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An austenitic stainless steel welded joint, which comprises by 
mass %, C: 0.05 to 0.25%, Si: not more than 2%, Mn: 0.01 to 
3%, P: 0.05 to 0.5%, S: not more than 0.03%, Cr: 15 to 30%, 
Ni: 6 to 55%, Sol. Al: 0.001 to 0.1% and N: not more than 
0.03%, with the balance being Fe and impurities, and satisfies 
the formula of (Cr+1.5xSi+2xP)/(Ni+0.31xMn+22xC+14. 
2xN--5xP)21.388, has high creep strength, and moreover, is 
economical and excellent in weldability. Therefore, the said 
austenitic stainless steel welded joint can be widely applied as 
steel pipes, Steel plates and so on in Such fields where not only 
high-temperature strength and corrosion resistance but also 
weldability is required. Each element symbol in the above 
formula represents the content by mass percent of the element 
concerned. 
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AUSTENTC STANLESS STEEL WELDED 
JOINT AND AUSTENTC STANLESS STEEL 

WELDING MATERAL 

0001. This application is a continuation of the interna 
tional application PCT/JP2007/064664 filed on Jul. 26, 2007, 
the entire content of which is herein incorporated by refer 
CCC. 

TECHNICAL FIELD 

0002 The present invention relates to an austenitic stain 
less steel welded joint and to an austenitic stainless steel 
welding material. More specifically, the present invention 
relates to an austenitic stainless Steel welded joint and an 
austenitic stainless steel welding material, which not only can 
be widely applied as steel pipes, steel plates and so on in Such 
fields where high-temperature strength and corrosion resis 
tance are required, but also have good welding performance 
characteristics, in spite of a P content as high as 0.05% or 
O. 

BACKGROUND ART 

0003 Conventionally, in boilers and chemical plants 
which are used under high-temperature conditions, austenitic 
stainless steels, such as SUS304H, SUS316H, SUS321H, 
SUS347H, SUS310S and so on, which are prescribed in JIS, 
have been used. 
0004. However, in recent years, the steam conditions in 
boilers and the like have shifted toward higher temperatures 
and higher pressure conditions and, accordingly, the require 
ments imposed on the performance characteristics of the 
materials to be used have become more severe and, under the 
said situation, those austenitic stainless steels which have so 
far been used are considerably insufficient in high-tempera 
ture strength; the development of economical steels more 
improved in high-temperature strength has been desired. 
0005 Carbide precipitation is effective as a method for 
improving the high-temperature strength, in particular creep 
strength of austenitic stainless Steels, and therefore the 
strengthening mechanism by carbides such as MC, NbC 
and so on are in use. The Cu phase, which finely precipitates 
during creep as a result of the addition of Cu, is also utilized 
for increasing the creep strength. 
0006. However, an increased C content for carbide pre 
cipitation results in a deterioration in corrosion resistance, 
and carbide-forming strengthening elements are all expen 
sive. Further, a large amount of the addition of Cu decreases 
the hot workability, weldability and creep ductility, so that the 
contents of the carbide-forming strengthening elements and 
Cu are restricted. 
0007. On the other hand, it is known that P which is 
essentially an impurity element, contributes to the refinement 
of the MC type carbides and to the improvement of creep 
strength. Therefore, for example, the Patent Document 1 and 
the Patent Document 2 propose the P-containing austenitic 
stainless steels. 

0008 That is to say, the Patent Document 1 discloses an 
austenite stainless steel improved in creep rupture strength by 
controlling the content of P within a specific range and adjust 
ing the contents of Ti and Nb in response to the content of C. 
0009. The Patent Document 2 discloses an austenitic 
stainless steel whose creep rupture characteristics are pre 
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vented from deteriorating by Suppressing the formation of the 
ferrite phase which is markedly low in resistance to creep 
deformation compared to the austenite phase, and at the same 
time by utilizing the precipitation strengthening effect of 
phosphides through the addition of a specific amount of P. 
0010 Patent Document 1: Japanese Laid-Open Patent 
Publication No. 62-243742 
0011 Patent Document 2: Japanese Laid-Open Patent 
Publication No. 03-153847 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0012. The technique which comprises increasing the con 
tent of Pas disclosed in the above-mentioned Patent Docu 
ment 1 and Patent Document 2 causes a deterioration of 
weldability. That is to say, an increased P content, in particu 
lar, a large amount of P content which exceeds 0.05%, sig 
nificantly causes cracking which occurs when the distortion 
resulting from the Solidification shrinkage or thermal shrink 
age exceeds the deformability of the weld metal, in particular, 
in the stage which is close to the end of the weld solidification 
process and in which a filmy liquid phase is present mainly 
along the crystal grain boundaries (hereinafter Such cracking 
is referred to as “weld solidification cracking'). Therefore, in 
particular, Such a large amount of P content which exceeds 
0.05% is placed under restrictions from the weldability view 
point; hence, in the case of the austenitic stainless Steels 
disclosed in the Patent Document 1 and the Patent Document 
2, the creep strength-improving effect of P cannot be said to 
be satisfactorily utilized. 
0013. Accordingly, one objective of the present invention 

is to provide a high-Paustenitic stainless steel welded joint 
being comprised of base metals and a weld metal which have 
excellent weldability, in spite of having a high creep strength 
and being economical. Another objective of the present 
invention is to provide a high-Paustenitic stainless steel weld 
ing material having the same characteristics of the said aus 
tenitic stainless steel welded joint. 

