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An Immersion-type temperature measuring apparatus using a thermocouple for measuring temperature of a melt, which
comprises: a replaceable cartridge-type temperature sensor (11) for detecting a thermoelectromotive force corresponding to
temperature of a melt, the temperature sensor (11) comprising a thermocouple (13), a protecting tube (12) for protecting the

thermocouple (13) from the r
measuring Instrument (28) for

elt, and a connector (16); a holder for releasably support
processing the thermoelectromotive force to determine tr

extension lead wire (25) for connecting the temperature sensor (11) with the measuring
above-mentioned protecting tube (12) Is formed of a molybdenum-zirconia refractory consisting essentially of from 20 to 95 wt.%

molybdenum and from 5 to 80 wt.% zirconia.
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ABSTRACT OF THE DISCLOSURE

An 1mmersion-type temperature measuring apparatus
using a thermocouple for measuring temperature of a melt,
which comprises: a replaceable cartridge-type temperature
sensor (1l1) for detecting a thermoelectromotive force
corresponding to temperature of a melt, the temperature
sensor (11) comprising a thermocouple (13), a protecting
tube (12) for protecting the thermocouple (13) from the
melt, and a connector (16); a holder for releasably
supporting the temperature sensor (11); a measuring
instrument (28) for processing the thermoelectromotive
force to determine the temperature of the melt: and an
extension lead wire (25) for connecting the temperature
sensor (11) with the measuring instrument (28). At least
part of the above-mentioned protecting tube (12) is
formed of a molybdenum-zirconia refractory consisting

essentilally of from 20 to 95 wt.% molybdenum and from 5

to 80 wt.% zirconia.
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IMMERSION-TYPE TEMPERATURE MEASURING

APPARATUS USING THERMOCOUPLE

BACKGROUND OF THE INVENTION

(FIELD OF THE INVENTION)

The present i1nvention relates to an immersion-type
temperature measuring apparatus using a thermocouple, for
measuring temperature of a melt such as a molten metal or

a molten slag 1n a furnace such as an induction heating

furnace.

(RELATED ART STATEMENT)

Temperature of a melt such as a molten metal or a
molten slag in a furnace such as an induction heating
furnace exerts an important effect on operations and
product quality. It is therefore necessary to
periodically measure temperature of a melt such as a
molten metal or a molten slag in a furnace such as an

induction heating furnace.

For the purpose of measuring temperature of a
molten metal 1n a furnace, an immersion-type temperature
measuring apparatus using a thermocouple as shown in
Figs. 1 and 2 has widely been employed. Fig. 1 is a

schematic vertical sectional view illustrating part of a
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conventional immersion-type temperature measuring
apparatus usling a thermocouples for measuring temperature
of a melt. In Fig. 1, 1 is a temperature sensor, 2 is a
paper tube, and 3 1s a ceramic fiber tube. The paper
tube 2 1s covered with the ceramic fiber tube 3 which is
a heat-insulator, and is formed integqgrally with the
temperature sensor 1. Filg. 2 1s a schematic vertical
sectional view 1llustrating details of the above-mentioned
temperature sensor 1. In Fig. 2, combination of 4 and 5
1s a thermocouple comprising platinum and a platinum-
rhodium alloy, 6 1s a quartz glass protecting tube for
protecting the thermocouple 4, 5 from a melt such as a
molten metal or a molten slag, combination of 7 and 8 is
an extension lead wire for connecting the thermocouple 4,
5 with a measuring instrument not shown, 9 is a housing
for recelving a junction between the thermocouple 4, 5 and
the extension lead wire 7, 8, and 10 is a cap made of
lron or aluminum, having at least one through-hole, for
protecting the quartz glass protecting tube 6 from a melt
such as a molten metal or a molten slag. As shown in
Fig. 1, furthermore, the housing 9 and the extension lead
wire 7, 8 are protected by the paper tube 2 and the
ceramic fiber tube 3, which have a heat-insulating

function.

