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(54) FERRITE HEAT RESISTANT STEEL

(57) There is provided a heat resistant ferritic steel,
excellent in the weld crack resistance of the HAZ and
creep strength. A high- �Cr heat resistant ferritic steel is
characterized by  consisting of, by mass%, Si: more than
0.1% and not more than 1.0%, Mn: 2.0% or less, Co: 1
to 8%, Cr: 7 to 13%, V: 0.05 to 0.4%, Nb: 0.01 to 0.09%,
either one or both of Mo and W: 0.5 to 4% as a total, B:
0.005 to 0.025%, Al: 0.03% or less, and N: 0.003 to
0.06%, and containing C in an amount satisfying Expres-
sion (1), the balance being Fe and impurities, and O, P

and S as impurities being such that O: 0.02% or less, P:
0.03% or less, and S: 0.02% or less, respectively, 

in which C and B represent the content of each element
(mass%). Furthermore, the high- �Cr heat resistant ferritic
steel may contain one or more kinds selected from the
group consisting of Nd, Ta, Ca and Mg.
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Description

Technical Field

�[0001] The present invention relates to a heat resistant ferritic steel excellent in the high-�temperature strength and
weld crack resistance in a weld heat- �affected zone, which is used as members for high temperature services, such as
thermal power generation boilers.

Background Art

�[0002] In recent years, in the thermal power generation, efforts are being made toward higher temperatures and higher
pressure steam conditions in order to improve thermal efficiency. Also a new plant will be opened under ultra super
critical pressure conditions of 650°C and 350 atmospheric pressures. Heat resistant ferritic steels are widely used
because they are inexpensive compared to austenitic stainless steels and have small coefficients of thermal expansion,
which is the advantage for heat resistant steels.
�[0003] For heat resistant ferritic steels, efforts have been made to increase strength in order to cope with severer
steam conditions in the future. In Patent Document 1 and Patent Document 2, for example, it has been proposed to
optimize the W and Mo contents and to add Co and B to the steels. Patent Document 3 proposes a steel strengthened
by a fine intermetallic compound phase with the addition of W and Mo. Patent Document 4 proposes a steel having
improved strength by using the phase of M23C6-based carbides and intermetallic compounds which precipitate at the
martensite lath interface.
�[0004]  However, when these heat resistant ferritic steels are used in welded structures, the creep strength may be
significantly decreased in a weld heat-�affected zone (hereinafter referred to as the "HAZ") subjected to a thermal cycle
due to welding, as shown, for example, in Non-�Patent Document 1. For this reason, the problem is that the advantage
of steels whose strength is increased cannot be adequately made use of. Hence, steels have been proposed which are
intended to increase not only the strength of the steel itself, but also to increase the creep strength of HAZ subjected to
a weld thermal cycle.
�[0005] For example, Patent Document 5 discloses a steel whose long-�time creep strength of joints is improved by
producing Ti-, Zr- and Hf- �based nitrides which are stable in spite of weld heat input; Patent Document 6 discloses a
steel similarly improved by adding W and causing (Nb, Ta) carbo-�nitrides to finely precipitate. Patent Document 7 and
Patent Document 8 disclose steels similarly improved by suppressing the formation of Cr carbides and increasing the
long- �time stability of fine carbo- �nitrides, such as V and Nb. Although various methods for improving the strength of the
HAZ by making use of carbo-�nitrides have been proposed as described above, a further improvement of HAZ strength
is desired in terms of practical use.
�[0006] Furthermore, Patent Document 9 proposes a method that involves suppressing the grain refinement in the
HAZ by adding 0.003 to 0.03% of B, thereby improving the creep strength in the HAZ. Although B is known well as an
element having such an effect, B is also known well as an element that increases the susceptibilities of the solidification
cracking in a weld metal and also of the liquation cracking in its HAZ. For this reason, the problem is that when the steel
is used as thick wall members in main steam pipes for boilers, pressure vessels and the like, this steel does not have
sufficient weldability (weld crack resistance).
�[0007]

