
FS223PCT in English [Document Name] Description [Title of Invention]
CARBURIZATION RESISTANT METAL MATERIAL [Technical Field] [0001]
The present invention relates to a metal material that has excellent
high-temperature strength and superior corrosion resistance, and in
particular is used in a carburizing gas atmosphere containing
hydrocarbon gas and CO gas. More particularly, it relates to a metal
material having excellent weldability and metal dusting resistance,
which is suitable as a raw material for cracking furnaces, reforming
furnaces, heating furnaces, heat exchangers, etc. in petroleum and
gas refining, chemical plants, and the like. [Background Art] [0002]
Demand for clean energy fuels such as hydrogen, methanol, liquid
fuels (GTL: Gas to Liquids), and dimethyl ether (DME) is expected to
significantly increase in the future. Therefore, a reforming
apparatus for producing such a synthetic gas tends to be large in
size, and an apparatus that achieves higher thermal efficiency and is
suitable for mass production is demanded. Also, heat exchange for
recovering exhaust is often used to enhance energy efficiency in
reforming apparatuses in the conventional petroleum refining,
petrochemical plants, and the like, and ammonia manufacturing
apparatuses, hydrogen manufacturing apparatuses, and the like, in
which raw materials such as petroleum are used. [0003]      To
effectively use the heat of such a high-temperature gas, heat
exchange in a temperature range of 400 to 800C, which is relatively
low, has become important, and corrosion caused by carburization of a
high Cr - high Ni - Fe alloy based metal material  used for reaction
tubes, heat exchangers, and the like in this temperature range poses
a problem. [0004]      Usually, a synthetic gas reformed in the
above-described reactors, that is, a gas containing H2, CO, CO2, H20,
and hydrocarbon such as methane comes into contact with the metal
material of a reaction tube and the like at a temperature of about
1000C or higher. In this temperature range, on the surface of the
metal material, elements such as Cr and Si, which have higher
oxidation tendency than Fe or Ni or the like, are oxidized
selectively, and a dense film of chromium oxide or silicon oxide or
the like is formed, by which corrosion is restrained. In a portion
such as a heat exchange part in which the temperature is relatively
low, however, the diffusion of element from the inside to the surface
of metal material is insufficient. Therefore, the formation of oxide
film, which achieves a corrosion restraining effect, delays, and
additionally, such a gas having a composition containing hydrocarbon
comes to have carburizing properties, so that carbon intrudes into
the metal material through the surface thereof, and carburization
occurs. [0005]      In an ethylene cracking furnace tube and the
like, if carburization proceeds and a carburized layer comprising
carbide of Cr or Fe or the like is formed, the volume of that portion
increases. As a result, fine cracks are liable to develop, and in the
worst case, the tube in use is broken. Also, if the metal surface is
exposed, carbon precipitation (coking) in which metal serves as a
catalyst occurs on the surface, so that the flow path area of the
tube decreases and the heat-transfer characteristics degrade. [0006]
In a heating furnace tube and the like for a catalytic cracking
furnace for increasing the octane value of naphtha obtained by
distillation of crude oil as well, a heavily carburizing environment
consisting of hydrocarbon and hydrogen is created, so that
carburization and metal dusting occur. [0007]        On the other



