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(57) A thermocouple temperature sensor employs a

protecting tube made of metal-boride-based ceramics, and
a platinum-rhodium-based thermocouple. To prevent a
deterioration of the thermocouple due to a reducing gas
generated in the protecting when used at a high service
temperature, the thermocouple is placed in an insulation
tube;, which is placed inside the protecting tube. 1In
addition, a front end portion of the insulation tube is
covered with a noble-metal cap mainly composed of
platinum group metal, to prevent the reducing gas
generated in ‘the protecting tube from reaching a
connection point of the thermocouple. The top end of
the protecting tube is open, and a terminal box with a
ventilation means to smoothly discharge the reducing gas
in provided. This arrangement remarkably prolongs the
service life of the thermocouple, and thus it is able to
‘continuously measure the temperature of molten pig iron
and molten steel for a long interval.

CLAIM

1. A thermocouple temperature sensor comprising a
platinum-rhodium-based thermocouple having first and
second metal wires, a connection point of the wires

forming a heat sensing portion; an oxide insulation tube
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for accommodating the metal wires, the heat sensing
portion of the thermocouple being exposed from a front
end portion of the insulation tube; a noble-metal cap
mainly composed of platinum group metal for covering the
front end portion of the insulation tube; and a
protecting tube made of metal-boride-based ceramics for
accommodating the insulation tube and noble-metal cap.

12. A method of measuring the temperature of
molten iron by immersing a front end portion of a
thermocouple temperature sensor into the molten iron,
the thermocouple temperature sensor involving a
platinum-rhodium-based thermocouple having first and
second metal wires, a connection point of the metal
wicves forming a heat sensing portion, an oxide
insulation tube for accommodating the metal wires, the
heat sensing portion of the thermocouple being exposed
from a front end portion of the insulation tube, a
noble-metal cap mainly composed of platinum group metal
for covering the front end portion of the insulation
tube, an inner protecting tube mainly composed of
alumina for accommodating the insulation tube and the
noble-metal cap, and a protecting tube made of

metal-boride-based ceramics for accommodating the inner
protecting tube.
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(57) Abstract

When a thermoelectric temperature sensor includes a protec-
tive tube of me* +l-boride ceramic, an insulating tube for holding a
platinum-rhoui:m thermocouple is inserted in a protection tube in
order to prevent the thermocouple from being dete-jorated by a
reducing gas accompanying the oxidation of the protection tube at
high temperatures. The tip of the insulating tube is covered with a
cap made of a noble metal consisting chiefly of a metal of the
group of platinum in order to prevent the reducing gas generated
from the protection tube from arriving at the connection point of
the thermocouple. To fficiently discharge the reducing gas, the
upper end of the protection tube is made open, and a terminal box
is equipped with ventilation means. The thermocouple-type tem-
perature sensor features greatly extended. life of the thermocouple.
This makes it possible to continuously measure the temperature of
the hot metal and the molten steel for extended periods of time.
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SPECIFICATION

TITLE OF THE INVENTION
A Thermocouple Temperature Sensor and a Method of
Measuring the Temperature of Molten Iron
TECHNICAL FIELD
5 The invention relates to a thermocouple temperature
sensor for continuously measuring the temperature of
molten metal, etc., and a method of measuring the
temperature of molten iron such as molten pig iron and
molten steel with the sensor.
10 BACKGROUND ART
As the instruments to measure the temperature of
hot molten metal such as molten pig iron and molten
steel, radiation thermometers, optical pyrometers,
thermocouple thermometers and etc. are used, and among
' 15 them, the thermocouple thermometers are most preferable
in terms of accuracy. Most commonly used thermocouple
: thermometers for measuring the temperature of molten pig
iron and molten steel are consumable thermometers having
a heat sehsing portion that comprises a
20 platinum-rhodium-baéed thermocouple (hereinafter
referred to as the PR thermocouple) and a quartz glass
tube to protect the tip of the thermocouple. When this
thermometer is immersed in molten pig iron or molten
steel, the heat sensing portion consumes and spoiled in
25 a very short time (10 to 20 seconds) so that the
temperature measurement must be finished in a short
time. 1In addition, the heat sensing portion must be
replaced for each measurement. Namely, this kind of

