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(67) A seamless austenitic heat-resistant alloy tube
used by fillet-welding the outer surface thereof directly,
having a chemical composition consisting, by mass per-
cent, of C: 0.03-0.15%, Si<1%, Mn<2%, P<0.03%,
S<0.01%, Ni: 35-60%, Cr: 18-38%, W: 3-11%, Ti
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0.01-0.5%, Nb: 0.01-0.5%, and V: 0.01-0.5%, with the

balance being Fe and impurities, wherein an average
grain diameter d wm at the center of the wall thickness
of the tubeis 1000 wm or smaller and satisfies the formula
(d<1500-2.5% 105X B), the thickness of an oxide layer on
the outer surface of the tube is 15 wm or smaller. The
tube of the present invention is excellent in weld crack
resistance and capable of restraining the generation of
cracks in a HAZ at the time of welding.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a seamless austenitic heat-resistant alloy tube. More particularly, it relates to
a seamless austenitic heat-resistant alloy tube that can be used as a high-temperature equipment member, such as a
tube constituting a furnace wall of power generation boiler (hereinafter, referred to as a "water wall tube"), by allowing
direct fillet-welding of the outer surface of the tube. Still more particularly, itrelates to a seamless austenitic heat-resistant
alloy tube excellent in weld crack resistance and capable of restraining the generation of cracks in a HAZ at the time of
welding among seamless alloy tubes that are excellent in high temperature strength, have sufficient stress corrosion
cracking resistance, and are produced using an austenitic heat-resistant alloy having a low thermal expansion coefficient
as a starting material.

BACKGROUND ART

[0002] In recent years, concerning the power generation boilers, "ultra-supercritical pressure boilers", in which the
temperature and pressure of steam are raised to increase the boiler efficiency, have been newly built in the world.
Further, the practical use of "next-generation ultra-supercritical pressure boilers", in which the steam temperature, which
was so far about 600°C, is raised to 650°C or higher, further 700°C or higher, has been planned. This is because the
effective use of energy and resources and the reduction in CO, gas emissions for environmental conservation have
been one of solutions to energy problem and have become an important industrial policy. This is also because, in the
power generation boiler in which fossil fuels are burnt, higher temperature and higher pressure of steam is advantageous
in increasing the efficiency of boiler.

[0003] The higher temperature and higher pressure of steam raise the temperature at the time when a tube constituting
a boiler, for example, a heat-transfer tube such as a superheater tube and a resuperheater tube and a main steam tube
is in operation. Therefore, the material that is used in such a severe environment for a long period of time is required to
have a high temperature strength and corrosion resistance at high temperatures, above all, long-term stability of metal
micro-structure and high creep properties.

[0004] Non Patent Document 1 (Fujimitu Masuyama: Journal of The Iron and Steel Institute of Japan, Vol.80 (1994)
No.8, pp.587-592) shows a graph in which the abscissas represent the Cr content of material and the ordinates represent
the temperature at an allowable stress of 49 MPa for a practicable heat-resistant material, and describes that, with the
increase in Cr content, the temperature on the ordinates, and therefore, the creep strength as a high temperature strength
increases.

[0005] Also, Non Patent Document 2 (Masamichi Koiwa: Metal Corrosion Damage and Anticorrosion Technique (1983,
Agune Syoufuusha Corp.), pp.452-453) shows a graph in which the abscissas represent the Ni content of material and
the ordinates represent the crack susceptibility for a practicable heat-resistant material, and describes that, with the
increase in Ni content, the crack susceptibility on the ordinates decreases, and the corrosion resistance (stress corrosion
cracking resistance) at high temperatures increases.

[0006] Patent Documents 1 to 3 (JP60-100640A, JP64-55352A and JP2-200756A) disclose heat-resistant alloys in
which by increasing the contents of Cr and Ni, and moreover, by containing one or more kinds of Mo and W, an attempt
is made to improve creep rupture strength as a high temperature strength.

[0007] Further, to meet the requirement for the high temperature strength properties, which has become increasingly
severer, especially, the requirement for the creep rupture strength, Patent Documents 4 to 7 (JP7-216511A,
JP7-331390A, JP8-127848A and JP8-218140A) disclose heat-resistant alloys in which 28 to 38% of Cr and 35 to 60%
of Ni are contained, and by utilizing the precipitation of a-Cr phase of body-centered cubic structure consisting mainly
of Cr, an attempt is made to further improve creep rupture strength.

[0008] On the other hand, Patent Documents 8 and 9 (JP51-84726A and JP51-84727A) disclose Ni-based alloys in
which by containing Mo and/or W, solid-solution strengthening is attempted, and also by utilizing the precipitation strength-
ening of v’ phase, which is an intermetallic compound containing Al and Ti, specifically Niz(Al, Ti), the use in the severe
high-temperature environment is made possible.

[0009] Also, Patent Document 10 (JP9-157779A) proposes a high-Ni austenitic heat-resistant alloy in which by con-
trolling the content ranges of Al and Ti and by precipitating y’ phase, the creep strength is improved.

[0010] Generally, the austenitic heat-resistant alloys are assembled into various structures by welding, and the struc-
tures are used at high temperatures. However, as reported in Non Patent Document 3 (Edited by Japan Welding Society:
Welding and Joining Handbook 2nd edition (2003, Maruzen), pp.948-950), if the amounts of alloying elements of the
austenitic heat-resistant alloy increase, when welding is performed, there arises a problem of cracks generated in a
welding heat affected zone (hereinafter, referred to as a "HAZ"), above all, in the HAZ adjacent to a fusion boundary.
[0011] Therefore, the austenitic heat-resistant alloy used as a member of various structures is required to achieve
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both of prevention of cracks in the HAZ at the welding time and provision of weld joint performance.

[0012] Patent Document 11 (JP2011-63838A) discloses an austenitic heat-resistant alloy in which by containing a
specific amount of Fe and by controlling the effective B amount range, the assurance of workability at high temperatures
and the prevention of cracks in the HAZ at the butt welding time are made possible.

[0013] Further, Patent Document 12 (JP2010-150593A) discloses an austenitic heat-resistant alloy in which by con-
trolling the contents of impurity elements such as Sn and Pb in addition to P and S, cracks in the HAZ can be prevented
when butt welding is performed and when a welded structure is used for a long period of time, and moreover, the alloy
is also excellent in creep strength.