Patent Document 11 proposes a stainless steel pipe having excellent
carburization resistance and containing 20 to 55% of Cr, which is
produced by forming a Cr-deficient layer, which has a Cr
concentration of 10% or higher and lower than the Cr concentration of
the base material, on the surface of steel pipe. In this patent
document, however, improvement has not been made at all on the
decrease in weldability caused by containing Cr or the addition of
Si. Also, Patent Document 12 proposes a metal material in which the
HAZ crack susceptibility, which is one property of weldability, is
decreased by increasing the content of C of an Si and Cu containing
steel. This patent document,  however, does not provide a drastic
solution because the high C content increases the weld solidification
crack susceptibility, and also decreases the creep ductility. [0017]
Besides, a method for adding H2S into the atmospheric gas has been
thought of. However, the application of this method is restricted
because H2S may remarkably decrease the activity of a catalyst used
for reforming. [0018]      Patent Document 13 and Patent Document 14
propose a metal material in which the gas dissociative adsorption
(gas/metal surface reaction) is restrained by containing a proper
amount of one kind or more kinds of P, S, Sb and Bi. Since these
elements segregate on the metal surface, even if the elements are not
added excessively, the elements can restrain carburization and metal
dusting corrosion significantly. However, since these elements
segregate not only on the metal surface but also at the grain
boundary of metal grainy, a problem associated with hot workability
and weldability remains to be solved. [0019]      Techniques for
enhancing corrosion resistance and crevice corrosion resistance by
adding Cu have also been proposed. Patent Document 15 describes a
technique for enhancing corrosion resistance by containing Cu, and on
the other hand, for increasing the hot workability improving effect
due to B by reducing S and 0 as far as possible. Patent Document 16
describes a technique for improving corrosion resistance and crevice
corrosion resistance excellent in sulfuric acid and sulfate
environments by setting the G.I. value (General Corrosion Index)
represented by "-Cr + 3.6Ni + 4.7Mo + 11.5Cu" at 60 to 90 and by
setting the C.f. value (Crevice Corrosion Index) represented by "Cr +
0.4Ni + 2.7Mo + Cu + 18.7N" at 35 to 50. Patent Document 17 describes
a technique for improving hot workability by adding B exceeding
0.0015% while increasing a Cu content and by keeping an oxygen
content low. In all of these techniques, the upper limit of a C
content is restricted to a low level to avoid the decrease in
corrosion resistance. Therefore, the solid-solution strengthening of
C cannot be anticipated, and a sufficient high-  temperature strength
cannot be obtained. For this reason, these techniques are unsuitable
for a metal material used at high temperatures. [Citation List]
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JP4-346638A [Summary of Invention] [Technical Problem] [0021]      As



[0030]      (e) The dissociative adsorption of the gas molecules
consisting of C compounds is restrained on the metal surface. [0031]
As the result that the study on oxide scale having a breaking-off
effect as in the item (d) was conducted, it was revealed that oxide
scale consisting of Cr and Si acts effectively. In particular, in a
carburizing gas environment such as an ethylene plant cracking
furnace tube, a heating furnace tube of catalytic reforming furnace,
and a synthetic gas reforming furnace tube, the partial pressure of
oxygen in gas is low. Therefore, it was revealed that oxide scale
consisting mainly of Cr can be formed on the gas side and oxide scale
consisting mainly of Si can be formed on the metal side by containing
proper amounts of Cr and Si. [0032]        On the other hand, as the
result that the study was conducted from the viewpoint of
dissociative adsorption as in the item (e), it was revealed that if
proper amounts of noble metal elements such as Cu, Ag and Pt and
elements of the VA group and the VIA group in the periodic table are
added, an effect of restraining the dissociative adsorption of gas
molecules consisting of C compounds is achieved. In particular, Cu is
low in cost among the noble metal elements, and additionally less
problems occur in melting and solidification when Cu is contained in
an Fe-Ni-Cr based metal material. Therefore, the use of Cu is
preferable. [0033]      It was revealed that according to the methods
(d) and (e), the intrusion of carbon into the metal in the
above-described elementary process of items (a) to (c) can be
restrained effectively, and by applying the methods (d) and (e)
simultaneously, the metal dusting resistance, the carburization
resistance, and the coking resistance can be improved dramatically.
[0034]      However, if an element such as Si and Cu is added, the
corrosion resistance can be improved; on the other hand, the
weldability is deteriorated. In particular, in a region subjected to
an influence of heat cycle of rapid heating/rapid cooling caused by
welding, that is in a welding heat affected zone (hereinafter,
referred to as "HAZ"), cracks caused by grain boundary melting are
liable to develop. Specifically, if Si, Cu or the like element
segregates at the crystal grain boundary of the base material, the
melting point of grain boundary lowers and the ductility decreases.
As a result, the grain boundary is torn off by the thermal stress at
the time of welding, which develops a crack. This is a HAZ crack.
Therefore, in the case where the metal material is used for a welded
structure, weld cracks of this kind must be restrained. In Patent
Document 12, the present inventors precipitated Cr carbides having a
high fusing point by containing much C. As a result, the grain
boundary surface area was increased by restraining grain coarsening,
and thereby the segregation of Si, Cu, and the like at the grain
boundaries was reduced, whereby HAZ  cracks were successfully
suppressed. On the other hand, however, it was revealed that C is
segregated between the solidification structure dendritic trees in
the weld metal by containing much C, whereby the solidification crack
susceptibility is raised. Further, it was revealed that the creep
strength becomes too high by the precipitation of Cr carbides within
the base metal grain and at the grain boundaries, resulting in poor
creep ductility. [0035]      The inventors studied various methods
capable of restraining HAZ cracks at the time of welding while
improving the corrosion resistance by adding a considerable amount of
Si or Cu again. As a result, the present inventors obtained findings



