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(54) VERTICAL MUFFLE TYPE HEAT TREATING FURNACE

(57) In a vertical muffle-type heat treating furnace
including: a vertically disposed muffle allowing metal
strips to be led therein from an upper side to a lower side
thereof; a heating zone for heating, from the outside of
the muffle, the metal strips passed through the muffle;
and a cooling zone disposed at place downstream from
the muffle with respect to a moving direction of the metal
strips and serving to cool the heated metal strips, the
muffle has its upper end fixed to place whereas an ex-
tendable muffle elongation adjusting zone is provided
which maintains a space between a lower end of the
muffle and the cooling zone in a sealed state.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a vertical muf-
fle-type heat treating furnace. More particularly, the in-
vention relates to a vertical muffle-type heat treating fur-
nace comprising: a vertically disposed muffle allowing
metal strips to be led therein from an upper side to a
lower side thereof; a heating zone for heating, from the
outside of the muffle, the metal strips passed through
the muffle; and a cooling zone disposed at place down-
stream from the muffle with respect to a moving direction
of the metal strips and serving to cool the heated metal
strips, the furnace characterized by being designed to
readily accommodate the elongation of the heated muf-
fle.

BACKGROUND ART

[0002] The vertical muffle-type heat treating furnaces
have conventionally been used for annealing the metal
strips such as of stainless steel.
[0003] In such a vertical muffle-type heat treating fur-
nace, the muffle is vertically disposed with its upper end
fixed to place, whereas the heating zone is provided for
heating the muffle from the outside thereof. The metal
strips are led into the muffle from a lower side to an up-
per side thereof such that the metal strips passed
through the muffle may be heated in the aforesaid heat-
ing zone. The metal strips thus heated are cooled in the
cooling zone disposed on an upper side with respect to
the muffle, whereby the metal strips are annealed. In
some cases, the aforesaid cooling zone may include a
slow cooling zone for slowly cooling the metal strips.
[0004] In such a vertical muffle-type heat treating fur-
nace, the muffle has its upper end fixed to place, as de-
scribed above. When the muffle is heated to about 900
to 1200° C in the aforesaid heating zone, the muffle is
thermally expanded and is also elongated downwardly
by gravity. The muffle is particularly raised in tempera-
ture at an upper part thereof because the metal strips
are heated as led through the muffle from the lower side
to the upper side thereof. Hence, the muffle is elongated
so much as to encounter plastic deformation. This leads
to a progressive increase of the length of the muffle.
[0005] More recently, Published Japanese Transla-
tion of PCT International Publication for Patent Applica-
tion No.2000-508712 has proposed a vertical muffle-
type heat treating furnace which includes the vertically
disposed muffle having its lower end fixed to place, and
the heating zone for heating the muffle from the outside
of the muffle. The metal strips are led through the muffle
from the upper side to the lower side thereof. The metal
strips are heated in the heating zone as passed through
the muffle. The metal strips thus heated are cooled in
the cooling zone disposed on a lower side with respect
to the muffle, whereby the metal strips are annealed.

[0006] Unfortunately, in the case where the muffle has
its lower end fixed place, as described above, the muffle
fails to be elongated properly upwardly when heated to
900 to 1200°C in the heating zone. This results in the
buckling of the muffle.
[0007] In this connection, the furnace disclosed in the
aforementioned publication is provided with support
means for pulling upward the upper end of the muffle.
The support means pulls the muffle upwardly thereby
preventing the muffle from buckling.
[0008] However, the provision of the support means
for pulling upward the upper end of the muffle results in
a complicated construction of the furnace and thence,
in increased costs. In addition, it is difficult to provide a
proper control of the force of the above support means
pulling upward the upper end of the muffle. If the tensile
force of the support means is too great, the muffle is
excessively elongated upwardly so that the plastic de-
formation results. If, on the other hand, the tensile force
of the support means is too small, the muffle buckles.