Means for Solving the Problems 
0014. The present inventors made various investigations 
in order to ensure austenitic stainless steels, which are high in 
creep strength and economical and contain Pat a high con 
centration, and also have excellent weldability by preventing 
weld solidification cracking. 
0015. As mentioned above, the said weld solidification 
cracking occurs when the liquid phase, which exists among 
dendrites during weld Solidification, remains in a filmy form 
until low temperature regions, and cannot withstand the 
applied stress. 
0016. An increased P content results in an increase in 
Susceptibility to weld solidification cracking and thus 
increases the occurrence of weld solidification cracking. This 
is due to P being markedly concentrated in the liquid phase 
during solidification and therefore greatly lowers the solidi 
fication completion temperature of the liquid phase and thus 
the liquid phase remains until low temperature regions. 
0017. Therefore, various investigations have been made to 
reduce the occurrence of the weld Solidification cracking due 
to the content of P which is contained as an impurity element. 
It is known that the said weld Solidification cracking can be 
Suppressed when the chemical composition is balanced so 
that ferrite solidification may occur in the primary phase, as 



US 2009/O 196783 A1 

disclosed, for example, in the Japanese Laid-Open Patent 
Publication No. 2003-535213, paragraphs 0030 and 0031. 
0018 “Sutenresuko no Yosetsu (Welding of Stainless 
Steel), First Edition (written by Kazutoshi Nishimoto, Syogo 
Natsume, Kazuhiro Ogawa and Osa Matsumoto; published in 
2001 by Sanpo Publications, Inc.), pages 87 to 88, describes 
in detail the mechanisms for preventing the weld solidifica 
tion cracking utilizing delta-ferrite and explains that the pre 
vention of the weld solidification cracking can be realized by 
the liquid phase splitting due to transformation from delta 
ferrite to austenite in the solidification mode in which the 
ferrite forms primary crystals, namely in the “FA mode”. 
0019 Contrary to the above-cited documents, the present 
inventors, based on the idea that the crystallization of the very 
phase crystallizing out after the primary phase, (for example, 
austenite in the case of solidification in the “FA mode’), 
would be effective in preventing the said weld solidification 
cracking, made detailed investigations concerning the crys 
tallization behavior of the phase crystallizing out after the 
primary phase in various austenitic stainless steel weld met 
als. 
0020. As a result, it was first revealed that not only when 
the solidification mode is the above-mentioned “FA mode'. 
in which primary crystals are formed as ferrite, but also when 
the solidification mode is the AF mode', in which primary 
crystals are formed as austenite, the phase crystallizing out 
after the primary phase is predominantly of the separate 
eutectic type crystals crystallizing out and growing from the 
liquid phase central part during weld solidification. 
0021. Thus, the inventors came to realize that if the timing 
of the crystallization of austenite or delta-ferrite crystallizing 
out after the primary phase crystallization is controlled, so as 
to be developed earlier and thereby the remaining filmy liquid 
phase is split in order to divide the direction of the propaga 
tion of cracking, the increase in Susceptibility to the weld 
Solidification cracking due to an increase in P content, namely 
the increase of occurrence of the weld solidification cracking, 
can be prevented not only in the case of “FA mode” but also 
in the case of “AF mode'. 
0022. When the P content is not less than 0.05%, the 
influence of P on the solidification mode is considered to be 
not negligible. 
0023 Therefore, a microsegregation calculation model, 
making it possible to predict the stainless steel Solidification 
mode was prepared, taking the influence of P into consider 
ation. 
0024 Based on this microsegregation calculation model, 
various austenitic stainless steels which differ in chemical 
composition and show either the “FA mode” or “AF mode' 
Solidification mode were prepared and Subjected to testing for 
Susceptibility to the weld Solidification cracking. 
0025. As a result, it was revealed that it is possible to 
inhibit the weld solidification cracking, not only in the case of 
the “FA mode” solidification mode, but also in the case of the 
“AF mode” solidification mode, if the timing of crystalliza 
tion of the phase crystallizing out after the primary phase is 
made earlier, even if the P content is not less than 0.05%. 
0026. Then, the present inventors made further detailed 
investigations by varying the contents of C, Si, Mn, S, Cr, Ni, 
Sol. Al and N in austenitic stainless Steels containing Pat a 
level of not less than 0.05%. 

0027. As a result, it was found that, in the case of austenitic 
stainless steels which comprise C: 0.05 to 0.25%, Si: not more 
than 2%, Mn: 0.01 to 3%, P: 0.05 to 0.5%, S: not more than 
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0.03%, Cr: 15 to 30%, Ni: 6 to 55%, sol. Al: 0.001 to 0.1% and 
N: not more than 0.03%, with the balance being Fe and 
impurities, the weld Solidification cracking can be Surely and 
stably inhibited when the composition is designed so that the 
formula (1) given below may be satisfied and the timing of the 
crystallization of the phase crystallizing out after the primary 
phase is controlled. 

0028. In the formula (1), each element symbol represents 
the content by mass percent of the element concerned. 
0029. The present inventors further made investigations 
concerning the cases where the above-mentioned austenitic 
stainless steels further contain Nd, Cu, Mo, W. B. V. Nb, Ti, 
Ta, Zr, Hf, Co, Ca and Mg in lieu of part of Fe. 
0030. As a result, it was revealed that, in the case of aus 
tenitic stainless steels containing at least one element selected 
from the first to third groups given below in lieu of part of Fe, 
the said weld solidification cracking can be Surely and stably 
inhibited when the composition is designed so that the for 
mula (2) given below may be satisfied and the timing of the 
crystallization of the phase crystallizing out after the primary 
phase is controlled. 
0031 First group: Nd: not more than 0.5%; 
0032 Second group: one or more of Cu: not more than 3%, 
Mo: not more than 5% and W: not more than 10% provided 
that Mo--(W/2): not more than 5%, B: not more than 0.03%, 
V: not more than 1.5%, Nb: not more than 1.5%, Ti: not more 
than 2%, Ta: not more than 8%, Zir: not more than 1%, Hf, not 
more than 1% and Co; not more than 5%; and 
0033. Third group: one or both of Ca: not more than 0.05% 
and Mg: not more than 0.05%; 

0034. In the formula (2), each element symbol represents 
the content by mass percent of the element concerned. 
0035. The present invention has been accomplished on the 
basis of the above-described findings. The main points of the 
present invention are austenitic stainless steel welded joints 
shown in the following (1) and (2), and austenitic stainless 
steel welding materials shown in the following (3) and (4). 
0036 (1) An austenitic stainless steel welded joint, which 
comprises by mass percent, C: 0.05 to 0.25%, Si: not more 
than 2%, Mn: 0.01 to 3%, P: 0.05 to 0.5%, S: not more than 
0.03%, Cr: 15 to 30%, Ni: 6 to 55%, sol. Al: 0.001 to 0.1% and 
N: not more than 0.03%, with the balance being Fe and 
impurities, and the following formula (1) is satisfied: 

