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(54) HEATING PROCESSING DEVICE

(57) The present invention provides a heat treatment
apparatus which can increase in size without leading to
a decrease in heat transfer performance. The heat treat-
ment apparatus (A) performs heat treatment of treatment
objects inside a cylindrical body (1) by heating the cylin-
drical body (1) rotating around an axis (O1), and the heat
treatment apparatus (A) includes a pair of movable sup-
port parts (4, 5) provided on both ends side along the
axis (O1) of the cylindrical body (1) so as to be able to

move along the axis (O1) and rotatably supporting the
cylindrical body (1) around the axis (O1), and a fixed sup-
port part (6) provided between the pair of the movable
support parts (4, 5) along the axis (O1) so as to be unable
to move along the axis (O1) and rotatably supporting the
cylindrical body (1) around the axis (O1), wherein the
cylindrical body (1) is supported by a three-point support
of the pair of the movable support parts (4, 5) and the
fixed support part (6).
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Description

Technical Field

[0001] The present invention relates to a heat treat-
ment apparatus in which a cylinder rotating around an
axis is heated and a treatment object inside the cylinder
is subjected to a heat treatment.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2011-206226, filed September 21, 2011, the con-
tents of which are incorporated herein by reference.

Background Art

[0003] Conventionally, when performing, for example,
drying, heating, and burning of a lime mud, foamable
minerals, ceramics raw material powder, or the like, py-
rolyzation of a rubber, a plastic waste, or the like, heat
treatment or gasification treatment of a sewage sludge,
a woody material, or the like, and carbonization of coal,
a rotary kiln is widely employed as the heat treatment
apparatus.
[0004] In a rotary kiln, there are an internal heating
rotary kiln which heats directly treatment objects by in-
jecting flame inside a cylindrical body (cylinder), which
is supplied with the treatment objects, by a burner, and
an external heating rotary kiln which heats a cylindrical
body from the outside thereof and heats indirectly treat-
ment objects through the cylindrical body. In addition,
one of the external heating rotary kiln has an outer cyl-
inder around the inner cylinder (cylindrical body) rotating
around an axis, the inner cylinder is heated from the out-
side thereof by which heating gas flows through the outer
cylinder, and the inner cylinder is rotated and performs
heat treatment while transferring the treatment objects
inside the inner cylinder (for example, refer to Patent Doc-
ument 1 and Patent Document 2).
[0005] In addition, for example, when low calorie ma-
terials (treatment objects) such as a sewage sludge, a
woody biomass and low grade coal are reformed to car-
bide having a large calorific value similar to coal by the
external heating rotary kiln (an external heating furnace
or an external heating carbonization furnace), the inner
cylinder is heated to a high temperature of 300 to 800°C,
and performs heat treatment to the treatment objects at
the condition of which oxygen is excluded. Thermal ex-
pansion and bending are occurred to the inner cylinder
by being heated at a high temperature as above. Thus,
conventionally, for example, in the inner cylinder, one
end side along the axis, which is the inlet port side of the
treatment objects, is rotatably supported around the axis
by a movable support part, which is able to move along
the axis, and the other end side along the axis, which is
the outlet port side of the treatment objects, is rotatably
supported around the axis by a fixed support part, which
is unable to move along the axis, and the inner cylinder
is provided so as to absorb the thermal expansion by the
moving of the movable support part along the axis.

[Prior Art Documents]

[Patent Documents]

[0006]

[Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. 2008-180451

[Patent Document 2] Japanese Patent Publication
No. 3101264

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0007] As the inner cylinder becomes longer, the
amount of the thermal expansion absorbed at the mov-
able support part becomes larger, and the amount of
bending in a vertical direction becomes larger. Thus, in
a conventional external heating rotary kiln (heating treat-
ment apparatus) as described above, by the occurrence
of this thermal expansion and bending, the inner cylinder
has a limitation in structure such that the diameter of the
inner cylinder is approximately 5 m and the length of the
inner cylinder is approximately 20 to 30 m, and therefore,
a further increase in size was difficult to achieve.
[0008] More specifically, when the inner cylinder is in-
creased in size, the amount of bending increases due to
thermal expansion, and thus, the thickness of the inner
cylinder is required to be thick accordingly. In addition,
conventionally, in the external heating rotary kiln, the
temperature of the inner cylinder reaches 300 to 800°C,
and thus, an inner cylinder is formed by using a special
alloy such as "INCOLOY (registered trademark)" or the
like. However, when the thickness of the special alloy
exceeds, for example, 40 mm, due to the increase in size,
ensuring the mechanical strength of the welded part at
high temperature is difficult, and there is a possibility of
posing a problem in long-term stable operation.
[0009] In addition, when the inner cylinder is increased
in size and the amount of bending increases due to ther-
mal expansion, the sealing property of a sliding part be-
tween the inner cylinder rotating around the axis and the
outer cylinder is difficult to ensure, and there is a possi-
bility of a decrease in heat transfer performance due to
an increase in the amount of air leaked.
[0010] In addition, when the diameter of the inner cyl-
inder exceeds 5 m, the impact force at the time the treat-
ment objects, which are agitated and mixed inside due
to the rotation of the inner cylinder, fall increases. Thus,
for example, in the external heating carbonization fur-
nace reforming a low-calorie materials of the treatment
objects to carbide having a large calorific value, the par-
ticle size reduction of the treatment objects is performed
in the inner cylinder, and the amount of carbide accom-
panied with pyrolytic gas significantly increases. As this
result, the yield of produced carbide is reduced, adhesion
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of dust in a duct of pyrolytic gas and blocking due to the
adhesion of the dust occurs, and the amount of fly ash
in the exhaust gas of the combusted pyrolytic gas is great-
ly increased. Furthermore, the amount of ash adhered
to the outer surface of the inner cylinder increases, and
heat transfer performance decreases.
[0011] The filling rate of the treatment objects inside
the inner cylinder is normally approximately 10 to 20%
and is constant, and when the filling rate is constant as
described above, the filling rate of the treatment objects
increases when the inner cylinder is increased in size. In
addition, heat transfer of the external heating rotary kiln
depends on the temperature difference between the in-
ner cylinder heated at a high temperature and the treat-
ment objects, and thus, when the inner cylinder is in-
creased in size, by the increase of the filling height of the
treatment objects, the degree of mixing, which is resulted
from the agitation by the inner cylinder, significantly de-
creases, and heat transfer performance is reduced.
Therefore, even if the inner cylinder is increased in size,
the production efficiency is reduced as a result, and thus,
the merit of an increase in size cannot be achieved.
[0012] From the problems in structure and in heat
transfer performance by the occurrence of thermal ex-
pansion and bending as described above, approximately
5 m of the diameter of the inner cylinder and approxi-
mately 20 to 30 m of the length of the inner cylinder are
the limitation in terms of structure, and attempting a fur-
ther increase in size is difficult. Thus, as reforming low-
calorie materials to carbide having a calorific value similar
to coal or the like, only the external heating rotary kiln in
which the amount of treating is approximately 100 t/day
in maximum has been commercialized in the present sit-
uation.
[0013] However, in recent years, in a background of
growing needs of greenhouse gases reduction, for ex-
ample, the needs of large-scale use, such as in coal-fired
power plants, have been increasing rapidly. In order to
meet this, a method of solving the problems in structure
and in heat transfer performance and of realizing a further
increase in size is highly desired.

