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(54) MOSI2 HEATING ELEMENT AND METHOD OF PRODUCING SAID HEATING ELEMENT

(57)  The present invention provides a U-shaped
MoSi, heating element comprising a columnar terminal
part at each end, a bent part, and a plate-shaped heat
generating part which connects the columnar terminal
parts and the bent part, wherein a cross-sectional area
of the bent part is greater than a cross-sectional area of
the plate-shaped heat generating part. The present in-
vention additionally provides a method of producing a
U-shaped MoSi, heating element, wherein a columnar
MoSi, raw material is bent into a U shape, and an area
to become a heat generating part is thereafter ground,
with a bent part left unground, to have a plate shape. The
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heat generating part having a flat surface has a large
area that is greater than a conventional rod shape, and
it is possible to yield the effects of improving the
heat-transfer efficiency of radiant energy, and realizing
energy saving and increasing isothermal properties in
comparison to a conventional rod-shaped heater. Fur-
thermore, as a result of not grinding the bent part, it is
possible to reduce the degradation of the U-shaped part
and suppress heat generation therefrom, and eliminate
temperature variation, whereby provided is an efficient
heating element having MoSi, as its main component.
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Columnar terminal part: From edge of aluminum sprayed part to end of inclined surface
Plate-shaped heat generating part: Part sandwiched between bent part and end of inclined surface of columnar terminal parts
Bent part: From start of inclined surface of one plate-shaped heat generating part to end of inclined surface on opposite side
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Description
[TECHNICAL FIELD]

[0001] The present invention relates to an integrated
MoSi, heating element in which the terminal part and the
heat generating part are formed from the same material
and which yields effects of being able to achieve greater
energy saving than conventional heaters and improve
isothermal properties, as well as to amethod of producing
such a heating element.

[0002] Note that the MoSi, plate-shaped heating ele-
ment used in the present specification includes a heating
element containing, as its main component, MoSi, that
is pure MoSi, or MoSi, with increased electrical resist-
ance by adding an insulating oxide, such as SiO,, to
MoSi, (normally, MoSi, is contained in an amount of 70
wt% or more).

[BACKGROUND ART]

[0003] Since a heating element containing molybde-
num disilicide (MoSi,) as its main component yields su-
perior oxidation-resistant characteristics, it was commer-
cialized from around the 1950s as an ultrahigh temper-
ature heating element for use particularly in the atmos-
phere or under an oxidizing atmosphere, and s stillwidely
used today. This heating element contains, as its main
component, MoSi, in an amount of 70 wt% or more.
[0004] Conventionally, with a heating element that is
widely used in various fields such as the glass industry
and ceramic calcination, as shown in Fig. 8, the heat
generating part (normally, the "heat generating part"
means the part (other than the terminal part) having a
narrow diameter which generates heat when applying
current) has a shape making a U (two-shank design),
and is mounted in a manner of being suspended in midair
from the ceiling or side wall of the furnace, and the max-
imum allowable working temperature of the furnace
reaches 1700 to 1800°C.

[0005] Today,the standard of acommercially available
U-shaped heater containing MoSi, as its main compo-
nentis as follows; namely, the wire diameters of the heat
generating part and the terminal part are respectively,
for example, ¢3/96, 4/99, p6/912, p9/018, or p12/¢24.
This is because, with a MoSi, heater, since the heat gen-
erating partand the terminal part basically have the same
composition, it is necessary to control the amount of heat
generation by changing the electrical resistance based
on the element wire diameter (cross-sectional area). Ac-
cordingly, when current is applied to the heater, the high
resistance part having a narrow diameter becomes a high
temperature and assumes the role as a heating unit, and
the low resistance part having a thick diameter suppress-
es heat generation and assumes the role as a terminal
part for keeping the feeding part to be a low temperature.
[0006] There are three modes of heat transfer; namely,
heat conduction, heat convection, and heat radiation, but
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it is said that the ratio of heat radiation from the heater
is high in the heat transfer to the object to be heat-treated
in aresistance heating furnace. The transmitted thermal
energy Q of radiant energy is expressed with the formula
of Q = o(T{4-T,*)+AF. Here, 'c’ represents the Stefan-
Boltzmann constant, and 'T," and 'T,’ represent the ab-
solute temperature and correspond to the absolute tem-
perature of the heater and the object to be heat-treated
in the resistance heating furnace. Furthermore, 'A’ rep-
resents the area, and 'F’ represents the view factor.
[0007] The view factor F is a numerical value repre-
senting the geometrical relation of two surfaces, and rep-
resents a value obtained by sum of the proportions of the
radiation that is emitted from all positions on one surface
and arrives at the other surface, and isindicated as 0 to 1.
[0008] Accordingly,inordertoincrease the transmitted
thermal energy Q of radiant energy to the object to be
heat-treated having the same surface area in a resist-
ance heating furnace, the absolute temperature of the
heater needs to be increased, or the view factor needs
to be increased. Nevertheless, when the absolute tem-
perature is increased, more power will be required by
that much, and there is no effect from the perspective of
energy saving.

