
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

08
0 

95
1

A
1

��&�����������
(11) EP 2 080 951 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153�(4) EPC

(43) Date of publication: 
22.07.2009 Bulletin 2009/30

(21) Application number: 07741879.6

(22) Date of filing: 18.04.2007

(51) Int Cl.: �
F22B 37/10 (2006.01) F22B 37/04 (2006.01)

(86) International application number: 
PCT/JP2007/058443

(87) International publication number: 
WO 2008/056456 (15.05.2008 Gazette 2008/20) �

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC MT NL PL PT RO SE 
SI SK TR

(30) Priority: 06.11.2006 JP 2006300962

(71) Applicants:  
• Dai- �Ichi High Frequency Co., Ltd. �

Tokyo
1030002 (JP) �

• Flourshing Enterprise Co., Ltd. �
Taipei (TW) �

(72) Inventors:  
• ITAI, Kazunari

Kawasaki- �shi
Kanagawa 210-0821 (JP) �

• TAKEYA, Akihiro
Kawasaki- �shi
Kanagawa 210-0821 (JP) �

• SOCHI, Yoshinobu
Kawasaki- �shi
Kanagawa 210-0821 (JP) �

• TANABE, Michio
Kawasaki- �shi
Kanagawa 210-0821 (JP) �

• MATSUBARA, Yoichi
Kawasaki- �shi
Kanagawa 210-0821 (JP) �

(74) Representative: Intes, Didier Gérard André et al
Cabinet Beau de Loménie 
158, rue de l’Université
75340 Paris Cedex 07 (FR) �

(54) BOILER WATER WALL PANEL

(57) It is an object to reduce the burden of a welding
operation in producing a boiler waterwall panel and to
reduce the burden of maintaining a furnace housing using
the boiler waterwall panels thereby to improve the oper-
ating rate of the boiler. In a boiler waterwall panel 80, a
panel body 70 with water passages is constituted by a
plurality of metal seamless finned single tubes 60 as con-
stituent units integrally produced by a hot extrusion meth-
od, etc., and joined by welding tip ends of fin portions 62.
On at least one surface side of the panel body 70, fusion-
bonded coating 81 for frame- �like edge portions and fu-
sion-�bonded coating 82 for inner region, of a corrosion
resistant alloy are formed. The finned single tube 60 has
a single tubular portion 61 for a cooling water passage
and a pair of fin portions 62 extending in the tube axial
direction at peripheral opposite sides of the tube, and the
external surface of the transition portion 63 is formed into
a concave surface having a curvature radius of 3 to 6 mm.
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Description

Technical Field

�[0001] The present invention relates to a boiler water-
wall panel constituting a furnace housing with cooling
water passages.
�[0002] This boiler waterwall panel is a plate-�pipe com-
posite panel to be used as an element member at the
time of forming a wall panel constituting a housing of a
furnace (combustion chamber- �cum- �heat exchanger) as
the core of a water heating boiler. A plurality of boiler
waterwall panels are joined by welding vertically and hor-
izontally to constitute a furnace housing.
�[0003] To improve the durability of the furnace housing
inner surface, one surface of the boiler waterwall panel
is covered with an alloy, e.g. a self-�fluxing alloy of nickel
series.

Background Art

�[0004] A method for heating a water-�cooling panel seg-
ment comprising a metal tubular portion and a metal plate
portion arranged alternately without causing heat strain
is known (see e.g., Japanese Unexamined Laid- �open
Patent Publication No. 2000-329304). The structure and
production method of this water-�cooling panel segment
20 (boiler waterwall panel) will be explained with refer-
ence to figures. Fig. 3 �(a) is a side view showing metal
tubular members 21 and metal plate members 22; Fig.
3 �(b) is a cross- �sectional view thereof; and Fig. 3 �(c) is a
cross-�sectional view of a water- �cooling panel segment
20. In this specification, the language "cross-�section" de-
notes a cross- �section perpendicular to a tubular axial di-
rection.
�[0005] The metal tubular member 21 and the metal
plate member 22 are separately produced by the number
required to constitute a panel by alternately arranging
them. At the time of the production, they are configured
to have the same length (see Figs. 3 �(a) and 3 �(b)). Then
(see Fig. 3�(c)), a first metal plate member 22 is placed
on a first metal tubular member 21 in a direction that the
first metal plate member 22 extending in the tubular axial
direction. In this state, one long side of the metal plate
member 22 is linearly joined by welding to the peripheral
surface of the metal tubular member 21. Then, another
metal plate member 22 is placed on the other peripheral
side of the first metal tubular member 21 in a direction
that the metal plate member 22 extending in the tubular
axial direction. In this state, one long side of the metal
plate member 22 is linearly joined by welding to the pe-
ripheral surface of the metal tubular member 21. There-
after, another metal tubular member 21 is placed on the
joined metal plate member 22 and another long side of
the metal plate member 22 and the peripheral surface of
the metal tubular member 21 are linearly joined by weld-
ing. The above welding connection is repeatedly per-
formed to obtain a panel member with cooling water pas-