Means for Solving the Problem

[0014] A heat treatment apparatus according to one
aspect of the present invention performs heat treatment
of treatment objects inside a cylindrical body by heating
the cylindrical body rotating around an axis, and the heat
treatment apparatus includes a pair of movable support
parts provided on both sides along the axis of the cylin-
drical body so as to be able to move along the axis and
rotatably supporting the cylindrical body around the axis,
and a fixed support part provided between the pair of the
movable support parts along the axis so as to be unable
to move along the axis and rotatably supporting the cy-
lindrical body around the axis, wherein the cylindrical
body is supported by a three-point support of the pair of
the movable support parts and the fixed support part.

[0015] In the present invention, both ends side of the
cylindrical body are supported by each of the movable
support parts, the middle part of the cylindrical body
which is between the pair of the movable support parts
is supported by the fixed support part, and the cylindrical
body is supported by a three-point support mechanism.
Accordingly, heat expansion of the cylindrical body oc-
curred between one movable support part of the movable
support parts and the fixed support part can be absorbed
by the one movable support part, and heat expansion of
the cylindrical body occurred between the other movable
support part of the movable support parts and the fixed
support part can be absorbed by the other movable sup-
port part.
[0016] In addition, by providing the fixed support in be-
tween the movable support parts of the both ends of the
cylindrical body, one side of the cylindrical body can be
supported by the fixed support part and one movable
support part of the movable support parts, the other side
of the cylindrical body can be supported by the fixed sup-
port part and the other movable support part. Thus, com-
pared with a case of a two-point support, which supports
the cylindrical body at both sides along the axis, the
present invention can suppress the amount of bending
that occurs to the cylindrical body to a small amount.
[0017] According to the above, for example, two cylin-
drical bodies having a length of approximately 20 to 30
m and a diameter of approximately 5 m in which the length
and the diameter are compatible in structure and in heat
transfer performance of the cylindrical bodies are con-
nected in series, the connecting part is supported by the
fixed support part, and both ends of each of cylindrical
bodies are supported by the movable support parts. Ac-
cordingly, even if the cylindrical body is increased in size,
the amount of thermal expansion and the amount of
bending can be suppressed to a similar extent to the con-
ventional amount. Thus, without changing the thickness
of the cylindrical body and without loss of sealing prop-
erties, that is, without leading to a decrease in heat trans-
fer performance, the cylindrical body can realize an in-
crease in size.
[0018] In the heat treatment apparatus according to
another aspect of the present invention, it is desirable
that the movable support parts and the fixed support part
rotatably support the cylindrical body with a bearing
mechanism.
[0019] According to the present invention, by the mov-
able support parts and the fixed support part, the influ-
ence of heat transfer can be reduced and the cylindrical
body can be rotatably supported around the axis reliably.
[0020] Furthermore, in the heat treatment apparatus
according to another aspect of the present invention, it
is desirable that in an inner surface of the cylindrical body,
a heat insulation part suppressing heat transfer from an
inside of the cylindrical body to an outside of the cylin-
drical body is provided in a region in which the fixed sup-
port part is provided.
[0021] According to the present invention, the temper-
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ature of the outer surface of the cylindrical body can be
maintained at a low temperature by the heat insulation
part. Thus, without being affected by the heat transfer,
the cylindrical body can be supported reliably by the fixed
support part.
[0022] In addition, however, even if the middle part
along the axis of the cylindrical body is supported by the
fixed support part, by providing the heat insulation part,
a lowering of temperature of the inside of the cylindrical
body at the part, which supports the cylindrical body by
the fixed support part, can be minimized, and a quality
loss of the treatment objects inside the cylindrical body
can be suppressed. In addition, by suppressing the low-
ering of temperature of the inside of the cylinder at the
part, which supports the cylindrical body by the fixed sup-
port, a condensation of tar can be prevented and a trouble
caused by a lowering of temperature can be reliably
avoided.
[0023] In addition, in the heat treatment apparatus ac-
cording to another aspect of the present invention, it is
desirable that the heat insulation part has a stretchable
portion configured to be able to stretch along the axis in
at least part of the heat insulation along the axis.
[0024] According to the present invention, thermal ex-
pansion can be absorbed by the movable support parts
provided at both ends along the axis of the cylindrical
body, and thermal expansion of the cylindrical body can
be absorbed by the stretchable portion of the heat insu-
lation part. Thus, thermal expansion of the cylindrical
body can be absorbed more reliably and effectively, and
the amount of bending that occurs in the cylindrical body
can be suppressed to a small amount.
[0025] Furthermore, in the heat treatment apparatus
according to another aspect of the present invention, the
cylindrical body may be configured by two cylindrical
members separated into two sections along the axis, and
the heat insulation part may be configured by at least two
heat insulation members fixed to each of the cylindrical
members.
[0026] According to the present invention, for example,
two cylindrical bodies (cylindrical members) of a conven-
tional rotary kiln having a length of approximately 20 to
30 m and a diameter of approximately 5 m in which the
length and the diameter are compatible in structure and
in heat transfer performance of the cylindrical bodies are
connected in series, the connecting part is supported by
the fixed support part, and both ends of each of cylindrical
bodies are supported by the movable support parts.
Thus, the cylindrical body can be increased in size easily
and economically.
[0027] In addition, the heat treatment apparatus ac-
cording to another aspect of the present invention may
be an external heating furnace.
[0028] According to the present invention, for example,
the external heating carbonization furnace, which re-
forms a low-calorie materials of the treatment-objects to
carbide having a large calorific value, such as an external
heating furnace (cylindrical body (inner cylinder) of an

external heating furnace), can be increased in size with-
out leading to a decrease in heat transfer performance.