[0009] Meanwhile, if it is possible to increase the ratio
of radiation emitted from the heater that reaches the ob-
ject to be heat-treated; that is, if it is possible to increase
the view factor, effective heat transfer to the object to be
heat-treated can be achieved and energy saving will be
achieved thereby.

[0010] Thus,the presentinventors considered increas-
ing the area of the heat generating part facing the object
to be heat-treated by changing the heat generating part
from a conventional rod-shaped (columnar shape) into a
plate shape while maintaining the cross-sectional area.
If the ratio of the heat generating part line width/terminal
part line width is increased from the conventional "0.44
to 0.50" to "0.7 to 1.0", the view factor should increase,
and the transmitted thermal energy of radiant energy
should increase even with the same surface temperature
of the heater. Thus, the present inventors filed a patent
application for this plate-shaped MoSi, heater. Never-
theless, when extruding a rod shape and thereafter heat-
ing and deforming the rod shape into a plate shape (see
Patent Document 1), it was extremely difficult to achieve
shape stability.

[0011] Furthermore, when extruding a belt shape
(plate shape) from the beginning, the terminal part would
also become a plate shape, and because there is a need
to review the structure of the furnace and specially pro-
cure accessories to be used around the terminal part, it
was extremely inconvenient to replace the heating ele-
ment from a conventional rod-shaped heater.

[0012] Furthermore, with the method of extruding the
heat generating part in a plate shape and bonding it with
a rod-shaped terminal part, there was a problem in that
the welding is unstable. Due to the foregoing circum-
stances, a heater demanded in recent years is a heater
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that has superior shape stability, is free from problems
of the welded part, and can be easily replaced with an
existing heater.

[0013] In order to enable the replacement with a con-
ventional product without changing the structure of the
furnace or the accessories used around the heater, the
terminal part needs to maintain its conventional rod
shape. Furthermore, the U-shaped pitch also needs to
be keptthe same as the commercially available standard.
Today, in a commercially available heater in which the
diameters of the heat generating part and the terminal
partare respectively 04/99, ¢6/¢12, or ¢9/918, the stand-
ard U-shaped pitch of the heat generating part is 25 mm
(¢4 material), 40 mm (¢6 material), and 50 mm (9 ma-
terial), respectively.

[0014] When attempting to bend this part through elec-
trical heating by using materials having a thick terminal
part; namely, 25 mm (¢9 material), 40 mm (@12 material),
and 50 mm (18 material), conventionally the wire would
break or, even if bent, the bent part would become
cracked and the processing was extremely difficult, and
thus such processing was not performed. Furthermore,
even ifit was possible to bend the material into a U shape,
it is difficult for the bent part to be placed on the same
flat surface, and if the heat generating part is ground as
is, there will be variation in the thickness, and it was dif-
ficult to produce a heater capable of uniform heat gen-
eration.

[0015] Accordingly, the Applicant filed a patent appli-
cation for an improved invention (see Patent Document
2). The foregoing points have been previously described
in Patent Document 2, but since they are problems that
arealsocommoninthe presentinvention, they have been
once again described by way of precaution.

[0016] A U-shaped heater is produced by heating a
MoSi, material to a high temperature to soften it, and
thereafter bending it. Here, the bent part is subject to
compressive force at the inner part and tensile force at
the outer part, and the bent partis in a state with residual
strain. This is particularly notable when the diameter of
the base material is thick and the U-shaped pitch is nar-
row.

[0017] Inthe case of aheaterthatis produced by bend-
ing a MoSi,, which has the same diameter as the terminal
part, into a U shape, and grinding the heat generating
part into a plate shape, the foregoing production condi-
tions will apply, and itis likely that the bent part will have
residual strain. And when the heater is used in this kind
of state, there are problems in that it is likely that the bent
part with residual strain will break, or the bent part will
become warped backward/forward, and this will consid-
erably influence the life of the heater.

[0018] Furthermore, when the heat generating part is
of a plate shape as described above, it is configured to
have a width that is substantially the same as the terminal
part in order to improve the radiation efficiency. Here, the
inner part and the outer part of the bent part will be subject
to a distance difference in the current path (= difference
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in resistance value). This will lead to a temperature dif-
ference between the inner part and the outer part of the
bent part. In other words, the temperature distribution will
be high at the inner part and low at the outer part, and
the uniform heating characteristics of the heater will de-
teriorate.

[0019] In light of the foregoing points, the present in-
ventors provide a further improved heating element com-
prising MoSi, and a method of producing such a heating
element.