(3) The carburization resistant metal material described in item (1)
or (2) above, characterized by further containing, by mass%, at least
one kind of a component selected from at least one group of the first
group to the fifth group described below: first group: Co: 10% or
less, second group: Mo: 5% or less, W: 5% or less, and Ta: 5% or
less, third group: B: 0.1% or less, V: 0.5% or less, Zr: 0.5% or
less, Nb: 2% or less, and Hf: 0.5% or less, fourth group: Mg: 0.1% or
less and Ca: 0.1% or less, fifth group: Y: 0.15% or less, La: 0.15%
or less, Ce: 0.15% or less, and Nd: 0.15% or less. [0048]       (4)
The carburization resistant metal material described in any one of
items (1) to (3), characterized by having a fine grain such that the
austenite grain size No. is 6 or higher.  [Advantageous Effects of
Invention] [0049]      The metal material in accordance with the
present invention has an effect of restraining reaction between
carburizing gas and the metal surface, and has excellent metal
dusting resistance, carburization resistance, and coking resistance.
Further, since the weldability and the creep ductility are improved,
the metal material can be used for welded structure members of
cracking furnaces, reforming furnaces, heating furnaces, heat
exchangers, etc. in petroleum refining, petrochemical plants, and the
like, and can significantly improve the durability and operation
efficiency of apparatus. [0050]      In particular, the metal
material in accordance with the present invention is suitable as a
metal material used for reaction tubes and heat exchangers used for
heat exchange in a temperature range of 400 to 800C, which is lower
than the conventional temperature range, so that metal dusting, which
poses a problem in this temperature range, can be restrained
effectively. [Description of Embodiments] [0051] (A) Concerning
chemical composition of metal material      The reason why the
composition range of metal material is restricted according to the
invention is as described below. In the explanation below, the "%"
representation of the content of each element means "mass%". [0052]
C: 0.03 to 0.075%      C (carbon) is one of the most important
elements in the present invention. Carbon enhances the strength at
high temperatures in combination with chromium to form carbides. To
this end, 0.03% or more of C must be contained. On the other hand,
containing C raises the solidification crack susceptibility at the
welding time, and decreases the creep  ductility at high
temperatures. To this end, the upper limit of C content is restricted
to 0.075%. The C content is preferably in the range of 0.03% to
0.07%, more preferably in the range of 0.04% to 0.07%. [0053] Si: 0.6
to 2.0%       Si (silicon) is one of important elements in the
present invention. Since silicon has a strong affinity with oxygen,
it forms Si-based oxide scale in the lower layer of a protective
oxide scale layer such as Cr203, and isolates carburizing gas. This
action is brought about when the Si content is 0.6% or higher.
However, if the Si content exceeds 2.0%, the weldability decreases
remarkably, so that the upper limit of Si content is set at 2.0%. The
Si content is preferably in the range of 0.8 to 1.5%, more preferably
in the range of 0.9 to 1.3%. [0054] Mn: 0.05 to 2.5%       Mn
(manganese) has deoxidizing ability and also improves the workability
and weldability, so that 0.05% or more of Mn is added. Also, since Mn
is an austenitegenerating element, some of Ni can be replaced with
Mn. However, excessive addition of Mn harms the carburizing gas
isolating properties of protective oxide scale layer, so that the