By means of the above-mentioned conventional
immersion-type temperature measuring apparatus using the

thermocouple, temperature of a molten metal is measured as

-__2__
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follows.

gy

An upper portion of the paper tube 2 of the conventional

1mmersion-type temperature measuring apparatus using the
thermocouple as shown 1n Fig. 1, 1s vertically supported by
means of a holder not shown. A portion of the temperature
sensor 1 covered with the cap 10 vertically descends toward a
molten metal by actuating a lift not shown, and is immersed
1nto the molten metal. When the portion of the temperature

sensor 1 covered with the cap 10 1s i1mmersed into the molten

metal, the molten metal penetrating into the cap 10 through at

least one through-hole thereof comes into contact with the
quartz glass protecting tube 6. A thermoelectromotive force

corresponding to temperature of the molten metal is detected

by the thermocouple 4, 5 covered with the quartz glass
protecting tube 6, and temperature of the molten metal is

determined by a measuring instrument not shown through the

cXtension lead wilire 7, 8 (hereinafter referred to as the

"prior art").

The prior art has however the following problems.

The quartz glass protecting tube 6 covering the
thermocouple 4, 5, while having a high thermal shock
resistance, has a low erosion resistance to a molten metal,
leading to rapid erosion of the protecting tube 6 when
lmmersed into the molten metal. Consequently, a first run of

measurement for a short period of time causes the molten metal
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Lo penetrate into the protecting tube 6, thus resulting in
break-down of the thermocouple 4, 5. It i1s therefore necessary
to replace the temperature sensor 1, the paper tube 2 and the
ceramic fiber tube 3 after every run of measurement. This
requlires much time for a replacement operation and is

therefore uneconomical.

Under such cilrcumstances, there 1s a strong demand for

development of an l1mmersion-type temperature measuring

apparatus using a thermocouple, which permits multiple runs of
measurement of temperature of a melt such as a molten metal or
a molten slag 1n a furnace such as an induction heating
furnace for a long period of time with the use of a single
CLemperature sensor, and easy replacement of the temperature
sensor, but such an immersion-type temperature measuring

apparatus has not as yet been proposed.

SUMMARY OF THE INVENTION

An object of the present invention is therefore to
provide an lmmersion-type temperature measuring apparatus
using a thermocouple, which permits multiple runs of
measurement of temperature of a melt such as a molten metal or
a molten slag in a furnace such as an induction heating
furnace for a long period of time with the use of a single

Cemperature sensor, and easy replacement of the temperature

SEeNnsor.
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In accordance with one of the features of the present
invention, 1n an immersion-type temperature measuring
apparatus using a thermocouple for measuring temperature of a

melt, which comprises:

a replaceable cartridge-type temperature sensor for
detecting a thermoelectromotive force corresponding to a
temperature of a melt, the temperature sensor comprising the
thermocouple, a protecting tube, covering at least a lower
portion of the thermocouple, for protecting the thermocouple

from the melt, and a connector:

a holder for releasably supporting the temperature

SENS0I,

a measuring instrument for processing the

thermoelectromotive force detected by the temperature sensor

Lo determline the temperature of the melt:; and

an extension lead wire, arranged through the holder, for

connecting the temperature sensor with the measuring

instrument, the extension lead wire being connected with the

Cemperature sensor through the connector;

Chere 1s provided the improvement wherein:

the protecting tube, which protects the thermocouple,

comprises an outer layer and an inner layer, the outer lavyer

- 5-
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peing formed of a molybdenum-zirconia (Mo-Zr0Q,) refractory

which consists essentially of:

molybdenum (Mo) : from 20 to 95 wt. %,
and
zirconia (2ro0.,) : from 5 to 80 wt.§,

and the 1nner layer comprises an alumina (Al,0,) refractory.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a schematic vertical sectional view
1llustrating part of a conventional immersion-type Lemperature
measuring apparatus using a thermocouple for measuring

temperature of a melt;

Fig. 2 1s a schematic vertical sectional view
lllustrating details of the temperature sensor of the

conventional immersion-type temperature measuring apparatus as

shown 1n Fig. 1;

Fig. 3 1s a schematic vertical sectional view
1llustrating a first embodiment of the cartridge-type
temperature sensor of the immersion-type temperature measuring
apparatus of the present invention using a thermocouple for

measuring temperature of a melt;

Fig. 4 1s a schematic vertical sectional view
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1llustrating a second embodiment of the cartridge-type

temperature sensor of the lmmersion-type temperature measuring

apparatus of the present i1nventlion using a thermocouple for

measuring temperature of a melt;