thermometer cannot continuously measure a temperature
« 30 for a long interval, and it is expensive to measure
temperatures frequently. Moreover, the characteristics
of each thermocouples differs from one another, and it
is difficult to maintain the accuracy of temperature
measurement. Therefore, there is a strong demand for a
35 thermometer that can measure the temperature of molten
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metaIYCOntinuously for a long interval. An immersing
'type thermocouple thermometer with a protecting tube is
disclosed in, for example, Japanese Unexamined Utility
Model Publication No. 38290/1980. This discloses to use
an outer and an inner brptecting tubes. Where the outer

protecting tube, which contacts with a molten metal, is
made of boron nitride ceramics and the inner protecting
tube is made of alumina ceramicg. Another known
protecting tube is made of a composite material of
molybdenum and zirconia.

A thermocouple thermometer employing such a
protecting tube can be used to measure the temperature
of molten pig iron or molten steel continuously for five
to ten hours, but the service life of the protective
tube is still insufficient. Recently, several materials
having preferable characteristics for the protecting
tube have become available. These materials have a good
vorrosion resistance against molten metal such as molten
pig iron and molten steel and against molten slag, as
well as a sufficient strength, heat resistance and heat
conductivity. They are metal-boride-based ceramics such
as ZrB2 ' TiB2 and TaBz. In particular, ZrB2 has the
most preferable characteristics.

A thermometer employing a protecting tube made of
metal-boride-based ceramics is disclosed in Japanese
Unexamined Utility Model Publication No. 189629/1987.

The metal-boride-based ceramics is a non-oxide
material, and a protecting tube made thereof, therefore,
is oxidized by a surrounding oxidising atmosphere when
used at a high temperature, to generate a reducing gas
inside the protecting tube. On the other hand, when the
PR thermocouple is used as a temperature measuring
sensor, it will be deteriorated by the reducing gas due
to sublimation, recrystallization and alloying. When a
combination of the protecting tube and the PR
thermocouple is used to measure the PR temperature of
molten metal such as molten pig iron and molten steel,
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the PR thermocouple quickly deteriorates to abruptly
change an electromotive force or else the wires break.
As the result, the temperature sensor cannot .continue to
measure the temperature in a short time, compared with
the service life of protecting tube determined by the
corrosion rate.

An object of the present invention is to protect
the PR thermocduple to be deteriorated by the reducing
gas to be generated in the protecting tube made of
metal-boride-based ceramics when it is used at a high
service temperature, and to provide a thermocouple
temperature sensor that can continuously measure the
temperature of molten metal such as molten steel and
molten pig iron for a long interval, and a method of
measuring the temperature of molten iron with the
thermocouple temperature sensor.

DISCLOSURE OF THE INVENTION

To achieve the above objects, the present invention
provides a thermocouple temperature sensor comprising a
protecting tube made of metal-boride-based ceramics, a
platinum-rhodium-based thermocouple disposed inside the
protecting tube, and an insulation tube made of oxide
for accommodating first and second metal wires of the
thermocouple. The temperature sensor is characterized
in that a noble-metal cap mainly composed of platinum
group metal covers the connection point of the
thermocouple positioned at a front end part of the
insulation tube. ' |

The noble-metal cap isolates the connection point
of the thermocouple from a reducing gas drifting inside
the protecting tube, thereby preventing'a deterioration
of the thermocouple due to the reducing gas. It is
understood that a vapor of platinum sublimated from the
noble-metal cap may prevent the damage of the
thermocouple due to the sublimation of the
platinum-rhodium-based thermocouple.

According to a preferred aspect of the thermocouple
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temperature sensor of the present invention, the top end

of the protective tube is open toward an outside system.

According to another preferred aspect of the
thermocouple temperature sensor of the present
invention, the insulation tube is made of alumina-based
ceranics, and has two through holes. The total length
of the insulation tube is substantially the same as or
longer than the total length of the protecting tube.

According to still another preferred aspect of the
thermocouple temperature sensor of the present
invention, the metal-boride-based ceramics protecting
tube is made of zirconium boride ceramics, -and an inner
protecting tube mainly composed of alumina is disposed
between the protecting tube and the insulation tube.