[Patent Document 1] JP4-371551A
[Patent Document 2] JP4-371552A
[Patent Document 3] JP2001-152293A
[Patent Document 4] JP2002-241903A
[Patent Document 5] JP8-85848A
[Patent Document 6] JP9-71845A
[Patent Document 7] JP2001-279391A
[Patent Document 8] JP2002-69588A
[Patent Document 9] JP2004-300532A
[Non-�Patent Document 1] Science and Technology of Welding and Joining, 1996, Vol. 1, No. 1, pp. 36-42

Disclosure of the Invention

Problems to be Solved by the Invention

�[0008] Since heat resistant ferritic steels have the advantage of small coefficients in thermal expansion in addition to
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inexpensiveness as described above, it is expected that these steels are used in welded structures in thermal power
generation boilers and the like for which efforts are being made toward higher temperature and higher pressure steam
conditions.
�[0009] And as described above, in order to ensure that heat resistant ferritic steels can be used under conditions of
still higher temperatures and pressures, various proposals have been made to improve the HAZ creep strength of welded
joints in addition to further strength improvement. However, the problem is not only that the strength improvement of the
HAZ is still insufficient, but also that sufficient weld crack resistance during welding is not obtained.
�[0010]  The present invention has been made in view of such a situation, and its objective is to provide a heat resistant
ferritic steel which is excellent in the weld crack resistance of the HAZ and is also superior in creep strength.