sages which is a panel body of the water-�cooling panel
segment 20.
�[0006] Furthermore, every panel member with water
passages, an alloy coating with self- �fluxing alloy, such
as a Ni- �Cr based, is formed on one side or both sides of
each piece of the panel bodies. Thus, a water- �cooling
panel segment 20 is provided. The coating is formed by
a thermal spraying with post fusing method. Concretely,
a coating material layer is formed on an external surface
of the water-�cooling panel segment 20 by a thermal
spraying method, and then a fusing treatment is per-
formed.
�[0007] Because of the aforementioned production
method, in this water-�cooling panel segment 20, the pan-
el body has a welded structure in which the transition
portion 23 ranging from the metal tubular member 21 to
the metal plate member 22, is formed by welding.
�[0008] Another production methods and structures will
be now explained. The following production method is
known (see e.g., Japanese Unexamined Laid-�open Pub-
lication 2001-004101). In this production method, a pro-
tection coating of the alloy is formed on an external sur-
face of a finned tubular member in which metal plate ver-
tical fins are provided at peripheral opposite sides of a
metal tube to obtain a unit member for a water-�cooling
segment. Then, a plurality of the unit members are joined
by welding at their vertical fin tips thereby to obtain a
water-�cooling panel segment. This structure and produc-
tion method of the water- �cooling panel segment 50 (boiler
waterwall panel) will be explained with reference to fig-
ures. Fig. 4�(a) is a side view of a metal tube 31 and vertical
fins 32; Fig. 4�(b) is a cross-�sectional view thereof; Fig. 4
(c) is a cross-�sectional view of a finned tubular member;
Fig. 4 �(d) is a side view of a unit members 40 for a water-
cooling panel segment; Fig. 4�(e) is a cross-�sectional view
thereof; and Fig. 4�(f) is a cross-�sectional view of a water-
cooling panel segment 50.
�[0009] Also in this case, one piece of the metal tube
31 to be served as a cooling water passage and two
sheets of the vertical fins 32 to be served as webs con-
stitute one set, but each of them is produced separately
(see Figs. 4�(a) and 4�(b)). The number of sets required
to form a water-�cooling panel segment 50 are configured
to have the same length. Then (see Fig. 4�(c)), each set,
a pair of vertical fins 32 are placed on peripheral opposite
sides of the metal tube 31 with the fins extending in the
tubular axis direction. One long side of each vertical fin
32 and the peripheral surface of the metal tube 31 are
linearly joined by welding. Thus, a finned tubular member
30 comprising a metal tube 31 and a pair of vertical fins
32 placed on both peripheral sides and extending in the
tubular axis direction can be produced. Thus, in such a
finned tubular member 30, it also has a welded structure
in which the transition portion 33 ranging from the metal
tube 31 to the vertical fin 32 is formed by welding.
�[0010] Then (see Figs. 4�(d) and 4 �(e)), each finned tu-
bular member 30, a alloy coating 41 with of self-�fluxing
alloy, such as Ni-�Cr based, is formed on one side surface
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of the tubular member 30. Thus, a unit member 40 for a
water-�cooling panel segment is produced. Although the
coating is also formed by a thermal spraying with post
fusing method, the treating object is segmentalized. That
is, the treatment is performed not to the assembled water-
cooling panel segment 50 but to the not- �yet-�assembled
unit member 40 of the water-�cooling panel segment 50.
Thereafter, (see Fig. 4�(f)), a plurality of such unit mem-
bers 40 for a water-�cooling panel segment 50 as units
are joined by welding at their tip ends of the vertical fins
32 as joint portions 51. Thus, the water-�cooling panel
segment 50 is formed.
�[0011] Other than the above, (although not illustrated
here), technique of producing a boiler furnace panel (e.g.,
Japanese Unexamined Laid-�open Patent Publication No.
2005-274022) and a method of producing an alloy coated
boiler panel (e.g., Japanese Unexamined Laid-�open Pat-
ent Publication No. 2005-337623) are also known. In the
boiler furnace panel producing technique of the former,
employing not-�yet- �coated panel body of the aforemen-
tioned water-�cooling panel segment 20 as the substrate,
then, at the time of forming a fusion- �bonded coating of a
corrosion resistant alloy on one side surface of the panel
body, a super alloy coating is formed at the end (frame-
like region including edge) portions to be joined to another
panel by a weld overlaying method, and a self-�fluxing
alloy coating is formed at the inner side thereof by a ther-
mal spraying with post fusing method. In the method of
producing the alloy coated boiler panel of the latter, de-
formation is corrected by controlling displacement in the
dual direction perpendicular to the longitudinal direction
at plural portions with a positional correction tool, while
pulling the boiler panel in the longitudinal direction with
a pulling tool, during the heating in fusing treatment after
the thermal spraying. Also in these boiler waterwall pan-
els, the transition portion 23 ranging from the metal tu-
bular portion 21 to the metal plate portion 22 is a welded
structure formed by welding.
�[0012] In the aforementioned conventional boiler wa-
terwall panels however, since the transition portion rang-
ing from the tubular portion to the plate shaped fin portion
is a welded portion, the quality of the welding exerts a
great influence on the quality of the boiler waterwall pan-
el. In detail, when a boiler is in use, although both the
tubular portion and the fin portion are exposed to a high
temperature environment, the tubular portion is cooled
from the inside with water or steam, but the fin portion is
not cooled. Thus, a steep temperature gradient, i.e., a
steep thermal strain driving force, is generated at the
transition portion. If the welding of the transition portion
is not perfect, e.g., if there is any welding defect such as,
e.g. pinholes, unevenness, blowholes, overlaps, under-
cuts, slag inclusions, weld cracks, sputters, and extreme-
ly uneven weld bead configurations, such welding de-
fects become notches, resulting in a breakdown of the
corrosion resistant alloy coating started from the welding
defect. As a result, corrosion of the substrate material
occurs at an early stage.