[CITATION LIST]
[PATENT DOCUMENTS]
[0020]

[Patent Document 1] JP 3947661 B
[Patent Document 2] JP 2011-090801 A

[SUMMARY OF INVENTION]
[TECHNICAL PROBLEM]

[0021] The present invention is an integrated MoSi,
based heating element in which the columnar terminal
part and the plate-shaped heat generating part are
formed from the same material, and provides a U-shaped
heater (MoSi, based heating element), wherein a rod-
shaped wire is bent in a U shape through electrical heat-
ing, and thereafter subject to grinding, and only the
straight part thereof is used as the plate-shaped heat
generating part. Accordingly, since the bent part is not
used as the heat generating part, the bent part will not
generate heat, or the generation of heat from the bent
part can be suppressed, and it is thereby possible to re-
duce the degradation of such part of the heater and obtain
characteristics without any temperature variation.

[SOLUTION TO PROBLEM]

[0022] In order to achieve the foregoing object, the
present invention provides a U-shaped heating element
comprising MoSi, and a method for producing the same,
as claimed.

[0023] Specifically, the present invention provides:

1) A U-shaped heating element comprising MoSi,,
the heating element comprising a columnar terminal
part at each end, a bent part, and a plate-shaped
heat generating part which connects the columnar
terminal parts and the bent part, wherein a cross-
sectional area of the bent partis greater than a cross-
sectional area of the plate-shaped heat generating
part.

2) The heating element according to 1), wherein the
bent part is of a columnar shape.

3) The heating element according to 1) or 2), wherein
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one surface of the plate-shaped heat generating part
comprises a ground surface.

4) The heating element according to 1) or 2), wherein
both surfaces of the plate-shaped heat generating
part comprise a ground surface.

5) The heating element according to any one of 1)
to 4), wherein a plate width of the plate-shaped heat
generating part is smaller than a diameter of the co-
lumnar terminal parts.

6) The heating element according to 5), wherein one
lateral side of the plate-shaped heat generating part
has a plate width that is narrower than the diameter
of the columnar terminal at each end.

7) The heating element according to 5), wherein both
lateral sides of the plate-shaped heat generating part
have a plate width that is narrower than the diameter
of the columnar terminal at each end.

8) The heating element according to any one of 1)
to 7), wherein a part of the columnar terminal part
and/or a part of the bent part comprises an inclined
surface formed via grinding.

9) A method of producing a U-shaped heating ele-
ment comprising MoSi,, wherein a columnar MoSi,
raw material is bent into a U shape, and an area to
become a heat generating part is thereafter ground,
with a bent part left unground, to have a plate shape.
10)The method of producing a heating element ac-
cording to 9), wherein a cross-sectional area of the
bent part is greater than a cross-sectional area of
the plate-shaped heat generating part.

11)The method of producing a heating element ac-
cording to 9) or 10), wherein the unground bent part
is of a columnar shape.

12)The method of producing a heating element ac-
cording to 9), 10) or 11), wherein, in the process of
grinding the area to become the heat generating part
after bending the columnar MoSi, raw material into
a U shape, grinding is started from one side of a
curved surface of a MoSi, column, and the area is
processed so that one surface of the plate-shaped
heat generating part have a flat surface and another
surface of the plate-shaped heat generating part re-
mains to have a columnar curved surface.

13)The method of producing a heating element ac-
cording to 9), 10) or 11), wherein, in the process of
grinding the area to become the heat generating part
after bending the columnar MoSi, raw material into
a U shape, both sides of a curved surface of a MoSi,
column are ground, and the area is processed so
that both surfaces of the plate-shaped heat gener-
ating part connecting the bent part and the columnar
terminal parts have a flat surface.

14)The method of producing a heating element ac-
cording to any one of 9) to 13), wherein one lateral
side or both lateral sides of the plate-shaped heat
generating part connecting the bent part and the co-
lumnar terminal parts are ground so as to have a
plate width that is narrower than a diameter of the
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columnar terminal part at each end.

15)The method of producing a heating element ac-
cording to any one of 9) to 14), wherein a part be-
tween the bent part and the plate-shaped heat gen-
erating part, and a part between the plate-shaped
heat generating part and the columnar terminal part
at each end, are processed into an inclined surface
via grinding.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0024] The present invention is a U-shaped MoSi,
based heating element (heater), which comprises a co-
lumnar terminal part at each end, a bent part, and a plate-
shaped heat generating part connecting the columnar
terminal parts and the bent part, and can be used with
higher efficiency in comparison to conventional heaters.
As evidentfrom the above, the presentinvention provides
a flat heater in which the bent part is not ground to be
flat, and only the straight part of the U shape is ground
and used as the heat generating part.

[0025] Accordingly, since the bent part is not subject
to grinding, the bent part will not generate heat, or the
generation of heat from the bent part can be suppressed,
and it is thereby possible to reduce the degradation of
such part of the heater and obtain characteristics without
any temperature variation.