FFig. 5 1s a schematic vertical sectional view

1llustrating details of a portion indicated by “A” in the
cartridge-type temperature sensor of the second embodiment as
shown 1n Fig. 4 of the immersion-type temperature measuring

apparatus of the present 1nvention; and

F1g. 6 1s a schematic vertical sectional view
1llustrating details of a lower end portion of a holder, which
1s inserted into an upper end portion of the cartridge-type

Cemperature sensor as shown 1n Figs. 3 and 4 of the immersion-

type Temperature measuring apparatus of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

From the above-mentioned point of view, extensive studies
were carrled out to develop an immersion-type temperature
measuring apparatus using a thermocouple, which permits
multiple runs of measurement of temperature of a melt such as
a molten metal or a molten slag in a furnace such as an

induction heating furnace for a long period of time with the

use of a single temperature



10

15

20

25

2102969

sensor, and easy replacement of the temperature sensor.

As a result, the following findings were obtained:
It 1s possible to obtain a protecting tube for a
temperature sensor, which 1s excellent in thermal shock
resistance and erosion resistance, thus permitting
multiple runs of measurement of temperature of a melt such
as a molten metal or a molten slag in a furnace such as
an induction heating furnace for a long period of time
with the use of a single temperature sensor, by forming
the protecting tube with a molybdenum-zirconia (Mo-ZrO;)
refractory consisting essentially of:

molybdenum (Mo) : from 20 to 95 wt.%, and

zirconia (Zr0,) : from 5 to 80 wt.%.

The present invention was made on the basis of the
above-mentioned findings, and the immersion-type
temperature measuring apparatus of the present invention
using a thermocouple for measuring temperature of a melt

comprises:

a replaceable cartridge-type temperature sensor
(11) for detecting a thermoelectromotive force
corresponding to temperature of a melt, said temperature
sensor (11) comprising a thermocouple (13), a protecting
tube (12), covering at least a lower portion of said
thermocouple (13), for protecting said thermocouple (13)

from said melt, and a connector (16);:
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a holder (26) for releasably supporting said

temperature sensor (11);

a measuring instrument (28) for processing said
thermoelectromotive force detected by said temperature

sensor (11) to determine the temperature of said melt;

and

an extension lead wire (25), arranged through said
holder (26), for connecting said temperature sensor (11)
with saild measuring instrument (28), said extension lead
wire (25) being connected with said temperature sensor

(11) through said connector (16); and wherein

at least part of said protecting tube (12) 1is
formed of a molybdenum-zirconia (Mo-2r0;) refractory which

conslists essentially of:

molybdenum (Mo) : from 20 to 95 wt.$%,
and
zlrconla (Zroz) : from 5 to 80 wt.%.

The reasons why the chemical composition of the
molybdenum-zirconia refractory forming the protection tube
of the 1mmersion-type temperature measuring apparatus of
the present invention using a thermocouple for measuring
temperature of a melt such as a molten metal or a molten
slag 1s limlited as mentioned above, are described

hereunder.
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(1) Molybdenum:

Molybdenum (Mo) has a function of improving
thermal conductivity of the refractory forming the
protecting tube to raise response of the temperature
sensor. Furthermore, molybdenum has a function of
improving thermal shock resistance of the refractory
forming the protecting tube. With a molybdenum content of
under 20 wt.% however, a desired effect as mentioned
above 1s unavaillable. With a molybdenum content of over
95 wt.%, on the other hand, there occur the oxidation of
metallic molybdenum and the dissolution thereof into a
molten metal, this causing deterioration of the
refractory forming the protecting tube and damage
thereto. The molybdenum content should therefore be

Iimited withlin a range of from 20 to 95 wt.%.

(2) Zirconia:

zirconia (2r0:) has a function of improving
erosion resistance of the refractory forming the
protecting tube. With a zirconia content of under 5
wt.%, however, a desired effect as mentioned above is
unavailable. With a zirconia content of over 80 wt.$%, on
the other hand, thermal shock resistance of the refractory
forming the protecting tube is deteriorated, causing a
thermal spalling defect in the protecting tube. The

zirconia content should therefore be limited within a

range of from 5 to 80 wt.$%.
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Now, the 1mmersion-type temperature measuring apparatus
of the present invention using a thermocouple for measuring
temperature of a melt such as a molten metal or a molten slag,

1s described with reference to drawings.