The zirconium boride ceramics may be composed of 70 to
95 wt% of ZrBz, 1 to 15 wt% of SiC, and 4 to 29 wt% of
BN, and may have such characteristics as a bulk specific
gravity of 3.0 to 6.0, a bending strength of 10 kg/mm2
or more, a coefficient of thermal expansion of about 6

X 10_6/°C, and a thermal shock resistance (AT) of 250°C
to 1000°C. The alumina produces little reducing gas at
a high service temperature and prevents the réducing gas
generated in the protecting tube from reaching the
insulation tube, thereby preventing a deterioration of
the thermocouple.

The insulation tube may be made of ceramics having
as main components zirconia and magnesia. In this case,
it is preferable to use the inner protecting tube with
ceramics mainly composed of magnesia.

According to still another preferred aspect of the
thermocouple temperature sensor of the present

- invention, the top end of the protective tube is open

toward the outside system, and a ventilating means is
provided thereon for forcibly discharging the gas from
the protecting tube.

The open top end of the protecting tube toward the
outside system promotes the convection of the reducing
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gas generated‘when the protecting tube is heated to a
high service temperature. The reducing gas convects
upward in the protecting tube and is discharged, and
fresh air enters into the protecting tube from the
outside system, thereby preventing the deterioration of
the thermocouple due to the reducing gas. The
ventilating means provided on the top end of the
protecting tube forcibly discharges the gas from the
protecting tube, to further improve the ventilation
effect, and prevents the deterioration of the
thermocouple.

A method of measuring the temperature of molten
iron according to the present invention employs the
above-mentioned thermocouple temperature sensor to
measure the temperature of molten pig iron or molten
steel. This method can continuously and preeisely
measure the temperature of molten metal for a long

interval such as several tens of hours without replacing

the temperature sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a partly sectioned side view schemati-
cally showing a thermocouple temperature sensor
according to an embodiment of the present invention;

Fig. 2 is a sectional view showing an upper part of
a thermocouple temperature sensor according to an
another embodiment of the present invention;

Fig. 3 is a sectional view showing an upper part of
a thermocouple temperature sensor according to still
another embodiment of the present invention;

Fig. 4 is a partly broken perspective view showing
a thermocouple temperature sensor according to still
another embodiment of the present invention; and

Fig. 5 is a sectional view showing an upper part of
the embodiment of Fig. 4. ‘

BEST MODE OF CARRYING OUT THE INVENTION

The embodiments of the thermocouple temperature
sensor according to the present invention will be
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explained with reference to the drawings.

Figure 1 is a partly sectioned side view schemati-
cally showing an embodiments of the thermocouple
temperature sensor according to the present invention.

In Fig. 1, the thermocouple temperature sensor S
comprises a protecting tube 1 made of ceramics having as
a main component zirconium boride (ZrBz) (hereinafter
referred to as zirconium boride ceramics); an inner
protecting tube 2 disposed inside the protecting tube 1
and made of ceramics having as a main component alumina
(hereinafter referred to as alumina ceramics); and an
insulation tube 3 disposed inside the inner protecting
tube 2 and made of the alumina ceramics. The zirconium
boride ceramics of the protecting tube 1 is composed of
85 wt% of ZrBz, 10 wt% of BN, and 5 wt% of SiC. The
protecting tube 1 has an outer diameter of 25 mm, an
inner diameter of 15 mm, and a length of 850 mm. The
alumina ceramics of the inner protecting tube 2 and
insulation tube 3 contains 96 wt% of A1203 or more. The
length of each of the tubes 2 and 3 is substantially
equal to the length of the protecting tube 1. The outer
side of the protecting tube 1 is spirally wound with a
silica-based glass fiber tape 6. The glass fiber tape 6
melts when the thermocouple temperature sensor S of the
embodiment is immersed in molten metal whose temperature
is to be measured. The molten glass fiber tape forms a
glass coating over the protecting tube 1, to thereby
prevent the oxidation of the protecting tube 1 and
temper a severe heat shock to be subjected to the
protecting tube 1 when the thermocouple temperature
sensor S of the embodiment is immersed in the molten
metal. The embodiment simply winds the silica-based
glass fiber tape in a spiral shape around the protecting
tube 1 so that it is simple to prepare the thermocouple
temperature sensor. In addition, the glass layér may be
easily formed around the thermocouple temperature
sensor. \
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The coating 6 is not necessarily made of glass
fiber but can be made of any material which can temper
the severe heat shock to be subjected to the protecting
tube 1 when the temperature sensor is immersed in molten
metal. For example, a refractory powder and glass
powder are mixed together with water to be a slurry,
which is applied over the surface of the protecting tube
and properly heated or sintered. Alternatively,
ceramics fibers are formed into a cylindrical shape
matching with the external shape of the protecting
tube 1, and fitted over the protecting tube 1 before
use. This may provide the same effect as the glass
fiber 6; damping the heat shock.