[BRIEF DESCRIPTION OF DRAWINGS]
[0026]

[Fig. 1] This is a schematic diagram showing an ex-
ample of a conventional integrated MoSi, plate-
shaped heating element in which a columnar termi-
nal part and a plate-shaped heat generating part are
formed from the same material, wherein the heat
generating part has a plate shape and the terminal
part has a columnar shape.

[Fig. 2] This is a schematic diagram showing a rep-
resentative example of the U-shaped MoSi, heating
element of the present invention comprising a co-
lumnar terminal part at each end, a bent part, and a
plate-shaped heat generating part which connects
the columnar terminal parts and the bent part.

[Fig. 3] This is a schematic diagram of a U-shaped
MoSi, heating element having a columnar terminal
part at each end, a bent part, and a plate-shaped
heat generating part which connects the columnar
terminal parts and the bent part, wherein the plate-
shaped heat generating part which connects the co-
lumnar terminal parts and the bent part has a plate
width that is narrower than the diameter of the co-
lumnar terminal part at each end.

[Fig. 4] This is a schematic diagram showing a rep-
resentative example of a U-shaped MoSi, heating
element having a columnarterminal partateach end,
a bent part, and a plate-shaped heat generating part
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which connects the columnar terminal parts and the
bent part, wherein both surfaces of the plate-shaped
heat generating part which connects the columnar
terminal parts and the bent part have a flat surface
(see cross-section views - both the upper and lower
surfaces in cross-section are flat).

[Fig. 5] This is a schematic diagram showing a rep-
resentative example of a U-shaped MoSi, heating
element having a columnar terminal partateach end,
a bent part, and a plate-shaped heat generating part
which connects the columnar terminal parts and the
bent part, wherein both surfaces of the plate-shaped
heat generating part which connects the columnar
terminal parts and the bent part have a flat surface
(see cross-section views - both the upper and lower
surfaces in cross-section are flat), and the plate-
shaped heat generating part has a plate width that
is narrower than the diameter of the columnar termi-
nal part at each end.

[Fig. 6] This is a photograph showing the electrical
heating state of a conventional MoSi, plate-shaped
heating element in which a columnar terminal part
and a plate-shaped heat generating part are formed
from the same material, wherein the heat generating
part has a plate shape and the terminal part has a
columnar shape.

[Fig. 7] This is a photograph showing the electrical
heating state of the U-shaped MoSi, heating element
of the present invention comprising a columnar ter-
minal part at each end, a bent part, and a plate-
shaped heat generating part which connects the co-
lumnar terminal parts and the bent part.

[Fig. 8] This is a schematic diagram showing a heat
generating part and a terminal part of a standard U-
shaped heater.

[DESCRIPTION OF EMBODIMENTS]

[0027] In order to produce the MoSi, plate-shaped
heating element of the presentinvention, foremost, araw
material powder of the heating element is mixed with a
binder, and the mixture is extruded from a mold to obtain
a columnar compact (green). Subsequently, after per-
forming degreasing, the raw material powder is sintered
via primary sintering and electrical sintering, and a co-
lumnar heating element base material, which is dense
and yields favorable straightness, is thereby prepared.
[0028] The structure of the columnar terminal part is
the same as conventional products, and an electrode part
may be formed at the tip of the columnar terminal part at
each end. Accordingly, electricity can be supplied using
commercially available accessories.

[0029] In this example, a raw material powder of the
heating element is mixed with a binder, and the mixture
is extruded from a mold to obtain a columnar compact
(green). Nevertheless, it should be easy to understand
that the method of producing the columnar compact to
be used as the raw material is not necessarily limited to
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the extrusion method so as long as a columnar compact
can be obtained. For example, a columnar compact can
also be obtained via press molding. Any raw material
may be used so as long as a precise sintered compact
with high density can be obtained.

[0030] The thus prepared columnar heating element
base material may be subject to electrical heating and
bentunder a high temperature. After the columnar MoSi,
heating element base material is bent into a U shape at
a predetermined pitch, the part (straight part of the U
shape) between the columnar terminal part at each end
and the bent part, other than the columnar terminal part
at each end and the bent part, is subject to grinding to
form the plate-shaped heat generating part. In other
words, the U-shaped MoSi, heating element of the
present invention has a structure comprising 1) a colum-
nar terminal part at each end, 2) a bent part, and 3) a
plate-shaped heat generating part which connects the
columnar terminal parts and (to) the bent part. Specifi-
cally, the columnar terminal part is from the edge of the
aluminum sprayed part to the end of the inclined surface,
the plate-shaped heat generating part is from the end of
the inclined surface of the columnar terminal part to the
start of the inclined surface of the bent part, and the bent
part is from the start of the inclined surface of the plate-
shaped heat generating part on one side to the end of
the inclined surface on the other side.

