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ABSTRACT

The invention provides an apparatus for measuring the temperature of a molten bath
comprising a) a refractory mounting sleeve ( 1,1') having an outer surface (2) for
contacting the molten bath and an inner cavity (3), said inner cavity having an inner
surface (4), an outer opening (6) and an inner closed end (5); and b) an optical
pyrometer (7) attached to the mounting sleeve and adapted to measure the thermal
radiation emitted by a measurement zone (10) located inside the inner cavity of the
mounting sleeve and under the molten bath level. The inner cavity outer opening (6)
is adapted to receive fixedly the optical pyrometer (7). The apparatus is characterized
in that the mounting plate (8) is adapted to engage in a complementary recess
located at the inner cavity outer opening (6) of the mounting sleeve (1,1'). Thereby,
the accuracy and reproducibility of the measure is greatly increased.
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Pyrometer.

Description.

[0001] The present invention relates to an apparatus for measuring the temperature of
a molten bath, to a refractory mounting sleeve for use in such an apparatus and to a
particular assembly of an optical pyrometer with a refractory tube.

[0002] A molten bath, for example a molten metal bath can have a temperature of up
to 1800°C or higher, and often needs to be monitored closely and accurately in order
for many reactions or operations in the molten bath to be properly controlled.
Normally, such an environment is destructive for thermocouples or other monitoring
type-devices.

[0003] Radiation pyrometry, more commonly called optical pyrometry, measures the
temperature of a substance by measuring the thermal radiation emitted by the
substance. Thermal radiation is a universal property of matter that is present at any
temperature above absolute zero. For optical pyrometry, the useful part of the thermal
radiation emitted by most substances is continuous over a spectral range of
approximately 0.3 to 20 ym. This spectral range encompasses the ultraviolet (UV)
radiation, up to 0.38 pm; the visible (VIS) range, from 0.38 to 0.78 um; and the
infrared (IR) radiation, from 0.78 to 20 um. IR radiation is further divided into three
segments, near IR (0.78 to 3 ym), middle IR (3 to 6 um) and far IR (above 6 um). The
distribution of the thermal radiation of a substance over the spectral range is a
function of both the temperature and emissivity of the substance. Higher
temperatures shift the distribution toward the shorter wavelengths. Higher emissivity
increases the thermal radiation at a given temperature, whereas lower emissivity
reduces the thermal radiation at the same temperature. Optical pyrometry utilises the
radiating and propagating properties of matter to ascertain the temperature of a
substance by measuring the intensity of the thermally radiated UV, VIS or IR energy of
the substance.

[0004] In a known method, an optical monitoring device (optical pyrometer) is placed
above the molten bath to measure the bath temperature. However, the temperature
can be difficult to measure because an insulating slag layer is generally present over
the molten bath and acts as a shield for the optical monitoring device. Further, dust
can be generated in the space above the slag layer and can partially block the optical
measuring device, thereby providing an inaccurate measurement of the temperature of
the bath.

[0005] USP 5,302,027 discloses an apparatus for measuring the temperature of a
molten bath which eliminates part of the problems discussed above. This apparatus
comprises

a) a refractory mounting sleeve having an outer surface for contacting the molten bath
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and an inner cavity, said inner cavity having an inner surface, an outer opening and
an inner closed end; and

b) an optical pyrometer located on the top of the mounting sleeve and adapted to
measure the thermal radiation emitted by a measurement zone located inside the inner
cavity of the mounting sleeve and under the molten bath level. This apparatus is
partially immersed in a molten bath. The principle of the measurement method using
this apparatus is based on the fact that the thermal radiation emitted by the refractory
material used as mounting sleeve is linked to the temperature of the molten bath. The
refractory mounting sleeve acts as a shield that thermally protects the optical
pyrometer, but also allows the measures to be made in a measurement zone located
under the insulating slag layer, deep into the molten bath level.

[0006] Applicant has observed that the temperatures measured with such an
apparatus were less than accurate. Therefore, a need still exists for a new apparatus
for accurately and closely measuring the temperature of a molten bath.