Effects of the Invention

[0029] According to the heat treatment apparatus of
the present invention, both ends side of the cylindrical
body are supported by each of the movable support parts,
the part of the cylindrical body which is between the pair
of the movable support parts is supported by the fixed
support part, and the cylindrical body is supported by a
three-point support mechanism, thereby, by providing
the fixed support part in between the cylindrical bodies,
thermal expansion of one side of the cylindrical body and
the other side thereof can be absorbed by each of the
movable support parts. In addition, compared with a case
of a two-point support, which supports the cylindrical
body at both ends along the axis, the present invention
can suppress the amount of bending occurring in the cy-
lindrical body to a small amount.
[0030] Thus, even if the cylindrical body is increased
in size, an increase of the amount of thermal expansion
and the amount of bending can be suppressed to a similar
extent to the conventional amount, and without leading
to a decrease in heat transfer performance, the cylindrical
body can realize an increase in size.
[0031] In addition, the cylindrical body is supported by
a three-point support of the pair of the movable support
parts and the fixed support part, and the present invention
solves problems in structure and in heat transfer perform-
ance as described above, and can realize an increase in
size. Thus, for example, the external heating carboniza-
tion furnace, or the like, which reforms a low-calorie ma-
terials of the treatment-objects to carbide having a large
calorific value, increases an amount of treatment of the
treatment objects, can improve the production rate, and
can correspond to the needs of large-scale use, such as
in coal-fired power plants.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 shows a heat treatment apparatus (external
heating rotary kiln) according to one embodiment of
the present invention.
FIG. 2 shows an enlarged view of a portion S1 in
FIG. 1.
FIG. 3 shows an enlarged view of a portion S2 in
FIG. 1.
FIG. 4 shows an enlarged view of a portion S3 in
FIG. 1.
FIG. 5 shows a movable support of the heat treat-
ment apparatus according to one embodiment of the
present invention.
FIG. 6 shows a fixed support of the heat treatment
apparatus according to one embodiment of the
present invention.
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EMBODIMENTS OF THE INVENTION

[0033] Hereinafter, FIGS. 1 to 6 are referred to and a
heat treatment apparatus according to one embodiment
of the present invention is explained. In addition, the
present embodiment is explained in which the heat treat-
ment apparatus of the present invention is an external
heating rotary kiln (an external heating furnace or an ex-
ternal heating carbonization furnace) for which treatment
objects, which are low calorie materials such as a sewage
sludge, a woody biomass, and low grade coal, are sub-
jected to heat treatment and are reformed to carbide hav-
ing a large calorific value.
[0034] The external heating rotary kiln A of the present
embodiment, as shown in FIG. 1, is provided with an
inner cylinder (cylindrical body) 1, outer cylinders (muffle)
2, 3, two movable support parts 4, 5, a fixed support part
6, and a base 7.
[0035] The inner cylinder 1 of the present embodiment
is, for example, a cylindrical body having a cylindrical
shape in a large size which is approximately 50 m of
length L along an axis O1, and with respect to a boundary
in the center of the inner cylinder 1 along the axis O1,
the inner cylinder 1 is configured by a first cylindrical
member 10 provided at one side of the boundary and a
second cylindrical member 11 provided at the other side
of the boundary. These first and second cylindrical mem-
bers 10, 11 are the inner cylinders provided in the con-
ventional external heating rotary kiln which has a length
of approximately 20 to 30 m and a diameter of approxi-
mately 5 m in which the length and the diameter are com-
patible in structure and in heat transfer performance of
the inner cylinder 1. The inner cylinder 1 of the present
embodiment is formed by connecting in series two cylin-
drical members which are the first cylindrical member 10
and the second cylindrical member 11 and which are
similar to the conventional inner cylinder. That is, the in-
ner cylinder 1 of the present embodiment is provided with
two cylindrical members 10, 11 so that the inner cylinder
1 is separated into two sections along the axis O1. Here,
the inner cylinder 1 has a plurality of fins or spirals at the
inside thereof which are arranged so as to incline with
respect to a circumferential direction of the inner cylinder
1, rotates around the axis O1, and is formed so that the
treatment objects fed inside the inner cylinder 1 from an
inlet port 1a can be sequentially transferred toward an
outlet port 1b.
[0036] In addition, the first cylindrical member 10 is pro-
vided with a first cylindrical main body 12, a first conical
portion 13, a first minor diameter portion 14, a second
conical portion 15, and a second minor diameter portion
16. The first cylindrical main body 12 is formed along the
axis O1 and in a substantially constant diameter of, for
example, approximately 5 m. The first conical portion 13
is formed at one end of the first cylindrical main body 12
disposed at the inlet port 1a side of the inner cylinder 1
so that the diameter of the first conical portion 13 is grad-
ually reduced from the one end of the first cylindrical main