LIST OF PRIOR ART DOCUMENT(S)
[Patent Documents]
[0014]

[Patent Document 1] JP60-100640A
[Patent Document 2] JP64-55352A
[Patent Document 3] JP2-200756A
[Patent Document 4] JP7-216511A
[Patent Document 5] JP7-331390A
[Patent Document 6] JP8-127848A
[Patent Document 7] JP8-218140A
[Patent Document 8] JP51-84726A
[Patent Document 9] JP51-84727A
[Patent Document 10] JP9-157779A
[Patent Document 11] JP2011-63838A
[Patent Document 12] JP2010-150593A

[Non Patent Documents]
[0015]

[Non Patent Document 1] Fujimitu Masuyama: Journal of The Iron and Steel Institute of Japan, Vol.80 (1994) No.8,
pp.587-592

[Non Patent Document 2] Masamichi Koiwa: Metal Corrosion Damage and Anticorrosion Technique (1983, Agune
Syoufuusha Corp.), pp.452-453

[Non Patent Document 3] Edited by Japan Welding Society: Welding and Joining Handbook 2nd edition (2003,
Maruzen), pp.948-950

[Non Patent Document 4] Shinichi Takano et al.: IHI Technical Review, vol.49 No.4 (2009), pp.185-191

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0016] As described before, the austenitic heat-resistant alloys are generally assembled into various structures by
welding. In recent years, there has been a movement to use the austenitic heat-resistant alloy tubes as water wall tubes
of power generation boilers.

[0017] As the starting material for the water wall tube, conventionally, from the various viewpoints such as workability,
a carbon steel or a 1%Cr steel, which need not be subjected to both of preheating and postheating, has generally been
used.

[0018] However, in the before-mentioned "next-generation ultra-supercritical pressure boilers ", in which the steam
temperature is raised to 700°C or higher, for the carbon steel or the 1%Cr steel having been used conventionally, the
high temperature strength is insufficient. Therefore, neither the carbon steel nor the 1%Cr steel can be used as a starting
material for the water wall tube of the "next-generation ultra-supercritical pressure boilers ".

[0019] On the other hand, the ordinary austenitic stainless steel, which has been used so far as a superheater tube
or a resuperheater tube, is subjected to stress corrosion cracking in the environment in which high-temperature water
flows therein, such as a furnace wall, because of low content of Ni. Therefore, the ordinary austenitic stainless steel as
well cannot be used as a starting material for the water wall tube of the "next-generation ultra-supercritical pressure boilers"
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[0020] Inaddition, the austenitic stainless steel has a high linear thermal expansion coefficient as shown in one example
in Non Patent Document 4 (Shinichi Takano et al.: IHI Technical Review, vol.49 No.4 (2009), pp.185-191). Therefore,
for the austenitic stainless steel, the heat deformation becomes large when welding is performed, and there arises a
problem when the furnace wall is manufactured.

[0021] The furnace wall is formed by a panel in which a plurality of water wall tubes are arranged in parallel, and are
welded to fin plates or fin bars for connecting the water wall tubes to each other. Therefore, unlike the butt welding in
which machined groove faces are welded, it is necessary to fillet-weld the outer surface of the as-produced tube directly
to the fin plates or the fin bars.

[0022] In the case where the outer surface of the tube is directly fillet-welded (hereinafter, sometimes referred simply
to as "the outer surface of the tube is directly welded") as described above, as compared with the case of butt welding
in which welding is performed in the groove, in terms of shape, the stress concentration in an excess weld metal toe
portion increases. As a result, in the case where the outer surface of the tube is directly welded, as compared with the
case of butt welding, cracks are liable to be generated in the HAZ during welding.

[0023] Therefore, an immediate challenge is the development of an austenitic heat-resistant alloy tube having an
increased Ni content that can be used suitably as the water wall tube of the "next-generation ultra-supercritical pressure
boilers ", that is, the development of a seamless austenitic heat-resistant alloy tube having an increased Ni content that
is excellent in weld crack resistance and capable of restraining the generation of cracks in a HAZ at the time of welding
among seamless alloy tubes that are excellent in high temperature strength, have sufficient stress corrosion cracking
resistance, and are produced using an austenitic heat-resistant alloy having a low thermal expansion coefficient as a
starting material.

[0024] The Patent Documents 1 to 10, described before, disclose austenitic heat-resistant alloys having an improved
creep rupture strength. In these Patent Documents, however, studies are not conducted from the viewpoint of "weldability"
at the time when a structure is assembled, and moreover, to weld the outer surface of tube directly is not considered at
all. Therefore, the tubes produced by using the austenitic heat-resistant alloys proposed in these Patent Documents as
starting materials cannot at all be used as the water wall tubes of the "next-generation ultra-supercritical pressure boilers ".
[0025] The austenitic heat-resistant alloy proposed in the Patent Document 11 by the present inventors is suitable for
being used as a product, such as a tube, plate, bar, and forgings, that is used as a heat-resistant pressure-resistant part
for power generation boilers, chemical industry, or the like, especially as a large-sized product. By using this austenitic
heat-resistant alloy, the high-temperature workability, the resistance to weld crack susceptibility, and further the decrease
in ductility caused by high-temperature aging at the time when the product is produced and at the time when actual
equipment is used can be improved remarkably.

[0026] Likewise, for the austenitic heat-resistant alloy proposed in the Patent Document 12 by the present inventors,
cracks in the HAZ can be prevented, and a defect attributable to welding workability, which is formed during the welding
work, can also be prevented. Further, this austenitic heat-resistant alloy is excellentin creep strength at high temperatures.
Therefore, this austenitic heat-resistant alloy can be suitably used as a starting material for high-temperature equipment
for power generation boilers, chemical industry plants, or the like.

[0027] However, when the austenitic heat-resistant alloys proposed in the Patent Documents 11 and 12 were devel-
oped, the present inventors did not necessarily consider the direct welding of the outer surface of tube. Therefore, in
the case where the outer surface of the tube produced by using the austenitic heat-resistant alloy as a starting material
is directly welded, in terms of shape, the stress concentration in an excess weld metal toe portion increases. As a result,
there is a possibility that, as compared with the case of butt welding, cracks are unavoidably liable to be generated in
the HAZ during welding. Therefore, when the tubes produced by using these austenitic heat-resistant alloys as starting
materials are used for the water wall tubes of the "next-generation ultra-supercritical pressure boilers ", the problems to
be solved have remained.

[0028] The present invention has been made in view of the above-described present situation, and accordingly an
objective thereof is to provide a seamless austenitic heat-resistant alloy tube that can be used as a high-temperature
equipment member, such as a water wall tube of power generation boiler, by allowing direct fillet-welding of the outer
surface of tube, that is, a seamless austenitic heat-resistant alloy tube excellent in weld crack resistance and capable
of restraining the generation of cracks in a HAZ at the time of welding among seamless alloy tubes that are excellent in
high temperature strength, have sufficient stress corrosion cracking resistance, and are produced using an austenitic
heat-resistant alloy having a low thermal expansion coefficient as a starting material.