FF1g. 3 1s a schematic vertical sectional view

1llustrating a first embodiment of the cartridge-type

temperature sensor of the immersion-type temperature measuring
apparatus of the present invention using a thermocouple for
measuring temperature of a melt such as a molten metal or a

molten slag.

As shown 1in Fig. 3, the immersion-type temperature
measuring apparatus of the present invention comprises a
cartridge-type temperature sensor 11, an extension lead wire
2> and a measuring instrument 28. The temperature sensor 11

comprises a thermocouple 13, a protecting tube 12, a mica

sleeve 15, a stainless steel sleeve 14, a heat insulator 24, a

housing 20 and a connector 16. The whole of the Chermocouple

13 1s enveloped in any one of a magnesia (MgO) refractory and

an alumina (Al.0.) refractory, or the whole of the thermocouple
13 thus enveloped in the magnesia refractory or the alumina
refractory 1s further covered with a stainless steel tube
(hereinafter referred to as the “sheathed Chermocouple"). The
sheathed thermocouple 13 is further covered with the

protecting tube 12 formed of the molybdenum-zirconia (MoZrO,)

refractory having the chemical composition as

..11....
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described above. The mica sleeve 15 1s provided above
the protecting tube 12 and ajacent thereto, so as to
surround an upper portion of the sheathed thermocouple
13. Furthermore, the stainless steel sleeve 14 1s
provlided so as to surround an upper portion of the
protecting tube 12 and the whole of the mica sleeve 15.
In addition, the heat i1nsulator 24 1s provided over the

outside of the stalnless steel sleeve 14.

A holder 26 comprising a stalnless steel tube 1s
provided above the temperature sensor 11, and a lower end
portion 21 of the holder 26 1s 1nserted into an upper end
portion of the temperature sensor 11. The cartridge type
temperature sensor 11 1s thus releasably and vertically
supported by means of the holder 26. An upper end
portion of the holder 26 1s provided with another

connector 27.

The sheathed thermocouple 13 covered with the
protecting tube 12 1s connected with the connector 16
comprising two copper wires 1n the housing 20 received 1n
the mica sleeve 15. The copper wires of the connector 16
are individually secured to the mica sleeve 15 as shown by
the thick lines 1n Fig. 3. The lower end portion 21 of
the holder 26 i1nserted 1nto the mica sleeve 15, which
forms the upper portion of the temperature sensor 11,
comprises, as shown in Fig. 6, an electric conductor 22

comprising copper and the like shown by the hatching and

_12__
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an electric 1i1nsulator 23.

When the protecting tube 12 is immersed into a melt by
actuating a 1lift not shown, a thermoelectromotive force
corresponding to temperature of the melt is detected by means
of the sheathed thermocouple 13 received in the protecting
tube 12, and temperature of the melt is determined by the

measuring i1nstrument 28 through the housing 20, the connector
16, the lower end portion 21 of the holder 26, and the

extension lead wire 25.

Since the cartridge-type temperature sensor 11 is
releasably connected with the lower end portion 21 of the
holder 26 through the connector 16, as described above, the
cartridge-type temperature sensor 11 having the protecting
tube 12 which 1s immersed into the melt, can easily be
replaced. The holder 26, including the lower end portion 21

thereof, can thus be used almost permanently.

Fig. 4 is a schematic vertical sectional view

1llustrating a second embodiment of the cartridge-type

temperature sensor of the immersion-type temperature measuring
apparatus of the present invention using a thermocouple for
measuring temperature of a melt such as a molten metal or a
molten slag; and Fig. 5 is a schematic vertical sectional view
1llustrating details of a portion indicated by “A" in the
cartridge-type temperature sensor of the second embodiment as

shown in Fig. 4. As shown in Figs. 4 and 5, the thermocouple

_13_
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13 of the cartridge-type temperature sensor 11 of the second
embodiment 1s covered with an alumina (Al.0,) refractory tube