Formula (1): 

Formula (2): 

0037. In the formula (1), each element symbol represents 
the content by mass percent of the element concerned. 
0038 (2) The austenitic stainless steel welded joint 
according to the above (1), which further contains, by mass 
percent, at least one element selected from the first to third 
groups given below in lieu of part of Fe and, further, the 
following formula (2) is satisfied: 

Formula (1): 

0039. In the formula (2), each element symbol represents 
the content by mass percent of the element concerned. 
0040 First group: Nd: not more than 0.5%; 
0041) Second group: one or more of Cu: not more than 3%, 
Mo: not more than 5% and W: not more than 10% provided 

Formula (2): 
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that Mo--(W/2): not more than 5%, B: not more than 0.03%, 
V: not more than 1.5%, Nb: not more than 1.5%, Ti: not more 
than 2%, Ta: not more than 8%, Zir: not more than 1%, Hf, not 
more than 1% and Co: not more than 5%; and 
0042. Third group: one or both of Ca: not more than 0.05% 
and Mg: not more than 0.05%. 
0043 (3) An austenitic stainless steel welding material, 
which comprises by mass percent, C: 0.05 to 0.25%, Si: not 
more than 2%, Mn: 0.01 to 3%, P: 0.05 to 0.5%, S: not more 
than 0.03%, Cr: 15 to 30%, Ni: 6 to 55%, sol. Al: 0.001 to 
0.1% and N: not more than 0.03%, with the balance being Fe 
and impurities, and the following formula (1) is satisfied: 

0044. In the formula (1), each element symbol represents 
the content by mass percent of the element concerned. 
0045 (4) The austenitic stainless steel welding material 
according to the above (3), which further contains, by mass 
percent, at least one element selected from the first to third 
groups given below in lieu of part of Fe and, further, the 
following formula (2) is satisfied: 

Formula (1): 

0046. In the formula (2), each element symbol represents 
the content by mass percent of the element concerned. 
0047 First group: Nd: not more than 0.5%; 
0048 Second group: one or more of Cu: not more than 3%, 
Mo: not more than 5% and W: not more than 10% provided 
that Mo--(W/2): not more than 5%, B: not more than 0.03%, 
V: not more than 1.5%, Nb: not more than 1.5%, Ti: not more 
than 2%, Ta: not more than 8%, Zir: not more than 1%, Hf, not 
more than 1% and Co: not more than 5%; and 
0049. Third group: one or both of Ca: not more than 0.05% 
and Mg: not more than 0.05%. 
0050. The above-mentioned inventions (1) and (2) related 
to the austenitic stainless steel welded joints and the inven 
tions (3) and (4) related to the austenitic stainless steel weld 
ing materials are referred to as “the present invention (1) to 
“the present invention (4), respectively, or collectively 
referred to as “the present invention'. 

Formula (2): 

EFFECTS OF THE INVENTION 

0051. The austenitic stainless steel welded joints of the 
present invention, in spite of their high P content, can be 
widely applied in Such fields, as steel pipes, steel plates and so 
on, where not only high-temperature strength and corrosion 
resistance but also weldability is required. The austenitic 
stainless steel welding materials of the present invention are 
best Suited for producing the above-mentioned austenitic 
stainless steel welded joints. 

BRIEF DESCRIPTION OF THE DRAWING 

0052 FIG. 1 shows the shape of a test specimen used in 
creep rupture testing in the examples. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0053. In the following, the reasons for restricting the con 
tents of the component elements of the welded joints and 
welding materials in the present invention are described in 
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detail. In the following description, the symbol “% for the 
content of each element means “% by mass'. 
0054 C: 0.05 to 0.25% 
0055 C is an important element effective for ensuring the 
tensile strength and creep strength which is required for use in 
a high-temperature environment. In the austenitic stainless 
steels of the present invention, the above-mentioned effects 
can be produced and the required high-temperature strength 
can be obtained only when the content of the C is not less than 
0.05%. At a C content level which exceeds 0.25%, however, 
only the amounts of undissolved carbides in the solution heat 
treated state increase and no further contribution to the 
improvement in high-temperature strength can be expected; 
further, toughness and other mechanical properties as well as 
corrosion resistance may deteriorate. Therefore, the content 
of C is set to 0.05 to 0.25%. The content of C is preferably 
more than 0.06% to not more than 0.2%. More preferably, the 
content of C is 0.07 to 0.15%. 
0056 Si: not more than 2% 
0057 Si is an element having a deoxidizing effect in the 
step of melting the austenitic stainless steels and further is 
effective in increasing oxidation resistance, steam oxidation 
resistance and so on. When such effects are required, Si is 
desirably added at a content level of not less than 0.1%. If the 
Si content level exceeds 2% however, Si promotes the pre 
cipitation of Such intermetallic compound phases as the O 
phase and also causes a decrease in toughness and ductility 
due to the deterioration of the microstructural stability at high 
temperatures. Furthermore, in the case of complete austenite 
phase solidification, the susceptibility to the weld solidifica 
tion cracking markedly increases, so that the occurrence of 
the said weld solidification cracking increases. Therefore, the 
content of Si is set to not more than 2%. More preferably, the 
content of Si is not more than 1%. 
0.058 Mn: 0.01 to 3% 
0059 Mn is an element effective in preventing hot work 
ing brittleness due to the Swhich is contained as an impurity 
in the austenitic stainless steels and, it also has a deoxidizing 
effect in the step of melting the steels. In order to obtain such 
effects, a content of Mn not less than 0.01% is necessary. 
However, if the Mn content level exceeds 3%, Mn promotes 
the precipitation of Such intermetallic compound phases as 
the a phase and also causes a decrease in toughness and 
ductility due to the deterioration of the microstructural sta 
bility at high temperatures. Therefore, the content of Mnis set 
to 0.01 to 3%. The content of Mn is more preferably 0.05 to 
2% and further more preferably 0.1 to 1.5%. 
0060 P: 0.05 to 0.5% 
0061 P is an important element in the present invention. 
That is to say, for contributing to fine carbide precipitation 
and improving the creep strength of the austenitic stainless 
steels of the present invention, the content of P is required to 
be not less than 0.05%. However, an excessive content of P 
causes deterioration of creep ductility and, in particular, when 
the content of P exceeds 0.5%, the deterioration of creep 
ductility becomes remarkable. Therefore, the content of P is 
set to 0.05 to 0.5%. The content of P is more preferably 0.06 
to 0.3% and further more preferably more than 0.08% to not 
more than 0.2%. 
0062 S: not more than 0.03% 
0063 S is an impurity element coming from raw materials, 
for example, on the occasion of the melting of the austenitic 
stainless steels. A high content of S causes deterioration of 
corrosion resistance and also deteriorates the hot workability 
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and weldability; in particular, when the content of S exceeds 
0.03%, the deterioration of corrosion resistance, workability 
and weldability becomes significant. Therefore, the content 
of S is set to not more than 0.03%. It is desirable that the S 
content be reduced as low as possible. Therefore, the content 
of S is more preferably not more than 0.01% and most pref 
erably not more than 0.005%. 
0064 Cr: 15 to 30% 
0065 Cr is an important element for ensuring the oxida 
tion resistance, Steam oxidation resistance, high-temperature 
corrosion resistance and so on, and also contributes to 
increasing the creep strength through formation of Cr-based 
carbides. In order to obtain the above-mentioned effects, it is 
necessary that the Cr content be not less than 15%. As the 
content of Cr increases, the corrosion resistance is improved 
but when the content of Crexceeds 30%, the austenitic micro 
structure becomes unstable, readily allowing the formation of 
Such intermetallic compounds as the O phase or the C-Cr 
phase, and so the deterioration of toughness and high-tem 
perature strength occurs. Therefore, the content of Cr is set to 
15 to 30%. More preferably, the content of Cr is 18 to 28%. 
0.066 Ni: 6 to 55% 
0067. Ni is an essential element for ensuring a stable aus 