MEANS FOR SOLVING THE PROBLEMS

[0029] To solve the above-described problems, the present inventors conducted various examinations.

[0030] As a result, first, it could be confirmed that by containing a proper amount of B, a sufficient high temperature
strength can be given to the austenitic heat-resistant alloy.

[0031] Next, the present inventors prepared seamless tubes of various austenitic heat resistant alloys containing B
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(hereinafter, sometimes referred simply to as "austenitic heat-resistant alloy tubes"), fillet-welded the outer surfaces of
these alloy tubes directly to a plate compared to a fin plate, specifically, an alloy plate of 6 mm thick, 15 mm wide, and
200 mm long having the chemical composition given in Table 2 of Examples, described later, and conducted detailed
examination of the cracks formed in the HAZ when welding is performed.

[0032] As the result, the following items (a) to (d) were clarified.

[0033]

(a) The contents of the Non Patent Document 3 such that, when welding is performed, cracks are generated at the
grain boundary of HAZ close to a fusion boundary could be confirmed.

(b) As the amount of B contained in the austenitic heat-resistant alloy tube increases, and as the grain diameter of
the austenitic heat-resistant alloy tube increases, the cracks in the HAZ are generated more easily. Further, as the
toe angle of excess weld metal becomes larger, the cracks in the HAZ are generated more easily.

(c) On the fracture surface of the crack generated in the HAZ, a fusion trace is recognized. Also, on the fracture
surface, the concentration of B occurs. As the grain diameter of the austenitic heat-resistant alloy tube increases,
the concentration of B becomes more remarkable.

(d) As the thickness of the oxide layer formed on the outer surface of the austenitic heat-resistant alloy tube increases,
the toe angle of excess weld metal becomes larger.

[0034] From the clarified items (a) to (d), the present inventors reached the following conclusions (e) and (f).

(e) The cracks generated in the HAZ when welding is performed are affected strongly by B existing at the grain
boundary in metallurgical terms, and the behavior at the grain boundary of B is affected indirectly by the grain
diameter of the austenitic heat-resistant alloy tube.

(f) The cracks generated in the HAZ are affected strongly by the toe angle of excess weld metal in mechanical terms.
The toe angle is affected indirectly by the oxide layer formed on the outer surface of the austenitic heat-resistant
alloy tube.

[0035] Thatis, itwas clarified that, in the case where the austenitic heat-resistant alloy tube, in which a proper amount
of B is contained to assure a sufficient high temperature strength, is fillet-welded directly, in order to prevent cracks
generated in the HAZ when welding is performed, the following two items are effective:

to control the grain diameter of the austenitic heat-resistant alloy tube, and to regulate the content of B according
to the grain diameter, and

to control the thickness of the oxide layer existing on the outer surface of the austenitic heat-resistant alloy tube,
and to control the shape of excess weld metal.

[0036] The reasons for this are thought to be the following items (g) to (i).

(9) During welding work, B is segregated at the grain boundary of HAZ near the fusion boundary by the weld thermal
cycle. Since B is an element that lowers the fusion point of grain boundary, the grain boundary at which B is
segregated during welding is melted locally, and the melted portion is opened by the weld heat stress; therefore,
so-called "liquation cracking" occurs. In the case where the grain diameter is large, the grain boundary area per unit
volume is small. Therefore, in the case where the grain diameter is large, the grain boundary segregation of B
becomes remarkable, and also the stress applied to a specific grain boundary face increases, so that cracks in the
HAZ become liable to be generated.

(h) As the toe angle of weld bead (excess weld metal) increases, the stress concentration on the HAZ occurs more
easily, and therefore, cracks are liable to be generated.

(i) In the case where a thick oxide layer is formed on the outer surface of tube, in addition to a high fusion point of
oxides, the wettability with molten metal is deteriorated when the outer surface of tube is fillet-welded. Therefore,
the toe angle of excess weld metal increases, and the susceptibility to cracks is enhanced.

[0037] Accordingly, the present inventors conducted further detailed studies.

[0038] As the result, it was clarified that even in the case where the outer surface of the austenitic heat-resistant alloy
tube is fillet-welded directly to the plate compared to the fin plate (the alloy plate of 6 mm thick, 15 mm wide, and 200
mm long having the chemical composition given in Table 2 of Examples), cracks in the HAZ can be prevented by taking
the following measures (j) and (k).

(i) The average grain diameter d(um) at the center of the wall thickness of the alloy tube is controlled so as to be
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1000 pm or smaller and in the range satisfying the following formula according to the amount of B contained in the
alloy:

d<1500-2.5x%x105x B

in which letter B represents the content (mass%) of B.
(k) To improve the wettability with molten metal at the time of fillet-welding, and to decrease the toe angle, the
thickness of oxide layer on the outer surface of alloy tube is kept to 15 um or smaller.

[0039] The present invention was completed on the basis of the above-described findings, and the gist thereof is
seamless austenitic heat-resistant alloy tubes described below.
[0040]
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(1) A seamless austenitic heat-resistant alloy tube used by fillet-welding the outer surface thereof directly, having
a chemical composition consisting, by mass percent, of

C:0.03t0 0.15%,
Si: 1% or less,

Mn: 2% or less,

P: 0.03% or less,
S: 0.01% or less,
Ni: 35 to 60%,

Cr: 18 to 38%,
W:3to 11%,

Ti: 0.01 to 1.2%,
Al: 0.5% or less,

B: 0.0001 to 0.01%,
N: 0.02% or less,
0: 0.008% or less, and

at least one element selected from

Zr: 0.01 to 0.5%,
Nb: 0.01 to 0.5%, and
V:0.01 to 0.5%,

with the balance being Fe and impurities, wherein
an average grain diameter d um at the center of the wall thickness of the tube is 1000 wm or smaller and satisfies
the following formula:

d<1500-2.5x10°x B

where letter B represents the content by mass percent of B; and further,

the thickness of an oxide layer on the outer surface of the tube is 15 wm or smaller.

(2) The seamless austenitic heat-resistant alloy tube described in the above item (1), containing, in lieu of a part of
Fe, by mass percent, at least one element selected from the elements listed in following groups <1> and <2>:

<1> Mo: 1% or less, Cu: 1% or less, and Co: 1% or less
<2> Ca: 0.05% or less, Mg: 0.05% or less, and REM: 0.1% or less.

(3) The seamless austenitic heat-resistant alloy tube described in the above item (1) or (2), wherein the tube is used
as a water wall tube.

