hohe h2 zwischen der Basis des Spiilsteins und
der Oberseite des Zwischen-VerschleiRindikators
nicht groRer als 400 mm, bevorzugt nicht gréRer als
300 mm und mehr bevorzugt nicht groRRer als 200
mm ist.

Gas-Splulstein gemall dem vorherigen Anspruch,
wobei die Lange h1-hO jenes Teils des optischen
Zwischen-VerschleiRindikators (4), der in den opti-
schen End-VerschleiRindikator (5) eingebettet ist,
zwischen 10 und 75 mm, bevorzugt zwischen 15 und
50 mm und mehr bevorzugt zwischen 20 und 30 mm
liegt.

Gas-Splulstein gemaf irgendeinem der bisherigen
Anspriche, wobei der optische Zwischen-Ver-
schleiRindikator und der optische End-VerschleiRin-
dikator (4, 5) einen Querschnitt zur Mittel-Langachse
(X1) besitzen, der unterschiedlich ausgeformt ist.

Gas-Spllstein gemal irgendeinem der vorherigen
Anspriche, wobei der zumindest eine Gas-Stro-
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mungsweg (3) die Form von einem oder mehreren
Spalten besitzt, die vom Einlassende (2a) zum Aus-
lassende (2b) des Spililsteins verlaufen, oder alter-
nativ von der offenen Porositét des ersten feuerfes-
ten Materials gebildet wird, aus dem der Korper (2)
des Spiilsteins besteht.

Gas-Splulstein gemaR irgendeinem der bisherigen
Anspriche, wobei der optische Zwischen-Ver-
schleilRindikator (4) aus einem elektrisch leitenden
Material besteht, wie etwa aus Metall, und wobei ein
Stromkreis (100, 101, 102) zwischen zwei verschie-
denen Punkten des optischen Zwischen-
VerschleiRindikators (4) auf einem Niveau zwischen
hO und h2 festgelegt ist, wobei dieser Stromkreis
weiters einen Leucht-Indikator (L1, L2, L3) umfasst,
der mit ihm verbunden ist.

Metallurgischer Behalter (31), der einen Gas-Spul-
stein gemaf irgendeinem der vorherigen Anspriiche
umfasst, wobeider Gasauslass (3b) mitdem Inneren
des Behalters fluidmaRig in Verbindung steht.

Metallurgischer Behalter gemaR dem vorherigen An-
spruch, wobei der Behalter eine Giellpfanne oder
eine Zwischenwanne ist.

Revendications

1.

Bouchon poreux (1) pour envoyer du gaz dans un
récipient métallurgique, comprenant:

(a) Un corps allongé (2) composé d’un premier
matériau réfractaire qui s’étend d’une premiére
extrémité, d’admission (2a), a une seconde ex-
trémité, d’évacuation (2b), sur une distance, H,
mesurée le long d’un axe central longitudinal
(X1) comprenant,

(b) Au moins une voie d’écoulement de gaz (3)
reliant de maniére fluide une arrivée de gaz (3a),
située a ladite premiére extrémité d’admission
dudit corps allongé, a une évacuation de gaz
(3b), située a la seconde extrémité opposée,
d’évacuation;

(c) Un indicateur visuel d’usure final (5) prenant
la forme d’une partie centrale allongée qui
s’étend de la premiére extrémité d’admission
(2a) a une premiere distance, h1, mesurée le
long de I'axe central longitudinal (X1), qui est
inférieure a la longueur, H, du corps allongé, h1
< H, ledit indicateur visuel d’usure final étant
composé d’un deuxiéme matériau réfractaire
d’apparence visuelle différente du premier, en
tout cas a des températures comprises entre
800 et 1500°C,

Caractérisé en ce qu’il comprend un indicateur vi-
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suel d’'usure intermédiaire (4), partiellement enfoncé
dans l'indicateur visuel d’usure final (5) et quis’étend
d’une distance initiale, h0, a une distance finale, h2,
depuis la premiére extrémité d’admission (2a), ou
hO < h1 < h2 < H, et ou lindicateur visuel d’usure
intermédiaire (4) est composé d’un troisieme maté-
riau permettant de produire une apparence visuelle
différente de celle produite par les premier et deuxié-
me matériaux réfractaires, en tout cas a des tempé-
ratures comprises entre 800 et 1500°C,