Means for Solving the Problems

�[0011] It has been found that, in order to improve the creep strength of the HAZ, it is effective to limit the Cr, Co, V
and Nb contents to prescribed ranges and to add B. However, it has been found that, when B is added in an amount
necessary for increasing HAZ strength, the cracking susceptibilities of the HAZ and weld metal increase, posing a
problem in weld crack resistance.
�[0012] Hence, the inventors have found that in order to improve the creep strength in the HAZ and also to ensure
excellent weldability, optimizing the contents of C and B is effective as follows. The heat resistant ferritic steel. in
accordance with the present invention. sets a target value of rupture time for the creep strength in the HAZ of not less
than three times, and preferably not less than five times that of conventional steels.
�[0013] As a result of examinations and investigations, it was ascertained that in a ferritic steel, having the composition
ranges of Cr: 7 to 13%, Co: 1 to 8%, V: 0.05 to 0.4% and Nb: 0.01 to 0.09%, the HAZ strength is increased by the addition
of B.
�[0014] One of the reasons why the creep strength is lowered in the HAZ rather than in the base metal is that grain
refinement occurs due to a weld thermal cycle heating the HAZ to a temperature between the Ac1 transformation point
and the Ac3 transformation point. When the ferritic phase or tempered martensitic phase, which is the original micro-
structure, is heated to this temperature range, new nuclei of the austenitic phase forms and grow at the grain boundaries,
whereby grain refinement occurs. B is an element that is apt to segregate at the grain boundaries. When heated to this
temperature range, B reduces the energy at the grain boundaries by segregating at the grain boundaries of the original
ferritic phase, and B suppresses grain refinement by suppressing and retarding the nucleation of the austenitic phase.
The inventors considered that this results in an improvement in the creep strength in the HAZ.
�[0015] However, it has been found that when B is added in an amount larger than the amount at which the creep
strength improving effect is obtained, the susceptibilities of the solidification cracking in a weld metal and of the liquation
cracking in its HAZ increase.
�[0016] This is caused by the addition of B. B is an element which is apt to segregate at the grain boundaries and also
lowers melting points significantly. S and P are elements that are apt to undergo grain- �boundary segregation and also
lower melting points significantly. The inventors considered that, in the HAZ in the close vicinity of a fusion line, the grain-
boundary segregation of P and S, in addition to the grain- �boundary segregation of B, cause grain- �boundary melting and
an opening due to thermal stress or external stress, which results in liquation cracking.
�[0017] It is possible to prevent the solidification cracking in a weld metal by adjusting the components of the welding
materials. On the other hand, the liquation cracking in the HAZ is related to the composition of the steel used, and this
constitutes a significant restriction in actual use. In view of these problems, the inventors earnestly examined the re-
quirements in order to be able to prevent the liquation cracking of the HAZ and also to increase the strength of the HAZ.
�[0018] As a result of repeated investigations, the inventors obtained the new knowledge that only the restriction of the
C content within a prescribed range can prevent the liquation cracking. The inventors considered the reason for this as
follows.
�[0019] C, like B, acts as a melting point lowering element and increases the liquation cracking susceptibility in the
HAZ by adding to the above-�described melting point lowering action of B. For this reason, the inventors considered that
it becomes possible to reduce the lowering of a melting point by lowering the C content according to the B content. From
thermodynamic theoretical calculations the inventors were able to find (-�5/3) � [%B] + 0.085 for the upper limit of the C
content (%) which causes the solidification brittle temperature range (BTR) in the ranges of Cr: 7 to 13%, Co: 1 to 8%,
V: 0.05 to 0.4% and Nb: 0.01 to 0.09%, which are the basic alloy components of the present invention, to decrease to