body 12 toward the inlet port 1a. The first minor diameter
portion 14 is formed in a substantially constant diameter
at an end of the first conical portion 13 on the inlet port
1a side. The second conical portion 15 is formed at the
other end of the first cylindrical main body 12 so that the
diameter of the second conical portion 15 is gradually
reduced from the other end of the first cylindrical main
body 12 toward the second cylindrical member 11. The
second minor diameter portion 16 is formed with a sub-
stantially constant diameter with respect to the axis O1
at an end of the second conical portion 15 on the second
cylindrical member 11 side.
[0037] The first cylindrical member 10 is provided with
a first outer shell 17 having a cylindrical shape, and a
first blocking plate 18 having an annular shape. The first
cylindrical member 10 is formed at the same diameter
as the first cylindrical main body 12, and extends toward
the inlet port 1a side from the one end of the first cylin-
drical main body 12 so that the first cylindrical member
10 covers the first conical portion 13. The first blocking
plate 18 is provided so as to block an opening of the first
outer shell 17 on the inlet port 1a side. As shown in FIG.
1 and FIG. 2 showing an enlarged view of a portion S1
in FIG. 1, a heat insulation member (heat insulation ma-
terial) 19 is provided inside a space surrounded by the
first outer shell 17, the first conical portion 13, and the
first blocking plate 18. In addition, in the present embod-
iment, this heat insulation member 19 is provided so as
to cover an outer circumferential surface of the first con-
ical portion 13.
[0038] The first cylindrical member 10 is provided with
a second outer shell 20 having a cylindrical shape, and
a flange 21 having an annular shape. The second outer
shell 20 is formed at the same diameter as the first cy-
lindrical main body 12, and extends toward the second
cylindrical member 11 side from the other end of the first
cylindrical main body 12 so that the second outer shell
20 covers the second conical portion 15 and the second
minor diameter portion 16. The flange 21 is projected to
the outside in a radial direction at an end of the second
outer shell 20 on the second cylindrical member 11 side,
and extends in a circumferential direction of the second
outer shell 20.
[0039] As shown in FIG. 1, the second cylindrical mem-
ber 11 is provided with a second cylindrical main body
25, a third conical portion 26, a third minor diameter por-
tion 27, a fourth conical portion 28, and a fourth minor
diameter portion 29. The second cylindrical main body
25 is formed along the axis O1 and in a substantially
constant diameter of, for example, approximately 5 m.
The third conical portion 26 is formed at one end of the
second cylindrical main body 25 disposed at the outlet
port 1b side of the inner cylinder 1 so that the diameter
of the second conical portion 26 is gradually reduced
from the one end of the second cylindrical main body 25
toward the outlet port 1b. The third minor diameter portion
27 is formed in a substantially constant diameter at an
end of the third conical portion 26 on the outlet port 1b
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side. The fourth conical portion 28 is formed at the other
end of the second cylindrical main body 25 so that the
diameter of the fourth conical portion 28 is gradually re-
duced from the other end of the second cylindrical main
body 25 toward the first cylindrical member 10. The fourth
minor diameter portion 29 is formed in a substantially
cylindrical shape with respect to the axis O1 at an end
of the fourth conical portion 28 on the first cylindrical
member 10 side.
[0040] In addition, the fourth minor diameter portion
29, as shown in FIG. 1 and FIG. 3 showing an enlarged
view of a portion S2 in FIG. 1, is formed in a substantially
cylindrical shape having a wavy shape, and this wavy
shape part is a stretchable portion 30 which can stretch
along the axis O1 of the inner cylinder 1. Furthermore, a
connection flange 31 having an annular shape is project-
ed to the outside in a radial direction at an end of the
fourth minor diameter portion 29 on the first cylindrical
member 10 side, and extends in a circumferential direc-
tion of the fourth minor diameter portion 29.
[0041] In addition, as shown in FIG. 1 and FIG. 4 show-
ing an enlarged view of a portion S3 in FIG. 1, the second
cylindrical member 11 is provided with a third outer shell
32 having a cylindrical shape, and a second blocking
plate 33 having an annular shape. The third outer shell
32 is formed at the same diameter as the second cylin-
drical main body 25, and extends toward the outlet port
1b side from the one end of the second cylindrical main
body 25 so that the third outer shell 32 covers the third
conical portion 26. The second blocking plate 33 is pro-
vided so as to block an opening of the third outer shell
32 on the outlet port 1b side. A heat insulation member
(heat insulation material) 34 is provided inside a space
surrounded by the third outer shell 32, the third conical
portion 26, and the second blocking plate 33. In addition,
in the present embodiment, this heat insulation member
34 is provided so as to cover an outer circumferential
surface of the third conical portion 26.
[0042] Furthermore, as shown in FIG. 1 and FIG. 3
showing an enlarged view of a portion S2 in FIG. 1, the
second cylindrical member 11 is provided with a fourth
outer shell 35 having a cylindrical shape, and a flange
36 having an annular shape. The fourth outer shell 35 is
formed at the same diameter as the second cylindrical
main body 25, and extends toward the first cylindrical
member 10 side from the other end of the second cylin-
drical main body 25 so that the fourth outer shell 35 the
fourth conical portion 28. The flange 36 is projected to
the outside in the radial direction at an end of the fourth
outer shell 35 on the first cylindrical member 10 side, and
extends in a circumferential direction of the fourth outer
shell 35.
[0043] The flange 21 of the second outer shell 20
formed at the other end side of the first cylindrical member
10 abuts on the flange 36 of the fourth outer shell 35
formed at the other end side of the second cylindrical
member 11, and the flanges 21 and 36 are connected to
each other by a double-ended bolt 37, or the like. Thus,

the inner cylinder 1 of the present embodiment is formed
by arranging each of axes O1 of the first cylindrical mem-
ber 10 and the second cylindrical member 11 on the same
axis, and by connecting the first cylindrical member 10
and the second cylindrical member 11 in series. In addi-
tion, the present embodiment shows that, the flanges 21
and 36 of the first cylindrical member 10 and the second
cylindrical member 11 are connected to each other by
the double-ended bolt 37, however, the flanges 21 and
36 of the first cylindrical member 10 and the second cy-
lindrical member 11 can be connected to each other by
welding, for example.
[0044] In this case, the second minor diameter portion
16 of the first cylindrical member 10 is inserted into the
fourth minor diameter portion 29 having a wavy shape of
the second cylindrical member 11, and in a state in which
the second minor diameter portion 16 and the fourth mi-
nor diameter portion 29 are overlapped along the axis
O1, the inner cylinder 1 is formed. Furthermore, the sec-
ond minor diameter portion 16 is connected to the fourth
minor diameter portion 29 via a connection flange 31
formed at an edge of the fourth minor diameter portion 29.
[0045] In addition, as shown in FIG. 1 and FIG. 3 show-
ing an enlarged view of a portion S2 in FIG. 1, in the inner
cylinder 1 of the present embodiment formed as above,
the part formed by the second conical portion 15, the
second minor diameter portion 16, and the second outer
shell 20 of the first cylindrical member 10; and by the
fourth conical portion 28, the fourth minor diameter por-
tion 29, and the fourth outer shell 35 of the second cylin-
drical member 11; is a connecting part 40 of the first cy-
lindrical member 10 and the second cylindrical member
11. In addition, in an inner surface of the inner cylinder
1, a heat insulation member 41 is provided in a region in
which the fixed support 6 that the detail thereof is de-
scribed later is provided so as to cover an outer surface
of the second conical portion 15 and the second minor
diameter portion 16, furthermore, a heat insulation mem-
ber 42 covering an outer surface of the fourth conical
portion 28 and the fourth minor diameter portion 29 is
provided, and this part is a heat insulation part 43 sup-
pressing heat transfer from an inside of the inner cylinder
1 to an outside thereof. That is, the heat insulation part
43 of the present embodiment has the stretchable portion
30, which is configured to be able to stretch in at least a
part thereof along the axis O1 of the inner cylinder 1, and
has at least two heat insulation members 41, 42 fixed to
each of the cylindrical members 10, 11.
[0046] In addition, as shown in FIG. 1, the external
heating rotary kiln A of the present embodiment is pro-
vided with a first outer cylinder 2 and a second outer
cylinder 3 (outer cylinders) in which the first cylindrical
main body 12 of the first cylindrical member 10 of the
inner cylinder 1 is covered by the first outer cylinder 2,
and the second cylindrical main body 25 of the second
cylindrical member 11 of the inner cylinder 1 is covered
by the second outer cylinder 3. The first cylindrical mem-
ber 10 is heated by causing a heat gas to flow between