[0031] Note that the plate-shaped heat generating part
is not limited to a configuration where both surfaces of
the heat generating part have a flat surface, and also
includes a configuration where only one surface is a flat
surface, and the other surface is a curved surface (sem-
icircular column shape).

[0032] Fig. 2 shows a MoSi, heating element in which
only one surface, other than the lateral sides, of the plate-
shaped heat generating part which connects the colum-
nar terminal parts and the bent part has a flat surface. In
other words, only one surface was subject to grinding.
Since the bent part of the MoSi, heating element was
not subject to grinding and does not have a flat surface
shape, the cross-section area of the bent part becomes
greaterthan the cross-section area of the heat generating
part, and the heat generation of this part is extremely
small, and only the plate-shaped heat generating part is
the primary part that generates heat. Thus, the degrada-
tion of the bent part is small and, consequently, charac-
teristics without any temperature variation can be ob-
tained.

[0033] Incidentally, a conventional MoSi, heating ele-
ment is shown in Fig. 1 for comparison. In Fig. 1, the bent
part is also subject to grinding and thereby has a flat
shape. Thus, there are problems in that the degradation
of the bent part of a plate shape becomes severe, and a
temperature variation will arise.

[0034] Fig. 3 shows a MoSi, heating element in which
one lateral side of the plate-shaped heat generating part
which connects the bent part and the columnar terminal
parts is ground to have a plate width that is narrower than
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the diameter of the columnar terminal at each end. In the
foregoing case, as with Fig. 2, only one surface, other
than the lateral sides, of the plate-shaped heat generat-
ing part which connects the bent part and the columnar
terminal parts has a flat surface, and the bent part was
not subject to grinding and does not have a flat surface
shape. Therefore, the heat generation of this part is ex-
tremely small, and only the plate-shaped heat generating
part is the primary part that generates heat. Thus, as with
Fig. 2, the degradation of the bent part is small and, con-
sequently, characteristics without any temperature vari-
ation can be obtained.

[0035] Fig. 4 shows a MoSi, heating element in which
both surfaces of the plate-shaped heat generating part
which connects the bent part and the columnar terminal
parts have a planar surface (flat surface). In the foregoing
case also, as with Fig. 2, both surfaces, other than the
lateral sides, of the plate-shaped heat generating part
which connects the bent part and the columnar terminal
parts have aflatsurface, and the bent part was not subject
to grinding and does not have a flat surface shape. There-
fore, the heat generation of this part is extremely small,
and only the plate-shaped heat generating part is the
primary part that generates heat. Thus, as with Fig. 2,
the degradation of the bent partis small and, consequent-
ly, characteristics without any temperature variation can
be obtained.

[0036] Fig. 5 shows a MoSi, heating element in which
both lateral sides of the plate-shaped heat generating
part which connects the bent part and the columnar ter-
minal parts are ground to have a plate width that is nar-
rower than the diameter of the columnar terminal part at
each end, and both surfaces of the plate-shaped heat
generating part which connects the bent part and the
columnar terminal parts have a flat surface. In the fore-
going case also, as with Fig. 2, both surfaces, other than
the lateral sides, of the plate-shaped heat generating part
which connects the bent part and the columnar terminal
parts have aflatsurface, and the bent part was not subject
to grinding and does not have a flat surface shape. There-
fore, this part does not generate heat, and the plate-
shaped heat generating part is the only part that gener-
ates heat. Thus, as with Fig. 2, the degradation of the
bent partis small and, consequently, characteristics with-
out any temperature variation can be obtained.

[0037] Furthermore, as needed, the part between the
bent part and the plate-shaped heat generating part, and
the part between the plate-shaped heat generating part
and the columnar terminal part at each end, may be proc-
essed to be aninclined surface via grinding. Consequent-
ly, the thermal gradient between the respective parts will
become moderate, and it is possible to yield the effect of
alleviating the burden on the heating element and ex-
tending the life of the heating element.

[EXAMPLES]

[0038] The Examples of the present invention are now
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explained. Note that these Examples are provided for
facilitating the understanding of the invention, and it
should be understood that the present invention is not
limited to the ensuing Examples.

(Example 1)

[0039] A MoSi, powder and a SiO, powder were
weighed at a ratio of 94:6 wt%), and mixed and pulverized
with a pulverizer to obtain an average grain size of 2 to
5 wm. A binder in an amount of 10 wt% was added there-
to, and mixed with a mixer. Subsequently, the mixture
was moldedinto a rod shape using an extruding machine,
and this was thereafter subject to degreasing and sinter-
ing under an argon atmosphere. This was removed from
the furnace and subject to electrical sintering in the at-
mosphere to obtain a rod material having a diameter (o)
of 9 mm.

