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(57) ABSTRACT

A container for molten metal 1s provided with a temperature
measuring device arranged 1n an opening of a container wall.
The temperature measuring device has a protective sheath,
which projects into the container and which is closed at its
end arranged 1n the container. A temperature measuring
clement 1s arranged 1n an opening of the protective sheath.
The protective sheath 1s composed of a mixture of a heat-
resistant metal oxide and graphite, and the closed end 1is
spaced at least 50 mm from the container wall.
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CONTAINER FOR MOLTEN METAL, USE OF THE
CONTAINER AND METHOD FOR DETERMINING
AN INTERFACE

BACKGROUND OF THE INVENTION

[0001] The invention relates to a container for molten
metals with a temperature measuring device arranged 1n an
opening of a container wall, wherein the temperature mea-
suring device has a protective sheath, which projects into the
container and which 1s closed at its end arranged in the
container, and a temperature measuring element arranged 1n
an opening of the protective sheath. In addition, the mven-
tion relates to the use of the container, as well as to a method
for determining an interface between two materials arranged
one above the other 1n a container, particularly between a
slag layer and underlying steel melts.

[0002] Such containers are known from the prior art. For
example, 1t 1s known from German Utility Model GM 72 28
088 to arrange a thermocouple 1n a wall of a steel ladle. The
thermocouple 1s arranged 1n a steel tube, which 1s sur-
rounded by a ceramic protective layer. German Patent DE 1
054 735 discloses a smelting crucible for metals, 1n whose
side wall a temperature sensor 1s 1nserted. The temperature
sensor has a protective tube made of a metal-ceramic mate-
rial, such as molybdenum and aluminum oxide. The protec-
five tube projects with 1ts tip approximately 25 mm into the
side of the smelting space. U.S. Pat. No. 3,610,045 discloses
a smelting crucible for molten 1ron, 1n whose side wall a
thermocouple 1s arranged. The thermocouple 1s protected by
a conical protective sheath made of aluminum oxide and
silicon oxide. A similar container 1s known from European
Patent EP 314 807 B1. Also 1n this container, a thermocouple
1s led through the wall 1nto the interior of the container. The
thermocouple 1s protected by an aluminum oxide tube
which, 1n turn, 1s surrounded by a boron nitride protective
sheath in the interior of the container.

[0003] From U.S. Pat. No. 6,309,442 B1 a container for

molten metals 1s known, on whose inner side contacts made
of zircontum dioxide or thortum dioxide are arranged one
above the other, 1n order to measure the level of the interface
between the molten metal and the slag.

BRIEF SUMMARY OF THE INVENTION

[0004] The invention is based on the problem of improv-
ing a container for molten metals, such that the temperature
of the melt located therein can be measured as accurately as
possible over a longer time period. The invention 1s further
based on the problem of further improving the known
method for determining the interface level.

[0005] According to the invention, the problem is solved
by a container for molten metal with a temperature measur-
ing device arranged 1n an opening of a container wall,
wherein the temperature measuring device has a protective
sheath, which projects 1nto the container and which 1s closed
on 1ts end arranged in the container, and a temperature
measuring element arranged 1n an opening of the protective
sheath, characterized 1n that the protective sheath comprises
a mixture of a heat-resistant metal oxide and graphite and
that the closed end 1s spaced at least 50 mm from the
container wall.

[0006] Therefore, because the container characterized
above has a protective sheath made of a heat-resistant metal
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oxide and graphite, and because the closed end of the
protective sheath 1s spaced at least 50 mm, preferably
approximately 75 to 200 mm, from the container wall, the
actual temperature of the molten metal can be measured
without cooling effects, possibly coming from the crucible
wall, mfluencing the measurement values. At the same time,
the protective sheath 1s sufficiently resistant to aggressive
molten metal, particularly molten steel, and thus 1s suitable
for long-term use.

[0007] The temperature measuring element with the pro-
tective sheath can preferably be arranged in the base (floor)
of the container, so that 1t can also be used for measurements
with low filling levels. The protective sheath preferably
consists essenfially of aluminum oxide and graphite,
wherein aluminum oxide can comprise particularly a portion
of approximately 20 to approximately 80 wt. % and graphite
a portion of approximately 5 to approximately 60 wt. %. The
protective sheath can also contain carbon 1n a different form
than graphite and/or other refractory oxides.

[0008] Within the protective sheath, it is beneficial if the
temperature measuring element, preferably a thermocouple,
1s surrounded by a protective tube, which 1s preferably
formed of aluminum oxide. It 1s beneficial if the outer
diameter of the protective tube 1s approximately 0.1 to 1 mm
smaller than the inner diameter of the opening of the
protective sheath. The protective sheath can have, at least in
one part of i1ts length, an outer conical form with a diameter
becoming smaller towards the interior of the container, in
order to enable secure mounting in the container wall and

™

suflicient stability of the protective sheath.