100°C or less, at which liquation cracking can be sufficiently prevented in terms of practical use. In this expression, [%B]
represents the B content (mass%) in steel, the same of which is applied hereinafter..
�[0020] In addition, C has an effect on the free energy in the formation of sulfides and phosphides through its interaction
with them. That is, at high temperatures, the solubility of sulfides or phosphides of Cr, Nd and the like decreases with
increasing C content, and when the C content further increases, the solubility of these sulfides or phosphides has a
tendency to increase again. When the solubility of sulfides and phosphides increases, the amounts of S and P increase,
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which segregate at the grain boundaries due to the thermal effect of welding and the like, and the liquation cracking
susceptibility increases. For this reason, in the case of the C content range of the present invention in which the amount
of C is reduced, the solubility of sulfides and phosphides decreases and stable compounds are formed. The inventors
considered that as a result, the amounts of S and P at the grain boundaries decrease and the liquation cracking of the
HAZ is prevented by the synergistic action of the suppression of a melting point decrease.
�[0021] Furthermore, the inventors obtained the new knowledge that adding B and lowering content of C results in
preventing liquation cracking, and also results in improving more the creep strength in the HAZ, when compared to the
case of adding B but not lowered content of C.
�[0022] The inventors considered the reason for this as follows. The lowering content of C to a prescribed range
decreases the amount of carbides present at the grain boundaries. Then, the pinning effect is small even when heating
is performed to a temperature between the Ac1 transformation point and the Ac3 transformation point, and the austenitic
phase forms nuclei at the grain boundaries and, therefore, crystal grains are apt to coarsen readily. As a result, the grain
refinement suppressing effect in the HAZ increases due to the combined effect of the nucleation suppression by the
addition of B. Furthermore, since the growth rate of fine carbo- �nitrides of V and Nb in the grains, which contribute to the
strengthening of a ferritic steel, is suppressed, the degree of strengthening of the creep strength may increase, when
compared to the case of adding B but not lowered content of C.
�[0023] However, when the C content is extremely lowered, the amount of formed fine carbo-�nitrides of V and Nb,
which contribute to matrix strengthening, is small and it becomes impossible to sufficiently obtain the strengthening
effect of the fine carbo- �nitrides of V and Nb. Hence, the lower limit to the C content should be set at 0.005% or more in
order to have the strength improving effect.
�[0024] As a result of these investigations, in order to prevent the liquation cracking of the HAZ and in order to improve
the creep strength of the HAZ, it is necessary that the B content be 0.005 to 0.025% and that the condition given by
0.005≤C≤ (- �5/3) � [%B] + 0.085 be satisfied.
�[0025]  The present invention has been completed on the basis of the above-�described new knowledge and the gist
of the heat resistant ferritic steel in accordance with the present invention is as described in items (1) to (3) below.
Hereinafter, these items are referred to as invention (1) to invention (4) respectively, and are sometimes generically
referred to as the present invention.
�[0026]

(1) A high-�Cr heat resistant ferritic steel characterized by consisting of, by mass%, Si: more than 0.1% and not more
than 1.0% , Mn: 2.0% or less, Co: 1 to 8%, Cr: 7 to 13%, V: 0.05 to 0.4%, Nb: 0.01 to 0.09%, either or both of Mo
and W: 0.5 to 4% as a total, B: 0.005 to 0.025%, Al: 0.03% or less, and N: 0.003 to 0.06%, and containing C in an
amount satisfying Expression (1), the balance being Fe and impurities, and O, P and S as impurities being O: 0.02%
or less, P: 0.03% or less, and S: 0.02% or less, respectively, 

in which C and B represent the content of each element (mass%).
�[0027]

(2) The high-�Cr heat resistant ferritic steel according to item (1) above characterized by containing, by mass%, Nd:
0.08% or less in place of part of Fe.