tenitic microstructure and the necessary minimum content of 
Ni is determined by the contents of elements contained in the 
austenitic stainless steels such as Cr, Mo, W. Nb and the like, 
which are the ferrite-forming elements, and Mn, C, N and so 
on, which are the austenite-forming elements. In the present 
invention, it is necessary that the content of Cr be not less than 
15% and, if the Ni content is lower than 6% relative to the Cr 
content, it is difficult to produce a single phase of austenite 
and, furthermore, the austenitic microstructure becomes 
unstable during a long period of use at high temperatures and 
the high-temperature strength and toughness markedly dete 
riorate due to the precipitation of such brittle phases as the O 
phase. On the other hand, if the Nicontent level exceeds 55%, 
the said effects of Ni arrive at saturation levels and the eco 
nomic efficiency is impaired. Therefore, the content of Ni is 
set to 6 to 55%. When the Nicontent is high, the solidification 
mode becomes the 'A mode', namely austenite single phase 
Solidification, the formula (1) given above may not be satis 
fied in certain cases and, therefore, the content of Ni is pref 
erably 6 to 30%. More preferably, the content of Ni is 8 to 
25%. 

0068 Sol.Al: 0.001 to 0.1% 
0069 Al has a deoxidizing effect on the occasion of the 
melting of the austenitic stainless steels. In order to obtain this 
effect, it is necessary that the content of Al as sol.Al (“acid 
soluble Al”) be not less than 0.001%. However, when the 
content of Al assol. Alexceeds 0.1%, the precipitation of such 
intermetallic compounds as the a phase is promoted during 
use at high temperatures, leading to deterioration of tough 
ness, ductility and high-temperature strength. Therefore, the 
content of sol. Al is set to 0.001 to 0.1%. The content of sol.All 
is more preferably 0.005 to 0.05% and further more prefer 
ably 0.01 to 0.03%. 
0070 N: not more than 0.03% 
(0071. A content of N which exceeds 0.03% causes dete 
rioration of hot workability and, therefore, the content of N is 
set to not more than 0.03%. It is desirable that the N content 
be reduced as low as possible. Thus, the content of N is more 
preferably not more than 0.02% and further more preferably 
not more than 0.015%. 
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(0072. The value of (Cr+1.5xSi+2xP)/(Ni+0.31xMn+22x 
C+14.2xN+5xP): not less than 1.388 
0073. When the austenitic stainless steels which comprise 
the above-mentioned elements C to N within the respective 
content ranges, with the balance being Fe and impurities have 
a value of “(Cr+1.5xSi+2xP)/(Ni+0.31xMn+22xC+14.2x 
N+5xP)' which is not less than 1.388, namely satisfy the 
formula (1), the timing of crystallization of the phase crys 
tallizing out after the primary phase is controlled and the weld 
Solidification cracking can be Surely and stably inhibited. 
0074. From the reasons mentioned above, the austenitic 
stainless steel welded joint according to the present invention 
(1) and the austenitic stainless steel welding material accord 
ing to the present invention (3) are defined as the ones con 
taining the above-mentioned elements C to N within their 
respective content ranges, with the balance being Fe and 
impurities, and at the same time satisfying the said formula 
(1). 
0075. The austenitic stainless steel welded joint of the 
present invention (1) and the austenitic stainless steel welding 
material of the present invention (3) may further selectively 
contain, according to need, one or more elements of each of 
the following groups of elements in lieu of part of Fe: 
(0076 First group: Nd: not more than 0.5%; 
0077 Second group: one or more of Cu: not more than 3%, 
Mo: not more than 5% and W: not more than 10% provided 
that Mo--(W/2): not more than 5%, B: not more than 0.03%, 
V: not more than 1.5%, Nb: not more than 1.5%, Ti: not more 
than 2%, Ta: not more than 8%, Zir: not more than 1%, Hf, not 
more than 1% and Co: not more than 5%; and 
0078. Third group: one or both of Ca: not morethan 0.05% 
and Mg: not more than 0.05%. 
007.9 That is to say, one or more of the first to third groups 
of elements may be added, as optional elements, to the above 
mentioned steels and thereby contained therein. 
0080. The above-mentioned optional elements will be 
explained below. 
I0081 First group: Nd: not more than 0.5% 
I0082. The first group element Nd is an element having a 
creep ductility improving effect and in particular is effective 
in obtaining good creep ductility in the austenitic stainless 
steels, according to the present invention, which contain Pat 
a level as high as not less than 0.05%. In order to obtain surely 
the above-mentioned effect, the content of Nd is preferably 
set to not less than 0.001%. However, if the content of Nd 
exceeds 0.5%, the amounts of inclusions such as oxides and 
so on increase. Therefore, if Nd is added, the content of Nd is 
set to not more than 0.5%. The content of Nd is preferably 
0.001 to 0.5% and more preferably 0.001 to 0.2%. Further 
more preferably, the content of Nd is not less than 0.005% to 
less than 0.1%. 
I0083. Second group: one or more of Cu: not more than 3%, 
Mo: not more than 5% and W: not more than 10% provided 
that Mo--(W/2): not more than 5%, B: not more than 0.03%, 
V: not more than 1.5%, Nb: not more than 1.5%, Ti: not more 
than 2%, Ta: not more than 8%, Zir: not more than 1%, Hf, not 
more than 1% and Co: not more than 5% 