9 10 



EP 2 759 792 A1

7

5

10

15

20

25

30

35

40

45

50

55

the first outer cylinder 2 and the first cylindrical main body
12, and the second cylindrical member 11 is heated by
causing a heat gas to flow between the second outer
cylinder 3 and the second cylindrical main body 25.
[0047] Furthermore, in the external heating rotary kiln
A of the present embodiment, the inner cylinder 1 and
the outer cylinders 2, 3 are disposed on a base 7 by being
inclined with a gradient of 1 to 3% so that the outlet port
1b side is lower than the inlet port 1a side with respect
to the horizontal. In addition, in the inner cylinder 1 (and
the outer cylinders 2, 3) disposed as above, the first minor
diameter portion 14 of the inlet port 1a side that the treat-
ment objects are supplied is supported by a first movable
support part 4, the third minor diameter portion 27 of the
outlet port 1b that the treatment objects after heat treat-
ment are discharged is supported by a second movable
support part 5, and the connecting part 40 (heat insulation
part 43) is supported by the fixed support part 6. That is,
the inner cylinder 1 of the present embodiment is sup-
ported by a three-point support of a first movable support
part 4, a second movable support part 5, and the fixed
support part 6, and disposed at a predetermined position.
[0048] The first movable support part 4 and the second
movable support part 5, as shown in FIG. 5 (also refer
to FIGS. 1, 2, 4), are provided with a pair of movable
supports 45, 46 and a support main body 47. The mov-
able supports 45, 46 are installed on the base 7. The
lower ends of the movable supports 45, 46 are pivotally
supported to the base 7. In the support main body 47, a
circular hole in which the first minor diameter portion 14
of the inner cylinder 1 or the third minor diameter portion
27 is inserted is formed so as to penetrate along the axis
O1. The upper ends of each of the movable supports 45,
46 pivotally support two side parts, which are spaced
away from each other in the radial direction of the inner
cylinder 1 of the support main body 47.
[0049] In this case, the lower ends of the pair of the
movable supports 45, 46 are connected rotatably to the
base 7 via a hinge 48, and the upper ends of the pair of
the movable supports 45, 46 are connected rotatably to
the support main body 47 via a hinge 49. Thus, when the
inner cylinder 1 stretches along the axis O1, the support
main body 47 supporting the inner cylinder 1 rotates at
each of hinges 48, 49, and by moving (displacing) along
the axis O1 according to the stretch of the inner cylinder
1, thermal expansion of the inner cylinder 1 caused by
heating can be absorbed.
[0050] In addition, as shown in FIG. 2 and FIG. 4, a
bearing mechanism 50 provided on the support main
body 47 and arranged in an annular shape centered to
the axis O1 of the insertion hole is provided to the mov-
able support part 4 and the movable support part 5. The
first minor diameter portion 14 or the third minor diameter
portion 27 of the inner cylinder 1 inserted into the insertion
hole is supported by the support main body 47 via this
bearing mechanism 50. Thus, the movable support part
4 and the movable support part 5 support the inner cyl-
inder 1 rotatably around the axis 01.