[0007] Applicant has also established that in use, the apparatus is subject to such
vibrations and shocks that the zone where the measure is read (i.e. the target or
measurement zone) by the optical pyrometer moves inside the inner cavity so that
accurate and reliable measures cannot be performed. Having recognised the problem,
applicant has designed a new refractory sleeve adapted to receive fixedly the optical
pyrometer so that this problem is overcome.

[0008] According to the invention, this objective is reached with an apparatus for
measuring the temperature of a molten bath comprising

a) a refractory mounting sleeve having an outer surface for contacting the molten bath
and an inner cavity, said inner cavity having an inner surface, an outer opening and
an inner closed end; and

b) an optical pyrometer attached to the mounting sleeve and adapted to measure the
thermal radiation emitted by a measurement zone located inside the inner cavity of the
mounting sleeve and under the molten bath level, characterised in that the inner cavity
outer opening is adapted to receive fixedly the optical pyrometer.

[0009] The mounting sleeve and the optical pyrometer must have co-operating means
to prevent relative movement of the pyrometer during its use so that the measurement
zone is substantially always located in the same zone in the inner cavity and,
consequently, the measure is more reliable.

[0010] Therefore, according to the invention, the co-operating means preventing the
relative movement of the pyrometer during its use comprise a mounting plate of the
optical pyrometer adapted to engage in a complementary recess located at the inner
cavity outer opening of the mounting sleeve.

[0011] The invention also relates to a refractory mounting sleeve for use in an

apparatus for measuring the temperature of a molten bath, having an outer surface for



10

15

20

25

30

35

WO 03/029771 PCT/BE02/00148

3
contacting the molten bath and an inner cavity, said inner cavity having an inner
surface, an outer opening and an inner closed end located under the molten bath level,
the inner cavity outer opening being adapted to receive fixedly an optical pyrometer.
According to the invention, the refractory mounting sleeve comprises a recess located
at the outer opening of the inner cavity adapted to receive fixedly the optical pyrometer
so that all relative movements thereof are eliminated. Consequently, the refractory
mounting sleeve solves the above problem which was due to vibrations and shocks
causing the measurement zone of the optical pyrometer to move inside the inner cavity
so that accurate and reliable measures could not be performed.
[0012] According to a particularly preferred variant of the invention, the recess is
frustoconical.
[0013] According to another embodiment of the invention, the inner cavity is straight
so that, should the measurement zone move, the risk of having the said measurement
zone located, for example on a shoulder in the inner cavity is eliminated. Itis of course
to be understood that this straightness feature does not apply to the inner cavity outer
opening zone which, as indicated above, can be recessed.
[0014] Advantageously, the inner closed end of the inner cavity is substantially
comprised in a plane perpendicular to a longitudinal axis of the mounting sleeve. In
such a case, the inner closed end can provide a measurement zone which is
substantially homogeneous, and, consequently, the temperature measurement is
extremely accurate and reliable.
[0015] According to a variant of the last embodiment, the inner closed end is
substantially spherical. The curvature of the inner closed end is preferably calculated
so that the distance between the measurement zone and the optical pyrometer remains
substantially constant, even in case of minute displacement of the optical pyrometer.
[0016] The applicant has also observed that another source of inaccuracy in the
measurement can be due to the emission of fumes or other volatile compounds by the
refractory material when brought to the temperature of use. These fumes or other
volatile compounds can condense on the optical pyrometer (generally on the sighting
tube), blocking thereby, fully or partially the measuring ability. In certain cases, the
emission of fume or other volatile compounds also led to serious damages of the optical
pyrometer. Therefore, according to a preferred embodiment, the refractory mounting
sleeve is designed to avoid or limit the emission of fumes or other volatile compounds.
[0017] Conventional refractory materials used for the manufacture of protective sleeves
for temperature-measuring devices are generally copressed and comprised of 45 to 70
weight % of alumina and 55 to 30 weight % of carbon. The shaped material is then fired
at a temperature comprised between 800 and 1100°C. This material shows excellent
thermal-shock, chemical and corrosion-resistance.
[0018] Although commonly used for conventional pyrometry, in use, this material
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produces important fumes or other volatile compounds emission and cannot be reliably
used in optical pyrometry.

