
-1 Specification Duplex Stainless Steel 5 Technical Field This invention
relates to a duplex stainless steel and particularly to a  duplex stainless
steel having excellent weldability and pitting resistance. Background Art 10
Duplex stainless steels have excellent strength and corrosion resistance and
particularly resistance to corrosion in sea water, and they have long been
used in  a wide range of technical fields of steel pipes for use in heat
exchangers and the  like. In the past, there have been many proposals for
compositions of duplex  stainless steels having improved corrosion
resistance, strength, workability, and  15 the like. For example, Japanese
Published Unexamined Patent Application Hei 5- 132741 discloses a
high-strength duplex stainless steel including 1.5 - 5 mass %  of W and in
which PREW [PREW = Cr + 3.3(Mo + 0.5W) + 16N] is at least 40.  Since a large
amount of W is added, corrosion resistance is enormously 20 increased, and
deterioration of mechanical properties and corrosion resistance  due to
precipitation of intermetallic compounds (sigma phases and the like) are
small. Disclosure of the Invention 25 Today, various types of welded
structures are being widely used. When a  duplex stainless steel is
subjected to welding in a heat exchanger, a pump, or the  like for use in a
high-temperature sea water environment, for example, corrosion  resistance
and particularly pitting resistance are becoming a problem. -2 It has been
found that minute sigma phases which are formed in the heat  affected zones
of welds become the starting points of pitting or the starting points  of
metal fatigue. As a result, it has been recognized that it is necessary to
prevent  the formation of such sigma phases in duplex stainless steel. 5 In
order to suppress such minute sigma phases, it is conceivable to  improve
welding techniques by decreasing the welding heat input, for example.  



Although reducing welding heat input is certainly effective, when the heat
input  decreases, welding performance decreases. Under present-day
conditions in  which there is a strong demand for cost reductions, this
cannot be described as a  lo desirable solution. Accordingly, there is a
desire for improvement of duplex stainless steels  themselves. The object of
the present invention is to provide a duplex stainless steel  having
excellent pitting resistance and weldability and particularly a duplex 15
stainless steel having excellent pitting resistance and weldability which
does not  form intermetallic compounds such as minute sigma phases even in a
weld heat  affected zone. The present inventors performed various research
with the goal of  achieving the above described objects and they found the
following. 20 Namely, there are two points to obtaining excellent corrosion
resistance  and particularly pitting resistance even in a weld heat affected
zone. 1) Suppressing the formation of intermetallic compounds referred to as
sigma phases in the weld heat affected zone, and 2) Suppressing the
formation of coarse precipitates in the form of nitrides  2 5 in the weld
heat affected zone. With a structure which is obtained by rapid heating and
rapid cooling in a  short length of time such as occur in welding (referred
to below simply as a  "rapid heating/rapid cooling structure"), formation of
sigma phases is controlled -3 by the formation of sigma phase nuclei and
growth of the nuclei. The present  inventors found that the formation of
sigma phase nuclei is suppressed by  addition of around 2% of W, and that
under these conditions, it also depends on  the amount of Ni and Mo. Ni and
Mo are essential elements for guaranteeing 5 ordinary corrosion resistance
such as resistance to crevice corrosion and pitting  resistance. In
addition, the present inventors quantitatively elucidated the conditions
for suppressing formation of sigma phase nuclei taking into consideration
the  degree of influence of each element as shown by the following Equation
(1). 