Ni (nickel) is an element necessary for obtaining a stable austenitic
microstructure according to the Cr content, and therefore 20.0% or
more of Ni must be contained. Also, when carbon intrudes into the
steel, nickel has a function of reducing the intrusion rate. Further,
nickel acts to secure the high-temperature strength of the metal
microstructure. However, the nickel content higher than necessary may
lead to cost increase and  manufacturing difficulties, and may also
accelerate coking and metal dusting especially in a gas environment
that contains hydrocarbon. Therefore, Ni content is restricted to
less than 30.0%. The content of Ni is preferably in the range of 22.0
to 28.0%. More preferably, the content of Ni is in the range of 23.0
to 27.0%. [0059] Cu: 0.5 to 10.0%      Cu (copper) is one of the most
important elements in the present invention. Copper restrains
reaction between carburizing gas and the metal surface, and greatly
improves the metal dusting resistance and the like. Also, since
copper is an austenitegenerating element, some of Ni can be replaced
with Cu. To achieve the metal dusting resistance improving effect,
0.5% or more of Cu must be contained. However, if Cu exceeding 10 0%
is contained, the weldability decreases, so that the upper limit of
Cu content is set at 10.0%. The Cu content is preferably 1.5 to 6.0%,
more preferably 2.1 to 4.0%. [0060] Al: 0.15% or less      Al
(aluminum) is an element effective in improving the creep strength
due to precipitation strengthening; however, when the contents of
co-existing Si and Cu are high, Al raises the HAZ crack
susceptibility and further decreases the creep ductility. Also, in
order to decrease the HAZ crack susceptibility, it is effective, as
described above, to restrict the Al content to a possible range and
to reduce the precipitation of metal compounds into the grains.
Therefore, in the present invention, the Al content is restricted to
0.15% or less. The Al content is preferably 0.12% or less, more
preferably 0.10% or less. Since Al acts effectively as a deoxidizing
element at the melting time, in the case where it is desired to
achieve this effect, 0.005% or more of Al is preferably contained.
[0061] Ti: 0.15% or less       Ti (titanium) is an element effective
in improving the creep strength due to precipitation strengthening;
however, when the contents of co-existing Si and Cu are high, Ti
raises the HAZ crack susceptibility and further decreases the creep
ductility. Also, in order to decrease the HAZ crack susceptibility,
it is effective, as described above, to restrict the Ti content to a
possible range and to reduce the precipitation of metal compounds and
carbides into the grains. Therefore, in the present invention, the Ti
content is restricted to 0.15% or less. The Ti content is preferably
0.08% or less, more preferably 0.05% or less. In the case where it is
desired to achieve the creep strength improving effect brought about
by Ti, 0.005% or more of Ti is preferably contained. [0062] N: 0.005
to 0.20%      N (nitrogen) has an action for enhancing the
high-temperature strength of metal material. Further, since N
combines with elements such as Nb and Ta to form a Z phase, N
decreases the HAZ crack susceptibility. These effects are achieved by
containing 0.005% or more of N. However, if the N content exceeds
0.20%, the workability is impaired. Therefore, the upper limit of N
content is set at 0.20%. The preferable range of N content is 0.015
to 0.15%. In the case where it is desired to prevent the decrease in
creep rupture strength by restricting the Al and Ti contents, the
solid-solution strengthening or the precipitation strengthening of