[0009] Furthermore, it can be beneficial if a sensor pro-
jecting 1nto the interior of the container is arranged on the
protective sheath for determining a change 1n material or a
change of material properties, particularly an electrochemi-
cal, electromagnetic, or optical sensor or a sensor for detect-
ing an electrical voltage and/or an electrical current and/or
an electrical resistance. In this manner, interface measure-
ments become possible between the molten metal, particu-
larly the molten steel, and the above-lying slag.

[0010] As soon as the sensor touches the interface, the
signal picked up by the sensor changes and thus indicates
that the interface has been reached. Furthermore, 1t can be
advantageous 1f a bushing made of refractory material,
preferably made of mullite, 1s arranged 1n the opening of the
contamner wall between the container wall and the protective
sheath, wherein the bushing can have a conical shape with
a diameter becoming smaller towards the interior of the
container.

[0011] According to the invention, the container can be
used as a foundry ladle, particularly for molten steel. The
molten metal 1s always moving in a foundry ladle, a so-
called tundish, so that a particularly high stability 1s required
for the measuring device projecting relatively far into the
container. The foundry ladle 1s typically pre-heated, so that
the measuring device 1s also pre-heated. This leads to very
short reaction times, so that the temperature measuring
device very quickly reaches its equilibrium temperature with
the melt, and the measurement can be performed very
quickly.

[0012] The problem is solved for the method characterized
at the outset 1n that a sensor for determining a change 1n
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material or a change of material properties, particularly an
clectrochemical, electromagnetic, or optical sensor or a
sensor for detecting an electrical voltage and/or an electrical
current and/or an electrical resistance 1s arranged within the
lower material contained 1n the container. The measurement
signal of the electrochemical sensor 1s measured during the
pouring out or outflow of the material from the container,
and a change 1n the signal 1s established when the sensor
contacts the interface between the materials. Preferably, the
signal change 1s associated with the distance of the 1nterface
from the floor of the container. In addition, it can be
beneficial 1f the pouring or outiflow process 1s ended when
the signal changes. For this purpose, the measurement signal
1s simultaneously used to send a signal to the device con-
trolling the pouring or outflow process, on the basis of which
the pouring or outflow process 1s terminated.

[0013] Despite the relatively large length by which the
protective sheath projects into the melt, the device has
suificient stability, so that a measurement of the temperature
of the molten metal and a measurement of the position of the
interface between the molten metal and the above-lying slag
1s possible.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0014] The foregoing summary, as well as the following
detailed description of the invention, will be better under-
stood when read 1n conjunction with the appended drawings.
For the purpose of 1llustrating the invention, there are shown
in the drawings embodiments which are presently preferred.
It should be understood, however, that the invention 1s not
limited to the precise arrangements and instrumentalities
shown. In the drawings:

[0015] FIG. 1 1s a view of a longitudinal cross section
through the temperature measuring device, according to an

embodiment of the invention, arranged 1n the container wall;
and

[0016] FIG. 2 is a partial longitudinal view of the closed
end of the temperature measuring device with electrochemi-
cal sensor, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] The measuring device according to one embodi-
ment of the invention has a bushing 1 made of mullite. This
1s arranged 1n the floor of a foundry ladle for molten steel,
which 1s not shown for reasons of clarity. Such foundry
ladles are known 1n expert circles, for example from the
already mentioned U.S. Pat. No. 6,309,442 B1 (cf. FIG. 1,
numeral 16). The protective sheath 2 is arranged in the
bushing 1. The protective sheath 2 consists essentially of a
mixture of aluminum oxide and graphite. The protective
sheath 2 has a conical profile at least in the part arranged 1n
the bushing 1. This enables easier removal from the bushing
1 for exchanging the protective sheath 2 with the tempera-
ture measuring element 3. The temperature measuring ele-
ment 3 1s surrounded by a closed aluminum oxide tube 4
within the protective sheath 2.

|0018] The protective sheath 2 is fixed into the bushing 1
by refractory cement 5. The tip of the protective sheath 2
projects approximately 120 mm into the foundry ladle, so
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that the measurement performed at the tip of the temperature
measuring element 3 remains uninfluenced by wall effects of
the foundry ladle. The end of the temperature measuring
clement 3 facing away from the interior of the foundry ladle
has a so-called connector 6, which serves as the mechanical
and electrical contact with the measuring element 3. The
entire arrangement made of the mullite of the bushing 1 and
the protective sheath 2 fixed by the cement § comprises a
dense, powder-free material, so that there 1s no leakage in
case a break of one part of the arrangement occurs, and
molten metal cannot escape from the foundry ladle.

[0019] FIG. 2 shows the tip of the protective sheath 2,

which projects into the foundry ladle, with the temperature
measuring e¢lement 3 and an electrochemical sensor 7. The
clectrochemical sensor 7 projects out of the protective
sheath 2 and 1s fixed with refractory cement 8. The alumi-
num oxide tube 4 1s also fixed in the refractory cement 8.
The electrochemical sensor 1s a typical electrochemical
sensor having a zirconium dioxide tube 9 as solid electrolyte
material, 1n which the reference electrode 10 1s arranged 1n
a reference material 11 and a filling material 12. Such
clectrochemical sensors are known 1n principle, for example

from U.S. Pat. No. 4,342,633.