DISCLOSURE OF THE INVENTION

[0009] It is an object of the invention to solve the
aforementioned problems encountered by the vertical
muffle-type heat treating furnace used for annealing the
metal strips such as of stainless steel.
[0010] The invention is directed to a vertical muffle-
type heat treating furnace adapted to readily accommo-
date the elongation of a heated muffle, the furnace com-
prising the vertically disposed muffle allowing metal
strips to be led therein from an upper side to a lower side
thereof; a heating zone for heating, from the outside of
the muffle, the metal strips passed through the muffle;
and a cooling zone disposed at place downstream from
the muffle with respect to a moving direction of the metal
strips and serving to cool the heated metal strips.
[0011] According to the invention, the vertical muffle-
type heat treating furnace comprises: a vertically dis-
posed muffle allowing metal strips to be led therein from
an upper side to a lower side thereof; a heating zone
forheating , from the outside of the muffle, the metal
strips passed through the muffle; and a cooling zone dis-
posed at place downstream from the muffle with respect
to a moving direction of the metal strips and serving to
cool the heated metal strips, and is characterized in that
the muffle has its upper end fixed to place and that an
extendable muffle elongation adjusting zone is provided
which maintains a space between a lower end of the
muffle and the cooling zone in a sealed state. In some
cases, the aforesaid cooling zone may include a slow
cooling zone for slowly cooling the metal strips. In the
case where the muffle has its upper end fixed to place
as suggested by the vertical muffle-type heat treating
furnace according to the invention, the muffle is elon-
gated downward when the metal strips are heated in the
heating zone as led through the muffle from the upper
side to the lower side thereof. Thus, the muffle is pre-
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vented from buckling, which occurs in the case where
the muffle has its lower end fixed to place.
[0012] The vertical muffle-type heat treating furnace
according to the invention is provided with the extenda-
ble muffle elongation adjusting zone which, as de-
scribed above, maintains the space between the lower
end of the muffle and the cooling zone in the sealed
state. Therefore, the elongation of the muffle, which is
elongated downward as described above, is accommo-
dated by the muffle elongation adjusting zone. Further-
more, the muffle elongation adjusting zone also pre-
vents a flammable gas containing a hydrogen gas from
leaking out of the muffle. In addition, the muffle elonga-
tion adjusting zone also prevents the heated metal strips
from being oxidized as exposed to the outside air or the
like.
[0013] The vertical muffle heat treating furnace ac-
cording to the invention negates the need for providing
the support means for pulling upward the upper end of
the muffle and for performing the difficult task to control
the tensile force of the support means for properly elon-
gating the muffle upwardly, the need stated in the afore-
mentioned publication. Thus, the furnace of the inven-
tion is adapted to readily accommodate the elongation
of the heated muffle.
[0014] In the vertical muffle-type heat treating furnace
according to the invention, the extendable muffle elon-
gation adjusting zone which maintains the space be-
tween the lower end of the muffle and the cooling zone
in the sealed state may be arranged as follows, for ex-
ample. A ring-like container having a predetermined
depth for containing therein a water-free fluid may be
provided on the cooling zone. On the other hand, the
muffle is provided with a cylindrical closing member ex-
tended downwardly from the lower end thereof. The
closing member is inserted in the fluid held in the con-
tainer thereby maintaining the space between the lower
end of the muffle and the cooling zone in the sealed
state. Alternatively, a heat-resistant connecting member
formed of an extendable bellows may be disposed be-
tween the lower end of the muffle and the cooling zone,
such that the connecting member may maintain the
space between the lower end of the muffle and the cool-
ing zone in the sealed state.
[0015] According to the vertical muffle-type heat treat-
ing furnace of the invention, the muffle elongation ad-
justing zone may preferably be provided with a cooling
device for cooling the muffle elongation adjusting zone
or with a heat insulating member for preventing the muf-
fle elongation adjusting zone from being heated, such
as to prevent the water-free fluid in the muffle elongation
adjusting zone from being evaporated due to heat or to
prevent the heat-resistant connecting member from be-
ing deteriorated by heat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig.1 is a schematic sectional view illustrating a ver-
tical muffle-type heat treating furnace according to
an embodiment of the invention;
Fig.2 is a sectional view illustrating a construction
of a muffle elongation adjusting zone in a vertical
muffle-type heat treating furnace according to Em-
bodiment 1 of the invention; and
Fig.3 is a sectional view illustrating a construction
of a muffle elongation adjusting zone in a vertical
muffle-type heat treating furnace according to Em-
bodiment 2 of the invention.

BEST MODES FOR CARRYING OUT THE INVENTION

[0017] A vertical muffle-type heat treating furnace ac-
cording to an embodiment of the invention will herein-
below be described in details with reference to the ac-
companying drawings. It is noted that the vertical muffle-
type heat treating furnace according to the invention is
not limited to the following embodiments and may be
practiced in modifications or variations as required, so
long as such modifications or variations do not deviate
from the scope of the invention.