For Mo, W, and Ta, only any one type of these elements can be
contained singly, or more types of these elements can be contained
compositely. The total content in the case where these elements are
contained compositely is made 15% or less. The total content is
preferably made 10% or less. [0071]      Third group (B: 0.1% or
less, V: 0.5% or less, Zr: 0.5% or less, Nb: 2% or less, and Hf: 0.5%
or less, by mass%)      B (boron), V (vanadium), Zr (zirconium), Nb
(niobium) and Hf (hafnium) are elements effective in improving the
high-temperature strength characteristics, so that one kind or more
kinds of these elements may be contained. However, when boron is
contained, boron deteriorates the weldability if the content exceeds
0.1%. Therefore, the B content is 0.1% or less. The B content is
preferably 0.05% or less. When vanadium is contained, vanadium
deteriorates the weldability if the content exceeds 0.5%. Therefore,
the V content is 0.5% or less. The V content is preferably 0.1% or
less. When  zirconium is contained, zirconium deteriorates the
weldability if the content exceeds 0.5%. Therefore, the Zr content is
0.5% or less. The Zr content is preferably 0.1% or less. When niobium
is contained, niobium deteriorates the weldability if the content
exceeds 2%. Therefore, the Nb content is 2% or less. The Nb content
is preferably 0.8% or less. Also, when hafnium is contained, hafnium
deteriorates the weldability if the content exceeds 0.5%. Therefore,
the Hf content is 0.5% or less. The Hf content is preferably 0.1%. In
the case where it is desired to achieve the containing effect of B,
V, Zr, Nb, or Hf, it is preferable that 0.0005% or more of B or Hf be
contained, or 0.005% or more of V, Zr, or Nb be contained. [0072]
For B, V, Zr, Nb, and Hf, only any one type of these elements can be
contained singly, or two or more types of these elements can be
contained compositely. The total content in the case where these
elements are contained compositely is made 3.6% or less. The total
content is preferably made 1.8% or less. [0073] Fourth group (Mg:
0.1% or less and Ca: 0.1% or less, by mass%)      Mg (magnesium) and
Ca (calcium) have an effect of improving the hot workability, so that
one kind or two kinds of these elements may be contained as
necessary. However, when magnesium is contained, magnesium
deteriorates the weldability if the content exceeds 0.1%. Therefore,
the Mg content is 0.1% or less. Also, when calcium is contained,
calcium deteriorates the weldability if the content exceeds 0.1%.
Therefore, the Ca content is 0.1% or less. In the case where it is
desired to achieve the containing effect of Mg or Ca, it is
preferable that 0.0005% or more of Mg or Ca be contained. [0074]
For Mg and Ca, only either one type of these elements can be
contained singly, or two types of these elements can be contained
compositely. The total content in the case where these elements are
contained compositely is made 0.2% or less. The total content is
preferably made 0.1% or less.  [0075]      Fifth group (Y: 0.15% or
less, La: 0.15% or less, Ce: 0.15% or less, and Nd: 0.15% or less, by
mass%)      Y (yttrium), La (lanthanum), Ce (cerium) and Nd
(neodymium) have an effect of improving the oxidation resistance, so
that one kind or more kinds of these elements may be contained as
necessary. However, when these elements are contained, these elements
deteriorate the workability if the content of any one element thereof
exceeds 0.15%. Therefore, the content of any one element thereof is
0.15% or less. The content is preferably 0.07% or less. In the case
where it is desired to achieve the containing effect of Y, La, Ce, or



No. Chemical composition(mass%) Balance: Fe and Impurities) ASTM
grain slze No.   C SI Mn P S Cr NI Cu Al Ti N 0 Others  1 a 0.063
0.97 0.81 0.018 0.0004 19.9 24.9 2.99 0.03 0.01 0.012 <0.01 0.005Ca
9.5 1 b 0.063 0.97 



0.81 0.012 0.0004 19.9 24.9 2.99 0.03 0.01 0.012 <0.01 0.005Ca 8.4 1
c 0.083 0.97 0.81 0.012 0.0004 19.9 24.9 2.99 0.03 0.01 0.012 <0.01
0.005Ca 7.2 1 d 0.083 0.97 0.81 0.012 0.0004 19.9 24.9 2.99 0.03 0.01



0.012 <0.01 0.005Ca 6.3 1 e 0.063 0.97 0.81 0.012 0.0004 19.9 24.9
2.99 0.03 0.01 0.012 <0.01 0.005Ca 5.5 2 - 0.065 0.97 0.82 0.023
0.0006 19.7 25.2 3.00 0.09 0.01 0.095 <0.01 0'48Nb'0,00213, 0.018Ce,
0.008La 7.8 3 - 0.063 0.96 



0.83 0.016 0.0004 19.9 25.1 3.01 0.03 0.006 0.112 <0.01 0.98Ta 8.5 4
- 0.032 0.91 0.72 0.025 0.0008 19.5 24.2 2.84 0.04 0.02 0.008 0.01 -
8.2 5 - 0.058 0.93 0.83 0.015 0.0009 19.4 25.6 3.05 0.03 0.01 