�[0028]

(3) The high-�Cr heat resistant ferritic steel according to item (1) or (2) above characterized by containing, by mass%,
Ta: 0.08% or less in place of part of Fe.

�[0029]

(4) The high-�Cr heat resistant ferritic steel according to any one of items (1) to (3) above characterized by containing,
by mass%, either or both of Ca: 0.02% or less and Mg: 0.02% or less in place of part of Fe.

Advantages of the Invention

�[0030]  The heat resistant ferritic steel in accordance with the present invention is excellent in the weld crack resistance
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in the HAZ and has superior creep strength in the HAZ.

Best Mode for Carrying Out the Invention

�[0031] The claimed scope of the steel in accordance with the present invention will be described below. The symbol
"%" represents mass%.
�[0032] C: 0.005% or more and {(-�5/3) � [%B] + 0.085}�% or less
C (carbon) along with B is an important element in the present invention. C is an essential element because C forms
carbides and contributes to ensuring high-�temperature strength, and because C is an element effective in obtaining a
martensitic microstructure. However, when C segregates at the grain boundaries, C promotes to lower the melting point
at the grain boundaries along with the effect of B, S and P and is indirectly responsible for the formation of sulfides and
phosphides in the coarse-�grained HAZ. Thereby it has an exerting effect on the liquation cracking susceptibility. When
the C content is lowered, in the fine-�grained HAZ, C has an improved creep strength due to the effects of the promotion
of crystal grain coarsening during transformation and the suppression of the growth of fine carbides. The lowering of the
melting point at the grain boundaries is caused by the C itself, and it is suppressed. Stable sulfides and phosphides are
formed in the coarse- �grained HAZ, whereby liquation cracking is prevented by suppressing the lowering of the melting
point which is caused by the grain-�boundary segregation of S and P, and at the same time the creep strength of a fine-
grained HAZ is improved. For this purpose, as described later, the B content is defined in a specific range and it is
necessary that the C content be in the range of 0.005% or more and {(-�5/3) � [%B] + 0.085}�% or less. A preferred lower
limit of the C content is 0.010%.
�[0033] Si: more than 0.1% and not more than 1.0%
Si (silicon) is added in amounts exceeding 0.1 % as a deoxidizer. However, if Si is added excessively, this causes the
deterioration of creep ductility and toughness, so the upper limit is 1.0%, preferably 0.8%. The Si content is more
preferably in the range of more than 0.2% and not more than 0.7%.
�[0034] Mn: 2.0% or less
Like Si, Mn (manganese) is added as an deoxidizer. However, if Mn is added excessively, this causes creep embrittlement
and the deterioration of toughness. For this reason, the Mn content is 2.0% or less. The Mn content is preferably 1.8%
or less. However, if the Mn content is lowered excessively, the sufficient deoxidation effect is not obtained and the
cleanliness of the steel is deteriorated. In addition, this results in an increase in the manufacturing cost. For this reason,
it is preferred that 0.01% or more of Mn be added, although no lower limit is set.
�[0035] Co: 1 to 8%
Co (cobalt) is an austenite former and is an element necessary for the martensitizing of a matrix. To obtain this effect,
it is necessary that 1% or more of Co be added. However, if Co is added in an amount exceeding 8%, this causes a
remarkable decrease in creep ductility. The Co content is preferably in the range of over 2% and 7% or less.
�[0036] Cr: 7 to 13%
Cr (chromium) is an element essential for ensuring oxidation resistance and high-�temperature corrosion resistance in
heat resistant steels and for obtaining a martensitic microstructure of a matrix in a stable manner. To obtain this effect,
it is necessary that 7% or more of Cr be added. However, if Cr is added excessively, this lowers the stability of carbides
caused by the formation of a large amount of Cr carbides, which results in decreases in creep strength and toughness.
For this reason, it is necessary that the Cr content be 13% or less. The Cr content is preferably in the range of 8 to 12%,
more preferably in the range of 8 to 10%.
�[0037] V: 0.05 to 0.4%
V (vanadium) is an element which, along with Nb, forms fine carbo- �nitrides in the grains and contributes significantly to
the improvement of creep strength. To obtain this effect, it is necessary that 0.05% or more of V be added. However, if
V is added excessively, this results in an increase in the growth rate of carbo-�nitrides, which causes an early loss of the
dispersion strengthening effect, and also results in a decrease in toughness. Therefore, it is necessary that the V content
be 0.4% or less. The V content is preferably in the range of 0.10 to 0.35%.
�[0038] Nb: 0.01 to 0.09%
Nb (niobium) is an element which, along with V, forms stable fine carbo-�nitrides at temperatures up to high levels in the
grains and contributes significantly to the improvement of creep strength. To obtain this effect, it is necessary that at
least 0.01 % or more of Nb be added. However, if Nb is added excessively, this results in an increase in the growth rate
of carbo- �nitrides, which causes an early loss of the dispersion strengthening effect, and also this results in a decrease
in toughness. Therefore, it is necessary that the Nb content be 0.09% or less.
�[0039] Either one or both of Mo and W: 0.5 to 4% (as a total)�
Mo (molybdenum) and W (tungsten) are elements which perform the solid-�solution strengthening of a matrix and con-
tribute to the improvement of creep strength. To obtain this effect, it is necessary that either one or both of Mo and W
be added in amounts of 0.5% or more as a total. However, if these elements are added excessively in amounts exceeding
4%, this forms coarse intermetallic compounds and results in an extreme decrease in toughness. Also, when W is singly