[0041] The "impurities" mean impurity elements mixed from ore and scrap used as a raw material or a production
environment when the austenitic heat-resistant alloy is produced on an industry basis.
[0042] The "REM"is the general term of a total of seventeen elements consisting of Sc, Y, and lanthanoids, and the
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REM content means the total content of one kind or two or more kinds of elements of the REM.
ADVANTAGEOUS EFFECT(S) OF THE INVENTION

[0043] The seamless austenitic heat-resistant alloy tube of the present invention is excellent in weld crack resistance
and capable of restraining the generation of cracks in a HAZ at the time of welding. Therefore, among seamless alloy
tubes that are excellent in high temperature strength, have sufficient stress corrosion cracking resistance, and are
produced using an austenitic heat-resistant alloy having a low thermal expansion coefficient as a starting material, the
seamless austenitic heat-resistant alloy tube of the present invention can be used suitably as a high-temperature equip-
ment member such as a water wall tube of power generation boiler.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0044]

Figure 1 is a schematic view for explaining a restraint weld test body simulating the fillet-welding of a water wall
tube. In this figure, an alloy plate compared to a fin plate was simply written so as to be a "fin plate".

Figure 2 is a sectional view for explaining the fillet-welding of a test specimen tube to an alloy plate compared to a
fin plate. In this figure, the alloy plate compared to a fin plate was simply written so as to be a "fin plate".

MODE FOR CARRYING OUT THE INVENTION

[0045] Hereunder, the features of the present invention are explained in detail. In the following explanation, "%"
representing the content of each element means "mass%".

(A) Chemical composition of tube:
C: 0.03t00.15%

[0046] C (carbon) stabilizes austenite, forms fine carbides at the grain boundary, and improves the creep strength at
high temperatures. In order to sufficiently achieve these effects, 0.03% or more of C must be contained. However, if C
is contained excessively, the carbides become coarse, and precipitate in large amounts, so that the ductility of grain
boundary is decreased, and further, the toughness and creep strength are also decreased. Therefore, the upper limit is
placed, and the C content is set to 0.03 to 0.15%. The preferable lower limit of C content is 0.04%, and the preferable
upper limit thereof is 0.12%.

Si: 1% or less

[0047] Si (silicon) is an element that has a deoxidizing function, and is effective in improving the corrosion resistance
and oxidation resistance at high temperatures. However, if Siis contained excessively, the stability of austenite decreases,
and therefore the toughness and creep strength are decreased. Therefore, the upper limit is placed, and the Si content
is set to 1% or less. The Si content is preferably 0.8% or less.

[0048] The lower limit of Si content need not be placed especially. However, if the Si content decreases extremely,
the deoxidizing effect is not achieved sufficiently, the index of cleanliness of alloy is increased and the cleanliness is
deteriorated, and also the advantageous effect of improving the corrosion resistance and oxidation resistance at high
temperatures becomes less liable to be achieved. Also, the production cost increases greatly. Therefore, the preferable
lower limit of Si content is 0.02%.

Mn: 2% or less

[0049] Mn (manganese) has a deoxidizing function like silicon. Manganese also contributes to the stabilization of
austenite. However, if Mn is contained excessively, embrittlement occurs, and further, the toughness and creep ductility
decrease. Therefore, the upper limit is placed, and the Mn content is set to 2% or less. The Mn content is preferably
1.5% or less.

[0050] The lower limit of Mn content also need not be placed especially. However, if the Mn content decreases
extremely, the deoxidizing effect is not achieved sufficiently, the cleanliness of alloy is deteriorated, and also the austenite
stabilizing effect becomes less liable to be achieved. Also, the production costincreases greatly. Therefore, the preferable
lower limit of Mn content is 0.02%.
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P: 0.03% or less

[0051] P (phosphorus)is contained in the alloy as an impurity, and is an element that segregates at the grain boundary
of HAZ during welding and enhances the liquation cracking susceptibility. Therefore, the upper limit is placed, and the
P content is set to 0.03% or less. The P content is preferably 0.02% or less.

[0052] The P contentis preferably decreased as far as possible. However, the extreme decrease leads to the increase
in production cost. Therefore, the preferable lower limit of P content is 0.0005%.

S: 0.01% or less

[0053] S (sulfur)is, like P, contained in the alloy as an impurity, and is an element that segregates at the grain boundary
of HAZ during welding and enhances the liquation cracking susceptibility. Further, S is an element that exerts an adverse
influence on the toughness after long-term use. Therefore, the upper limit is placed, and the S content is set to 0.01%
or less. The S content is preferably 0.005% or less.

[0054] The S contentis preferably decreased as far as possible. However, the extreme decrease leads to the increase
in production cost. Therefore, the preferable lower limit of S content is 0.0001%.

Ni: 35 to 60%

[0055] Ni (nickel) is an element effective in obtaining austenite, and also, is an element essential in assuring the
structural stability at the time of long-term use. In order to sufficiently achieve the above-described effects of Ni in the
range of Cr content of 18 to 38%, described later, 35% or more of Ni must be contained. However, Ni is an expensive
element, so that the containing of much Ni leads to the increase in cost. Therefore, the upper limit is placed, and the Ni
content is set to 35 to 60%. The preferable lower limit of Ni content is 38%, and the preferable upper limit thereof is 55%.

Cr: 18 to 38%

[0056] Cr (chromium) is an element essential in assuring the oxidation resistance and corrosion resistance at high
temperatures. In order to achieve the above-described effects of Cr in the range of Ni content of 35 to 60%, described
above, 18% or more of Cr must be contained. However, if the Cr content exceeds 38%, the stability of austenite at high
temperatures is deteriorated, and the creep strength is decreased. Therefore, the Cr content is set to 18 to 38%. The
preferable lower limit of Cr content is 20%, and the preferable upper limit thereof is 35%.

W:3to 11%

[0057] W (tungsten)is an element that dissolves in matrix and contributes greatly to the improvement in creep strength
at high temperatures exceeding 700°C. In order to sufficiently achieve this effect, 3% or more of W must be contained.
However, even if W is contained excessively, the effect is saturated, and the creep strength is rather decreased in some
cases. Further, W is an expensive element, so that the containing of much W leads to the increase in cost. Therefore,
the upper limit is placed, and the W content is set to 3 to 11%. The preferable lower limit of W content is 5%, and the
preferable upper limit thereof is 10%.