18, except for a tip portion 19 of the thermocouple 13. As

required, furthermore, an alumina (Al.0,) refractory protecting

tube 17 1s provided, as shown in Fig. 5, between the

molybdenum-zirconia (Mo-Zr0,) refractory protecting tube 12 and

the alumina (Al.0,) refractory tube 18. The above-mentioned
protecting tube 12 may comprise an outer layer comprising the
molybdenum-zirconlia (Mo-Zr0O,) refractory, having the chemical

composition as described above, and an inner layer comprising

an alumina (Al,0,) refractory. The cartridge-type temperature

sensor 11 of the second embodiment as shown in Figs. 4 and 5

1s substantially identical with the cartridge-type temperature

sensor 11 as shown 1n Fig. 3, except for the difference

described above.

According to the above-mentioned immersion-type
Ctemperature measuring apparatus of the present invention, it
1s possible to carry out multiple runs of measurement of
temperature of a melt such as a molten metal or a molten slag
in a furnace such as an induction heating furnace for a long
period of time with the use of a single temperature sensor,

and to easily replace the temperature sensor.

Now, the lmmersion-type temperature measuring

...14._
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apparatus of the present i1nvention is described further 1n
detail by means of examples while comparing with

comparative examples.

EXAMPLES

There were prepared temperature sensors 11 within
the scope of the present invention as shown in Figs. 4 and
5 (hereinafter referred to as the "samples of the
invention") Nos. 1, 2 and 4, each of which comprised a
protecting tube 12 made of a molybdenum-zirconia (Mo-ZrO:)
refractory having a chemical composition within the scope
of the present invention as shown in Table 1 and having
dimensions i1ncluding a length of 80 mm, an outside
diameter of 6 mm and an inside diameter of 4 mm, a
thermocouple 13 comprising platinum and a platinum-
rhodium alloy and covered with an aluminum (Al.0,)
refractory tube 18 except for a tip portion 19 thereof,
and a stainless steel sleeve 14 having a length of 200

mm-.

In addition, there was prepared a temperature
sensor 11 within the scope of the present 1nvention as
shown 1in Fig. 3 (hereilnafter referred to as the "sample
of the invention") No. 3, which was substantially
identical with the samples of the i1nvention Nos. 1, 2 and
4 except that a sheathed thermocouple 13, the whole of

which was enveloped 1n a magnesia (MgO) refractory, and

__15__
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further covered with a stainless steel tube, was employed.

For comparison purposes, there were prepared
temperature sensors outside the scope of the present
invention (hereilnafter referred to as the "samples for
comparison") Nos. 5 and 6, each of which comprised a
protecting tube made of a molybdenum-zirconia (Mo-ZrO:)
refractory having a chemical composition outside the scope
of the present invention as shown 1n Table 1 and having
dimensions 1ncluding a length of 80 mm, an outside
diameter of 6 mm and an i1nside diameter of 4 mm, a
thermocouple comprising platinum and a platinum-rhodium
alloy and covered with an aluminum (Al.0,) refractory
tube except for a tip portion thereof, and a stailnless

steel sleeve having a length of 200 mm.

In addition, there was prepared a conventional
temperature sensor 1 outside the scope of the present
invention as shown Figs. 1 and 2 (hereilnafter referred to
as the "sample for comparison") No. 7, which comprised a
quartz glass protecting tube 6, a thermocouple 4, 5
comprising platinum and a platinum-rhodium alloy, and a

cap 10.

A plg 1iron 1ngot welghing 30 kg was melted i1n an
induction heating furnace, and each of the samples of the
invention Nos. 1 to 4 and the samples for comparison Nos.

5 to 7 was repeatedly 1mmersed 1nto the resultant molten

Pee MU SRAA T TR AN T A R £ 0 18 AR i b e s : :
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1,450°C to repeatedly measure temperature of the molten

pPlg 1ron.

1n an induction heating furnace, and each of the samples

of the 1nvention Nos. 1 to 4 and the samples for

comparison Nos.

resultant molten steel at a temperature within a range of

Then, a steel i1ngot welghing 30 kg was melted

5 to 7 was repeatedly i1mmersed into the

from 1,540 to 1,570°C to repeatedly measure temperature

of the molten steel.

Table 1.

during the service life represents an average over values

These results are also shown in

obtained from ten pieces of each sample.