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added, it is preferred that the lower limit of the W content be 1 %.
�[0040] B: 0.005 to 0.025%
B (boron) along with C is an important element in the present invention. B segregates at the grain boundaries in the
HAZ and lowers the grain-�boundary energy, thereby delaying the nucleation of the austenitic phase and suppressing
grain refinement. To obtain this effect sufficiently, it is necessary that at least 0.005% or more of B be added. �
However, in a coarse- �grained HAZ, B that segregates at the grain boundaries promotes lowering the melting point of
the grain boundaries and causes liquation cracking to occur by adding to the effect of the segregation of S and P. To
prevent this, it is necessary that the C content be defined in the above-�described range. However, if the B content
exceeds 0.025%, the HAZ creep strength improving effect becomes saturated and it is impossible to prevent liquation
cracking even when the C content is defined in the above-�described range. It is preferred that the lower limit of the B
content be 0.007% or more. A more preferred range of the B content is from over 0.01 % to 0.02% or less.
�[0041] N: 0.003 to 0.06%
N (nitrogen) is an element which forms fine carbo- �nitrides including V and Nb and is effective in ensuring creep strength.
To obtain this effect, it is necessary that 0.003% or more of N be added. However, if N is added excessively, this results
in an increase in the precipitation amount of carbo- �nitrides and causes embrittlement. For this reason, the upper limit of
the N content is 0.06%.
�[0042] Al: 0.03% or less
Al (aluminum) is added as a deoxidizer. However, if Al is added excessively, this results in a decrease in creep ductility
and toughness. Therefore, the upper limit of the Al content is 0.03%. The upper limit of the Al content is preferably 0.02%
or less. �
However, if the Al content is lowered excessively, a sufficient deoxidation effect is not obtained and the cleanliness of
steel is deteriorated. In addition, this results in an increase in the manufacturing cost. For this reason, it is preferred that
0.001% or more of Al be added, although no lower limit is set.
�[0043] O: 0.02% or less
O (oxygen) exists as an impurity. However, if a large amount of O is contained, this forms a large amount of oxides,
deteriorating workability and ductility. For this reason, it is necessary that the O content be 0.02% or less. �
P: 0.03% or less
P (phosphorus) is contained as an impurity. P along with S and B segregates at the grain boundaries in a coarse- �grained
HAZ, and this results in liquation cracking by lowering the melting point. To prevent this, it is necessary that C, Nb, S
and B be defined in prescribed ranges and that the P content be 0.03% or less.
�[0044] S: 0.02% or less
Like P, S (sulfur) is contained as an impurity. S segregates at the grain boundaries in a coarse- �grained HAZ, and this
results in liquation cracking by lowering the melting point. To prevent this, it is necessary that C, Nb, S and P be defined
in prescribed ranges and that the S content be 0.02% or less.
�[0045] In the steel of the present invention, the following elements can be added in prescribed amounts as required.
�[0046] Nd: 0.08% or less
Nd (neodymium) has a strong affinity for P and S. Nd forms compounds with S and P at the grain boundaries of a coarse-
grained HAZ, thereby suppressing lowering of the melting point by S and P and preventing the liquation cracking of the
HAZ. At the same time, Nd is effective in improving the HAZ creep ductility by reducing the grain-�boundary embrittlement
by S and P during use at high temperatures. Therefore, Nd may be added as required. However, because of a strong
affinity for oxygen, if Nd is added excessively, this forms extra oxides and results in a decrease in the toughness of the
HAZ. For this reason, the upper limit of the Nd content is 0.08%. A desirable upper limit is 0.06%. Incidentally, to positively
obtain the above-�described effect of the addition ofNd, it is preferred that 0.005% or more of Nd be added. It is more
preferred that 0.015% or more ofNd be added.
�[0047] Ta: 0.08% or less
Like V and Nb, Ta (tantalum) forms stable fine carbides at temperatures up to high levels and contributes significantly
to the improvement of creep strength. Therefore, Ta may be added as required. However, if Ta is added excessively,
this results in an increase in the growth rate of carbides, bringing about early loosing of the dispersion strengthening
effect, and also this results in a decrease in toughness. Therefore, the upper limit of the Ta content is 0.08% or less.
Incidentally, to obtain the above-�described effect of the addition of Ta, it is preferred that 0.005% or more of Ta be added.
�[0048] Ca: 0.02% or less
Ca (calcium) is an element which improves the hot workability of steel, and when it is necessary to improve hot workability,
Ca can be added. However, if the Ca content exceeds 0.02%, this results in the coarsening of inclusions, thereby
contrastively impairing workability and toughness. Therefore, the upper limit of the Ca content is 0.02%. In order to obtain
the above-�described effect of the addition of Ca, it is preferred that 0.0003% or more of Ca be added. A more preferred
range of the Ca content is from 0.001 % to 0.01 %.
�[0049] Mg: 0.02% or less
Like Ca, Mg (manganese) is an element which improves the hot workability of steel, and when it is necessary to improve
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hot workability, Mg can be added in a combination with Ca or singly. However, if the Mg content exceeds 0.02%, this
results in the coarsening of inclusions, thereby contrastively impairing workability and toughness. Therefore, the upper
limit of the Mg content is 0.02%. In order to obtain the above-�described effect of the addition of Mg, it is preferred that
0.0003% or more of Mg be added. A more preferred range of the Ca content is from 0.001 % to 0.01 %.