Bouchon poreux selon la revendication 1, pour le-
quel le troisieme matériau de lindicateur visuel
d’usure intermédiaire (4) est un métal, de préférence
de lacier, ou plus préférentiellement de l'acier au
carbone ou de I'acier inoxydable, qui fond au moins
partiellement au contact du métal en fusion que I'on
s’appréte a couler, laissant ainsi une cavité conte-
nant un peu dudit métal sur le point d’étre coulé.

Bouchon poreux selon la revendication 1, pour le-
quel le troisitme matériau de lindicateur visuel
d’usure intermédiaire (4) est un matériau réfractaire,
de préférence sélectionné parmi les éléments du
groupe suivant : carbure de silicium, magnésite, alu-
mine, Al,O3-SiO, susceptible d’étre coulé, Al,O,,
spinelle, Al-C, Mg-Cr, de préférence Al-C.

Bouchon poreux selon 'une quelconque des reven-
dications précédentes, pour lequel le deuxi€éme ma-
tériau réfractaire de lindicateur visuel d’usure final
(5) est sélectionné parmi ce groupe: carbure de si-
licium, magnésite, alumine, Al,O5-SiO, susceptible
d’étre coulé, Al203, spinelle, AlI-C, Mg-Cr, de préfé-
rence Al-C, et différe de celui utilisé pour I'indicateur
visuel d’usure intermédiaire si ce dernier est com-
posé d’'un matériau réfractaire.

Bouchon poreux selon 'une quelconque des reven-
dications précédentes, dans lequel la longueur, h2-
hO, de I'indicateur visuel d’'usure intermédiaire (4)
est comprise entre 25 et 150 mm, préférentiellement
entre 30 et 100 mm, encore plus préférentiellement
entre 40 et 70 mm, et la hauteur, h2, entre la base
du bouchon et le sommet de I'indicateur d’usure in-
termédiaire est inférieure a 400 mm, de préférence
inférieure 2 300 mm, encore plus préférentiellement
inférieure & 200 mm.

Bouchon poreux selon la revendication précédente,
dans lequel la longueur, h1 - h0O, du trongon de l'in-
dicateur visuel d’usure intermédiaire (4) enfoncé
dans l'indicateur visuel d’'usure final (5) est comprise
entre 10 et 75 mm, de préférence entre 15 et 50 mm,
plus préférentiellement entre 20 and 30 mm.

Bouchon poreux selon I'une quelconque des reven-
dications précédentes, danslequelles coupestrans-
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versales perpendiculaires a I'axe central longitudinal
(X1) des indicateurs visuels d’usure intermédiaire et
final (4, 5) présentent une forme différente.

Bouchon poreux selon 'une quelconque des reven-
dications précédentes, dans lequel ladite au moins
une voie d’écoulementde gaz (3) esten forme d’'une
ou de plusieurs fentes qui s’étendent de I'extrémité
d’admission (2a) a 'extrémité d’évacuation (2b) du
bouchon, ou est alternativement définie par la poro-
sité ouverte du premier matériau réfractaire compo-
sant le corps (2) du bouchon.

Bouchon poreux selon 'une quelconque des reven-
dications précédentes, dans lequel l'indicateur vi-
suel d’'usure intermédiaire (4) est fait d’'un matériau
électro-conducteur, tel qu’un métal etdans lequelun
circuit électrique (100, 101, 102) estdéfini entre deux
points distincts de I'indicateur visuel d’usure inter-
meédiaire (4), a un niveau compris entre hO et h2,
ledit circuit électrique comprenant par ailleurs un in-
dicateurlumineux (L1, L2, L3) connecté a ce dernier.

Un récipient métallurgique (31) comprenant un bou-
chon poreux selon 'une quelconque des revendica-
tions précédentes, I'évacuation de gaz (3b) étant en
communication fluide avec I'intérieur dudit récipient.