10 Mo + L lNi < 12.5 The metallurgical meaning of Equation (1) is as
follows. A sigma phase is an intermetallic compound having a composition in
15 which the ratio of Cr to Fe is approximately 1: 1, and in order to form
sigma phase  nuclei by heating during welding, for example, it is necessary
to increase the  concentration of Cr. Mo is not necessarily a main
constituent element of sigma  phases. However, when Mo is present, the
activation energy for forming nuclei is reduced, even smaller embryo (the
appearance of nuclei) are not eliminated,  2o and stable nuclei are formed.
At the sigma phases precipitation temperature,  when Ni is present, a
ferrite phase becomes unstable. As a result, the driving  force of a
reaction for transformation of ferrite phase into sigma phase and  austenite
phase is increased. In this manner, Mo and Ni increase the nucleus forming
potential of sigma  25 phases. According to the research of the present
inventors, the impact of Ni is 1. 1 times that of Mo. Based on this
knowledge, they solved for the value of the  left side of Equation (1). The
left side of Equation (1) is a parameter which  describes the relative level
of the nucleus forming frequency. -4 According to the present invention, by
prescribing the contents of Ni and  Mo so that this parameter is at most
12.5, the formation of sigma phases can be  suppressed to a level which does
not affect pitting resistance. The formation of sigma phase nuclei is
greatly affected by the presence of  5 oxide inclusions in the parent metal.
Sigma phases easily precipitate in a low  temperature HAZ heated to a
temperature of 700 - 1000 C, which is a  temperature range at least 400 C
lower than the melting point of steel. Here, a  portion which is heated to
just below the melting point of steel will be referred to  as a high
temperature HAZ, while a HAZ which is heated to a relatively low Zo
temperature will be referred to as a low temperature HAZ. Since the form of
an  austenite phase does not change in the temperature range of a low
temperature  HAZ, the formation of sigma phase nuclei is greatly affected by
the presence of  inclusions in the parent metal. Namely, at the border
between inclusions and a  



steel matrix, the free energy is high, so nuclei having a reduced energy due
to  is precipitation form easily. As a result of considering all of the
above, it was found that oxide type  inclusions including Al, Mg, or Ca and
particularly inclusions including Al have  a particularly high surface
energy, that coarse inclusions thereof above a certain  size are harmful
inclusions which promote sigma phase precipitation, and that 2o reducing
their density is effective at suppressing precipitation of sigma phases in
a HAZ. Figure 1 shows the relationship between the density of coarse
inclusions  having a major diameter of at least 5 micrometers and containing
at least 20 mass  % of Al in a HAZ and the temperature for the occurrence of
pitting. The higher 25 the temperature for the occurrence of pitting, the
greater the temperature  difference from the temperature of the ordinary
environment of use (namely,  room temperature), and a steel having a high
temperature for the occurrence of  pitting can be said to have high pitting
resistance. With a conventional duplex -5 stainless steel, the number of
such alumina type coarse inclusions is at least 20  2 per MM. From the
results shown in Figure 1, it can be seen that a steel for which the
density of alumina type inclusions is at most 10 per mm2 has good corrosion
s resistance, but if the density exceeds 10 per mm2, the temperature for the
occurrence of pitting abruptly decreases. According to Equation (1), if the
amounts of Mo and Ni are decreased, the  formation of sigma phase nuclei in
a HAZ is suppressed, and it should be  possible to obtain good pitting
resistance due to the absence of sigma phases. i o However, if the amount of
Ni is excessively decreased, in a high temperature  HAZ which is heated to
just below the melting point, the formation of nitrides is  promoted. The
formation of such nitrides causes pitting in the same manner as  with the
formation of sigma phases. According to the present invention, the
requirements for suppressing this  is are quantitatively shown by Equation
(2). 



Mo - 0.8Ni < -1.6 (2) The driving force for precipitation of nitrides
depends upon the solid  20 solubility of N and the speed of diffusion in the
parent metal in a temperature range of at least 500 C in which N can diffuse
in a short period of time.  Addition of Ni increases the temperature for the
start of precipitation of an  austenite phase which precipitates in the
course of cooling from a state in which it  has been heated to just below
the melting point of a purely ferrite phase. 2-5 Precipitation of austenite
phase at a high temperature means that N present in a  supersaturated state
in a ferrite phase moves towards an austenite phase in which  N has a high
solid solubility, in a shorter period of time. This also promotes  formation
of austenite phase, and it effectively contributes to alleviating the -6
degree of supersaturation of N in ferrite phase, which increases as cooling
progresses. As a result, the precipitation of nitrides is suppressed.
However, when Mo is present, Mo lowers the temperature for the start of
precipitation of austenite phase. According to the results of research by
the 5 present inventors, the degree of contribution to this by Mo is 0.8
times that of Ni.  Based on this knowledge, the value of the left side of
Equation (2) was  determined. The left side of Equation (2) is a parameter
which describes the  relative degree of supersaturation of N in a ferrite
phase due to a change in the  temperature at which austenite phase forms. 10
According to the present invention, by making this parameter at most -1.6
and suppressing formation of nitrides, the occurrence of pitting caused
thereby  can be nearly entirely suppressed. Based on each of the above
findings, it was found that by designing the  components so as to satisfy
the above Equations (1) and (2) and controlling oxide  15 inclusions, a
duplex stainless steel is obtained which has excellent corrosion resistance
and particularly pitting resistance even in a HAZ and which does not  form
minute sigma phases and nitrides in a HAZ without a decrease in welding
performance. In order to perform such control of oxide inclusions in a
parent metal, a  2o new method different from that used in the past is
necessary. Control is made  