Example 1

�[0050] The sixteen kinds of steels having the chemical compositions shown in Table 1 were melted in a vacuum
furnace, and were then cast and rolled. Thereafter, the steels were normalized by air cooling after being held for 1 hour
at 1150°C and were tempered by air cooling after being held for 1.5 hours at 770°C, whereby the steels were heat
treated. Incidentally, No. 13 denotes a steel corresponding to SUS410J3TB, which is a conventional steel. This steel
was used as a comparative steel related to creep strength. Steel plates 12 mm in thickness, 50 mm in width and 300
mm in length and steel plates 10 mm in thickness, 100 to 120 mm in width and 300 to 500 mm in length were fabricated
by machining. The steel plates 12 mm in thickness were used in the longitudinal Varestraint test and the liquation cracking
susceptibility of the HAZ was evaluated.

[Table 1]

�[0051]
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Table 1

No
.

Chemical composition (mass%, the balance being Fe and impurities) (-�5/3) 
��[% B] 
+0.085C Si Mn P S Co Cr Ni W Mo Nb V Ta Nd Al B O N

1 0.110* 0.27 0.51 0.016 0 1.0 9.0 - 3.0 - 0.07 0.20 0.04 0.03 0.002 0.008 0.005 0.009 0.072*

2 0.096* 0.25 0.61 0.013 0 3.0 9.0 - 3.0 - 0.04 0.20 0.04 0.04 0.002 0.010 0.009 0.010 0.068*

3 0.049 0.30 0.50 0.007 0 5.0 9.0 - 3.1 - 0.04 0.19 0.06 0.03 0.002 0.012 0.004 0.009 0.065

4 0.049 0.31 0.51 0.007 0 5.1 9.0 - 2.6 - 0.04 0.19 0.06 0.03 0.001 0.012 0.005 0.010 0.065

5 0.024 0.31 0.51 0.007 0 5.1 9.0 - 2.6 - 0.04 0.19 0.06 0.03 0.002 0.012 0.005 0.010 0.065

6 0.008 0.29 0.49 0.008 0 5.1 9.1 - 2.6 - 0.04 0.19 0.06 0.03 0.001 0.012 0.010 0.011 0.065

7 0.096* 0.31 0.61 0.008 0 5.0 8.9 - 2.6 - 0.04 0.20 0.05 0.04 0.001 0.0001* 0.005 0.010 0.085*

8 0.050 0.30 0.61 0.007 0 5.0 8.9 - 2.6 - 0.04 0.20 0.05 0.04 0.001 0.0001* 0.005 0.009 0.085

9 0.010 0.29 0.49 0.007 0 5.0 8.9 - 2.6 - 0.04 0.20 0.05 0.03 0.001 0.007 0.010 0.010 0.073

10 0025 0.30 0.50 0.010 0 5.1 10.4 - 2.6 - 0.04 0.19 - 0.04 0.002 0.010 0.004 0.011 0.069

11 0.027 0.30 0.50 0.008 0 7.1 9.2 - 2.6 - 0.04 0.20 - 0.04 0.002 0.012 0.007 0.010 0.066

12 0.001* 0.25 0.61 0.010 0.01 3.0 9.0 - 3.1 - 0.04 0.20 0.05 0.02 0.001 0.006 0.005 0.023 0.075

13 0.130 0.24 0.69 0.010 0 -�* 110.6 0.3 2.1 0.4 0.05 0.25 - - 0.001 0.001* 0.005 0.050 -

14 0.070 0.30 0.50 0.008 0 5.2 9.2 - 2.6 - 0.04 0.20 0.04 0.03 0.001 0.009 0.004 0.009 0.07

15 0.061 0.31 0.49 0.009 0 5.2 9.2 - 2.6 - 0.04 0.20 0.05 0.03 0.002 0.014 0.005 0.012 0.062

16 0.050* 0.26 0.52 0.009 0 5.1 8.9 - 2.5 - 0.04 0.20 0.05 0.04 0.003 0.025 0.004 0.010 0.043*

* out of scope of the invention
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�[0052] The longitudinal Varestraint test is a method of evaluating the liquation cracking susceptibility of the HAZ which
involves, as schematically shown in Figure 1, performing bead-�on-�plate welding in the longitudinal direction of a steel
plate by using GTA welding, adding a strain due to bending by loading a force F at an end of the steel plate during the
welding, thereby forcedly generating cracks in the HAZ, and measuring the total length of the cracks. The welding
conditions were 200 A � 15 V � 10 cm/min. The amount of added strain was 4%. Steel plates in which liquation cracking
did not occur in the HAZ were accepted.
�[0053] For steel grades in which liquation cracking did not occur in the HAZ, a test material 10 mm in thickness, 10
mm in width and 100 mm in length was sampled from a 10 mm thick steel plate. A HAZ-�simulated thermal cycle was
given to the test material and the test material was heated to 1000°C, at which a strength decrease in the HAZ is especially
remarkable, for 5 seconds. After that, the test material was subjected to post- �weld heat treatment by air cooling at 740°C
for 30 minutes, and creep test specimens were taken. The creep test was performed at a temperature of 650°C and
stress of 117.7 MPa.
�[0054] Table 2 shows the weld crack length (mm) in the longitudinal Varestraint test and the rupture time (hr) in the
creep test.