�[0013] Defects of the welded portion are hard to be
found through visual examination and therefore dye pen-
etrant testing should be employed to find such weld de-
fects. The repair of the found welding defects requires
troublesome works, such as, e.g. blasting treatment and
then TIG welding.
�[0014] Furthermore, since the welding between the tu-
bular member and the plate fin member is harder than
the butt welding of the fin tip ends each other, welding
defects tend to occur despite of spending much working
hours, which bears a great burden of examination and
repair of welding defects after the welding, as well as
welding operation.
�[0015] Therefore, a technical object is to improve the
construction/ �formation of the boiler waterwall, panel to
reduce the burden of welding operation at the time of
producing the boiler waterwall panel and to reduce the
burden of maintaining a furnace housing consist of the
boiler waterwall panels thereby to improve the operating
rate of the boiler.

Disclosure of Invention

�[0016] The boiler waterwall panel (claim 1) according
to the present invention was made to solve the afore-
mentioned problems. A boiler waterwall panel comprises
a metal panel member with water passages as a panel
body equipped with plural rows of tubular portions to
serve as cooling water passages, web portions connect-
ing the rows of tubular portions, and a pair of fin portions
located at the outside of the outermost tubular portions
and extending in a tubular axial direction, at least one
surface of the panel body being covered with a fusion-
bonded coating of a corrosion resistant alloy,�
wherein the panel member with water passages as the
panel body, comprises a plurality of metal seamless
finned single tubes as constituent units, each provided
with a single tubular portion and a pair of fin portions
disposed at peripheral opposite sides of the single tubular
portion, the single tubular portion and the fin portions
exist sharing a common metal phase continuously ex-
tended, and
wherein the plurality of metal seamless finned single tu-
bular portions are joined by welding with each other at
tip ends of the fin portions of the constituent units so that
a welded portion is located at a median line position of
the web portion.
�[0017] The boiler waterwall panel according to the
present invention (claim 2) comprises a metal panel
member with water passages as a panel body equipped
with a plurality of rows of tubular portions to serve as
cooling water passages, web portions connecting the
rows of tubular portions, and a pair of fin portions located
at the outside of the outermost tubular portions and ex-
tending in a tubular axial direction, at least one surface
of the panel body being covered with a fusion-�bonded
coating of a corrosion resistant alloy,�
wherein the panel member with water passages as the
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panel body comprises a plurality of seamless metal
finned tube-�web assemblies as constituent units, each
having a few rows of tubular portions corresponding to a
part of the plural rows of the tubular portions, a web por-
tion connecting said few rows of the tubular portions, and
a pair of fin portions provided at outer sides of the outer-
most tubular portions, the tubular portions, the web por-
tions and the fin portions exist sharing a common metal
phase continuously extended, and
wherein the plurality of metal seamless finned tube-�web
assemblies are joined by welding with each other at tip
ends of the fin portions of the constituent units so that a
welded portion is located at a median line position of the
limited web portions.
�[0018] The boiler waterwall panel according to the
present invention (claim 3) comprises a metal panel
member with water passages as a panel body equipped
with a plurality of rows of tubular portions as cooling pas-
sages, web portions connecting the rows of tubular por-
tions, and a pair of fin portions located at the outside of
the outermost tubular portions and extending in a tubular
axial direction, at least one surface of the panel body
being covered with a fusion-�bonded coating of a corro-
sion resistant alloy,�
wherein the panel member with water passages as the
panel body has a seamless integrated structure in which
an entirety of the panel member is constituted by a single
metal seamless finned tube-�web assembly comprising
the plurality of rows of the tubular portions, the web por-
tions connecting the rows of tubular portions, and the pair
of fin portions located at the outside of the outermost
tubular portions, wherein the tubular portions, the web
portions and the fin portions exist sharing a common met-
al phase continuously extended.
�[0019] The boiler waterwall panel according to the
present invention (claim 4) is the boiler waterwall panel
as recited in claims 1 to 3, wherein an external surface
of a transition portion ranging from the tubular portion to
the fin portion or the web portion of the panel member
as the panel body is formed into a concave surface.
�[0020] The boiler waterwall panel according to the
present invention (claim 5) is the boiler waterwall panel
as recited in claims 1 to 4, wherein the seamless finned
tubular member or the seamless finned tube- �web assem-
bly, each being formed with the single common metal
phase, constituting the panel body, is produced by a
seamless forming method such as a hot extrusion meth-
od.
�[0021] The boiler waterwall panel according to the
present invention (claim 6) is the boiler waterwall panel
as recited in claims 1 to 5, wherein the corrosion resistant
alloy constituting the fusion- �bonded coating is made of
a Ni-�rich Ni- �Cr based alloy in which an amount of boron
is restricted to 0.1 mass % or below and an amount of
silicon is restricted to 0.5 mass % or less at a frame- �like
region including edge portions of the panel.