0084. Each of Cu, Mo, W. B. V. Nb, Ti, Ta, Zr, Hf and Co 
being elements of the second group, ifadded, has the effect of 
enhancing the creep strength. In order to obtain this effect, the 
said elements may be added to the steels and thereby con 
tained therein. The elements, which are in the second group, 
are now described in detail. 
0085 Cu: not more than 3% 
I0086 Cuprecipitates as the state of a fine Cuphase coher 
ently with the austenitic mother phase during use at high 
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temperatures, producing a marked creep strength improving 
effect. In order to ensure the above-mentioned effect, the 
content of Cu is preferably not less than 0.01%. However, at 
a high Cu content level, in particular, at a Cu content level of 
more than 3%, Cu causes a decrease in hot workability, weld 
ability and creep ductility. Therefore, if Cu is added, the 
content of Cu is set to not more than 3%. The content of Cuis 
preferably 0.01 to 3%. The upper limit of the Cu content is 
more preferably 2.0% and further more preferably 0.9%. 
0087 Mo: not more than 5% and W: not more than 10% 
provided that Mo--(W/2): not more than 5%. 
I0088 Mo and W are effective elements to improve the 
creep strength and high-temperature strength. In order to 
ensure the above-mentioned effects, the content of Mo or W. 
when each is added singly, is preferably not less than 0.05%. 
When both the elements are combined and added, the total 
content of Mo--(W/2) is preferably not less than 0.05%. How 
ever, when Mo and W are added singly at a level exceeding 
5% and 10%, respectively, or when Mo and W are added in 
combination at a level exceeding 5% as expressed in terms of 
Mo+(W/2), the said effects are saturated and the alloying 
costs increase and, in addition, the formation of Such inter 
metallic compounds as the O phase is induced, so the dete 
rioration of microstructural stability and hot workability 
occurs. Therefore, if Mo and W are added, the contents 
thereof are set as follows: Mo: not more than 5% and W: not 
more than 10% provided that Mo--(W/2): not more than 5%. 
When either Mo and Ware added singly, the content of Mo is 
preferably 0.05 to 5% while the content of W is preferably 
0.05 to 10% and, when both the elements are combined and 
added, the total content of Mo--(W/2) is preferably 0.05 to 
5%. Since Mo and W are ferrite-forming elements, the con 
tents of each Mo and W is preferably lower than 4% in order 
to stabilize the austenitic microstructure. 
0089 B: not more than 0.03% 
0090 B exists in carbonitrides and promotes finely dis 
persed the precipitation of carbonitrides during use at high 
temperatures, and at the same time, B exists singly at grain 
boundaries and therefore strengthens grain boundaries and 
prevents grain boundary sliding. Therefore, B improves the 
creep strength and high-temperature strength. In order to 
ensure the said effects, the content of B is preferably set to not 
less than 0.0005%. However, if the content of B exceeds 
0.03%, deterioration of weldability occurs. Therefore, if B is 
added, the content of B is set to not more than 0.03%. The 
content of B is preferably 0.0005 to 0.03% and more prefer 
ably 0.001 to 0.1%. Further more preferably, the content ofB 
is 0.001 to 0.005%. 

0091 V: not more than 1.5% 
0092 V is a carbide-forming element and is effective in 
improving the creep strength and high-temperature strength. 
In order to ensure the said effects, the content of V is prefer 
ably set to not less than 0.02%. However, if the content of V 
exceeds 1.5%, marked deterioration of mechanical properties 
Such as toughness and so on occurs. Therefore, if V is added, 
the content of V is set to not more than 1.5%. The content of 
V is preferably 0.02 to 1.5% and more preferably 0.04 to 1%. 
0093 Nb: not more than 1.5% 
0094 Nb is a carbide-forming element and is effective in 
improving the creep strength and high-temperature strength. 
In order to ensure the said effects, the content of Nb is pref 
erably set to not less than 0.05%. However, if the content of 
Nb exceeds 1.5%, marked deterioration of mechanical prop 
erties such as toughness and so on occurs. Therefore, if Nb is 
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added, the content of Nb is set to not more than 1.5%. The 
content of Nb is preferably 0.05 to 1.5% and more preferably 
O.05 to O.6%. 
0095 Ti: not more than 2% 
0096 Ti is a carbide-forming element and is effective in 
improving the creep strength and high-temperature strength. 
In order to ensure the said effects, the content of Ti is prefer 
ably set to not less than 0.005%. However, if the content of Ti 
exceeds 2%, marked deterioration of mechanical properties 
Such as toughness and so on occurs. Therefore, if Ti is added, 
the content of Ti is set to not more than 2%. The content of Ti 
is preferably 0.005 to 2% and more preferably 0.05 to 1%. 
0097. Ta: not more than 8% 
0.098 Ta is also a carbide-forming element and is effective 
in improving the creep strength and high-temperature 
strength. In order to ensure the said effects, the content of Ta 
is preferably set to not less than 0.01%. However, if the 
content of Ta exceeds 8%, marked deterioration of mechani 
cal properties such as toughness and so on occurs. Therefore, 
if Tais added, the content of Tais set to not more than 8%. The 
content of Ta is preferably 0.01 to 8% and more preferably 
0.01 to 7%. Further more preferably, the content of Ta is 0.05 
to 6%. 