(Embodiment 1)

[0018] In a vertical muffle-type heat treating furnace
according to Embodiment 1 of the invention, as shown
in Fig.1, metal strips 2 guided through a guide path 1
are led into a muffle 11 via an upper end thereof, the
muffle filled with a reducing gas such as a hydrogen gas.
In the muffle 11, the above metal strips 2 are moved from
an upper side to a lower side of the muffle.
[0019] The muffle 11 is provided with a heating zone
12 around an outer periphery thereof, the heating zone
equipped with heating means (not shown) such as a
burner. The heating zone 12 heats, from the outside of
the muffle 11, the aforesaid metal strips moved through
the muffle 11 from the upper side to the lower side there-
of. The aforesaid metal strips 2 are heated to about 850
to 1150°C.
[0020] The metal strips 2 thus heated are led into a
cooling zone 20 via an extendable muffle elongation ad-
justing zone 30 provided in a manner to maintain a
space between the aforesaid muffle 11 and the cooling
zone 20 in a sealed state. In the cooling zone 20, the
metal strips 2 are cooled so as to be annealed. Inciden-
tally, the cooling zone 20 may include a slow cooling
zone (not shown) for slow cooling of the metal strips 2.
[0021] According to the vertical muffle-type heat treat-
ing furnace of Embodiment 1, as shown in Fig.1, a flange
13 is assembled to the upper end of the muffle 11. Via
the flange 13, the upper end of the muffle 11 is fixed to
place by way of fixing means 14, so that the muffle 11

3 4



EP 1 498 502 A1

4

5

10

15

20

25

30

35

40

45

50

55

is suspended. That is, an arrangement is made such
that the muffle 11 may be elongated downwardly when
the metal strips 2 passing through the muffle 11 are
heated in the heating zone 12, as described above.
[0022] In the vertical muffle-type heat treating furnace
of Embodiment 1, as shown in Fig.2, there are provided,
as the aforesaid extendable muffle elongation adjusting
zone 30 for sealing the space between the muffle 11 and
the cooling zone 20, a ring-like container 32 having a
predetermined depth for containing therein a water-free
fluid 31 and disposed on the cooling zone 20; and a cy-
lindrical closing member 34 attached to a lower end of
the muffle 11 via a flange 33 and extended downwardly
from the flange. The closing member 34 is inserted in
the aforesaid fluid 31 contained in the container 32
thereby sealing the space between the lower end of the
muffle 11 and the cooling zone 20. The aforesaid water-
free fluid 31 may be any fluid that does not affect a dew
point of an interior of the muffle 11. The fluid 31 may
employ, for example, commonly used turbine oil or the
like, which is circulated with cooling.
[0023] In the vertical muffle-type heat treating furnace
of Embodiment 1, a ring-like cooling wall 35 of water
cooling system is provided on an inside circumferential
side with respect to the cylindrical closing member 34,
the wall extending downwardly from the flange 33 at-
tached to the lower end of the muffle 11. The cooling
wall serves the purpose of preventing the water-free flu-
id 31 from evaporating due to a raised temperature of
the aforesaid muffle elongation adjusting zone 30. Fur-
thermore, an inside circumferential portion constituting
the aforesaid container 32 is also formed of a similar
cooling wall 32a of water cooling system.
[0024] According to the vertical muffle-type heat treat-
ing furnace of Embodiment 1, when the metal strips 2
are heated via the muffle 11 by the heating zone 12 while
being moved through the muffle 11 from the upper side
to the lower side thereof as described above, the muffle
11 is elongated downwardly thus moving the closing
member 34 attached to the lower end of the muffle 11
downwardly in the fluid 31 contained in the container 32.
Thus, the elongation of the muffle 11 is accommodated
by the muffle elongation adjusting zone 30, so that the
muffle 11 is prevented from buckling. When the muffle
11 is elongated downwardly, as described above, the
closing member 34 attached to the lower end of the muf-
fle 11 is merely moved downward in the fluid 31 con-
tained in the container 32. Hence, the space between
the lower end of the muffle 11 and the cooling zone 20
is maintained in the sealed state, so that the heated met-
al strips 2 are prevented from being oxidized as exposed
to the outside air or the like.
[0025] In addition, the vertical muffle-type heat treat-
ing furnace of Embodiment 1 is adapted to suppress the
temperature rise of the muffle elongation adjusting zone
30 in the aforementioned manner and hence, the evap-
oration of the water-free fluid 31 is prevented. It is thus
ensured that the furnace is operated in a stable manner

over an extended period of time.