The insulation tube 3 has insertion holes 3a and 3b
for passing metal wires 5a and 5b of the platinum-
rhodium-based thermocouple 5. The first and the second
metal wires 5a and 5b of the thermocouple 5 are inserted
into the insertion holes 3a and 3b, respectively. A
connection point 5c of thé metal wires 5a and 5b is
located at a front open portion of the insulation
tube 3. The connection point 5c is made by welding in
an inert gas. The front opening of the insulation
tube 3 is completely covered with a noble-metal cap 4
mainly composed of platinum group metal. This cap
prevents the connection point 5c of the thermocouple S
from directly coming into contact with the reducing gas
penetrating into the inner protecting tube 2.

The cap 4 may be made of not only platinum but also
noble metals such as rhodium and iridium or their
alloys.

One of the metal wires 5a and 5b of the thermo-
couple 5 serves as a plus electrode wire, and the other
as a minus electrode wire. The plus electrode wire may
be made of an alloy of 70% of platinum and 30% of
rhodium, and the minus electrode wire an alloy of 94% of
platinum and 6% of rhodium. This composition improves
the durability at a high service temperature. As the
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metal wires 5a and 5b, the plus electrode wire may be
made of an alloy of 87% of platinum and 13% of rhodium,
and the minus electrode wire of pure platinum.

The other ends of the metal wires 5a and 5b of the
thermccouple 5 are connected to output terminals 5d and
5e. The output terminals 5d and 5e are connected to a
temperature recorder 8 or etc., through compensation
leads 7, to complete a temperature measuring apparatus.

To measufe the temperature of molten metal such as
molten pig iron, a front end portion of the thermocouple
temperature sensor S is immersed in the molten metal to
generate a electro motive force at the output
terminals 5d and 5e in response to the temperature of
the front end portion of the sensor.

When the front end portion of the thermocouple
temperature sensor S is immersed in the molten metal
such as molten steel having a temperature as high as one

‘thousand and a several hundreds degrees centigrade, the

zirconium-boride-based ceramics having a high melting
point of 3060°C is gradually oxidized to generate a
reducing gas in the protecting tube 1. According to the
thermocouple temperature sensor S of the first
embodiment of the present invention, however, the inner
protecting tube 2 prevents the reducing gas from
entering further inside. When the thermocouple
temperature sensor S is kept at a high service
temperature for a long interval, however, the reducing
gas generated from the protecting * .= 1 gradually

penetrates the inner protecting tul: -ud reaches the
insulation tube 3. Then, the noble .:cal cap 4 and
insulation tuba 3 of the first em:.. - ‘ent prevent the

reducing gas from coming into contauc with ‘the
connection point 5c¢ of the thermocouple. This
arrangement dramatically extends the sexvice life of the
thermocouple 5 of the thermocouple temperature sensor of
the«;nvention.

g

: According to the thermocouple température sensor S
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of the embodiment, the inner protecting tube 2,
noble-metal cap 4, and insulation tube 3 check the
penetration of the reducing gas, to thereby extend the

service life of the thermocouple 5. In addition, the
protecting tube 1 made of, for example, the zirconium
boride (2xB,) ceramics, has per se an extended service
life. Accordingly, the thermocouple temperature
sensor S can be kept immersed in molten metal such as
molten steel for a long interval, to continuously
measure the temperature of the molten metal.