Ti: 0.01 to 1.2%

[0058] Ti (titanium) precipitates in grains as fine carbo-nitrides, and contributes to the creep strength at high temper-
atures. In order to achieve this effect, 0.01% or more of Ti must be contained. However, if Ti is contained excessively,
Ti precipitates in large amounts as carbo-nitrides, and decreases the creep ductility and toughness. Therefore, the upper
limit is placed, and the Ti content is set to 0.01 to 1.2%. The preferable lower limit of Ti content is 0.05%, and the
preferable upper limit thereof is 1.0%.

Al: 0.5% or less

[0059] Al (aluminum) is an element having a deoxidizing function. However, if Al is contained excessively, the clean-
liness of alloy is remarkably deteriorated, and the hot workability and ductility are decreased. Therefore, the upper limit
is placed, and the Al content is set to 0.5% or less. The Al content is preferably 0.3% or less.

[0060] The lower limit of Al content need not be placed especially. However, if the Al content decreases extremely,
the deoxidizing effect is not achieved sufficiently, the cleanliness of alloy is inversely deteriorated, and the production
cost is increased. Therefore, the preferable lower limit of Al content is 0.001%. In order to stably achieve the deoxidizing
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effect of Al and to assure the high cleanliness of alloy, the lower limit of Al content is further preferably set to 0.0015%.
B: 0.0001 to 0.01%

[0061] B (boron) is an element necessary to strengthen the grain boundary by segregating at the grain boundary
during the use at high temperatures and to improve the creep strength by finely dispersing the grain boundary carbides.
In addition, B has effects of improving the sticking force by segregating at the grain boundary and of contributing to the
improvement in toughness. In order to achieve these effects, 0.0001% or more of B must be contained. However, if B
is contained excessively, B is segregated in large amounts in the high-temperature HAZ near the fusion boundary, so
that the fusing point of grain boundary is lowered, and the liquation cracking susceptibility of HAZ is enhanced. Therefore,
the upper limit is placed, and the B content is set to 0.0001 to 0.01%. The preferable lower limit of B content is 0.0005%,
and the preferable upper limit thereof is 0.005%.

[0062] In the case where the average grain diameter d um at the center of the wall thickness of the tube is large, the
grain diameter of HAZ near the fusion boundary increases, in other words, the grain boundary area per unit volume
decreases, so that the grain-boundary segregation of B is promoted, and the stress applied to a specific grain boundary
face increases. Therefore, the liquation cracking susceptibility is enhanced.

[0063] However, as described later, if the average grain diameter d (um) at the center of the wall thickness of the alloy
tube is regulated so as to be 1000 wm or smaller, and to be in the range satisfying the following formula according to
the amount (%) of B contained in the alloy, the increase in liquation cracking susceptibility caused by the segregation
of B can be restrained.

d<1500-2.5x%x105x B

where, letter B represents the content by mass percent of B.
N: 0.02% or less

[0064] N (nitrogen) is an element effective in stabilizing austenite. If N is contained excessively in the range of Cr
content of 18 to 38%, described above, large amounts of fine nitrides precipitate in the grains during the use at high
temperatures, and the creep ductility and toughness are decreased. Therefore, the upper limit is placed, and the N
content is set to 0.02% or less. The N content is preferably 0.015% or less.

[0065] The lower limit of N content need not be placed especially. However, if the N content decreases extremely, the
effect of stabilizing austenite is less liable to be achieved, and the production cost also increases greatly. Therefore, the
preferable lower limit of N content is 0.0005%.

0: 0.008% or less

[0066] O (oxygen)is containedinthe alloy as animpurity. If O is contained excessively, the hot workability is decreased,
and further, the toughness and ductility are deteriorated. Therefore, the upper limit is placed, and the O content is set
to 0.008% or less. The O content is preferably 0.005% or less.

[0067] The lower limit of O content need not be placed especially. However, if the O content decreases extremely,
the production cost increases. Therefore, the preferable lower limit of O content is 0.0005%.

[0068] Next, any of Zr, Nb and V combines with C or N to form carbides or carbo-nitrides, and contributes to the
improvement in creep strength. Therefore, the seamless austenitic heat-resistant alloy tube of the present invention is
caused to contain, in addition to the above-described elements ranging from C to O, one or more kinds of elements of
Zr: 0.01 to 0.5%, Nb: 0.01 to 0.5%, and V: 0.01 to 0.5%.

Zr: 0.01to 0.5%

[0069] Zr (zirconium) combines with C or N to form fine carbides or carbo-nitrides, and contributes to the improvement
in creep strength. In order to achieve this effect, 0.01% or more of Zr must be contained. However, if Zr is contained
excessively, it precipitates in large amounts as carbides or carbo-nitrides, and therefore the creep ductility is decreased.
Therefore, the upper limit is placed, and the Zr content is set to 0.01 to 0.5%. The preferable lower limit of Zr content is
0.015%, and the preferable upper limit thereof is 0.4%.
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Nb: 0.01 to 0.5%

[0070] Nb (niobium) combines with C or N to form fine carbides or carbo-nitrides, and contributes to the improvement
in creep strength. In order to achieve this effect, 0.01% or more of Nb must be contained. However, if Nb is contained
excessively, it precipitates in large amounts as carbides or carbo-nitrides, and therefore the creep ductility is decreased.
Therefore, the upper limit is placed, and the Nb content is set to 0.01 to 0.5%. The preferable lower limit of Nb content
is 0.015%, and the preferable upper limit thereof is 0.4%.

V:0.01t00.5%

[0071] V (vanadium) combines with C or N to form fine carbides or carbo-nitrides, and contributes to the improvement
in creep strength. In order to achieve this effect, 0.01% or more of V must be contained. However, if V is contained
excessively, it precipitates in large amounts as carbides or carbo-nitrides, and therefore the creep ductility is decreased.
Therefore, the upper limit is placed, and the V content is set to 0.01 to 0.5%. The preferable lower limit of V content is
0.015%, and the preferable upper limit thereof is 0.4%.

[0072] Only any one kind of Zr, Nb and V can be contained, or two or more kinds of these elements can be contained
compositely. The total amount in the case where these elements are contained compositely may be 1.5%; however, the
total amount is preferably 1.2% or less.

[0073] One of the seamless austenitic heat-resistant alloy tubes of the present invention is an alloy tube having the
chemical composition consisting of the above-described elements, the balance being Fe and impurities.

[0074] Asdescribed already, the "impurities" mean impurity elements mixed from ore and scrap used as a raw material
or a production environment when the austenitic heat-resistant alloy is produced on an industry basis.

[0075] Another of the seamless austenitic heat-resistant alloy tubes of the present invention is an alloy tube having
the chemical composition containing, in lieu of a part of Fe, one or more elements selected from Mo, Cu, Co, Ca, Mg
and REM.

[0076] Hereunder, the operational advantages of these optional elements and the reasons for restricting the contents
thereof are explained.