0.092 0.01 1.1Mo 6.4 6  0.055 0,95 0.85 0.006 0.0024 19.8 24.3 0.72
0.04 0.02 0.015 0.01 0.00213, 0.06V 8.6 7  0.054 1,67 1.05 0.023
0.0007 19.7 24.2 2.97 0.03 0.01 0.024 <0.01 0.003Mq 9.4 8 - 0.062
0.90 



1.12 0.024 0.0001 19.1 29.6 2.55 0.02 0.01 0.046 <0.01 0.49Nb 9.2 9 -
0.063 0.92 1.15 0.021 0.0006 16.2 26.3 2.24 0.03 0.01 0.055 0.01 -
8.4 10 - 0.068 1.34 1.32 0.021 0.0004 18.5 25.0 2.68 0,05 0.02 



0.090 0.02 0.8Co, 0.41Nb 7.7 11  0.064 1.03 0,94 0.018 0.0008 18.2
25.4 4.25 0.04 0.05 0.025 <0.01 3.4W 0.04Hf 0.002Mq 7.6 12 - 0.062
1.19 0.83 0.019 0.0005 18.8 21.7 2.98 0.05 0.03 0.019 0.01  7.8 13 -
0.054 1.25 



0.80 0.035 0.0002 19.2 24.9 3.11 0.04 0.02 0.140 0.01 1.3Mo, 2.1W 8.5
14 - 0.059 1.12 0.78 0.020 0.0001 19.0 25.3 3.04 0.11 0.12 0.086
<0.01 0.002B, 0.03Nd 8.2 15 - 0.062 0.98 0.75 0.020 0.0005 19.7 25.3
3.05 0.02 0.01 



0.102 <0.01 0.481'lb, 0.003B 7.7 16 - 0.082 0.98 0.18 0.022 0.0006
19.6 25.4 2.78 0.07 0.01 0.065 0.01 - 8.4 17  0.050 0.95 0.67 0.017
0.0008 19.8 26.8 2.46 0.15 0.02 0.082 0.01 - 9.2 18 - 0.061 1.05 



0.60 0.026 0.0004 19.2 24.9 2.52 0.02 0.08 0.072 0.01 0.0015B 8.8 19
- 0,043 0.63 0.85 0.020 0.0002 19.4 25.7 2.95 0.03 0.01 0.075 <0.01
0.004Mg, 0.01La, 0.527a, 0.03Zr, 1.2Co 9.0 20 - 0.062 0.82 0.67 0.024
0.0002 19.8 25.0 2.68 0.006 0.01 



0.034 <0.01 0.,, 1.8M03Y0.002B o, 0.003Ca 84 21  0.075 0.97 0.84
0.024 0.0006 19.6 25.3 3.22 0.02 0.01 0.088 0.01 0.05Zr, 2.2Mo 7.2 22
- 0,060 1.01 0.68 0.017 0.0120 19.2 24.3 2.87 0.05 0.05 0.075 0.01
2.50o 7,8 23 - 



0.070 1.05 0.70 0.014 0.0001 18.2 24.9 2.99 0.07 0.03 0.017 <0.01
0.04La 8.2 24 - 0.061 1.02 0.78 0.018 0.0004 19.7 25.3 3.01 0.03
0.008 0.016 <0.01 - 8.5 25 - 0.066 1.11 0.85 0.024 0.0007 21.7' 25.2
2.88 



0.01 0.03 0.005 0.01 - 9.1 26 - 0.049 0.97 0.82 0.022 0.0006 20,4"
25.2 3.05 0.04 0.01 0.008 0.01 - 8.8 27 - 0.085* 0.92 0.84 0.022
0.0005 18.9 25.8 3.16 0.05 0.01 0.015 <0.01 - 8.4 28 - 



0.065 0.45" 0.76 0.019 0.0006 18.7 28.2 3.08 0.04 0.02 0.072 <0.01 -
8.2 29 - 0.068 0.87 0.75 0.024 0.0004 16.0' 28.4 3.06 0.03 0.01 0.085
<0.01 0.12Nb 8.5 30  0.054 0.89 0.68 0.024 0.0005 19.2 24.2 2.87 