Effects of the invention

�[0022] According to the boiler waterwall panel of the
present invention (claim 1), since an integrally continued
metal seamless finned single tube of an entire continuous
phase having a tubular portion and a pair of fin portions
located at opposite peripheral sides of the tubular portion
and extending in the tubular axial direction capable of
being produced by a hot extrusion method is employed
as a constituent unit, the transition portion ranging from
the tubular portion to the fin portion is not required to be
welded. Furthermore, the welding of the tip ends of the
fin portions can be performed more easily than the weld-
ing of the transition portion, and the welded portion is
higher in quality. This reduces the burden of the welding
operation for producing the boiler waterwall panel. As to
the furnace housing using aforementioned boiler water-
wall panels, since no welded portion exists at the transi-
tion portion, the fusion-�bonded coating is free from the
influence of the notch due to unevenness of the welding
of this portion. Furthermore, since the welded portion
formed in the middle of the web portion instead of the
welded portion of the transition is high in quality, damages
of the fusion-�bonded coating can be remarkably reduced,
resulting in a remarkably reduced necessity of the main-
tenance, which in turn results in stable operation and an
improved operation rate of the boiler with furnace hous-
ing.
�[0023] According to the boiler waterwall panel of the
present invention (claim 2), since a seamless finned tube-
web assembly, which is equivalent to the case in which
a small number of the aforementioned integrally contin-
ued seamless finned single tubes are united with an en-
tire continuous phase manner, then employed as a con-
stituent unit, the transition portion ranging from the tubu-
lar portion to the fin portion is not required to be welded,
too. Furthermore, the number of the welding operation
for welding the tip ends of the fin portions can be reduced.
This reduces the burden of the welding operation at the
time of producing the boiler waterwall panel. In a furnace
housing in which the boiler waterwall panel is assembled,
damages of the fusion-�boned coating can be further re-
markably reduced.
�[0024] Accordingly, in the present invention (claims 1
and 2), the burden of the welding operation at the time
of producing the boiler waterwall panel can be reduced,
and the operation rate of the boiler can be improved.
�[0025] According to the boiler waterwall panel of the
present invention (claim 3), since a seamless finned tube-
web assembly, which is equivalent to the case in which
a plurality of the aforementioned seamless finned single
tubes are integrated into an entire continuous phase,
then constitutes an entirety of the panel member, the
transition portion ranging from the tubular portion to the
fin portion is not required to be welded, too. Furthermore,
the welding of the tip ends of the fin portions is not re-
quired. This eliminates the necessity of the welding op-
eration at the time of producing the boiler waterwall panel.

5 6 



EP 2 080 951 A1

5

5

10

15

20

25

30

35

40

45

50

55

In a furnace housing using the boiler waterwall panels,
damages of the fusion-�bonded coating can be further re-
markably reduced.
�[0026] Accordingly, in the present invention (claim 3),
not only the burden of the welding operation at the time
of producing the boiler waterwall panel can be eliminated,
but also in an improved operation rate of the boiler can
be obtained, further remarkably.
�[0027] According to the boiler waterwall panel of the
present invention (claim 4), since the external surface of
the transition portion ranging from the tubular portion to
the fin portion or the web portion in the panel member is
formed into a concave surface, the stress concentration
thereto can be reduced. Furthermore, since the cross-
section of this portion has a configuration gradually in-
creasing in thickness towards the basal portion, resulting
in an enhanced rigidity of this portion, undesired effects
by the stress due to the aforementioned steep tempera-
ture gradient can be reduced, which enhances the afore-
mentioned preferable functions and results. Further-
more, the concave surface can be easily formed by a
seamless forming method, such as e.g., a hot extrusion
method, which in turn contributes a longer operating life
of an extruding die for use in a hot extrusion method, etc.
�[0028] Here, it is preferable that the curvature radius
of the concave surface to be formed on the external sur-
face of the transition portion ranging from the tubular por-
tion to the fin portion is set to 3 mm or more. With this,
in a panel with a tubular portion or a web portion a few
mm in thickness, in most cases the stress concentration
can be sufficiently reduced and the rigidity can be re-
markably increased. Furthermore, the notch function
against the fusion-�bonded coating can be sufficiently re-
duced by a radius of 3 mm or more. Although these effects
increase as the radius increases, it is preferable to set
the radius up to 6 mm or so, in the light of the effect of
saturation and/or to avoid wasting material.
�[0029] According to the boiler waterwall panel of the
present invention (claim 5), since the seamless finned
single tube or finned tube-�web assembly of a continuous
phase constituting the panel body is produced by a seam-
less forming method, such as e.g., a hot extrusion meth-
od, the integration as the continuous phase can be per-
formed assuredly, and the production can be performed
efficiently.
�[0030] In the meantime, currently, it is generally con-
sidered that a hot extrusion method is the most suitable
method of producing a seamless finned single tube or a
seamless finned tube- �web assembly. However, it is pos-
sible to produce a seamless constituent unit, etc., con-
stituting the panel body, by another seamless forming
method, such as e.g., a powder sintering method, a cast-
ing method using a sand mold, or a centrifugal casting
method, so long as facility circumstances and cost al-
lowed it.
�[0031] According to the boiler waterwall panel of the
present invention (claim 6), since the amount of B and
Si is minimized in the fusion-�bonded coating of the frame-

like portion to be subjected to welding thereby, thermal
shock crack sensitivity is remarkably reduced than the
coating with self- �fluxing alloy material in which sufficient
B and Si is added, this said sensitivity is enhanced.
Therefore, even if a furnace housing is formed by welding
the boiler waterwall panels, the problems of thermal
shock crack can be eliminated. As to the corrosion re-
sistant alloy low in thermal shock crack sensitivity, it is
preferable to use the alloy as recited in claim 6, in terms
of the thermal shock crack-�vs-�cost performance or the
availability. Depending on the situation, however, anoth-
er alloy (e.g., another group alloys defined by JIS 4901,
4902 or ISO 4955, 9723) can be used.