In Table 1, the number of runs of measurement

Table
Sample of the Sample for
invention comparison
No.l | No.2 | No.3 | No.4 | No.5 | No.6 | No.7
-
.8§$ Molybdenum 50 75 75 90 3 97 -
'$4JEL_
S o
8‘§ zZirconia 50 25 25 10 97 3 -
q D -
3 8
£ o
5% Quartz glass = - = = - - 100
“ Molten pig
H 5 iron 282 | 310 | 209 | 113 9 28 1
E"O " 1,450°C )
L
.
44 g} —
5 38| Molten steel
% ‘”-E (1,540 - 200 211 153 87 12 21 1
5 é Q 1,570°C)

I 7T —
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As 1s clear from Table 1, in the sample for
comparison No. 7 of the prior art using the quartz glass
protecting tube, molten metal penetrated into the quartz
glass protecting tube after only a sngle run of
measurement for a short period of time, resulting in
break-down of the thermocouple. 1In the sample for
comparison No. 5, which had a low molybdenum content and a
high zlrconia content in the protecting tube made of the
molybdenum-zirconia refractory, both being outside the
scope of the present invention, as well as in the sample
for comparison No. 6, which had a high molybdenum content
and a low zirconia content in the protecting tube made of
the molybdenum-zirconia refractory, both being outside the
scope of the present invention, molten metal penetrated
1nto the protecting tube made of the molybdenum-zirconia
refractory after only a few runs of measurement, resulting

in break-down of the thermocouple in all cases.

In the samples of the invention Nos. 1 to 4, in
contrast, it was possible to carry out multiple runs of
measurement of temperature of a molten metal for a long
period of time in all cases. The samples of the invention

Nos. 1 to 4 gave a temperature measuring accuracy of

+ 4°C .

According to the immersion-type temperature
measuring apparatus of the present invention, as described

above 1n detail, it is possible to carry out multiple
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runs of measurement of temperature of a melt such as a
molten metal or a molten slag in a furnace such as an
induction heating furnace for a long period of time with
the use of a single temperature sensor, and to easily

replace the temperature sensor, thus providing many

industrially useful effects.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In an lmmersion-type temperature measuring apparatus

using a thermocouple for measuring temperature of a melt,

which comprises:

a replaceable cartridge-type temperature sensor (11) for
detecting a thermoelectromotive force corresponding to a
Cemperature of a melt, said temperature sensor (11) comprising
the thermocouple (13), a protecting tube (12), coverlng at
least a lower portion of said thermocouple (13), for

protecting said thermocouple (13) from said melt, and a

connector (16) ;

a holder (26) for releasably supporting said temperature

sensor (11):;

a measuring instrument (28) for processing said
thermoelectromotive force detected by said Cemperature sensor

(11) to determine the temperature of said melt: and

an extension lead wire (25), arranged through said holder
(26), for connecting said temperature sensor (11) with said
measuring instrument (28), said extension lead wire (25) beilng

connected with said temperature sensor (11) through said

connector (16);

-2 () -
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the 1mprovement wherein:

sald protecting tube (12), which protects said
thermocouple (13), comprises an outer layer and an inner layer

sald outer layer 1s formed of a molybdenum-zirconia (Mo-ZrO.,)

refractory which consists essentially of:

molybdenum (Mo) : from 20 to 95 wt.%,
and
zlrconlia (2rQ0,) : from 5 to 80 wt.%,

and sald 1lnner layer comprises an alumina (Al.,0,) refractory.

2. An 1mmersion-type temperature measuring apparatus as

claimed in Claim 1, wherein:

the whole of said thermocouple (13) is enveloped in any
one of a magnesia (MgO) refractory and an alumina (Al.0.)

refractory.

3. An i1mmersion-type temperature measuring apparatus as

claimed 1in Claim 2, wherein:

the whole of said thermocouple (13), which is enveloped in any
one of said magnesia (MgO) refractory and said alumina (Al.0,)

refractory, 1s further covered with a stainless steel tube.

_21_
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4, An immersion-type temperature measuring apparatus as

claimed in Claim 1, wherein:

said thermocouple (13) 1s covered wlth an alumina (Al.O;)
refractory tube (18), except for a tip portion (19) of said

thermocouple (13).

_22_
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