[0020] The temperature measuring element 3 is formed
from a thermocouple, wherein the outer sheath comprises
alummmum oxide, and one of the two thermal wires 13
extends 1nto an aluminum oxide tube 14 that 1s open on both
sides. All of the electrical lines lead through the aluminum
oxide tube 4 1nto the connector 6 and can be further
connected there to a measuring device.

[0021] The voltage generated by the electrochemical sen-
sor 7 essentially depends on the measurement environment.
Therefore, a change 1n voltage occurs immediately as soon
as this environment changes. This 1s the case, for example,
when the liquid level of the molten steel located i1n the
foundry ladle falls and the electrochemical sensor 7 comes
into contact with the slag layer arranged above the melt.
Therefore, an exact determination of the height of this
interface between the molten steel and slag above the floor
of the foundry ladle 1s possible. As soon as the electrochemi-
cal sensor 7 detects the interface, for example by another
signal, the outflow of the molten steel from the foundry ladle
can be terminated by closing the outlet.

10022] Fundamentally, it is also possible to arrange several
clectrochemical sensors 7 over the periphery of the protec-
tive sheath 2 spaced in the longitudinal direction, so that the
change of the bath level of the molten metal can also be
established. Instead of an electrochemical sensor, other
sensors can also be used for establishing the change of the
material properties 1n the interface region of the molten steel
and slag, particularly electrochemical, electromagnetic, or
optical sensors or sensors for detecting an electrical voltage
and/or an electrical current and/or an electrical resistance.

[10023] It will be appreciated by those skilled in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
It 1s understood, therefore, that this invention 1s not limited
to the particular embodiments disclosed, but 1t 1s intended to
cover modifications within the spirit and scope of the present
invention as defined by the appended claims.
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1. A container for molten metal comprising a temperature
measuring device arranged 1n an opening of the container
wall, wherein the temperature measuring device has a pro-
tective sheath, which projects into the container and which
1s closed on its end arranged in the container, and a tem-
perature measuring element arranged 1n an opening of the
protective sheath, wherein the protective sheath comprises a
mixture of a heat-resistant metal oxide and graphite, and
wherein the closed end 1s spaced at least 50 mm from the
container wall.

2. The container according to claim 1, wherein the closed
end 1s spaced approximately 75 to 200 mm from the con-
tainer wall.

3. The container according to claim 1, wherein the tem-
perature measuring device 1s arranged in a part of the
container wall forming a floor of the container.

4. The container according to claim 1, wherein the pro-
tective sheath consists essentially of aluminum oxide.

5. The container according to claim 1, wherein the pro-
tective sheath consists essentially of aluminum oxide with a
portion of approximately 20 to approximately 80 wt. % and
graphite with a portion of approximately 5 to approximately
60 wt. %.

6. The container according to claim 1, wherein a protec-
five tube 1s arranged 1n the protective sheath.

7. The container according to claim 6, wherein the pro-
tective tube comprises aluminum oxide and surrounds the
temperature measuring element,

8. The container according to claim 1, wherein the pro-
tective sheath has at least on one part of its length an outer
conical form with a diameter becoming smaller toward an
interior of the container.

9. The container according to claim 1, wherein the tem-
perature measuring element 1s a thermocouple.

10. The container according to claim 1, further compris-
Ing a sensor projecting into the interior of the container for
determining a change 1n material, wherein the sensor 1is
arranged on the protective sheath.

11. The container according to claim 10, wheremn the
sensor 1s at least one selected from the group consisting of
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an electrochemical sensor, an electromagnetic sensor, an
optical sensor, and a sensor for detecting at least one of an
clectrical voltage, an electrical current and an electrical
resistance.

12. The container according to claim 1, further compris-
ing a bushing made of refractory material and having a
conical shape with a diameter becoming smaller toward an
interior of the container, wherein the bushing 1s arranged in
the opening of the container wall between the container wall
and the protective sheath.

13. The container according to claim 12, wherein the
bushing comprises mullite

14. The container according to claim 1, wherein the
container 1s a foundry ladle for molten steel.

15. A method for determining an interface between two
materials arranged one above another in a container, the
method comprising arranging within the lower material a
sensor for determining a change 1n material, and measuring
a measurement signal of the sensor during pouring or
outflow of the material from the container, such that a
change 1n signal 1s established when the sensor contacts the
interface between the materials.

16. The method according to claim 15, wherein the
interface 1s between a slag layer and an underlying molten
steel.

17. The method according to claim 15, wherein the sensor
1s at least one selected from the group consisting of an
clectrochemical sensor, an electromagnetic sensor, an opti-
cal sensor, and a sensor for detecting at least one of an
clectrical voltage, an electrical current and an electrical
resistance.

18. The method according to claim 15, wherein the
change 1n signal 1s associated with a distance of the interface
from a floor of the container.

19. The method according to claam 15, wherein the
pouring or outflow of the material 1s terminated when the
signal changes.
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