Brief Description of Drawings

�[0032] Fig. 1 shows a structure and production method
of a boiler waterwall panel according to an embodiment
of the present invention, wherein Fig. 1 (a) is a side view
of a finned tubular member (seamless finned single tube),
Fig. 1 (b) is a cross- �sectional view thereof, Fig. 1 (c) is a
side view of a panel body (panel member with water pas-
sages), Fig. 1 (d) is a cross-�sectional view thereof, Fig.
1 (e) is a side view of a boiler waterwall panel, and Fig.
1 (f) is a cross-�sectional view thereof.
�[0033] Fig. 2 shows a structure and production method
of a boiler waterwall panel according to another embod-
iment of the present invention, wherein Fig. 2 �(a) is a side
view showing a seamless finned tube- �web assembly, Fig.
2 �(b) is a cross-�sectional view thereof, Fig. 2 �(c) is a side
view of a panel body (panel member with water passag-
es), and Fig. 2 �(d) is a cross- �sectional view thereof.
�[0034] Fig. 3 shows an example of a conventional wa-
ter cooling panel segment, wherein Fig. 3�(a) is a side
view showing metal tubular members and metal plate
members, Fig. 3 �(b) is a cross- �sectional view thereof, Fig.
3 �(c) is a cross- �sectional view of a water- �cooling panel
segment.
�[0035] Fig. 4 shows another example of a conventional
water-�cooling panel segment, wherein Fig. 4�(a) is a side
view of a metal tube and vertical fins, Fig. 4�(b) is a cross-
sectional view thereof, Fig. 4�(c) is a cross- �sectional view
of a finned tubular member, Fig. 4 �(d) is a side view of
unit members for a water- �cooling panel segment, Fig. 4
(e) is a cross- �sectional view thereof, and Fig. 4 �(f) is a
cross- �sectional view of the water- �cooling panel segment.

Brief Description of Reference Marks

�[0036]

20...Water-�cooling panel segment (boiler waterwall
panel)
21...Metal tubular member
22...Metal plate member
23...Transition portion (welded)
30...Finned tubular member
31...Metal tube
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32...Vertical fin
33...Transition portion (welded)
40...Water-�cooling panel segment unit
41...Self-�fluxing alloy series coating
50...Water-�cooling panel segment (boiler watewall
panel)
51...Joint (welded)
60...Finned tubular member (seamless finned single
tube)
61...Tubular portion
62...Fin portion
63...Transition portion (integrally formed)
70...Panel body (panel member with water passag-
es)
71...Joint (welded portion formed in the middle of the
web)
80...Boiler waterwall panel
81...Frame-�like portion fusion-�bonded coating
82...Inner region fusion-�bonded coating
90...Seamless finned tube-�web assembly
91...Tubular portion
92...Web portion
93...Fin portion
94...Transition portion (integrally formed)
95...Panel body (panel member with water passag-
es)
96...Joint (welded portion formed in the middle of the
web)

Best Mode for Carrying Out the Invention

�[0037] The structure and production method of a boiler
waterwall panel according to an embodiment of the
present invention will be explained with reference to
drawings. Fig. 1 (a) is a side view of a finned tubular
member 60, Fig. 1 (b) is a cross- �sectional view thereof,
Fig. 1 (c) is a side view of a panel body 70, Fig. 1 (d) is
a cross-�sectional view thereof, Fig. 2 �(e) is a side view of
a boiler waterwall panel 80, and Fig. 1 (f) is a cross- �sec-
tional view thereof. The cross-�section of each cross-�sec-
tional view denotes a cross-�section perpendicular to the
axial direction of the tubular portion 61.
�[0038] This boiler waterwall panel 80 is produced as
follows. That is, initially, a tubular member 60, which is
a metal seamless finned pipe as the minimum constituent
unit, is integrally produced by a hot extrusion method
(see Figs. 1 (a) and 1 (b)). A plurality of finned tubular
members 60 are aligned in length, and the tip ends of
the fin portions 62 as joining portions are welded with
each other to obtain a panel body 70 (see Figs. 1 (c) and
1 (d)). Thereafter, a fusion-�bonded coating of a corrosion
resistant alloy is formed on one surface side of the panel
body 70 as a treating surface. As the fusion- �bonded coat-
ing, thermal spraying with post-�fusing method and weld
overlaying method are mentioned typically, other meth-
ods e.g. power-�slurry coating with post-�fusing method
etc. can be employed. That is to say, any method, in
which a fusible alloy can be bonded on a metallic sub-