[0019] According to a particular aspect of the invention, the material constituting the
mounting sleeve is fired at a temperature above 1200°C and preferably around the
temperature of use of the material, reducing thereby dramatically the fumes or other
volatile compounds emission while keeping the excellent resistance of the material.
[0020] According to a preferred variant, the refractory mounting sleeve comprises a
refractory tube incorporated into the inner cavity. The refractory tube is preferably at
least partly comprised of a material which completely eliminates the fume or other
volatile compounds emission problems. Preferably, the material is gas-tight so that the
ingress of volatile compounds or others fumes through the walls of the tubes are avoided.
Suitable materials comprise alumina based materials such as corundum or mullite (for
example the ZY. ALOX™ tubes from the company VESUVIUS Mc DANNEL), zirconia (for
example the ZYAZIRC™ tubes from the company VESUVIUS Mc DANNEL), pure
graphite, silica, molybdenum and the like. Preferably, the tube walls are thin enough, for
example between 0.5 and 5 mm, to avoid increasing the response-time of the
temperature-measurement. It is also advantageous that the tube fits closely the inner
cavity of the mounting sleeve to avoid the formation of an insulating layer between the
outer surface of the tube and the inner surface of the mounting sleeve. In a variant, a
heat-conducting cement can be used to secure the tube in the inner cavity.

[0021] The refractory tube can be inserted or copressed \mth the mounting sleeve. The
insertion of the tube is preferred as it permits re-using the tube.

[0022] According to yet another of its aspect, the invention relates to an assembly of a
tube and an optical pyrometer, the optical pyrometer being set to measure the thermal
radiation emitted by a measurement zone located inside the tube and the tube being
adapted to be inserted into an inner cavity of a refractory mounting sleeve. Such an
assembly is extremely advantageous since, beside the problem of low reliability due to the
problem of gas or fumes emission, the assembly, which can be pre-mounted and only
needs to be inserted into the refractory mounting sleeve, reduces tremendously the on-
site necessary hand-work. Further, the assembly can be easily reused when the
refractory mounting sleeve is worn.

[0023] Preferably, the assembly comprises means allowing the control of the atmosphere
inside the tube. For example, the tube or the optical pyrometer may have a gas exhaust
outlet allowing to remove, reduce or replace the atmosphere comprised inside the tube.
[0024] Advantageously, at least in the measurement zone, a material with a high
emissivity at the temperature of use is present (such as very pure graphite} increasing
thereby the accuracy of the temperature measurement. This material can be present
as a pastille at the inner closed end of the inner cavity or of the tube.

[0025] To facilitate a better understanding of the invention, it will now be described
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5
with reference to the figures illustrating particular embodiments of the invention,
without however limiting the invention in any way.
[0026] In these figures,

- figure 1 shows a schematic view of an apparatus for measuring the temperature ofa
molten bath comprising a mounting refractory sleeve according to a first embodiment
of the invention;

- figure 2 shows a schematic view of an apparatus for measuring the temperature ofa
molten bath comprising a mounting refractory sleeve according to a second
embodiment of the invention;

- figure 3 shows a schematic view of a tube which can be inserted in the mounting
sleeve such as the one depicted at figure 2;

- figure 4 shows a schematic view of a mounting sleeve with a tube inserted therein

- figure 5 shows an assembly of an optical pyrometer and a tube.

[0027] Visible on figures 1, 2 and 4 are the refractory mounting sleeves 1, 1' having an
outer surface 2 adapted to contact a molten bath, for example a molten metal bath and
an inner cavity 3. The inner cavity 3 has an inner surface 4, a closed inner end 5 and
an outer opening 6. The outer opening 6 is adapted to receive fixedly an optical
pyrometer 7. The optical pyrometer is schematically depicted at figure 1 and 2. It
comprises a mounting plate 8 designed to engage into a corresponding recess present
at the outer opening 6 of the inner cavity 3 and a sighting tube 9 engaged into the
inner cavity 3. The pyrometer 7 can be connected to a processor through wires or
cables (not shown).

[0028] In the embodiment shown on figures 1 and 2, the measurement zone 10
substantially coincides with the inner closed end 5 of the mounting sleeve. The
straightness of the inner cavity 3 prevents inaccuracy of the measure which could be
due to misalignment of the sighting tube 9.