possible by optimally combining the basicity of slag and the number of
desulfurizations at the time of steel melting, the temperature and length of
killing  in a ladle, and the total degree of working after casting. In the
present invention as well, PREW is at least 40.  25 Here, the present
invention is as follows. (1) A duplex stainless steel characterized by
having a chemical  composition comprising, in mass percent, C: at most
0.03%, Si: at most 1.0%,  Mn: at most 1.5%, P: at most 0.040%, S: at most
0.008%, Cr: 23.0 - 27.0%, Mo: -7 2.0 - 4.0%, Ni: 5.0 - 9.0%, W: greater than
1.5% and at most 5.0%, N: 0.24 - 0.35%, and a remainder of Fe and impurities
and satisfying the relationship PREW = Cr + 3.3(Mo + 0.5W) + 16N is at least
40  Mo + L lNi < 12.5 Mo - 0.8Ni < -1.6 wherein the number of coarse
inclusions defined as inclusions containing  at least 20% of Al and having a
major diameter of at least 5 micrometers lo observed in across section is at
most 10 per mm'. (2) A duplex stainless steel as described above in (1)
wherein the chemical  composition further includes one or both of 0.2 - 2.0
mass % of Cu and 0.05 - 1.5  mass % of V. (3) A duplex stainless steel as
described above in (1) or (2) wherein the  15 chemical composition further
includes one or more of 0.0005 - 0.005 mass% of  B and 0.0005 - 0.2 mass %
of a rare earth element. (4) A duplex stainless steel as described above in
any of (1) - (3) wherein  the chemical composition further includes at most
0.040% of sol. Al. 2 o Brief Description of the Drawings Figure I is a graph
showing the relationship between the density of oxide  inclusions containing
at least 20% of Al and having a major diameter of at least 5  micrometers
and the temperature for the occurrence of pitting. Figure 2 is a schematic
view of oxide inclusions defining the major  25 diameter of oxide inclusions
and the location for measuring the composition  thereof. 



Best Form for Carrying Out the Invention -.8 Next, the reasons why the
chemical composition of a duplex stainless steel  is limited in the above
manner in the present invention will be explained. In this  specification, %
with respect to the chemical compositions of steel and inclusions  means
mass % unless otherwise specified. 5 A duplex stainless steel according to
the present invention exhibits  excellent weldability (maintaining pitting
resistance without decreasing welding  performance) by the overall effect of
the above-described plurality of types of  alloying elements and by control
of the structure. However, the most significant  characteristic resides in
the combination of optimum amounts of Ni and Mo and lo control of coarse
alumina type inclusions. C: In the same manner as described below with
respect to N, C is effective  at stabilizing an austenite phase. However, if
its content exceeds 0.03%, carbides  easily precipitate and corrosion
resistance worsens, so it is made at most 0.03%.  Preferably it is at most
0.02%. The present invention includes the case in which  15 C is included as
an impurity. Si: Si is effective as a deoxidizing component of steel, but it
is an element  which promotes formation of intermetallic compounds (sigma
phases and the  like), so in the present invention it is limited to at most
1.0%. Preferably it is at  most 0.5%. The present invention includes the
case in which Si is present as an  20 impurity. Mn: Mn increases hot
workability by a desulfurization and deoxidation  effect during preparation
of a duplex stainless steel. It also has the effect of  increasing the
solubility of N. In order to obtain these effects, its content is  normally
up to 2.0%. However, Mn is an element which decreases corrosion 25
resistance. In the present invention it is limited to at most 1.5%.
Preferably it is  at most 1.0%. The present invention includes the case in
which Mn is contained  as an impurity. P: P is an impurity element which is
unavoidably mixed into steel. If its content exceeds 0.040%, corrosion
resistance and toughness markedly  deteriorate, so its upper limit is made
0.040%. 