strate with mutual alloying through fusing step thereof,
is available. Thus, the boiler waterwall panel 80 is pro-
duced. The fusion- �bonded coating of a corrosion resist-
ant alloy according to the boiler waterwall panel 80 is
formed by the following steps (see Figs. 1 (e) and 1 (f)).
For example, an alloy having no thermal shock crack
sensitivity is applied to the frame-�like region 81 including
edge portion of the treating surface by a weld overlaying
method. Then, to the inner region 82 surrounded by the
frame-�like region 81, an alloy good in workability, such
as, e.g., Ni series (Ni- �Cr group, etc.) or Co series (Co- �Cr
group, etc.) self-�fluxing alloy, or an alloy in which WC is
added to the above alloy, etc., are applied by a thermal
spraying with post fusing method.
�[0039] The finned tubular member 60 (see Figs. 1 (a)
and 1 (b)) is a metal elongated member having a tubular
portion 61 serving as a cooling water passage and a pair
of fin portions 62 provided at peripheral opposite sides
of the tubular portion so as to extend in the tubular mem-
ber axial direction. A transition portion 63 ranging from
the tubular portion 61 to the fin portion 62 is not a welded
portion but an integral portion formed by a hot extrusion
method. The external surface of the transition portion 63
is formed into a concave curve having a curvature radius
of 3 mm to 6 mm at the minimum curvature radius portion.
The finned tubular member 60 is commonly made from
a rolled member of cheap carbon steel or low-�alloy steel
(e.g., Cr- �Mo steel), but the material can be stainless steel,
casting material, or another metal. In the case of a com-
mon boiler furnace panel, the dimensional data is, for
example, about 60 to 80 mm in diameter of the tubular
portion 61, about 5 to 7 mm in thickness of the tubular
portion 61, about 10 to 20 mm in width of the fin portion
62, and about 5 to 7 mm in thickness of the fin portion
62. As the hot extrusion method, the Ugine-�Sejournet
method using glass as lubricant agent is popular, but any
method can be employed.
�[0040] The panel body 70 (see Figs. 1 (c) and (d)) is
produced by welding a plurality of the aforementioned
finned tubular members 60. Concretely, for example,
about 5 to 20 pieces of the finned tubular members 60
are arranged in parallel with the length aligned, and the
tip ends of the adjacent fin portions 62 are welded to
obtain a flat shaped member. In the case of a commonly
used boiler furnace panel, a general size of the panel
body 70 is about 4,000 to 8,000 mm in length and about
400 to 1,200 mm in width. The welding connection of the
joint 71 in the panel body 70 is performed by a common
welding method, such as e.g., a CO2 arc welding method
or a TIG welding method. This welding is not performed
in a state in which a plate member and a tubular member
are placed together, but can be simply performed in a
state in which edges of adjacent plate portions are placed
in a mutually butt state. This makes the welding easier
and enhances the efficiency, and almost no welding de-
fects will be generated. In the panel body 70 produced
as mentioned above and having the aforementioned
structure, the butt welded fin portions 62 and 62 constitute
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a web portion connecting the tubular portions 61 and 61,
and the joint 71 which is a welded portion is located at
the median line position of the web.
�[0041] The boiler waterwall panel 80 (see Figs. 1 (e)
and 1 (f)) is finished by forming a frame-�like portion fu-
sion-�bonded coating 81 and an inner region fusion-�bond-
ed coating 82 on the aforementioned panel body 70.
�[0042] As a corrosion resistant alloy having no thermal
shock crack sensitivity to be used as the frame-�like por-
tion fusion-�bonded coating 81, a Ni- �rich Ni- �Cr based alloy
in which the amount of boron B as a melting- �point low-
ering element is restricted to 0.1 mass % or below and
the amount of silicon Si as a melting-�point lowering ele-
ment is restricted to 0.5 mass % or less can be exempli-
fied. As the standard of defining such alloy material, JIS
G4901 for bar members, JIS G4902 for plate members
can be exemplified in Japan, and ISO 4955 or ISO 9723
can be exemplified in the International Standard. The
thickness of the frame- �like portion fusion-�bonded coating
81 is about 1 to 3 mm.
�[0043] As to the frame-�like portion of the panel body
70, it is important that the frame- �like portion has no ther-
mal shock crack sensitivity because it is subjected to be
welded to another panel after it becomes a boiler water-
wall panel 80. On the other hand, as to the remaining
inner region, the easiness and/or cost of the coating treat-
ment is given more importance since the region is not to
be welded anymore.
�[0044] As the corrosion resistant alloy to be used for
the inner region fusion-�bonded coating 82, a Ni-�Cr group
self-�fluxing alloy can be exemplified because it is suitable
to the thermal spraying with post- �fusing method and ex-
cellent in applicability. In the material, although the Ni-
rich Ni-�Cr component occupies the predominant quantity,
the amount of B and that of Si are regulated to 1 to 5
mass %, respectively, so as to provide an easy- �to-�melt
nature, a self-�fluxing function etc., preferable to a thermal
spraying treatment or a fusing treatment while avoiding
excessive increase of brittleness. As such alloy material,
nickel self- �fluxing alloy material defined by Japanese In-
dustrial Standard JIS H8303 or International Standard
ISO 4920 can be exemplified. The thickness of the inner
region fusion-�boned coating 82 is usually set to about
0.5 to 3.0 mm. In the present invention structure, since
the surface configuration of the tubular member-�fin/web
transition portion and the welded portion of the panel
body are smoothly formed, the coating having a thickness
of 0.2 mm or above can give sufficient corrosion preven-
tion.
�[0045] In forming the inner region fusion- �bonded coat-
ing 82, in the fusing treatment to be performed after ther-
mally spraying the inner region fusion-�bonded coating 82
on one surface of the panel body 70, it is more preferable
to correct deformation of the panel body 70 by regulating
the displacements in the dual direction perpendicular to
the longitudinal direction at plural points with a positional
correction tool while pulling the panel body 70 in the lon-
gitudinal direction with a pulling tool during the heating