[0040] Subsequently, the obtained rod material was
set in a U-shape bender, and heated to 1500 to 1550°C
by applying current, and thereafter bent into a U shape
having a pitch of 25 mm. A straight part (40 mm), starting
from a point that is 20 mm from the tip of the bent part,
was ground at a depth of 6.3 mm from one side, and the
thickness of that part was made to be 2.7 mm to form a
heat generating part. Note that, based on the foregoing
grinding, the ratio of the cross-section area of the bent
part and the columnar terminal part (original rod material)
and the cross-section area of the heat generating part
(ground part) was caused to be 4:1, but this ratio may
also be roughly 3:1. Furthermore, the boundary of the
columnar terminal part and the heat generating part was
ground to have an inclined surface.

[0041] Finally, aluminum was thermally sprayed to the
end of each columnar terminal part to complete the prod-
uct. Fig. 2 shows the structure of this Example. Fig. 7
shows a state where current is supplied to the heater to
generate heat. It is evident that, as intended, the bent
part is not generating heat.

(Example 2)

[0042] A rod material having a diameter (¢) of 9 mm
which was produced in the same manner as Example 1
was set in a U-shape bender, and heated to 1500 to
1550°C by applying current, and thereafter bentintoa U
shape having a pitch of 25 mm. The inner side and the
outer side of the straight part were respectively ground,
at a depth of 0.5 mm, at a length of 67 mm from the tip
of the bent part. As a result of grinding both of the inner
side and the outer side, the relation of the width of the
columnar terminal part and the width of the heat gener-
ating part will be "columnar terminal part > heat gener-
ating part". Furthermore, as a result of grinding both of
the inner side and the outer side, effects are yielded in
that the edges of the heat generating part in the width
direction will not become an acute angle, and thus will
not chip easily.
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[0043] Subsequently, a straight part (40 mm), starting
from a point that is 20 mm from the tip of the bent part,
was ground at a depth of 6.2 mm from one side, and the
thickness of that part was made to be 2.8 mm to form a
heat generating part. Note that, based on the foregoing
grinding, the ratio of the cross-section area of the colum-
nar terminal part (original rod material) and the cross-
section area of the heat generating part (ground part)
was caused to be 4:1, but this ratio may also be roughly
3:1. Furthermore, the boundary of the columnar terminal
part and the heat generating part was ground to have an
inclined surface. Finally, aluminum was thermally
sprayed to the end of each columnar terminal partto com-
plete the product. Fig. 3 shows the structure of this Ex-
ample.

(Example 3)

[0044] A rod material having a diameter (¢) of 9 mm
which was produced in the same manner as Example 1
was set in a U-shape bender, and heated to 1500 to
1550°C by applying current, and thereafter bentinto a U
shape having a pitch of 25 mm. A straight part (40 mm),
starting from a point that is 20 mm from the tip of the bent
part, was ground at a depth of 3.5 mm from both sides,
and the thickness of that part was made to be 2.0 mm to
form a heat generating part. Since grinding was per-
formed from both sides at the same depth, the width of
the columnar terminal part and the width of the heat gen-
erating part will be the same. Note that, based on the
foregoing grinding, the ratio of the cross-section area of
the columnar terminal part (original rod material) and the
cross-section area of the heat generating part (ground
part) was caused to be 4:1, but this ratio may also be
roughly 3:1. Furthermore, the boundary of the columnar
terminal part and the heat generating part was ground to
have aninclined surface. Finally, aluminum was thermal-
ly sprayed to the end of each columnar terminal part to
complete the product. Fig. 4 shows the structure of this
Example.

(Example 4)

[0045] A rod material having a diameter (¢) of 9 mm
which was produced in the same manner as Example 1
was set in a U-shape bender, and heated to 1500 to
1550°C by applying current, and thereafter bent into a U
shape having a pitch of 25 mm. Only the outer side of
the U shape was ground, at a depth of 3.5 mm, atalength
of 65 mm from the tip of the bent part, and the width of
the heat generating part was caused to be narrower than
the width of the columnar terminal part. Subsequently, a
straight part (40 mm), starting from a point that is 20 mm
from the tip of the bent part, was ground at a depth of 3.0
mm from both sides, and the thickness of that part was
made to be 3.0 mm to form a heat generating part. Note
that, based on the foregoing grinding, the ratio of the
cross-section area of the columnar terminal part (original
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rod material) and the cross-section area of the heat gen-
erating part (ground part) was caused to be 4:1, but this
ratio may also be roughly 3:1. Furthermore, the boundary
of the columnar terminal part and the heat generating
part was ground to have an inclined surface. Finally, alu-
minum was thermally sprayed to the end of each colum-
nar terminal part to complete the product. Fig. 5 shows
the structure of this Example.