[0077] Any of Mo, Cu and Co belonging to the <1> group has a function of improving the creep strength. Therefore,
these elements may be contained.

Mo: 1% or less

[0078] Mo (molybdenum) has a function of improving the creep strength. That is, Mo dissolves in matrix and has a
function of improving the creep strength at high temperatures. Therefore, Mo may be contained. However, if Mo is
contained excessively, the stability of austenite is decreased, and the creep strength is rather decreased. Therefore,
the upper limit of the amount of Mo, if contained, is placed, and the Mo content is set to 1% or less.

[0079] On the other hand, in order to stably achieve the above-described effect of Mo, the Mo content is preferably
0.1% or more.

Cu: 1% or less

[0080] Cu (copper) has a function of improving the creep strength. That is, Cu is, like Ni, an austenite forming element,
and therefore enhances the phase stability and contributes to the improvement in creep strength. Therefore, Cu may
be contained. However, if Cu is contained excessively, the hot workability is decreased. Therefore, the upper limit of the
amount of Cu, if contained, is placed, and the Cu content is set to 1% or less.

[0081] On the other hand, in order to stably achieve the above-described effect of Cu, the Cu content is preferably
0.02% or more.

Co: 1% or less

[0082] Co (cobalt) has a function of improving the creep strength. That is, Co is, like Ni and Cu, an austenite forming
element, and therefore enhances the phase stability and contributes to the improvement in creep strength. Therefore,
Co may be contained. However, Co is a very expensive element, so that the excessive containing of Co leads to a
significant increase in cost. Therefore, the upper limit of the amount of Co, if contained, is placed, and the Co content
is set to 1% or less.

[0083] On the other hand, in order to stably achieve the above-described effect of Co, the Co content is preferably
0.02% or more.

[0084] Only any one kind of Mo, Cu and Co can be contained, or two or more kinds of these elements can be contained
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compositely. The total amount in the case where these elements are contained compositely may be 3%.
[0085] Any of Ca, Mg and REM belonging to the <2> group has a function of improving the hot workability. Therefore,
these elements may be contained.

Ca: 0.05% or less

[0086] Ca (calcium) has a function of improving the hot workability. Therefore, Ca may be contained. However, if Ca
is contained excessively, it combines with O, and remarkably decreases the cleanliness, so that the hot workability is
rather deteriorated. Therefore, the upper limit of the amount of Ca, if contained, is placed, and the Ca content is set to
0.05% or less.

[0087] On the other hand, in order to stably achieve the above-described effect of Ca, the Ca content is preferably
0.0005% or more.

Mg: 0.05% or less

[0088] Mg (magnesium) has, like Ca, a function of improving the hot workability. Therefore, Mg may be contained.
However, if Mg is contained excessively, it combines with O, and remarkably decreases the cleanliness, so that the hot
workability is rather deteriorated. Therefore, the upper limit of the amount of Mg, if contained, is placed, and the Mg
content is set to 0.05% or less.

[0089] On the other hand, in order to stably achieve the above-described effect of Mg, the Mg content is preferably
0.0005% or more.

REM: 0.1% or less

[0090] REM (rare-earth metal) has a function of improving the hot workability. That is, REM has a strong affinity for
S, and contributes to the improvement in hot workability. Therefore, REM may be contained. However, if REM is contained
excessively, it combines with O, and remarkably decreases the cleanliness, so that the hot workability is rather deteri-
orated. Therefore, the upper limit of the amount of REM, if contained, is placed, and the REM contentis setto 0.1% or less.
[0091] On the other hand, in order to stably achieve the above-described effect of REM, the REM content is preferably
0.0005% or more.

[0092] As described already, the "REM" is the general term of a total of seventeen elements consisting of Sc, Y, and
lanthanoids, and the REM content means the total content of one kind or two or more kinds of elements of the

REM.

[0093] The REM is generally contained in a Mischmetal. Therefore, REM may be contained by being added in a form
of Mischmetal so that the REM content is in the above-described range.

[0094] Only any one kind of Ca, Mg and REM can be contained, or two or more kinds of these elements can be
contained compositely. The total amount in the case where these elements are contained compositely may be 0.2%.

(B) Average grain diameter at the center of the wall thickness of the tube:

[0095] The average grain diameter d pum at the center of the wall thickness of the tube must be 1000 wm or smaller
and must satisfy the formula expressed by

d<1500-2.5x105xB

according to the amount of B contained in the alloy. In this formula, letter B represents the content (mass%) of B.
[0096] First, in the case where the average grain diameter at the center of the wall thickness of the tube is larger than
1000 pm, the toughness and ductility are decreased remarkably. Further, the grain diameter of HAZ near the fusion
boundary also increases, in other words, the grain boundary area per unit volume decreases. Therefore, even if the
upper limit of amount of B contained in the tube is controlled to 0.01%, the liquation cracking caused by the segregation
of B cannot be prevented.

[0097] On the other hand, even if the average grain diameter d at the center of the wall thickness of the tube is 1000
wm or smaller, in the case where the average grain diameter d does not satisfy the formula of
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d <1500 - 2.5 x 105 x B,

B is segregated in large amounts in the high-temperature HAZ near the fusion boundary, so that the fusing point of grain
boundary is lowered, and the liquidation cracking susceptibility of HAZ is enhanced. Therefore, the liquation cracking
cannot be prevented.

[0098] Depending on the chemical composition of tube, for example, by subjecting the tube to solid solution heat
treatment by holding the tube in the temperature range of 1150 to 1250°C for 0.5 to 5 hours, the average grain diameter
d at the center of the wall thickness of the tube can be made such as to be 1000 wm or smaller and to satisfy the formula
of "d <1500 - 2.5 X 105 X B".

(C) Thickness of oxide layer on outer surface of tube:

[0099] The oxide filmformed on the surface of the seamless austenitic heat-resistant alloy tube of the present invention,
having the chemical composition described in the above item (A), has a high fusing point. Moreover, this oxide film
deteriorates the wettability with molten metal when the outer surface of tube is fillet-welded. Therefore, if the thickness
of oxide layer on the outer surface of tube increases, the toe angle of weld bead (excess weld metal) becomes large,
so that stresses are easily concentrated on the HAZ, and liquation cracking is liable to occur. Therefore, the upper limit
of the thickness of oxide layer on the outer surface of tube is placed, and the thickness is set to 15 um or smaller. The
thickness of oxide layer on the outer surface of tube is preferably 10 wm or smaller.

[0100] Forexample, by performing the solid solution heat treatment, in which the tube is held in the temperature range
of 1150 to 1250°C for 0.5 to 5 hours, in a reducing gas such as hydrogen, the thickness of oxide layer on the outer
surface of tube can be made 15 um or smaller stably.