while heating the panel body 70 with a manner in which
a partially heating tool, e.g., an induction coil, being
moved in the longitudinal direction.
�[0046] The boiler waterwall panel 80 produced as men-
tioned above will be transported from a panel production
factory to a boiler installation site, and joined by welding
to another panel at frame-�like portions to be fabricated
in a furnace housing.
�[0047] As to a structure and production method of a
boiler waterwall panel according to the present invention,
another embodiment will be explained with reference to
the drawings. Fig. 2�(a) is a side view showing seamless
finned tube-�web assembly 90, Fig. 2�(b) is a cross- �sec-
tional view thereof, Fig. 2�(c) is a side view of a panel body
95 (panel member with water passages), and Fig. 2�(d)
is a cross-�sectional view thereof. Here, the "cross-�sec-
tion" of each cross-�sectional view denotes a cross-�sec-
tion perpendicular to the axial direction of the tubular por-
tion 91.
�[0048] This boiler waterwall panel is different from the
aforementioned boiler waterwall panel 80 in that the con-
stituent unit of the panel body 95 which is a panel member
with water passages as a panel body is constituted by
seamless finned tube-�web assemblies 90.
�[0049] The seamless finned tube- �web assembly 90 is
equipped with a few rows of tubular portions 91, web
portions 92 connecting the rows of tubular portions and
a pair of fin portions 93 located at the outside of the out-
ermost rows of the tubular portions 91, which are con-
nected as a continuous phase. Like the finned tubular
member 60, the assembly 90 is integrally formed by a
hot extrusion method. However, not like a single tube
such as the finned tubular member 60, a few tubular por-
tions 91 are included in a plane in a parallel arranged
manner as if a part of the panel is previously assembled
by arranging the finned tubular members 60.
�[0050] Partially, the tubular portion 91 to be served as
a cooling water passage can be the same as the afore-
mentioned tubular portion 61, the fin portion 93 can be
the same as the fin portion 62, the web portion 92 can
have a size almost equal to the size corresponding to
two fin portions 93, and the transition portion 94 ranging
from the tubular portion 91 to the web portion 92 or the
fin portion 93 can be the same as the transition portion 63.
�[0051] The few rows of the tubular portions 91 con-
tained in the seamless finned tube-�web assembly 90 cor-
respond to a part of plural rows of the tubular portions 91
contained in the panel body 95 or the boiler waterwall
panel. In this embodiment, an assembly having three
rows of tubular portions is illustrated, but the number of
rows of tubular portions can be two, four, or more.
�[0052] The panel body 95 can be formed by welding a
plurality of seamless finned tube- �web assemblies 90 in
the same manner as in the panel body 70. Concretely,
tip ends of the adjacent fin portions 93 are welded to be
assembled into a flat panel. In the web formed by welding
the fin portions 93 and 93, the joint 96 which is a welded
portion is located at the median line position of the web.
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However, at the time of producing the seamless finned
tube- �web assembly 90, since no joint 96 exists at the
web portion 92 integrally formed together with the tubular
portion 91, the panel body 95 has a welding structure in
which a welded portion is located at the median line po-
sitions of some web portions among web portions con-
necting the plural rows of tubular portions 91 to be served
as cooling passages. A pair of fin portions 93 are located
at the outside of the outermost tubular members.
�[0053] In the same manner as in the aforementioned
panel body 70, a frame-�like portion fusion-�bonded coat-
ing 81 and inner region fusion- �bonded coating 82 are
formed on the panel body 95 having the aforementioned
welding structure produced as mentioned above into a
boiler waterwall panel. The number of joints 96 in the
panel body 95 is fewer than the number of joints 71 in
the panel body 70.
�[0054] The boiler waterwall panel produced as men-
tioned above will also be transported from a panel pro-
duction factory to a boiler installation site, and joined by
welding to another panel at frame-�like portions to be fab-
ricated in a furnace housing.
�[0055] A structure and production method of a boiler
waterpanel according to still another embodiment of the
present invention will now be explained.
�[0056] This embodiment is a deformation of the afore-
mentioned second embodiment. If this embodiment is
explained using Fig. 2 showing the structure or the panel
body according to the second embodiment, this is an
embodiment in which the joint 96 in the panel body 95 is
eliminated.
�[0057] That is, in this embodiment, the number of rows
of the tubular portions 91 in the seamless finned tube-
web assembly 90 which is a panel constituent unit of the
second embodiment is increased to the number of rows
of the tubular portions 91 in the panel body 95. Thus, the
seamless finned tube-�web assembly 90 constitutes not
a panel constituent unit but an entire panel structural
member.
�[0058] This embodiment is useful for the case in which
the panel body 95 is relatively small in width (e.g., 400
to 600 mm width /3 to 6 rows of tubular portions). De-
pending on the improvement of assembly production
technique such as a hot extrusion method, the preferable
applicable target will be expanded to a wider panel.