[0051] Furthermore, at least one of the movable sup-
port part 4 and the movable support part 5 is provided
with a rotation driving mechanism (not shown) for rotary
driving the inner cylinder 1 around the axis O1. For ex-
ample, this rotation driving mechanism includes a gear,
which is provided to at least one of the first minor diameter
portion 14 and the third minor diameter portion 27, a driv-
ing motor, and a gear wheel, which is installed to a rota-
tion shaft of the driving motor and is engaged to the gear.
Also, the rotation driving mechanism is configured to ro-
tate the inner cylinder 1 around the axis O1 by the driving
of the driving motor and the rotation of the gear wheel.
[0052] In addition, a feeding device (not shown) such
as a screw conveyer for feeding the treatment objects
into the inner cylinder 1 is connected to one movable
support part 4, and a discharging device (not shown) such
as a chute discharging the treatment objects, which were
subjected to heat treatment, is connected to the other
movable support part 5. In addition, at a connection part
connecting the movable support part 4 and the feed de-
vice, an expansion joint (not shown) absorbing the dis-
placement along the axis O1 of the movable support part
4 is provided.
[0053] The fixed support part 6, as shown in FIG. 6
(with referring FIG. 1 and FIG. 3), is provided with a pair
of fixed supports 51, 52, which are installed on the base
7, and a support main body 53, which is formed so that
the insertion hole in a circular shape passing through the
connecting part 40 of the inner cylinder 1 penetrates from
one surface to the other surface, and which is supported
so as to be unable to move along the axis O1 by con-
necting the pair of the fixed supports 51, 52 to two side
parts of the support main body 53. Furthermore, in the
support main body 53, the bearing mechanism 50 ar-
ranged in an annular shape centered to the axis O1 of
the insertion hole is provided, by supporting the connect-
ing part 40 of the inner cylinder 1 inserted into the inser-
tion hole from outside thereof via the bearing mechanism
50, the substantially middle part along the axis O1 of the
inner cylinder 1 is supported so as to be unable to move
along the axis O1, and is rotatably supported around the
axis O1.
[0054] In the external heating rotary kiln (heat treat-
ment device) A, when treatment objects which are low
calorie materials such as a sewage sludge, a woody bi-
omass and low grade coal are subjected to heat treat-
ment and are reformed to carbide having a large calorific
value, the inner cylinder 1 is heated, for example, at 300
to 800°C by causing a heating gas to flow between the
first outer cylinder 2 and the first cylindrical main body
12, and between the second outer cylinder 3 and the
second cylindrical main body 25. In addition, when the
rotation driving mechanism is driven, the inner cylinder
1, which is supported by the a three-point support of the
pair of the movable support parts 4, 5 and the fixed sup-
port part 6, rotates around the axis O1 by the bearing
mechanism 50. With this, the treatment objects is fed
inside the first cylindrical member 10 of the inner cylinder
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1 from the inlet port 1a by the feeding device, this treat-
ment objects is subjected to heat treatment while sequen-
tially transferring these treatment objects to the second
cylindrical member 11 from the first cylindrical member
10, the treatment objects after treatment are discharged
to the discharging device and further to the outside from
the outlet port 1b, and carbide having a large calorific
value is produced.
[0055] When the treatment objects are subjected to
heat treatment as above, thermal expansion is occurred
to the inner cylinder 1 by heated at a high temperature
of, for example, 300 to 800°C. In the external heating
rotary kiln A of the present embodiment, the both ends
of the inner cylinder 1 is supported by the movable sup-
port parts 4, 5, the middle part of the inner cylinder 1
between a pair of the movable support parts 4, 5 along
the axis O1 is supported by the fixed support part 6, and
the inner cylinder 1 is supported by a three-point support.
Thus, heat expansion that occurs to the first cylindrical
member 10 between the one movable support 4 and the
fixed support part 6 can be absorbed by the one movable
support part 4, and heat expansion that occurs to the
second cylindrical member 11 between the other mova-
ble support part 5 and the fixed support part 6 can be
absorbed by the other movable support part 5.
[0056] In addition, in the present embodiment, thermal
expansion is absorbed by the movable support parts 4,
5 located at the both ends along the axis O1 of the inner
cylinder 1, and further, thermal expansion of the inner
cylinder 1 is absorbed by the stretchable part 30 having
wavy shape of the heat insulation part 43.
[0057] Furthermore, by providing the fixed support part
6 in between the movable support parts 4, 5 of the both
ends of the inner cylinder 1, the first cylindrical member
10 of one side of the inner cylinder 1 is supported by the
fixed support part 6 and the one movable support part 4,
the second cylindrical member 11 of the other side of the
inner cylinder 1 is supported by the fixed support part 6
and the other movable support part 5, and the inner cyl-
inder 1 is supported by the three-point support. Thus,
even if the length of the inner cylinder 1 is increased in
size to approximately 50 m, the amount of bending oc-
curred to the inner cylinder 1 is suppressed to a small
amount compared with the two-point support, which sup-
ports the inner cylinder 1 at both sides along the axis O1.
[0058] Thus, two cylindrical members 10, 11 (an inner
cylinder of the conventional external heating rotary kiln)
having a length of approximately 20 to 30 m and a diam-
eter of approximately 5 m in which the length and the
diameter are compatible in structure and in heat transfer
performance of the inner cylinder 1 are connected in se-
ries, the connecting part 40 is supported by the fixed sup-
port part 6, and both ends of the inner cylinder 1 is sup-
ported by the movable support parts 4, 5. Accordingly,
even if the inner cylinder 1 is increased in size, the amount
of thermal expansion and the amount of bending can be
suppressed to a similar extent to the conventional
amount. In addition, when the inner cylinder 1 is formed