0099 Zr: not more than 1% 
0100 Zr mainly contributes to grainboundary strengthen 
ing and brings about improvements in creep strength. In order 
to ensure the said effects, the content of Zr is preferably not 
less than 0.0005%. However, if the content of Zrexceeds 1%, 
deterioration of mechanical properties and/or weldability 
occurs. Therefore, if Zris added, the content of Zris set to not 
more than 1%. The content of Zr is preferably 0.0005 to 1% 
and more preferably 0.01 to 0.8%. Further more preferably, 
the content of Zr is 0.02 to 0.5%. 
0101 Hf: not more than 1% 
0102 Hf also mainly contributes to grain boundary 
strengthening and brings about improvements in creep 
strength. In order to ensure the said effects, the content of Hf 
is preferably not less than 0.0005%. However, if the content 
of Hf exceeds 1%, deterioration of mechanical properties 
and/or weldability occurs. Therefore, if Hf is added, the con 
tent of Hf is set to not more than 1%. The content of Hf is 
preferably 0.0005 to 1% and more preferably 0.01 to 0.8%. 
Further more preferably, the content of Hf is 0.02 to 0.5%. 
(0103 Co: not more than 5% 
0104. Like Ni, Co stabilizes the austenitic microstructure 
and contributes to improvements in creep strength. In order to 
ensure the said effects, the content of Co is preferably not less 
than 0.05%. However, at a Co content level which exceeds 
5%, the said effects of Co arrive at saturation levels and the 
economic efficiency only declines. Therefore, if Co is added, 
the content of Co is set to not more than 5%. The content of Co 
is preferably 0.05 to 5%. 
0105. The steels of the present invention can contain only 
one or a combination of two or more of the above-mentioned 
elements Cu, Mo, W. B. V. Nb, Ti, Ta, Zr, Hf and Co. 
0106 Each of Ca and Mg are elements of the third group 
and, if added, have the effect of improving hot workability. In 
order to obtain this effect, the said elements may be added to 
the steels and thereby contained therein. The elements, which 
are the third group, are now described in detail. 
01.07 Ca: not more than 0.05% 
0.108 Ca has an effect of improving the hot workability of 
steels. In order to ensure this effect, the content of Ca is 
preferably set to not less than 0.0001%. However, a Cacon 
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tent which exceeds 0.05% causes a decrease in hot workabil 
ity due to the formation of oxide type inclusions and also 
causes deterioration of ductility. Therefore, if Cais added, the 
content of Cais set to not more than 0.05%. The content of Ca 
is preferably 0.0001 to 0.05% and more preferably 0.001 to 
0.02%. Further more preferably, the content of Ca is 0.001 to 
O.O1%. 
0109 Mg: not more than 0.05% 
0110 Mg also has an effect of improving the hot work 
ability of steels. In order to ensure this effect, the content of 
Mg is preferably set to not less than 0.0001%. However, a Mg. 
content which exceeds 0.05% causes a decrease in hot work 
ability due to the formation of oxide type inclusions and also 
causes deterioration of ductility. Therefore, if Mg is added, 
the content of Mg is set to not more than 0.05%. The content 
of Mg is preferably 0.0001 to 0.05% and more preferably 
0.001 to 0.02%. Further more preferably, the content of Mg is 
O.OO1 to OO1%. 
0111. The steels of the present invention can contain only 
one or a combination of both of the above-mentioned ele 
ments Ca and Mg. 
0112. The value of (Cr+1.5xSi+2xNb+Ti+2xP)/(Ni+0. 
31xMn+22xC+14.2xN+Cu+5xP): not less than 1.388 
0113. The austenitic stainless steels containing at least one 
element selected from the above-mentioned first to third 
groups in lieu of part of Fe in the austenitic stainless steel 
welded joint according to the present invention (1) and the 
austenitic stainless steel welding material according to the 
present invention (3), when they have a value of not less than 
1.388 as the value of (Cr+1.5xSi+2xNb+Ti+2xP)/(Ni+0.31x 
Mn+22xC+14.2xN+Cu+5xP), namely satisfy the formula 
(2), the timing of the crystallization of the phase crystallizing 
out after the primary phase can be controlled and the weld 
Solidification cracking can be Surely and stably inhibited. 
0114. From the reasons mentioned above, the austenitic 
stainless steel welded joint according to the present invention 

Steel 

Steel 

C 

O.08 
O.08 
O.08 
O.08 
O.09 
O.09 
O. 11 
O.14 
O.17 
O. 12 
O.17 
O.19 
O. 10 
O.08 
O. 10 
O. 10 

Cu 
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(2) and the austenitic stainless steel welding material accord 
ing to the present invention (4) are defined as the ones which 
contain at least one element selected from the above-men 
tioned first to third groups in lieu of part of Fe in the austenitic 
stainless steel welded joint according to the present invention 
(1) and the austenitic stainless steel welding material accord 
ing to the present invention (3), respectively, and which sat 
isfy the said formula (2). 
0115 The austenitic stainless steel welded joints accord 
ing to the present inventions (1) and (2) can be produced by 
various welding methods such as TIG welding, MIG welding 
and so on. As for the welding materials, in order to produce 
those austenitic stainless steel welded joints, the austenitic 
stainless Steel welding materials according to the present 
inventions (3) and (4) can be used. 
0116. The following examples illustrate the present inven 
tion more specifically. These examples are, however, by no 
means limited to the scope of the present invention. 

Example 
0117 Austenitic stainless steels 1 to 12 and A to Dhaving 
the chemical compositions shown in Table 1 were melted 
using a high-frequency induction vacuum furnace and cast to 
form ingots. 
0118. The steels 1 to 12 shown in Table 1 are steels having 
chemical compositions falling within the range regulated by 
the present invention. On the other hand, the steels A to D in 
Table 1 are steels of comparative examples with chemical 
compositions out of the range regulated by the present inven 
tion. 
0119 The content of P in austenitic stainless steels used 
for heat exchange in boilers is restricted to not more than 
0.040%, as prescribed in JISG 3463. Therefore, the P content 
of 0.03% in the steel A shown in Table 1 corresponds to the P 
content in the ordinary austenitic stainless steels used for heat 
exchange in boilers. 