(Comparative Example 1)

[0046] A rod material having a diameter (¢) of 9 mm
which was produced in the same manner as Example 1
was set in a U-shape bender, and heated to 1500 to
1550°C by applying current, and thereafter bentintoa U
shape having a pitch of 25 mm. A part at a length of 100
mm from the tip of the bent part was ground at a depth
of 6.3 mm from one side, and the thickness of that part
was made to be 2.7 mm to form a heat generating part.
Since grinding is performed only from one side, the re-
lation of the width of the columnar terminal part and the
width of the heat generating part will be "columnar ter-
minal part > heat generating part". Based on this grinding,
the ratio of the cross-section area of the columnar termi-
nal part (original rod material) and the cross-section area
of the heat generating part (ground part) was caused to
be 4:1. Furthermore, the boundary of the columnar ter-
minal part and the heat generating part was ground to
have an inclined surface.

[0047] Finally, aluminum was thermally sprayed to the
end of each columnar terminal part to complete the prod-
uct. Fig. 1 shows the structure of this Comparative Ex-
ample. Furthermore, Fig. 6 shows a state where current
is supplied to the heater to generate heat. Upon compar-
ing the bent part and the straight part, the tip of the bent
part is dark. This shows that the temperature of the tip
of the bent part is low, and that there is a temperature
variation in the heat generating part. Furthermore, upon
observing the state of the heating element after heating
it to a furnace temperature of 1500°C and cooling it to
room temperature, there was a problem in that the tip of
the bent part was warped toward the furnace side.

[INDUSTRIAL APPLICABILITY]

[0048] The present invention is a U-shaped MoSi,
based heating element comprising a columnar terminal
part at each end, a bent part, and a plate-shaped heat
generating part which connects the columnar terminal
parts and the bent part, wherein a cross-section area of
the bent part is greater than a cross-section area of the
plate-shaped heat generating part. Furthermore, the
present invention is a method of producing a U-shaped
MoSi, based heating element, wherein a columnar MoSi,
raw material is bent into a U shape, and a straight part
is ground, with a bent part left unground, to have a flat
surface, and used as the heat generating part.

[0049] Asdescribed above, with the presentinvention,
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since the bent part of the U-shaped MoSi, based heating
element is not ground, the bent part will not generate
heat, or the generation of heat from the bent part can be
suppressed, and it is thereby possible to reduce the deg-
radation of such part of the heater, uniformly radiate and
heat the object to be heat-treated, and obtain character-
istics without any temperature variation. Accordingly,
high temperature heating with low energy is enabled, and
the present invention is particularly useful as a heater for
use in an electrical furnace or the like.

[DESCRIPTION OF REFERENCE NUMERALS]
[0050]

: Columnar terminal part

: Plate-shaped heat generating part

: Inclined surface formed via grinding

: Bent part

: Ground surface (flat surface)

: Unground surface (columnar curved surface)

: Structure capable of connecting to feeding part
(aluminum sprayed part)

8: Lateral side grinding

NOoO O Bs WN =

[0051] When used in this specification and claims, the
terms "comprises" and "comprising" and variations there-
of mean that the specified features, steps or integers are
included. The terms are not to be interpreted to exclude
the presence of other features, steps or components.
[0052] The featuresdisclosed inthe foregoing descrip-
tion, or the following claims, or the accompanying draw-
ings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method
or process for attaining the disclosed result, as appropri-
ate, may, separately, or in any combination of such fea-
tures, be utilised for realising the invention in diverse
forms thereof. In particular, one or more features in any
of the embodiments described herein may be combined
with one or more features from any other embodiments
described herein.

Claims

1. A U-shaped heating element comprising MoSi,, the
heating element comprising a columnar terminal part
at each end, a bent part, and a plate-shaped heat
generating part which connects the columnar termi-
nal parts and the bent part, wherein a cross-sectional
area of the bent part is greater than a cross-sectional
area of the plate-shaped heat generating part.

2. The heating element according to claim 1, wherein
the bent part is of a columnar shape.

3. The heating element according to claim 1 or 2,
wherein one surface of the plate-shaped heat gen-
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10.

1.

12.

13.

erating part comprises a ground surface.

The heating element according to claim 1 or 2,
wherein both surfaces of the plate-shaped heat gen-
erating part comprise a ground surface.

The heating element according to any one of claims
1 to 4, wherein a plate width of the plate-shaped heat
generating part is smaller than a diameter of the co-
lumnar terminal parts.

The heating element according to claim 5, wherein
one lateral side of the plate-shaped heat generating
part has a plate width that is narrower than the di-
ameter of the columnar terminal at each end.

The heating element according to claim 5, wherein
both lateral sides of the plate-shaped heat generat-
ing part have a plate width that is narrower than the
diameter of the columnar terminal at each end.

The heating element according to any one of claims
1 to 7, wherein a part of the columnar terminal part
and/or a part of the bent part comprises an inclined
surface formed via grinding.