The thermocouple temperature sensor of the
embodiment in Fig. 1 was prepared to form a continuous
temperature measuring apparatus. With this apparatus,

the temperature ranging from 1520°C to 1580°C of molten

steel contained in a tundish for continuous casting
facilities was measured. Without any interruption due
to a deterioration of the thermocouple, the apparatus

was able to accurately measure the temperature for about

70 hours. The same apparatus was also able to
accurately measure the temperature ranging from 1400°C
to 1550°C of molten pig iron for about 85 hours. The

measurements were interrupted when the zirconium boride

ceramics protecting tube was corroded with the molten
steel or molten pig iron.

To test the effect of the embodiment, the upper end
of the protecting tube 1 was opened, and the noble-metal
cap was removed. With this arrangement, the temperature

of molten steel was measured under the same situation.
The thermocouple was broken and unable to measure the
temperature after about five hours. While, the upper

end of the protective tube 1 was closed, and a platinum

cap was attached to the tip of the insulation tube.
With this arrangement, the temperature of molten steel

was measured under the same situation. The thermocouple

was broken and unable to measure the temperature after
about 40 hours. '

A ceramics protecting tube 1 mainly composed of
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boron nitride was employed with the same arrangement of
Fig. 1 to measure the temperature of molten steel under
the same situation. The protecting tube 1 was consumed
after about 10 hours and became unable to measure the
temperature. Next, a composite protecting tube 1 made
of metal molybdenum and zirconia was employed to measure
the temperature of molten steel under the same
condition. The protecting tube 1 was consumed after
about five hours and became unable to measure the
temperature.

A protecting tube 1 made of zirconium boride
ceramics having an open top end was employed, and a
platinum cap was attached to the tip of the insulation
tube. (the inner protective tube 2, however, was
removed.) With this arrangement, the temperature of
molten steel was measured under the same situation. The
thermocouple was broken after about 10 hours and became
unable to continue the measurement.

In this way, the embodiment extends the service
life of the platinum-rhodium-based thermocouple more
than the service life of the protecting tube of
boride-based ceramics.

The embodiment of the invention shown in Fig. 2
will be explained.

Figure 2 is a sectional view of an upper part of a
thermocouple temperature sensor showing an another
embodiment of the present invention. The embodiment
provides the top end of the protecting tube 1 of the
embodiment of Fig. 1 with a means for ventilating the
reducing gas generated from the protecting tube 1.
Namely, the top end of the zirconium boride ceramics
protecting tube 1 is provided with a holder 10 having a
flange 10a to which a terminal box 9 having an
opening 9g for discharging the reducing gas is removably
attached. The terminal box 9 has a upper wall 9a to
which a connection terminal 5f is fitted. The output
terminals 5d and 5e, connected to the metal wires 5a and
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5b of the PR thermocouple 5, are fixed to the,connection
terminal 5f. The terminal box 9 also has an-air guide
tube 11 for introducing air 12 for cooling the connec-
tion terminal 5f. A side wall 9b of the terminal box 9
has a height to separate the connection terminal 5f away
from the top of the protecting tube 1 by a predetermined
distance. An opening 9g of the terminal box 9 is open
on the downstream side of the airflow 12. A bottcm
plate 9c of the terminal box 9 is integral with a

flange 9e through a cylindrical portion 9d having an
opening 9f.

The holder 10 comprises a cylindrical portion 10a
fixed to the upper end of the protecting tube 1, and a
flange 10b having a center opening 10c through which the
inner protecting tube 2 extends.

With this arrangement of the embodiment, the air
guide tube 11 introduces the air 12, which is blown
toward the connection terminal 5f in the terminal box 9.
The air cools the connection terminal 5f, passes through
the opening 9g, and goes outside the terminal box 9.
Since the inside of the terminal box 9 is always
ventilated to have fresh air, the reducing gas generated
in the protecting tube 1 is effectively discharged
outside through the holder opening 10c and cylindrical
portion 9d of terminal box.

To test the effect of this embodiment, the air
guide tube was blocked so that air could not be
introduced, and the temperature ranging from 1520°C to
1580°C of molten steel contained in a tundish for
continuous casting facilities was measured. The
thermocouple was broken after about 50 hours, and the
measurement could not be continued.