[0101] Also, in the case where the solid solution heat treatment described in the above item (B) is performed in the
atmosphere or in a combustion gas, and oxide scale (oxide layer) is formed, the thickness of oxide layer on the outer
surface of tube can be made 15 um or smaller stably by performing treatment such as pickling, grinding, or shot blasting.
[0102] The lower limit of the thickness of oxide layer on the outer surface of tube need not be placed especially.
[0103] For example, the thickness of oxide layer on the outer surface of tube may be made in a state close to 0 um
by performing the solid solution heat treatment in a reducing gas or by performing treatment such as pickling, grinding,
or shot blasting. Also, the thickness of oxide layer may be made zero by performing mechanical grinding to remove the
oxide layer on the outer surface of tube. However, an extreme decrease in thickness of oxide layer on the outer surface
of tube leads to the increase in production cost. Therefore, the thickness of oxide layer on the outer surface of tube is
preferably 0.1 wm or larger, further preferably 0.2 wm or larger.

[0104] Hereunder, the present invention is explained more specifically with reference to examples; however, the
present invention is not limited to these examples.

EXAMPLE(S)

[0105] Various alloys having the chemical compositions given in Table 1 were melted using a 180-kg vacuum induction
melting furnace by using the ordinary method, the molten alloys were formed into ingots, and then the ingots were hot-
forged to prepare billets.

[0106] Each of the billets thus obtained was hot piercing-rolled by using a model mill, and a seamless tube having an
outside diameter of 38 mm and a wall thickness of 9 mm was produced.

TABLE 1
z Chemisal Composition {mass &) Balanse: Fa and Impurlties
= 6 3 Mri P 3 Ni Cr i Ti Al 5 H 0 Ir He v Other Elements
A 008 (0,29 ) 082 0010 | 0.00Y | 445 ¢ 228 | 580 0.09 ) 0,03 0.0047 | 0008 0.008 | - oig . - Moo 13
B| 008 | 018 | 104 | 00008 | 0,007 | 46,2 | 227 | 873 | 0,10 | 0.03 | 0.0014. | 0.067 | 0.006 | - wx - -
C§O.08 019 ) 106 | 0000 | 0,000 F 456 2208 | 767 | 10 002 0 D.00TT | 00T | 0005 | - 02 - Ca:0 004
D Q.08 | 017 ) 102 ) 0010 | 00007 49,8 | 26,8 | 2.09 | 081 210 0.003% | D.00B | 0.)00% | .02 : 0.0 - -
B 008 07 T 0012 00T 460 | 288 | 407 0BT {030 0003 0007 | 0006 | 0,03 001 100l | CesgoR
FlOU8 | D16 11,62 0015 0.060 . 490 | 269 | 7.82 | .80 {010  (0.003¢ | 0008 | 00005 | DO 9.07 | - Cu:0. 02, REN:0. 04

[0107] The seamless tube having an outside diameter of 38 mm and a wall thickness of 9 mm was cut to a length of
200 mm, and the cut seamless tube was subjected to solid solution heat treatment, in which the temperature was set
at 1150 to 1280°C, and the holding time at those temperatures was changed in the range of 0.5 to 5 hours. Thereby,
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various test specimen tubes, in which the average grain diameters d at the center of the wall thickness of the tube were
different, were prepared.

[0108] Next, the outer surfaces of the obtained test specimen tubes were ground to change the oxide layer thicknesses
variously.

[0109] Foreach ofthe testspecimen tubes whose outer surface had been ground after the solid solution heat treatment,
the average grain diameter d at the center of the wall thickness of the tube and the thickness of oxide layer on the outer
surface of tube were measured by the methods as described below.

[0110] The average grain diameter d (.m) at the center of the wall thickness of the tube was determined as described
below. Five test specimens were cut out of the front and rear portions with the central portion of the 200 mm-long test
specimen tube being the reference so that the surface to be measured is the transverse surface. Each of the test
specimens was cut into four pieces in the circumferential direction, the surface to be measured was mirror-polished and
etched with aqua regia, and the wall thickness central portion was observed under an optical microscope.

[0111] That is, one visual field was observed at X100 magnification per one test specimen having been cut, and
average grain section length of each of twenty test specimens was measured by the cutting method. The average grain
section lengths of test specimens were further arithmetically averaged, and the arithmetically averaged value was mul-
tiplied by 1.128 to determine the average grain diameter d (p.m).

[0112] The thickness of oxide layer on the outer surface of tube was determined as described below. For each test
specimen tube, the twenty test specimens that had been used to measure the average grain diameter d (um) at the
center of the wall thickness of the tube as described above were mirror-polished again, and in the polished state, were
observed under an optical microscope.

[0113] That is, for each test specimen tube, each of the twenty test specimens was observed at x400 magnification
to measure the thickness of oxide on the outer surface of tube. Next, the values of thicknesses of oxide on the twenty
test specimens were arithmetically averaged to determine the thickness of oxide layer on the outer surface of tube.
[0114] Further, by using each test specimen tube the outer surface of which had been polished after the solid solution
heat treatment and alloy plates compared to fin plates that had the chemical composition given in Table 2, and had been
cut to a 200-mm length, each having a thickness of 6 mm and a width of 15 mm, a restraint weld test body simulating
the fillet-welding of a water wall tube, which is shown in Figure 1, was prepared.

[0115] As shown in Figure 2, each of the test specimen tubes and the alloy plates were fillet-welded at four places.
More specifically, by using a commercially available welding wire (AWS Standard A5.14 ER NiCrCoMo-1) and bonded
flux, submerged arc welding was performed at a heat input of 12 kdJ/cm.

TABLE 2
Chemical Composition (mass %) Balance: Fe and Impurities
C Si Mn P S Ni Cr W Ti Al B N 0 Nb Mo

0.09 | 0.29 | 0.92 | 0.010 | 0.0003 | 44.6 | 22.8 | 6.87 | 0.09 | 0.03 | 0.0013 | 0.008 | 0.006 | 0.18 | 0.13

[0116] For each of the obtained restraint weld test bodies, five test specimens were cut out of each of four fillet-welded
locations so that the surface to be tested was the transverse surface, and were mirror-polished.

[0117] Next, the test specimens were etched with aqua regia, and were examined under an optical microscope. For
a total of twenty weld zones of the restraint weld test body, the presence or absence of liquation cracking in the HAZ of
test specimen tube was examined, and the liquation cracking incidence rate was determined.