A method of producing a U-shaped heating element
comprising MoSi,, wherein a columnar MoSi, raw
material is bent into a U shape, and an area to be-
come a heat generating part is thereafter ground,
with a bent part left unground, to have a plate shape.

The method of producing a heating element accord-
ing to claim 9, wherein a cross-sectional area of the
bent part is greater than a cross-sectional area of
the plate-shaped heat generating part.

The method of producing a heating element accord-
ing to claim 9 or 10, wherein the unground bent part
is of a columnar shape.

The method of producing a heating element accord-
ing to claim 9, 10 or 11, wherein, in the process of
grinding the area to become the heat generating part
after bending the columnar MoSi, raw material into
a U shape, grinding is started from one side of a
curved surface of a MoSi, column, and the area is
processed so that one surface of the plate-shaped
heat generating part have a flat surface and another
surface of the plate-shaped heat generating part re-
mains to have a columnar curved surface.

The method of producing a heating element accord-
ing to claim 9, 10 or 11, wherein, in the process of
grinding the area to become the heat generating part
after bending the columnar MoSi, raw material into
a U shape, both sides of a curved surface of a MoSi,
column are ground, and the area is processed so



14.

15.
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that both surfaces of the plate-shaped heat gener-
ating part connecting the bent part and the columnar
terminal parts have a flat surface.

The method of producing a heating element accord-
ing to any one of claims 9 to 13, wherein one lateral
side or both lateral sides of the plate-shaped heat
generating part connecting the bent part and the co-
lumnar terminal parts are ground so as to have a
plate width that is narrower than a diameter of the
columnar terminal part at each end.

The method of producing a heating element accord-
ing to any one of claims 9 to 14, wherein a part be-
tween the bent part and the plate-shaped heat gen-
erating part, and a part between the plate-shaped
heat generating part and the columnar terminal part
at each end, are processed into an inclined surface
via grinding.

10

15

20

25

30

35

40

45

50

55

16



EP 3 200 558 A1

[Fig. 1]
2 Plate-shaped heat generating part
1 Columnar terminal part 7 Structure capable of connecting to feeding
art (aluminum sprayed part)
4 Bent part )/ /
g < y 4 1
>5 Ground surface (flat surface)
4
5 Ground surface (flat surface)
3 Inclined surface f{n;i/ia grinding /
\ 6 Unground surface \ 6 Unground surface
(columnar curved surface) (columnar curved surface)
Conventional Structure
[Fig. 2]

2 Plate-shaped heat generating part

1 Columnar terminal part 7 Structure capable of connecting to feeding

art (aluminum sprayed part)
4 Bent part / /

5 Ground surface (flat surface)

\5 Unground surface \6 Unground surface

{cglumnar curved surface) {columnar curved surface)

| | l
4 Bentpart 2 Plate-shaped 1 Columnar terminal part
heat generating
part

Columnar terminal part: From edge of aluminum sprayed part to end of inclined surface
Plate-shaped heat generating part: Part sandwiched between bent part and end of inclined surface of columnar terminal parts
Bent part: From start of inclined surface of one plate-shaped heat generating part to end of inclined surface on opposite side

Structure of Example 1

10
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[Fig. 3]

2 Plate-shaped heat generating part

§ Lateral side grindng 1 Columnar terminal part

, I

D

4 Bent part

grinding

3 Inclined surface formed via grinding

\6 Unground surface
(columnar curved surface)

Structure of Example 2

[Fig. 4]

2 Plate-shaped heat generating part
1 Columnar terminal part

4 Bent part » , »
‘ D)

\ >5 Ground surface (flat surface)
N il D)

3 Inclined surface formed via grindng

Structure of Example 3

[Fig. 5]
2 Plate-shaped heat generating part
1 Columnar terminal part

8 Lateral side grinding
4 Bent part

M

,25 Ground surface (flat surface)

S

7 Structure capable of connecting to feeding

/part (aluminum sprayed part)

8 Lateral side™5 Ground surface (flat surface)

5 Grond surface (flat surface)

ol

\ 6 Unground surface

(columnar curved surface)

7 Structure capable of connecting to feeding part
aluminum sprayed part)

5 Ground surface (flat surface)

Ground surface (flat surface)

7 Structure capable of connecting to feeding part
(aluminum sprayed part)

5 Ground surface (flat surface)

Ground surface (flat surface)

Structure of Example 4

1"
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[Fig. 6]

Electrical Heating State of Comparative Example 1

[Fig. 7]

Electrical Heating State of Example 1

[Fig. 8]

Welded part

Heat generating

part Terminal part

Terminal part: From edge of aluminum sprayed part to welded part near end of inclined surface
Heat generating part: Part sandwiched between welded parts

Standard U-shaped Heater

12
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