[0029] In the embodiment depicted at figure 4, a tube 11 made from an alumina based
material is inserted into the refractory mounting sleeve 1'. The material constituting
the tube does not contain volatile materials, so that the emission of fumes is prevented
and the time-life of the sighting tube is largely extended.

[0030] The tube 11 depicted at figure 3 can also be inserted into a mounting sleeve. It
comprises in the measurement zone 10, a pastille 12 of a material selected for its
excellent emissivity properties, for example ultra-pure graphite.

[0031] Figure 5 shows an assembly of an optical pyrometer 7' and a tube 11. The
assembly can be easily and quickly inserted into a refractory mounting sleeve 1' (not
visible on figure 5) so that on-site handwork is reduced. In the embodiment shown,
the sighting tube 9 of the optical pyrometer is engaged into the tube 11. A gas-tight
connection can be obtained with conventional sealant (not shown). The optical
pyrometer 7' is set to measure the temperature in the measurement zone 10.
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Advantageously, the optical pyrometer 7' comprises a mounting plate 8' adapted to
engage into a corresponding recess located at the outer opening 6 of the refractory
mounting sleeve 1'.

[0032] References:

Refractory mounting sleeve

Outer surface

Inner cavity

Inner surface

Inner closed end

Outer opening

Pyrometer

Mounting plate

Sighting tube
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Claims.

. Apparatus for measuring the temperature of a molten bath comprising

a) a refractory mounting sleeve (1,1') having an outer surface (2) for contacting the
molten bath and an inner cavity (3), said inner cavity having an inner surface 4),
an outer opening (6) adapted to receive fixedly an optical pyrometer (7) and an
inner closed end (5); and

b) an optical pyrometer (7) attached to the mounting sleeve (1,1') and comprising a
mounting plate (8), the optical pyrometer being adapted to measure the thermal
radiation emitted by a measurement zone (10) located inside the inner cavity (3) of
the mounting sleeve and under the molten bath level, characterised in that the
mounting plate (8) is adapted to engage in a complementary recess located at the

inner cavity outer opening (6) of the mounting sleeve (1,1').

Refractory mounting sleeve (1,1') for use in an apparatus for measuring the
temperature of a molten bath, having an outer surface (2) for contacting the molten
bath and an inner cavity (3), said inner cavity having an inner surface (4), an outer
opening (6) adapted to receive fixedly an optical pyrometer (7) and an inner closed
end (5) located under the molten bath level; characterised in that the inner cavity
outer opening (6) comprises a recess located at the outer opening (6) of the inner

cavity (3) adapted to receive fixedly the optical pyrometer (7).

Refractory mounting sleeve (1') according to claim 2, wherein the recess is

frustoconical.

Refractory mounting sleeve (1,1') according to any one of claims 2 or 3,

characterised in that the inner cavity (3) is straight.

. Refractory mounting sleeve (1,1') according to any one of claims 2 to 4,

characterised in that the refractory sleeve is comprised of a material that has been
fired at a temperature sufficient to avoid or reduce the emission of fumes or other

volatile compounds, preferably above 1400°C.

. Refractory mounting sleeve (1,1') according to any one of claims 2 to 5,

characterised in that a tube (11) is inserted into the inner cavity (3) of the refractory

sleeve.

. Refractory mounting sleeve (1,1') according to claim 6, characterised in that the

tube (11) is comprised of a material preventing or avoiding the emission of fumes or of
volatile compounds.

. Refractory mounting sleeve (1,1') according to claim 6 or 7, characterised in that
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the tube (11) is comprised of an alumina based material.

9. Refractory mounting sleeve (1,1') according to any one of claims 2 to 8,
characterised in that at least a part (12) of the inner cavity (3) or of the tube (11)
corresponding to a measurement zone (10), is comprised of a material with a high

emissivity.

10. Assembly of a tube and an optical pyrometer, the optical pyrometer being set to
measure the thermal radiation emitted by a measurement zone located inside the
tube and the tube being adapted to be inserted into an inner cavity of a refractory

mounting sleeve.
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