by metals such as austenite or SUS (stainless steel in
JIS standard), the amount of thermal expansion and the
amount of bending can be surely suppressed to a similar
extent to the conventional amount. Also, when the inner
cylinder 1 is formed by using alloys such as INCOLOY
which causes a large thermal expansion in particular, the
amount of thermal expansion and the amount of bending
can be reliably suppressed to a similar extent to the con-
ventional amount.
[0059] In addition, in the inner surface of the inner cyl-
inder 1, a heat insulation part 43 (heat insulation mem-
bers 41, 42) suppressing heat transfer from the inside of
the inner cylinder 1 to the outside thereof is provided in
a region in which the fixed support part 6 is provided. In
the present embodiment, by this heat insulation part 43,
the outer surface temperature of the second outer shell
20 and the fourth outer shell 35 of the connecting part 40
of the inner cylinder 1 is maintained at a low temperature
of, for example, approximately 200°C. Thus, the fixed
support part 6, which supports the second outer shell 20
and the fourth outer shell 35 of the connecting part 40
(heat insulation part 43), is not affected by heat transfer,
and as this result, the middle part of the inner cylinder 1
can be reliably supported by the fixed support part 6 so
as to be unable to move along the axis O1 and so that
the inner cylinder 1 is rotatable around the axis O1.
[0060] Furthermore, by providing the heat insulation
part 43, a lowering of temperature of the inside of the
connecting part 40, which supports the inner cylinder 1
by the fixed support part 6, can be minimized. Thus, in
the inside of the connecting part 40 of the inner cylinder
1, there is no possibility of a quality loss caused by a
lowering of temperature of the treatment objects, and oc-
currence of problems such as condensation of tar can
be reliably prevented.
[0061] Therefore, in the external heating rotary kiln
(heat treatment apparatus) A of the present embodiment,
both ends of the inner cylinder (cylindrical body) 1 are
supported by each of the movable support parts 4, 5, the
middle part of the inner cylinder 1 which is between the
pair of the movable support parts 4, 5 along the axis O1
is supported by the fixed support 6, and the inner cylinder
1 is supported by a three-point support mechanism. Ac-
cordingly, heat expansion of the inner cylinder 1 occurred
between one movable support part 4 and the fixed sup-
port 6 can be absorbed by the one movable support part
4, and heat expansion of the inner cylinder 1 occurred
between the other movable support part 5 and the fixed
support part 6 can be absorbed by the other movable
support part 5.
[0062] In addition, by providing the fixed support part
6 in between the movable support parts 4, 5 of the both
ends of the inner cylinder 1, one side of the inner cylinder
1 can be supported by the fixed support part 6 and the
one movable support part 4, the other side of the inner
cylinder 1 can be supported by the fixed support part 6
and the other movable support part 5. Thus, compared
with a case of a two-point support, which supports the
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inner cylinder 1 at both sides along the axis O1, the
present invention can suppress the amount of bending
that occurs to the inner cylinder 1 to a small amount.
[0063] According to the above, for example, two cylin-
drical members 10, 11 having a length of approximately
20 to 30 m and a diameter of approximately 5 m in which
the length and the diameter are compatible in structure
and in heat transfer performance of the inner cylinder 1
are connected in series, the connecting part 40 is sup-
ported by the fixed support part 6, and both ends of the
inner cylinder 1 is supported by the movable support parts
4, 5. Accordingly, even if the inner cylinder 1 is increased
in size, the amount of thermal expansion and the amount
of bending can be suppressed to a similar extent to the
conventional amount. Thus, without changing the thick-
ness of the inner cylinder 1 and without loss of sealing
properties, that is, without leading to a decrease in heat
transfer performance, the inner cylinder 1 can realize an
increase in size.
[0064] In addition, according to the external heating
rotary kiln A of the present embodiment, the inner cylinder
1 is supported by a three-point support of the pair of the
movable support parts 4, 5 and the fixed support part 6,
and the present invention solves problems in structure
and in heat transfer performance and can realize an in-
crease in size. Thus, the external heating carbonization
furnace, or the like, reforming a low-calorie materials of
the treatment-objects to carbide having a large calorific
value increases an amount of treatment of the treatment
objects, can improve the production rate, and can corre-
spond to the needs of large-scale use, such as in coal-
fired power plants.
[0065] In addition, in the external heating rotary kiln A
of the present embodiment, the movable support parts
4, 5 and the fixed support part 6 rotatably support the
inner cylinder 1 by the bearing mechanism 50, thereby,
by the movable support parts 4, 5 and the fixed support
part 6, the influence of heat transfer can be reduced and
the inner cylinder 1 can be rotatably supported around
the axis O1 reliably.
[0066] Furthermore, in the inner surface of the inner
cylinder 1, a heat insulation part 43 suppressing heat
transfer from the inside of the inner cylinder 1 to the out-
side thereof is provided in a region in which the fixed
support part 6 is provided, thereby the temperature of
the outer surface of the inner cylinder 1 can be maintained
at a low temperature. Thus, without being affected by the
heat transfer, the inner cylinder 1 can be reliably support-
ed by the fixed support part 6.
[0067] In addition, however, even if the middle part
along the axis O1 of the inner cylinder 1 is supported by
the fixed support part 6, by providing the heat insulation
part 43, a lowering of temperature of the inside of the
inner cylinder 1 at the part, which supports the inner cyl-
inder 1 by the fixed support part 6, can be minimized.
Thus, a quality loss of the treatment objects inside the
inner cylinder 1 can be suppressed. In addition, a lower-
ing of temperature of the inside of the inner cylinder 1 at

the part, which supports the inner cylinder 1 by the fixed
support part 6, is suppressed, and thereby a condensa-
tion of tar can be prevented and a trouble caused by the
lowering of temperature can be reliably avoided.
[0068] In addition, the heat insulation part 43 has the
stretchable portion 30 which is configured to be able to
stretch along the axis O1 in at least part of the heat in-
sulation part 43 along the axis O1, thereby thermal ex-
pansion can be absorbed by the movable support parts
4, 5 provided at both ends along the axis O1 of the inner
cylinder 1, and thermal expansion of the inner cylinder 1
can be absorbed by the stretchable portion 30 of the heat
insulation part 43. Thus, thermal expansion of the inner
cylinder 1 can be absorbed more reliably and effectively,
and the amount of bending that occurs in the inner cyl-
inder 1 can be suppressed to a small amount.
[0069] Furthermore, in the external heating rotary kiln
A of the present embodiment, the inner cylinder 1 is con-
figured by two cylindrical members 10, 11 separated into
two sections along the axis O1, and the heat insulation
part 43 is configured by at least two heat insulation mem-
bers 41, 42 fixed to each of the cylindrical members 10,
11. Thus, two inner cylinders (cylindrical members 10,
11) of a conventional rotary kiln having a length of ap-
proximately 20 to 30 m and a diameter of approximately
5 m in which the length and the diameter are compatible
in structure and in heat transfer performance of the inner
cylinder 1 are connected in series, and the inner cylinder
1 can be increased in size easily and economically.
[0070] In addition, in the external heating rotary kiln A
of the present embodiment, the structure inside the con-
necting part 40 of the first cylindrical member 10 and the
second cylindrical member 11 is formed in conical shape,
and thereby the heat insulation members 41, 42 can be
easily installed in the inside of the second outer shell 20
and the fourth outer shell 35, and even if the fixed support
part 6 is provided to the connecting part 40, a quality loss
of the treatment objects inside the inner cylinder 1 can
be reliably suppressed to a minimum. In addition, the
inner cylinder 1 can be easily and economically increased
in size by connecting the inner cylinders of a conventional
rotary kiln including such conical portions 15, 28 as the
cylindrical members 10, 11.
[0071] One embodiment of the heat treatment appa-
ratus according to the present invention was explained
as described above. However, the present invention is
not limited to the configuration of the above described
embodiment, but changes can be made without depart-
ing from the spirit thereof.
[0072] For example, the present embodiment ex-
plained that the heat treatment apparatus A is an external
heating carbonization furnace; however, the heat treat-
ment apparatus of the present invention is not limited to
an external heating carbonization furnace in particular,
if the treatment objects of the inside of the cylindrical
body 1 can be subjected to heat treatment by heating the
cylindrical body 1 rotating around the axis O1. That is,
by heating this kind of the cylindrical body 1 rotating
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around the axis O1, if the apparatus performs heat treat-
ment of the treatment objects inside the cylindrical body
1, the present invention can be applied to, and the same
effects and operation as the present embodiment can be
obtained.
[0073] In addition, in a case where the heat treatment
apparatus A is an external heating rotary kiln as the
present embodiment, the present embodiment is provid-
ed with the outer cylinders 2, 3 covering the inner cylinder
(cylindrical member) 1, and the inner cylinder 1 is heated
by causing a heating gas to flow between the outer cyl-
inders 2, 3 and the inner cylinder 1. However, for exam-
ple, the inner cylinder 1 can be heated by an electric
heater such as a heating wire, and the method of heating
the cylindrical body of the present invention is not re-
quired to be limited to the method of the present embod-
iment.
[0074] Furthermore, in the heat treatment apparatus
of the present embodiment, the connecting part 40 (heat
insulation part 43) is provided with the second conical
portion 15, the second minor diameter portion 16, the
second outer shell 20, the fourth conical portion 28, the
fourth minor diameter portion 29, and the fourth outer
shell 35. The second conical portion 15 is formed at the
other end of the first cylindrical main body 12 so that the
diameter of the second conical portion 15 is gradually
reduced from the other end of the first cylindrical main
body 12 toward the outer cylinder 3. The second minor
diameter portion 16 is formed in a substantially constant
diameter with respect to the axis O1 at an end of the
second conical portion 15 on the outer cylinder 3 side.
The second outer shell 20 is formed to the same diameter
as the first cylindrical main body 12, and is formed in a
cylindrical shape extending along the axis O1 toward the
outer cylinder 3 from the other end of the first cylindrical
main body 12 so as to cover the second conical portion
15 and the second minor diameter portion 16. The fourth
conical portion 28 is formed at the other end of the second
cylindrical main body 25 so that the diameter of the fourth
conical portion 28 is gradually reduced from the other
end of the second cylindrical main body 25 toward the
outer cylinder 2. The fourth minor diameter portion 29 is
formed in a substantially cylindrical shape extending
along the axis O1 from the fourth conical portion 28 to-
ward the outer cylinder 2 at the end of the fourth conical
portion 28 on the outer cylinder 2 side. The fourth outer
shell 35 is formed with the same diameter as the second
cylindrical main body 25, and is formed in a cylindrical
shape extending along the axis O1 toward the outer cyl-
inder 2 from the other end of the second cylindrical main
body 25 so as to cover the fourth conical portion 28.
[0075] However, for example, the connection part 40
(heat insulation part 43) can be configured in such a man-
ner that the second conical portion 15, the second minor
diameter portion 16, the fourth conical portion 28, and
the fourth minor diameter portion 29 of the present em-
bodiment are formed to the same diameter as the first
cylindrical main body 12 and the second cylindrical main