TABLE 1. 

Chemical composition (% by mass); Balance: Fe and impurities 

Si Mn P S Cr N Sol. Al N Nd 

O.22 
O.24 
O.34 
O.25 
O.29 
O.24 
O.20 
O.19 
O.19 
O.21 
O.21 
O.20 
O.19 
O.20 
O.20 
O.19 

O.8O 
0.79 
O.74 
O.76 
0.75 
0.79 
0.79 
O.78 
O.77 
O.78 
O.78 
O.77 
O.82 
O.81 
O.82 
O.81 

O.10 
O.11 
O.10 
O.11 
O.29 
O.10 
O.11 
O.09 
O.10 
O.10 
O.10 
O.10 

* 0.03 
O.OS 
O.29 
O.09 

8.55 
8.44 
8.52 
8.39 
8.31 
8.52 
8.70 
8.23 
8.52 
8.37 
8.32 
8.39 
8.29 
8.42 
8.19 
8.35 

9.08 
9.15 
10.06 
9.03 
9.10 
9.17 
9.27 
8.99 
9.14 
6.07 
9.06 
9.00 
10.07 
8.91 

10.28 
10.06 

Chemical composition (% by mass); Balance: Fe and impurities 

O.19 
O.19 
O.18 
O.19 

T 

O.20 
O46 

Ca Mg 

0.055 

O. 110 
O.O47 
O.130 

Value of 
formula 

1.6570 
16485 
1.578O 
1.6506 
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TABLE 1-continued 

5 O.OO36 O.19 O.17 O.OOO3 O.OOO2 
6 — 0.19 
7 
8 — 0.18 
9 
10 1...SO 
11 1.98 — 0.18 
12 140 - O.58 
A. - O.OO33 O.21 – 
B 2.99 - O.OO38 OSO - 
C - O.OO34 O.21 O.21 
D 3.00 - O.OO31 O2O O2O 
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15368 
1.5971 
1.5273 
14708 
1.3883 
1.7133 
1.3968 
1.3917 
14901 

*1.3871 
*1.3806 
*1.2078 

The value of formula for steel 7 is the value of (Cr + 1.5 x Si + 2 x P)/(Ni + 0.31 x Mn+ 22 
x C + 14.2 x N + 5x P); for other steels, values of (Cr + 1.5 x Si + 2 x Nb + Ti + 2 x P)/(Ni 
+ 0.31 x Mn+ 22 x C + 14.2 x N + Cu + 5x P) are given. 
The mark* indicates falling outside the conditions specified by the present invention. 

0120 Each ingot obtained was hot-forged in the conven 
tional manner and then Subjected to Solution heat treatment at 
1200° C. and then processed into restraint weld cracking test 
specimens with shape of V-groove (1.5 mm, 60°) at the butt 
end and having a thickness of 12 mm, a width of 50 mm and 
a length of 150 mm, and Trans-Varestraint test specimens 
having a thickness of 4 mm, a width of 100 mm and a length 
of 100 mm. 

0121 The thus-obtained restraint weldcracking test speci 
mens, each made of austenitic stainless steel, were peripher 
ally restraint-welded, and each butt site was subjected to a no 
filler welding by the TIG welding method under the following 
conditions: welding current 150 A, welding voltage 12 V. 
welding speed 10 cm/min, and the bead surface cracking 
ratio, namely the percentage occurrence of Solidification 
cracks relative to the weld bead length of the restraint weld 
cracking test specimens, was measured. 
0122 For more detailed evaluation of the susceptibility of 
each austenitic stainless steel to Solidification cracking, 
Trans-Varestraint testing was carried out using the said Trans 
Varestraint test specimens under the following conditions: 
welding current 100 A, welding voltage 15 V, welding speed 
15 cm/min, added strain 2%; and the maximum crack length 
was measured. The maximum crack length evaluated by the 

Trans-Varestraint testing of those austenitic stainless steel 
weld metals, which are in conventional use for heat resisting 
purposes, is not longer than 1 mm. Therefore, an austenitic 
stainless steel showing a maximum crack length of not longer 
than 1 mm as evaluated by the said Trans-Varestraint testing 
is considered to have good resistance against weld solidifica 
tion cracking. 
I0123. Furthermore, using a welding material (weld wire) 
with an outside diameter of 1.2 mm produced in advance from 
each austenitic stainless steel base metal, multilayer welding 
was carried out by the TIG welding method under these 
conditions: welding current 165 A, welding voltage 15 V, 
welding speed 10 cm/min, and test specimens having the 
dimension shown in FIG. 1, were prepared and subjected to 
creep rupture testing under the conditions of 700° C. and 147 
MPa, for investigating the creep rupture time of the welded 
joint. In the case of TIG welding, the chemical composition of 
the weld metal hardly undergoes dilution, hence remains the 
same as that of the base metal. 
0.124. The results of the tests mentioned above are sum 
marized in Table 2, together with the values of the left side 
member of the said formula (1) or (2). In Table 2, the creep 
rupture property was evaluated by “x’, when the creep rup 
ture time was shorter than 1000 hours, and was evaluated by 
'o', when the said time was 1000 hours or longer. 