S: S is an impurity element which is unavoidably mixed into steel and
worsens the hot workability of steel. In addition, sulfides become the
starting  5 points of pitting and worsen pitting resistance. In order to
avoid these adverse effects, its content is suppressed to at most 0.008%. It
is preferably as small as  possible at or below this level, and at most
0.005% is particularly preferred.  Cr: Cr is a fundamental component which
is effective for maintaining corrosion resistance. If its content is less
than 23.0%, a parent metal having the  lo corrosion resistance of a
so-called super duplex stainless steel is not obtained.  On the other hand,
if the Cr content exceeds 27.0%, precipitation of intermetallic  compounds
(sigma phases and the like) becomes marked, and this leads to a  decrease in
hot workability and a worsening of weldability. Mo: In the same manner as
Cr, Mo contributes to an increase in PREW,  15 and it is a component which
is extremely effective at improving corrosion  resistance. Particularly in
order to increase pitting resistance and resistance to  crevice corrosion,
its content is made at least 2.0% in the present invention. On  the other
hand, excessive addition of Mo becomes a cause of embrittlement of a
material during manufacture, and in the same manner as Cr, it has a strong
effect 20 of facilitating precipitation of intermetallic compounds.
Accordingly, the content  of Mo is limited to 4.0%. Ni: Ni is a component
which is essential for stabilizing austenite.  However, if its content
exceeds 9.0%, due to a decrease in the amount of ferrite, it  becomes
difficult to guarantee the basic properties of a duplex stainless steel, and
25 it becomes easy for sigma phases and the like to precipitate. On the
other hand, if  the Ni content is smaller than 5.0%, the amount of ferrite
becomes too large, and  in the same manner, the properties of a duplex
stainless steel are not obtained. In  addition, the solid solubility of N in
ferrite is small, so nitrides precipitate and -10 corrosion resistance
worsens. It is not sufficient to prescribe only the above ranges for Ni and
Mo. As  stated above, they are limited so as to satisfy below-described
Equations (1) and  (2) which are characteristics of the present invention. 5



Mo+1.1Ni<12.5(1) Mo - 0.8Ni < -1.6(2) In the above equations, Mo and Ni
indicate the respective content (in mass  10 %) of these elements. If the
value of (Mo + 1.1Ni) exceeds 12.5, minute sigma phases precipitate  in a
low temperature HAZ, and if the value of (Mo - 0.8Ni) exceeds -1.6, nitride
precipitation occurs in a high temperature HAZ, so they are restricted to
the above-described ranges. is The below-described pitting resistance index
(PREW), which is a  parameter indicating the corrosion resistance and
particularly the resistance to  corrosion in sea water of a duplex stainless
steel, is made at least 40. PREW (Pitting Resistance Equivalent after
Welding)  20 = Cr + 3.3(Mo + 0.5W) + 16N In general, the contents of Cr, Mo,
and N are adjusted so that PREW is at  least 35. However, in a super duplex
stainless steel according to the present  invention, Cr, Mo, and N are
further increased and PREW is made at least 40, so 25 an exceptional
resistance to corrosion in sea water is exhibited. An increase in  Cr, Mo,
and N contributes to a higher strength of steel, so a duplex stainless steel
which already has a higher strength than a single-phase ferrite or austenite
steel  becomes a super duplex stainless steel having an even higher
strength. -11 In the same manner as Mo, W is an element which increases
corrosion  resistance and particularly resistance to pitting and crevice
corrosion. Above all,  it is an element which forms stable oxides which
increase corrosion resistance in  a low pH environment. Accordingly, greater
than 1.5% of W is added. If it is s 1.5% or less, it becomes necessary to
increase the added amounts of Cr, Mo, N,  and the like in order to make PREW
at least 40, so the effects of utilizing W  decrease. The greater the
content of W is, the smaller the contents of Cr and Mo  can be made in order
to make PREW at least 40, and damage caused by  promotion of the formation
of sigma phases and the like by these elements can be 1 o reduced. A
preferred content of W is greater than 2.0%. However, if W is added  in
excess of 5.0%, an increase in effects commensurate therewith is not
observed  