0.18" 0.01 0.010 <0.01 - 7.7 31 - 0.058 0.82 0.95 0.021 0.0002 19.0
24.1 2.88 0.03 0.21* 0.012 <0.01 - 8.1 32 - 0.051 0.83 1.25 0.019
0.0008 22.5' 23.5 2.69 0.03 0.04 0.016 <0.01 1.54Mo 8.5 33 - 



0.049 0.95 0.65 0.019 0.0005 19.8 23.9 0.34' 0.04 0.01 0.085 <0.01
0.003Mq, 0,002B 7.6 34 - 0.012" 1.09 0.78 0.020 0.0006 18.3 22.9 3.22
0.03 0.01 0.072 <0.01 0.005Ca,13.03Nd 7.8 35  0.072 2.14* 0.85 0.021
0.0004 18.6 24.3 3.04 



0.02 0.02 0.085 <0.01 0.5Co, 0.35Nb 7.5 36 - 0.17" 0.97   0.50 0.021
0,0007 19.9 24.8 3.00 0.52" 0.54* 0.010 0.01 0.004Ca 8.6  Note: '
shows out of scope of the invention. [0084] [Table 2]  Table 2 No'
Sub No, 650C, 200hr 45%C0-42.5%1-12 -6.5%CO2-6%Hi0 gas 800C, 40MPa
Creep rupture time 800C ,40MPa Creep rupture elongation Restraint
welding cracks test 



Trans-varestrain test   Pit observed .' (hr) (%) Observed HAZ cracks
number/ observed cross section number Maximum crack length in welding
metal (mm) 1 a No 1430.7 31.4 0110  0.6 1 b No 1530.5 31.0 0 / 10 0.6
1 c No 1605.7 29.2 0/ID 0.6 1 d No 1789.7 25.9 0110 0.6 1 e 



No 2001.0 23.4 0 / 10 0.6 2 - No 2234.5 24.6 0 / 10 0.6 3 - No 2632.5
19.5 0 / 10 0.6 4  No 1340.3 36.8 0 / 10 0.6 S  No 2320.5 24.7 0 / 10
0.6 6 - No 1760.0 30.3 0 / 10 0.6 



7 - No 1630.0 33.5 1 / 10 1.0 8 - No 1963.5 27.9 0 / 10 0.6 9  No
1643.8 28.9 0110  0.6 10  No 2309.7 21.5 0 / 10 0.9 11  No 2105.3
17.0 0110  0.8 12 - No 1621.0 33.3 



0110  0.6 13 - No 3250.5 18.7 0 / 10 0.8 14 - No 2210.5 16.9 1 / 10
0.6 15 - No 2650.4 24.6 0 / 10 0.6 16 - No 2001.2 17.5 0 / 10 0.6 17
- No 2450.9 16.1 1 / 10 0.6 18 - No 



2180.8 18.5 0 / 10 0.6 19 - No 1980.6 36.7 0/10 0.3 20 - No 1810.5
34.2 0110  0.4 21  No 2880.5 15.3 0 f 10 0.9 22 - No 2450.6 24.6 0110
0.6 23 - No 1730.2 33.3 0110  0.6 24 



No 1650.3 28.7 0110 0.6 25  No 1130.1 32.5 0 / 10 0.6 26 - No 1310.5
27.5 0 / 10 0.6 27 - No 3105.8 9.7 0 / 10 1.4 28  Yes 1980.4 21.3 0 /
10 0.3 29 - Yes 2320.5 27.9 0 /10 



0.7 30 - No 2890.0 10.8 5 / 10 1.3 31 - No 2760.5 11.1 6 / 10 1.3 32
- No 863.0 33.3 0 / 10 0.5 33  Yes 2124.3 30.6 0 /10 0.5 34 - Nop
565.3 35.3 0 / 10 0.2 35 - No 2345.2 