TABLE 2 

Weldability 

Bead surface Maximum Result of creep 
cracking ratio crack length in rupture testing 
in restraint Trans-Varestra under conditions 

Value of weld cracking int testing of 700° C. and 147 
Steel formula testing (%) (mm) MPa. Remark 

1 1.6570 O O.63 C3 Inventive 
2 16485 O O.S1 C3 examples 
3 1.578O O O.71 C3 

4 1.6SO6 O O.S8 C3 

5 15368 O O.93 C3 

6 1.5971 O O.49 C3 

7 1.5273 O 0.379 C3 

8 14708 O O.248 C3 

9 1.3883 O O.326 C3 

10 1.7133 O 0.397 C3 

11 1.3968 O O411 C3 

12 1.3917 O O.S32 C3 
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TABLE 2-continued 

Weldability 

Bead surface Maximum Result of creep 
cracking ratio crack length in rupture testing 
in restraint Trans-Varestra under conditions 

Value of weld cracking int testing of 700° C. and 147 
Steel formula testing (%) (mm) MPa. Remark 

* A 14901 O O42 X Comparative 
*B *1.3871 1OO 1.01 C3 examples 
*C *1.3806 1OO 3.96 C3 
*D 81.2078 1OO 2.77 C3 

The value of formula for steel 7 is the value of (Cr + 1.5 x Si + 2 x P)/(Ni + 0.31 x Mn+ 22 
x C + 14.2 x N + 5x P); for other steels, values of (Cr + 1.5 x Si + 2 x Nb + Ti + 2 x P)/(Ni 
+ 0.31 x Mn+ 22 x C + 14.2 x N + Cu + 5x P) are given. 
The marks “o and “x' in the column “Result of creep rupture testing respectively indicate 
that the rupture time was 1000 hours or longer and that it was shorter than 1000 hours. 
The mark* indicates falling outside the conditions specified by the present invention. 

0126 From Table 2, it is evident that in the case of the 
steels 1 to 12, falling within the conditions specified by the 
present invention, the bead Surface cracking ratio in the 
restraint weld cracking testing was 0 (zero), namely no crack 
ing occurred at all in the weld metal and the maximum crack 
length in Trans-Varestraint testing was not longer than 1 mm. 
Consequently, the said steels 1 to 12 have excellent weldabil 
ity, in spite of their high P levels of 0.09 to 0.29%. Further 
more, in the case of the above-mentioned steels 1 to 12, the 
creep rupture time was 1000 hours or longer; therefore it is 
evident that they are excellent in creep characteristics. 
0127. On the contrary, the comparative steels A to D fall 
ing out of the conditions specified by the present invention 
were inferior in weldability or creep characteristics. 
0128. That is to say, in the case of steel A, owing to the low 
P content of 0.03%, the bead surface cracking ratio was 0. 
namely no cracking occurred in the weld metal, in the 
restraint weld cracking testing, and moreover, the maximum 
crack length in the Trans-Varestraint testing was not longer 
than 1 mm. This means that the said steel A has excellent 
weldability; however, the creep rupture time thereof was 
shorter than 1000 hours, hence the steel A is inferior in creep 
characteristics. 
0129. In the case of steels B to D, the creep rupture time 
was 1000 hours or longer, hence they are excellent in creep 
characteristics; however, since the said formula (2) was not 
satisfied, cracking occurred in the weld metal in restraint weld 
cracking testing and, in Trans-Varestraint testing, the maxi 
mum crack length was longer than 1 mm, hence the Steels are 
inferior in weldability and not suited for practical use. 

INDUSTRIAL APPLICABILITY 

0130. The austenitic stainless steel welded joints of the 
present invention can be widely applied as steel pipes, Steel 
plates and so on in Such fields where not only high-tempera 
ture strength and corrosion resistance but also weldability is 
required, in spite of high P content thereof. The austenitic 
stainless steel welding materials of the present invention are 
best Suited for producing the above-mentioned austenitic 
stainless steel welded joints. 
What is claimed is: 

1. An austenitic stainless steel welded joint, which com 
prises by mass percent, C: 0.05 to 0.25%, Si: not more than 
2%, Mn: 0.01 to 3%, P: 0.05 to 0.5%, S: not more than 0.03%, 

Cr: 15 to 30%, Ni: 6 to 55%, sol. Al: 0.001 to 0.1% and N: not 
more than 0.03%, with the balance being Fe and impurities, 
and the following formula (1) is satisfied: 

e1388 Formula (1), 

wherein each element symbol in the formula (1) represents 
the content by mass percent of the element concerned. 

2. The austenitic stainless steel welded joint according to 
claim 1, which further contains, by mass percent, at least one 
element selected from the first to third groups given below in 
lieu of part of Fe and, further, the following formula (2) is 
satisfied: 

2xN+Cu+5xP)21.388 Formula (2), 

wherein each element symbol in the formula (2) represents 
the content by mass percent of the element concerned: 

First group: Nd: not more than 0.5%; 
Second group: one or more of Cu: not more than 3%, Mo: 

not more than 5% and W: not more than 10% provided 
that Mo--(W/2): not more than 5%, B: not more than 
0.03%, V: not more than 1.5%, Nb: not more than 1.5%, 
Ti: not more than 2%,Ta: not more than 8%, Zr: not more 
than 1%, Hf, not more than 1% and Co: not more than 
5%; and 

Third group: one or both of Ca: not more than 0.05% and 
Mg: not more than 0.05%. 

3. An austenitic stainless steel welding material, which 
comprises by mass percent, C: 0.05 to 0.25%, Si: not more 
than 2%, Mn: 0.01 to 3%, P: 0.05 to 0.5%, S: not more than 
0.03%, Cr: 15 to 30%, Ni: 6 to 55%, sol. Al: 0.001 to 0.1% and 
N: not more than 0.03%, with the balance being Fe and 
impurities, and the following formula (1) is satisfied: 

e1388 Formula (1), 

wherein each element symbol in the formula (1) represents 
the content by mass percent of the element concerned. 

4. The austenitic stainless steel welding material according 
to claim 3, which further contains, by mass percent, at least 
one element selected from the first to third groups given 
below in lieu of part of Fe and, further, the following formula 
(2) is satisfied: 

2xN+Cu+5xP)21.388 Formula (2), 



US 2009/O 196783 A1 Aug. 6, 2009 
9 

wherein each element symbol in the formula (2) represents Ti: not more than 2%,Ta: not more than 8%, Zr: not more 
the content by mass percent of the element concerned: than 1%, Hf, not more than 1% and Co: not more than 

First group: Nd: not more than 0.5%; 5%; and 
Second group: one or more of Cu: not more than 3%, Mo: Third group: one or both of Ca: not more than 0.05% and 

not more than 5% and W: not more than 10% provided Mg: not more than 0.05%. 
that Mo--(W/2): not more than 5%, B: not more than 
0.03%, V: not more than 1.5%, Nb: not more than 1.5%, ck 