On the other hand, according to the embodiment,
when air was introduced at a rate of 0.05 m2/min into
the terminal box 9 during the measurement, without any
troubles, the temperature could be accurately measured
under the same situation for about 65 hours.
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The embodiment of Fig. 3 will be explained.

Figure 3 is a sectional view of an upper part of a
thermocouple temperature sensor showing an another
embodiment of the present invention. The embodiment
provides the air guide tube 11 of the embodiment of
Fig. 2 with a bypass tube 13. An open end of the bypass
tube 13 is oriented toward a gap between an inner
circumferential face of the protecting tube 1 and an
outer circumferential face of the inner protecting
tube 2. A cross-sectional area of the bypass tube 13 is
designed such that, when air passes through the air
guide tube 11, the bypass tube 13 draws a gas from the
opening of the protecting tube 1. This arrangement
positively draws and effectively ventilates the reducing
gas generated in the protecting tube 1.

A thermocouple temperature sensor of this arrange-
ment was employed to measure the temperature ranging
from 1520°C to 1580°C of molten steel. The sensor could
continuously and accurately measure the temperature for
about 75 hours.

Next, the embodiment of Fig. 4 will be explained.

Figure 4 is a partly broken perspective view of a
thermocouple temperature sensor schematically showing an
another embodiment of the present invention. This has
an improvement with the terminal box 9. The details of
an upper part of the terminal box are shown in the
sectional view of Fig. 5. In this figure, the terminal
box 9 comprises a handle 14, a upper wall 9a, side
walls 9b, sloped portions 9h to which an air guide
tube 11 and a connection terminal 5f are fixed, a
cylindrical portion 9d, a flange 9e, and a bottom
plate 9c which is integral with the cylindrical
portion 9d and flange 9e. This embodiment is
characterized in that the bottom plate 9c has two
degassing openings 9i, which (one of the two in the
figure) are formed under the connection terminal 5f.

Since the degassing openings 9i are formed on the
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bottom plate 9c¢ of the terminal box 9 according to this
embodiment, dust does not enter the terminal box 9
through the openings 9i even if the temperature sensor
is used in a dusty environment. This enables the
thermocouple temperature sensor to be used for an even
longer interval. In addition, the air blown toward the
connection terminal 5f flows smoothly to efficiently
discharge the reducing gas produced in the protecting
tube 1.

CAPABILITY OF EXPLOITATION IN INDUSTRY

As explained above, a temperature sensor according
to the present invention employs a protecting tube made
of boride-based ceramics and a platinum-rhodium-based
thermocouple, additionally, the present invention can
prevent a deterioration of the thermocouple due to a
reducing gas generated when the protecting tube is
oxidized. With sufficient use of the corrosion
resistance capability of protecting tube made of the
metal-boride-based ceramics, said protective tube is
combined with the platinum-rhodium-based thermocouple,
the present invention makes it possible to continucusly
measure the temperature of molten metal such as molten
pig iron and molten steel for a long interval.

The thermocouple temperature sensor of the present
invention eliminates a frequent replacing work of
thermometers in, for example, a steel manufacturing
process. Since the temperature sensor of the present
invention makes it possible to continuously measure the
temperature of molten metal more accurately and stably
than conventional thermometers, and also enables to
precisely control the temperature of molten pig iron or
molten steel. In this way, the invention contributes to
not only a saving of labor and natural resources but
also improves the quality of steel products, and

therefore, has a great capability of exploitation in the
industry. '

TR TG
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CLAIMS
1. ' A thermocouple temperature sensor comprising a
platinum-rhodium-based thermocouple having first and

~second metal ‘wires, a connection point of the wires

forming a heat sensing portion; an oxide insulation tube
for accommodating the metal wires, the heat sensing
portion of the thermocouple being exposed from a front
end portion of the insulation tube; a noble-metal cap
mainly composed of platinum group metal for covering the
front end portion of the insulation tube; and a
protecting tube made of metal-boride-based ceramics for
accommodating the insulation tube and noble-metal cap.

2. A thermocouple temperature sensor as set forth
in claim 1, wherein an upper end portion of the protec-
ting tube is open toward an outside system.

3. A thermocouple temperature sensor as set forth
in claim 1, wherein the insulation tube is made of
ceramics mainly composed of alumina and is, provided with
insertion holes for passing gﬁg%egsp;gigszetal wires
respectively, the total length of the insulation tube
being substantially equal to or longer than the total
length of the protecting tube.