8.7 10 / 10 2.3 36 - No. 6922.8 6.7 0 / 10 1.5  [Example 2] [0085]
A metal material having a chemical composition given in Table 1 was
melted by using a high-frequency heating vacuum furnace, and a metal
plate having a plate thickness of 12 mm was manufactured by hot
forging and cold rolling. The metal plate was subjected to solid
solution heat treatment under the conditions that the heat treatment
temperature is 1140 to 1230C and the heat treatment time is 5
minutes, and a test piece was prepared by cutting a part of the metal
plate. From each of the metal materials given in Table 1, a round-bar
test piece having a diameter in parallel portion of 6 mm and a length
of 70 mm (parallel portion: 30 mm) was cut out. Also, from the metal
plate, a test piece measuring 12 mm in plate thickness, 15 mm in
width, and 15 mm in length was cut  out. The test piece was embedded
in a resin, and the base metal grain size of the structure of the
cross section perpendicular to the plate rolling direction was
measured, whereby the austenite grain size No. specified in ASTM was
determined. The grain size No. is summarized in Table 1. This test
piece was held under a stress of 40 MPa at a holding temperature of
800C, whereby the time up to rupture (creep rupture time) was
determined. Further, the test piece elongation up to rupture (creep
rupture elongation) was measured. It was judged that the rupture time
of 1320 hours or longer satisfies the performance of the present
invention. Also, it was judged that the rupture elongation of 15% or
more satisfies the performance of the present invention. These
results are summarized in Table 2. [0086]       Table 2 reveals that
among the metal materials of Nos. 25 to 36 in which the chemical
composition deviated from the conditions defined in the present
invention, the metal materials of Nos. 25, 26 and 32 in which the Cr
content deviated from the conditions defined in the present invention
and the metal material of No. 34 in which the C content deviated from
the conditions defined in the present invention had short creep
rupture time and therefore had a poor creep rupture strength.
Further, Table 2 reveals that the metal material of No. 30 in which
the Al content deviated from the conditions defined in the present
invention, the metal material of No. 31 in which the Ti content
deviated from the conditions defined in the present invention, the
metal material of No. 35 in which the Si content deviated from the
conditions defined in the present invention, and the metal material
of No. 36 in which all of the C, Al and Ti contents deviated from the
conditions defined in the present invention had a small creep rupture
elongation and therefore had a poor creep ductility. On the other
hand, all of the metal materials of the present invention (Nos. 1 to
24) had the creep rupture strength and the creep ductility satisfying
the conditions defined in the present invention, and therefore were
excellent in creep properties. [Example 3]  [0087]       Each of the
metal materials having the chemical compositions given in Table 1 was
melted by using a high-frequency heating vacuum furnace, and was
hot-forged and cold-rolled to prepare a metal plate having a plate
thickness of 14 mm. The metal plate was subjected to solid solution
heat treatment under the conditions that the heat treatment
temperature is 1140 to 1230C and the heat treatment time is five
minutes, and a test piece was prepared by cutting a part of the metal
plate. From each of the metal materials given in Table 1, two test
pieces each measuring 12 mm in plate thickness, 50 mm in width, and
100 mm in length were prepared. Next, V-type groove having an angle



[Claim 2]       A carburization resistant metal material
characterized by consisting of, by mass%, C: 0.04 to 0.07%, Si: 0.8
to 1.5%, Mn: 0.05 to 2.5%, P: 0.04% or less, S: 0.015% or less, Cr:
18.0% or higher and 20.0% or less, Ni: 22.0 to 28.0%, Cu: 1.5 to
6.0%, Al: 0.12% or less, Ti: 0.05% or less, N: 0.005 to 0.20%, and 0
(oxygen): 0.02% or less , the balance being Fe and impurities. [Claim
3]       The carburization resistant metal material according to
claim 1 or 2, characterized by further containing, by mass%, at least
one kind of a component selected from at least one group of the first
group to the fifth group described below: first group: Co: 10% or
less, second group: Mo: 5% or less, W: 5% or less, and Ta: 5% or
less, third group: B: 0.1% or less, V: 0.5% or less, Zr: 0.5% or
less, Nb: 2% or less, and Hf: 0.5% or less, fourth group: Mg: 0.1% or
less and Ca: 0.1% or less, fifth group: Y: 0.15% or less, La: 0.15%
or less, Ce: 0.15% or less, and Nd: 0.15% or less. [Claim 4]
The carburization resistant metal material according to any one of
claims 1 to 3, characterized by having a fine grain such that the
austenite grain size No. is 6 or higher. 