body 25, the second outer shell 20 and the fourth outer
shell 35 are formed so that the diameters thereof are
gradually increased toward the outside of the inner cyl-
inder along the axis, the heat insulation members 41, 42
are provided inside the connection part 40, and the fixed
support part 6 supports the second outer shell 20 and
the fourth outer shell 35 from outside.

FIELD OF INDUSTRIAL APPLICATION

[0076] According to the heat treatment apparatus of
the present invention, both sides of the cylindrical body
are supported by each of the movable support parts, the
part of the cylindrical body which is between the pair of
the movable support parts is supported by the fixed sup-
port part, and the cylindrical body is supported by a three-
point support mechanism, thereby, by providing the fixed
support part in between the two cylindrical bodies, ther-
mal expansion of one side of the cylindrical body and the
other side thereof can be absorbed by each of the mov-
able support parts. In addition, compared with a case of
a two-point support supporting the cylindrical body at
both ends along the axis, the present invention can sup-
press the amount of bending occurred to the cylindrical
body to a small amount. Thus, even if the cylindrical body
is increased in size, an increase of the amount of thermal
expansion and the amount of bending can be suppressed
to a similar extent to the conventional amount, and with-
out leading to the decrease in heat transfer performance,
the cylindrical body can realize an increase in size.

[Description of Reference Signs]

[0077]

1: inner cylinder (cylindrical body)
1a: inlet port
1b: outlet port
2: first outer cylinder (outer cylinder)
3: second outer cylinder (outer cylinder)
4: movable support part
5: movable support part
6: fixed support part
7: base
10: first cylindrical member (cylindrical member)
11: second cylindrical member (cylindrical member)
12: first cylindrical main body
13: first conical portion
14: first minor diameter portion
15: second conical portion
16: second minor diameter portion
17: first outer shell
18: first blocking plate
19: heat insulation member
20: second outer shell
21: flange
25: second cylindrical main body
26: third conical portion
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27: third minor diameter portion
28: fourth conical portion
29: fourth minor diameter portion
30: stretchable portion
31: connection flange
32: third outer shell
33: second blocking plate
34: heat insulation member
35: fourth outer shell
36: flange
37: double-ended bolt
40: connecting portion
41: heat insulation member
42: heat insulation member
43: heat insulation part
45: movable support
46: movable support
47: support main body
48: hinge
49: hinge
50: bearing mechanism
51: fixed support
52: fixed support
53: support main body
A: external heating rotary kiln (heat treatment appa-

ratus)
L: length of inner cylinder
O1: axis

Claims

1. A heat treatment apparatus for performing heat treat-
ment of treatment objects inside a cylindrical body
by heating the cylindrical body rotating around an
axis, the apparatus comprising:

a pair of movable support parts provided on both
sides along the axis of the cylindrical body so
as to be able to move along the axis and rotat-
ably supporting the cylindrical body around the
axis; and
a fixed support part provided between the pair
of the movable support parts along the axis so
as to be unable to move along the axis and ro-
tatably supporting the cylindrical body around
the axis,
wherein the cylindrical body is supported by a
three-point support of the pair of the movable
support parts and the fixed support part.

2. The heat treatment apparatus according to Claim 1,
wherein
the movable support parts and the fixed support part
rotatably support the cylindrical body with a bearing
mechanism.

3. The heat treatment apparatus according to Claim 1

or 2, wherein
in an inner surface of the cylindrical body, a heat
insulation part suppressing heat transfer from an in-
side of the cylindrical body to an outside of the cy-
lindrical body is provided in a region in which the
fixed support part is provided.

4. The heat treatment apparatus according to Claim 3,
wherein
the heat insulation part has a stretchable portion con-
figured to be able to stretch along the axis in at least
part of the heat insulation along the axis.

5. The heat treatment apparatus according to Claim 3
or 4, wherein
the cylindrical body is configured by two cylindrical
members separated into two sections along the axis,
and
the heat insulation part is configured by at least two
heat insulation members fixed to each of the cylin-
drical members.

6. The heat treatment apparatus according to any one
of Claims 1 to 5 is an external heating furnace.
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