[Other]

�[0059] In the above embodiments, the seamless
finned single tube 60 and the seamless finned tube-�web
assembly 90 are produced by a hot extrusion method.
As a seamless member production method of producing
an integral member in which tubular members and fins
or webs extending in the tubular axial direction are united
with a continuous metal phase to be replaced with a hot
extrusion method, a powder sintering method, a casting
method using a sand mold, and a centrifugal casting
method can be exemplified.

�[0060] In the aforementioned embodiments, the
frame-�like portion fusion-�bonded coating 81 of a low ther-
mal shock crack sensitivity alloy is formed by a weld over-
laying method. However, in cases where the coating can
be formed by another method, such as e.g., a thermal
spraying with post- �fusing method, the frame-�like portion
fusion-�bonded coating 81 can be formed by such a meth-
od.

Industrial Applicability

�[0061] The boiler waterwall panel of the present inven-
tion can be applied to various boiler furnace housings
including the so-�called super boiler. As an installation
example of a boiler, an incinerator can be exemplified.
An incinerator of a garbage incineration power genera-
tion equipment is also included in the installation exam-
ple.

Claims

1. A boiler waterwall panel comprising a metal panel
member with water passages as a panel body
equipped with a plurality of rows of tubular portions
to be served as cooling water passages, web por-
tions connecting the rows of tubular portions, and a
pair of fin portions located at outsides of outermost
tubular portions and extending in a tubular axial di-
rection, at least one surface of the panel body being
covered with a fusion- �bonded coating of a corrosion
resistant alloy, �
wherein the panel member with water passages as
the panel body comprises a plurality of metal seam-
less finned single tubes as constituent units, each
provided with a single tubular portion and a pair of
fin portions provided at peripheral opposite sides of
the single tubular portion, the single tubular portion
and the fin portions exist sharing a common metal
phase continuously extended, and
wherein the plurality of metal seamless finned single
tubular portions are joined by welding with each other
at tip ends of the fin portions of the constituent units
so that a welded portion is located at a median line
position of the web portion.

2. A boiler waterwall panel comprising a metal panel
member with water passages as a panel body
equipped with a plurality of rows of tubular portions
to be served as cooling water passages, web por-
tions connecting the rows of tubular portions, and a
pair of fin portions located at outsides of outermost
tubular portions and extending in a tubular axial di-
rection, at least one surface of the panel body being
covered with a fusion- �bonded coating of a corrosion
resistant alloy, �
wherein the panel member with water passages as
the panel body comprises a plurality of metal seam-

13 14 



EP 2 080 951 A1

9

5

10

15

20

25

30

35

40

45

50

55

less finned tube-�web assembles as constituent units,
each having a few rows of tubular portions corre-
sponding to a part of the plural rows of the tubular
portions, the web portions connecting said few rows
of the tubular portions, and a pair of fin portions pro-
vided at outer sides of outermost tubular portions,
the tubular portions, the web portions and the fin por-
tions exist sharing a common metal phase continu-
ously extended, and
wherein the plurality of metal seamless finned tube-
web assemblies are joined by welding with each oth-
er at tip ends of the fin portions of the constituent
units so that a welded portion is located at a median
line position of the limited web portions.

3. A boiler waterwall panel comprising a metal panel
member with water passages as a panel body
equipped with a plurality of rows of tubular portions
to be served as cooling water passages, web por-
tions connecting the rows of tubular portions, and a
pair of fin portions located at outsides of outermost
tubular portions and extending in a tubular axial di-
rection, at least one surface of the panel body being
covered with a fusion- �bonded coating of a corrosion
resistant alloy, �
wherein the panel member with water passages as
the panel body has a seamless integrated structure
in which an entirety of the panel member is consti-
tuted by a single metal seamless finned tube-�web
assembly, comprising the plurality of rows of the tu-
bular portions, the web portions connecting the rows
of tubular portions, and the pair of fin portions located
at the outsides of the outermost tubular portions, ex-
ist sharing a common metal phase continuously ex-
tended.

4. The boiler waterwall panel as recited in any one of
claims 1 to 3, wherein an external surface of a tran-
sition portion ranging from the tubular portion to the
fin portion or the web portion of the panel member
as the panel body is formed into a concave surface.

5. The boiler waterwall panel as recited in any one of
claims 1 to 4, wherein the seamless finned tubular
member or the seamless finned tube-�web assembly,
each being formed with the single common metal
phase, constituting the panel body is produced by a
seamless forming method such as a hot extrusion
method.

6. The boiler waterwall panel as recited in any one of
claims 1 to 5, wherein the corrosion resistant alloy
constituting the fusion-�bonded coating is made of a
Ni-�rich Ni-�Cr based alloy in which an amount of boron
is restricted to 0.1 mass % or below and an amount
of silicon is restricted to 0.5 mass % or less at a
frame-�like region including frame-�like edge portions
of the panel.
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