(Embodiment 2)

[0026] A vertical muffle-type heat treating furnace of
Embodiment 2 is arranged the same way as the vertical
muffle-type heat treating furnace of Embodiment 1, ex-
cept that the extendable muffle elongation adjusting
zone 30 for sealing the space between the muffle 11 and
the cooling zone 20 differs from that of the vertical muf-
fle-type heat treating furnace of Embodiment 1.
[0027] In the vertical muffle-type heat treating furnace
of Embodiment 2, a heat-resistant connecting member
36 formed of an extendable bellows, as the aforesaid
muffle elongation adjusting zone 30, is provided be-
tween the lower end of the muffle 11 and the cooling
zone 20, as shown in Fig. 3. The space between the
lower end of the muffle 11 and the cooling zone 20 is
maintained in the sealed state by means of the connect-
ing member 36.
[0028] In the vertical muffle-type heat treating furnace
of Embodiment 2, as well, a ring-like cooling wall 37 of
water cooling system is provided on an inside circum-
ferential side with respect to the connecting member 36
as extended upwardly from the cooling zone 20, where-
as the ring-like cooling wall 35 of water cooling system
is disposed on an inside circumferential side with re-
spect to the cooling wall 37 as extended downwardly
from the flange 33 attached to the lower end of the muffle
11. The cooling walls serve the purpose of preventing
the deterioration of the heat-resistant connecting mem-
ber 36 due to the raised temperature of the muffle elon-
gation adjusting zone 30.
[0029] According to the vertical muffle-type heat treat-
ing furnace of Embodiment 2, when the metal strips 2
are heated via the muffle 11 by the heating zone 12 while
being moved through the muffle 11 from the upper side
to the lower side thereof as described above, themuffle
11 is elongated downwardly thereby contracting the
heat-resistant connecting member 36. Thus, the elon-
gation of the muffle 11 is accommodated by the muffle
elongation adjusting zone 30, so that the muffle 11 is
prevented from buckling. Furthermore, the space be-
tween the lower end of the muffle 11 and the cooling
zone 20 is maintained in the sealed state by the heat-
resistant connecting member 35, so that the heated
metal strips 2 are prevented from being oxidized as ex-
posed to the outside air or the like.

INDUSRICAL APPLICABILITY

[0030] According to the invention as described above,
the vertical muffle-type heat treating furnace including:
the vertically disposed muffle allowing the metal strips
to be led therein from the upper side to the lower side
thereof; the heating zone for heating, from the outside
of the muffle, the metal strips passed through the muffle;
and the cooling zone disposed at place downstream
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from the muffle with respect to the moving direction of
the metal strips and serving to cool the heated metal
strips, has the arrangement wherein the upper end of
the muffle is fixed to place. Therefore, the muffle is elon-
gated downwardly when the metal strips within the muf-
fle are heated by the heating zone while being passed
through the muffle from the upper side to the lower side
thereof. In contrast to the case where the lower end of
the muffle is fixed to place, the furnace of the invention
does not encounter the buckling of the muffle.
[0031] In addition, the vertical muffle-type heat treat-
ing furnace according to the invention is provided with
the muffle elongation adjusting zone which is free to ex-
tend or contract and maintains the space between the
lower end of the muffle and the cooling zone in the
sealed state. When the muffle is elongated downwardly,
therefore, the elongation of the muffle is readily accom-
modated by the above muffle elongation adjusting zone,
which also prevents the flammable gas containing ahy-
drogen gas in the muffle from leaking outside. In addi-
tion, it is ensured that the heated metal strips are pre-
vented from being oxidized as exposed to the outside
air or the like.

Claims

1. A vertical muffle-type heat treating furnace compris-
ing: a vertically disposed muffle allowing metal
strips to be led therein from an upper side to a lower
side thereof; a heating zone for heating, from the
outside of the muffle, the metal strips passed
through the muffle; and a cooling zone disposed at
place downstream from said muffle with respect to
a moving direction of the metal strips and serving
to cool said heated metal strips, wherein said muffle
has its upper end fixed to place and wherein an ex-
tendable muffle elongation adjusting zone is provid-
ed which maintains a space between a lower end
of the muffle and the cooling zone in a sealed state.

2. A vertical muffle-type heat treating furnace as
claimed in Claim 1, wherein said muffle elongation
adjusting zone includes: a ring-like container having
a predetermined depth for containing therein a wa-
ter-free fluid and disposed on said cooling zone;
and a cylindrical closing member disposed at the
lower end of said muffle as extended downwardly
therefrom, the closing member inserted in the fluid
contained in said container thereby maintaining the
space between the lower end of said muffle and said
cooling zone in the sealed state.

3. A vertical muffle-type heat treating furnace as
claimed in Claim 1, wherein said muffle elongation
adjusting zone is a heat-resistant connecting mem-
ber comprising an extendable bellows disposed be-
tween the lower end of said muffle and said cooling

zone.

4. A vertical muffle-type heat treating furnace as
claimed in any one of Claims 1 to 3, further com-
prising a cooling device for cooling said muffle elon-
gation adjusting zone.

5. A vertical muffle-type heat treating furnace as
claimed in any one of Claims 1 to 4 , further com-
prising a heat insulating member for preventing said
muffle elongation adjusting zone from being heated.
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