[0118] The liquation cracking incidence rate was defined as "(number of cracking occurrence sections / 20) X 100(%)",
and only the test bodies in which the liquation cracking incidence rate was zero were judged to be "acceptable”, and the
other test bodies were judged to be "unacceptable".

[0119] Table 3 gives the results of the tests. Table 3 additionally gives the content of B contained in the starting material
alloy of test specimen tube and the value of EQU determined from the formula of "EQU = 1500 - 2.5 X 10° X B".
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TABLE 3

gs Zf Rverage Grain B Gontent of Value [ Thiokness of Oxide LaVer | ;o ion Cragking
g2 ; %‘ Diameter [4] the Staring Materlal of on the Quter Surface Ingidene Rate || Evaluation Remarks
“~ 1z ) ® EQu e ®
A1 275 0.0047 325 4.2 0 | Acoentable | iventive Exomole
A2 * 526 0. 0047 325 4.1 55 | Unasceptabie | comparative Exampis
A3 * 735 0. 0047 325 3.8 85 | Unaccentable | Gomparattvs Examnls
Adl A 275 0. 0047 325 * 35, 2 30 | unasceptabie | comperattvs Exampis
ADS 215 0. 0047 325 * 20.5 15 | Unaceeptable | comparative Example
AB 275 0. 0047 325 14.7 (| Accentable | Inventive Example
A7 275 0. 0047 325 9 8 O | Aosentatte | mwentive Example
B 1 260 0.0014 1150 3.5 0 | Acosptable | mventive Example
Bz2| B h42 0.0014 1150 3.5 Q0 | accentable | iventive Example
B3 794 0.0014 1150 4,2 (| Acoeptable | imventive Example
C1 245 0.0017 1075 4.4 Q| Acsentatle | mventive Example
c2| C 503 0. 0017 1075 2.9 O | Acosptable | mventive Example
C3 758 0.0017 1075 3.6 0 | aoseptable | mventive Exarnple
C4 * 1065 0. 0017 1075 3.0 90 | Unosseptabie | comparattus Exampls
D1l D 245 0. 0039 525 4.0 O [ Acoentable | imventive Example
D2 x 724 0.0039 | 525 3.6 80 | tnscoptaie | conparatis Exami
E1| E 262 0. 0038 550 3.5 0 | Accentable | inventive Examole
EZ2 * 741 0.0038 550 3.3 100 | Unssceptable | omparstive Exampie
F1| F 236 0. 0038 h50 2.8 O [ Acceptabie | mventive Example
F2z * b6b 0.0038 550 4.1 60 | Unavocpisble | Gomparative Exampla

“Average Grain Diameter” means an average grain diameter at the center of the wall thickness of the tube.

EQU=1500-25x 105 x B

"#” means It does not satisfy the caimed condition.

[0120] Table 3 reveals that, for test specimen tube signs A1, A6, A7, B1 to B3, C1 to C3, D1, E1 and F1, in which a
seamless tube satisfying the claimed conditions, the liquation cracking incidence rate was zero, that is, in all sections,
the occurrence of liquation cracking in the HAZ was not recognized. Therefore, it is apparent that the seamless tube
satisfying the claimed conditions had sufficient weld crack resistance even in the case of being used by allowing direct
fillet-welding of the outer surface of tube as in the case of a water wall tube.

[0121] On the other hand, even in the case where alloys A to F in which the chemical composition was within the
claimed range were used as starting materials, in the case of test specimen tube signs in which the average grain
diameter at the center of the wall thickness of the tube or the thickness of oxide layer on the outer surface of tube
exceeded the claimed upper limit, liquation cracking occurred in the HAZ, so that such an alloy tube cannot be used as
a water wall tube the outer surface of which is fillet-welded directly.

[0122] For test specimen tube signs A2, A3, D2, E2 and F2, although the average grain diameter d at the center of
the wall thickness of the tube was smaller than 1000 wm, the average grain diameter d did not satisfy the formula of

d<1500-2.5x105xB
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defined according to the amount of B contained in the alloy. Therefore, liquidation cracking occurred in the HAZ. Moreover,
as the average grain diameter d increased, the liquidation cracking incidence rate became higher.

[0123] For test specimen tube sign C4, since the average grain diameter d at the center of the wall thickness of the
tube exceeded 1000 wm, liquation cracking occurred in the HAZ.

[0124] Fortestspecimentube signs A4 and A5, since the thickness of oxide layer on the outer surface of tube exceeded
15 pm, liquation cracking occurred in the HAZ. Moreover, as the thickness of oxide layer on the outer surface of tube
increased, the liquation cracking incidence rate became higher.

INDUSTRIAL APPLICABILITY

[0125] The seamless austenitic heat-resistant alloy tube of the present invention is excellent in weld crack resistance
and capable of restraining the generation of cracks in a HAZ at the time of welding. Therefore, among seamless alloy
tubes that are excellent in high temperature strength, have sufficient stress corrosion cracking resistance, and are
produced using an austenitic heat-resistant alloy having a low thermal expansion coefficient as a starting material, the
seamless austenitic heat-resistant alloy tube of the present invention can be used suitably as a high-temperature equip-
ment member such as a water wall tube of power generation boiler.

Claims

1. A seamless austenitic heat-resistant alloy tube used by fillet-welding the outer surface thereof directly, having a
chemical composition consisting, by mass percent, of

C:0.03t0 0.15%,
Si: 1% or less,

Mn: 2% or less,

P: 0.03% or less,
S: 0.01% or less,
Ni: 35 to 60%,

Cr: 18 to 38%,
W:3to 11%,

Ti: 0.01 to 1.2%,
Al: 0.5% or less,

B: 0.0001 to 0.01%,
N: 0.02% or less,
0: 0.008% or less, and

at least one element selected from
Zr: 0.01 to 0.5%,
Nb: 0.01 to 0.5%, and
V:0.01 to 0.5%,
with the balance being Fe and impurities, wherein

an average grain diameter d um at the center of the wall thickness of the tube is 1000 wm or smaller and satisfies
the following formula:

d<1500-2.5x105xB

where letter B represents the content by mass percent of B;
and further,
the thickness of an oxide layer on the outer surface of the tube is 15 wm or smaller.

2. The seamless austenitic heat-resistant alloy tube according to claim 1 containing, in lieu of a part of Fe, by mass
percent, at least one element selected from the elements listed in following groups <1> and <2>:
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<1> Mo: 1% or less, Cu: 1% or less, and Co: 1% or less

<2> Ca: 0.05% or less, Mg: 0.05% or less, and REM: 0.1% or less.

The seamless austenitic heat-resistant alloy tube according to claims 1 and 2, wherein the tube is used as a water

wall tube.

16
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