Récipient métallurgique selon la revendication pré-
cédente, qui serait une poche ou un répartiteur.
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senacel vagy rozsdamentes aodl, amely ar obvadt dntendd Emmel drindkerve lngalabl
részhen megolvad sgy e kepedadset okosva, amely Dlronyos menmvissgel tartalmas
ax dotenad frmbdl

30 Ar 1, ipdnyopont seerindl gaztbiStegls, amaehban g Rbzbensd vizusis
sopdsielzdt (4) slkotd harmadik anvag eny SN anveg. amely enyds mddon @
kéy@tkazs ;:;&:cs;mrtiﬁéi ket Kealasztdsval sziiciumekarbid, mugnezit, sluminiume-oid,
dnthetd ALG-Sh, &LG,, soinell, ARC, Mg-Cr, eidnyds mddon &G,

4. Az aldzd igenypontok barmslvike sserintt gazibiindtenls, amelvbesn a vigsd
vizudils Ropdsielz8t (31 alkobd mdsodik $lzdld anvag olfnyds médon & kdvetkexd
csaporthel kel kivalasatdsea: gziié‘cii‘sm»kamésﬁ; magnsed, slumniuneoxd, Sathatd
ARG &LD,, spingdl, &RC, Mg-Cr, clonvls madon &L, & kildobdzik & kdsbensd



vizualis kopdsiele8Ud!, amennyiben a2 tiz8ld anvaghdl kdsalil

-

S, &2 «lf20 igdnyvpontok bérmelvike ssennl gdztbiitdtegla, amelvban & kizhanss

vizudlis kopdsiala8 (4} h2-h0 hossza 3B &5 150 mm kozdit, eifinyds modon 30 & 100
i kGGt eilnyisabb mddon 90 &8 70 run ko van, 65 8 12 magassdy az Sbitéidals
alia &5 ¢ kizbensd kopdsiaizd teteje K26 nem t8hb, mint 400 mm, aldnyds madon nem
tbhy, mrint 300 rrm, eifnedsebb mbdan nem tEbh, ming 200 s,

&, &z «lfzd igényvoont szerintf gdadbitBtdals, amalvban o kisbensd vizudis
kapasiaizd (43 wgw vizudlis bopasieiedbe (8} dgvazott részének hi-DO hosssa 10 €8 78
it kézdtl, sidnyds madon 18 &5 50 mm kdzdtt, «lSnyvésebb mddon 20 &8 30 mm kdzatt
NN

7. &z eldzd igenypontek Dirmelvike srevintt gdzoblitéidnla, ameivbhen 8 kKarhansd
88 A vogsd vizudls kopdsjelednek {4, 5} & kézpontl hossziengebyrs (X1) maerflegss
karasstmetsrats ssétér{i alakg,

8 Ax wlfzd igdaypontok birmalvike seerintl gledblitétéols, amalvben & lsgaldsh
sy gazaramiasl &b (3) sgy vagy 16bb, az Sbitdesyla beldpd vagdtdl (Ra) & Kidpd véadn
{2} kiterjedd rés slaldaban van, vagy pedig azt ax SREGSpls testdt Q) képerd sisd
tizdlld anyay oyitot! porositdss hatdrosy meg,

B Av «lded igénypontok birmelyike szerint gdesbiitdtegla, amalyvben ¥ kdzbensé
vizudls kopdsieled (4} villamossn veratd anvanbél, példdul 19mbdl kéerdl, tovabbad a
kdebansd visudiin kopisielsd (9} kb eltérd pontia kS8t van agy Sramkdr (100, 101,
G} 1O &8 HS koxdty maaa&ﬁégi an, amely framkdr magdban o glal tovabbs agy hogzd
kaposoit férotatzdt (LY, L3, LAY

10, rémkchdssatl ét‘ié?‘i‘{ {313, amsly magdban Toglal egy, ar aléed igdnvoontok
banmelyike  szsrintl pacohitddnlat,  smelynek  gdzkiverstdie  (3b)  fhadumvezatd
deszekittetésben van ax sdény balsejdval,

1L Az alfz0 igénypont szenint fambkohdssatl adéry, amely egy st vany auy
Kozbensd ust,

{8 meghatalmazo)
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