[Table 2]

�[0055]

�[0056] As is apparent from Table 2, in the materials of Nos. 3 to 6, 9 to 11, 14 and 15 whose C and B contents satisfy
the defined ranges of the present invention. the expression (1), the liquation cracking of the HAZ did not occur even in
the severe test for cracks, such as the longitudinal Varestraint test, and the creep rupture time of the HAZ was not less
than three times that of No. 13. In particular, in the materials of Nos. 3 to 5, 9, 11, 14 and 15, the creep rupture time of
the HAZ was not less than five times that of No. 13.
�[0057] However, in the materials of Nos. 1, 2 and 16, whose B contents are in the defined range of the present invention
but whose C contents exceed the upper limit of Expression (1), the melting point lowering of the grain boundaries of a
coarse-�grained HAZ was remarkable and liquation cracking occurred in the HAZ in the longitudinal Varestraint test.
�[0058] In contrast to this, in any of the materials of Nos. 7, 8 and 12, the creep rupture time of the HAZ did not satisfy
target values although liquation cracking did not occur in the HAZ in the longitudinal Varestraint test.

Table 2

No. Cracking length in Varestrainttest (mm) HAZ- �sumulated thermal cycle material Creep rupture time (hr)

1 0.4* -

2 0.7* -

3 0 7327

4 0 6074

5 0 5862

6 0 3822

7 0 1584*

8 0 2211*

9 0 7207

10 0 2536

11 0 6980

12 0 2306*

13 - 829

14 0 4463 (not ruptured)

15 0 4463 (not ruptured)

16 0.6* -

* out of scope of the invention
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�[0059] That is, the material of No. 12 whose B content is in the defined range of the present invention but whose C
content is less than the lower limit of Expression (1), the creep rupture time of the HAZ did not satisfy the target value.
On the other hand, in the material of No. 8 whose B content does not meet the defined range of the present invention,
the creep rupture time of the HAZ did not satisfy the target value although the C content satisfies Expression (1). Also,
in the material of No. 7, whose B content does not satisfy the range of the present invention and also whose C content
exceeds the upper limit of Expression (1), the creep rupture time of the HAZ was still lower than that of the material of No. 8.
�[0060] From the above-�described results it is apparent that the materials having chemical compositions satisfying the
ranges of the present invention have excellent liquation cracking resistance and creep strength in the HAZ.

Industrial Applicability

�[0061] Since the heat resistant ferritic steel, in accordance with the present invention, provides heat resistant ferritic
steels, excellent in the weld crack resistance and creep strength of the HAZ, the heat resistant ferritic steel can be used
in welded structures in thermal power generation boilers in which efforts are being made toward higher temperature and
higher pressure steam conditions.

Brief Description of the Drawing

�[0062] Figure 1 shows a longitudinal Varestraint test method.

Claims

1. A high-�Cr heat resistant ferritic steel characterized by consisting of, by mass%, Si: more than 0.1% and not more
than 1.0%, Mn: 2.0% or less, Co: 1 to 8%, Cr: 7 to 13%, V: 0.05 to 0.4%, Nb: 0.01 to 0.09%, either one or both of
Mo and W: 0.5 to 4% as a total, B: 0.005 to 0.025%, Al: 0.03% or less, and N: 0.003 to 0.06%, and containing C in
an amount satisfying Expression (1), the balance being Fe and impurities, and O, P and S as impurities being such
that O: 0.02% or less, P: 0.03% or less, and S: 0.02% or less, respectively, 

in which C and B represent the content of each element (mass%).

2. The high-�Cr heat resistant ferritic steel according to claim 1 characterized by containing, by mass%, Nd: 0.08%
or less in place of part of Fe.

3. The high-�Cr heat resistant ferritic steel according to claim 1 or 2 characterized by containing, by mass%, Ta: 0.08%
or less in place of part of Fe.

4. The high-�Cr heat resistant ferritic steel according to any one of claims 1 to 3 characterized by containing, by mass%,
either one or both of Ca: 0.02% or less and Mg: 0.02% or less in place of part of Fe.
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