4. A thermocouple temperature sensor as set forth
in claim 1, further comprising an inner protecting tube
mainly composed of alumina and disposed between the
protecting tube and the insulation tube.

5. A thermocouple temperature sensor as set forth
in claim 1, wherein the protecting tube is made of
ceramics mainly composed of zirconium boride (ZrBz).

6. A thermocouple temperature sensor as set forth
in claim 1, further comprising a connection terminal for
fixing output terminals to which the metal wires of the
thermocouple are connected; a terminal box to which the
connection terminal is fixed, the terminal box being
fixed to the top end of the protecting tube and havingb
an opening being open on inside thereof toward the
outside system; and a ventilating means is fitted to the




10

15

20

25

30

- 15 -

terminal box.

7. A thermocouple temperature sensor as set forth
in claim 6, wherein the ventilating means is an air
guide tube for introducing and blowing air toward the
connection terminal ,

8. A thermocouple temperature sensor as set forth
in claim 6 or 7, wherein the ventilating means draws a
gas drifting around the open end of the protecting tube.

9. A thermocouple temperature sensor as set forth
in claim 6, wherein a side wall of the terminal box has
an opening.

10. A thermocouple temperature sensor as set forth
in claim 6, wherein a bottom plate ot the terminal box
has an opening.

11. A thermocouple temperature sensor as set forth
in claim 1 or 6, wherein an outer circumferential face
of the protecting tube is covered with glass fibers.

12, A method of measuring the temperature of
molten iron by immersing a front end portion of a
thermocouple temperature sensor into the molten iron,
the thermocouple temperature sensor involving a
platinum-rhodium-based thermocouple having first and
second metal wires, a connection point of the metal
wires forming a heat sensing portion, an oxide
insulation tube for accommodating the metal wires, the
heat sensing portion of the thermocouple being exposed
from a front end portion of the insulation tube, a
noble-metal cap mainly composed of platinum group metal
for covering the front end'portion of the insulation
tube, an inner protecting tube mainly composed of
alumina for accommodating the insulation tube and the
noble-metal cap, and a protecting tube made of
metal-boride-based ceramics for accommodating the innerky
protecting tube. | '
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13. A thermocouple temperature sensor being substantially as
described with reference to Fig. 1 or Fig. 2 or Fig. 3 or Figs. 4 and 5
of the accompanying drawings.

14. A method of measuring the temperature of molten iron, said

5 method being substantially as described with reference to Fig. 1 or Fig.
2 or Fig. 3 or Figs. 4 and 5 of the accompanying drawings.
DATED this FOURTH day of FEBRUARY 1992
Nippon Steel Corporattion
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ABSTRACT

A thermocouple temperature sensor employs a
protecting tube made of metal-boride-based ceramics, and
a platinum-rhodium-based thermocduple. To prevént a
deterioration of the thermocouple due to a reducing gas
generated in the protecting when used at a high service
temperature, the thermocouple is placed in an insulation
tube, which is placed inside the protecting tube. 1In
addition, a front end portion of the insulation tube is
covered with a noble-metal cap mainly composed of
platinum group metal, to prevent the reducing gas
generated in the protecting tube from reaching a
connection point of the thermocouple. The top end of
the protecting tube is open, and a terminal box with a
ventilation means to smoothly discharge the reducing gas
in provided. This arrangement remarkably prolongs the
service life of the thermocouple, and thus it is able to
continuously measure the temperature of molten pig iron
and molten steel for a long interval.
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s REFERENCE MARKS IN THE FIGURES
y
: 1: protecting tube
l 2: inner protecting tube
3: insulation tube
4: noble-metal cap
5 thermocouple
5a, 5b: metal wires
5c: connection point
S5f: connection ! :rminal
6: glass fibers
9: terminal box
9a: upper wall
9b: side wall
9c: bottom plate
9e: flange
} . 9g, 9i: openings
1 * 10: holder
| 10b: flange
é 11: air guide tube
1 12 introduced air
% 13: bypass tube
é; 14: handle
E. : thermocouple temperature sensor
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