and costs merely increase accordingly, so its upper limit is made 5.0%. N
(nitrogen): N is a powerful austenite forming element. It is effective for
improving the thermal stability and corrosion resistance of a duplex
stainless 15 steel. When large amounts of Cr and Mo, which are ferrite
forming elements, are  added as is the case with the steel of the present
invention, at least 0.24% of N is  added in order to obtain a suitable
balance between ferrite and austenite phases. N also contributes to an
increase in PREW, and it increases the corrosion  resistance of an alloy in
the same manner as Cr, Mo, and W. However, in a 2o duplex stainless steel
like the steel of the present invention containing around  25% of Cr, if N
is contained in excess of 0.35%, the toughness and corrosion  resistance of
the steel are worsened due to defects caused by the formation of  blow holes
or due to the formation of nitrides caused by thermal effects at the  time
of welding. Therefore, the upper limit on N is made 0.35%. 25 Sol. Al: Al is
effective as a deoxidizing agent of steel, but when the  amount of N in a
steel is high, it precipitates as AIN (aluminum nitride), and it  worsens
toughness and corrosion resistance. In addition, it forms oxides, and  these
become sites of formation of nuclei of sigma phases. Accordingly, in the -12
present invention, the Al content expressed as sol. Al is made at most
0.040%. In  the present invention, addition of a large amount of Si is
avoided, so Al is often  used as a deoxidizing agent, but when vacuum
melting is carried out, it is not  always necessary to add Al. A duplex
stainless steel according to the present invention may if  necessary include
at least one element from the following Groups I and 2 in  addition to the
above-described components. Element Group I (Cu, V): At least one of Cu and
V can be contained in a  duplex stainless steel of the present invention.
They have equivalent effects from  lo the standpoint of increasing corrosion
resistance and particularly resistance to  acids such as sulfuric acid. Cu
is particularly effective at improving resistance to acids in a reducing
low-pH environment, such as a H2S04or hydrogen sulfide environment. In order
to obtain this effect, its content is made at least 0.2%. However, addition
of a 



15 large amount of Cu worsens the hot workability of steel, so its upper
limit is  made 2.0%. If at least 0.05% of V is added, it increases
resistance to acids such as  sulftiric acid, and particularly when it is
added together with W, it also increases  resistance to crevice corrosion.
However, if too much V is added, the amount of 20 ferrite excessively
increases, and this leads to a decrease in toughness and  corrosion
resistance, so its upper limit is made 1.5%. Element Group 2 (B and rare
earth elements): Each of these is an element  which fixes S or 0 (oxygen)
and increases hot workability. In a. steel of the present invention, S is
suppressed to a low level. The 2 5 formation of sigma phases and the like is
not prompt, even though a large amount  of W is added. Thus, hot workability
is fundamentally good. A duplex stainless steel according to the present
invention can be in the  form of a casting, and it can also be made into a
pipe or the like by a powder -13 metallurgy method including forming into a
powder, pressing, sintering, and the  like. When employing such a
manufacturing method, hot workability is not a  problem. Accordingly,
addition of an element of Element Group 2 is not always 5 necessary.
However, excellent hot workability is desired when forming a product  by the
steps of forging, rolling, extrusion, and the like, so in such cases, if
necessary, one or more of B: at least 0.0005% and at least 0.0005% each of
one  or more rare earth element such as La and Ce may be added. However, if
a large  amount of these elements is added, non-metallic inclusions such as
oxides and lo sulfides increase, they become sites of precipitation nuclei
of sigma phases, and  these become starting points of pitting and lead to a
deterioration in corrosion  resistance. Accordingly, the contents are
preferably at most 0.005% for B and at  most 0.2% for rare earth elements
(primarily La and Ce). The total of the lower limits of B and rare earth
elements is preferably at  15 least the sum of S and 0 as impurities (S +
1/2 0). In the present invention, the number of coarse inclusions which are
defined  below and particularly coarse alumina inclusions observed in a
cross section is 



2 limited to at most 10 per MM. In our invention, coarse inclusions are
defined as "inclusions having a  20 major diameter of at least 5 micrometers
and containing at least 20% of Al or a  total in mass percent of at least
20% of Ca and/or Mg together with Al when Ca  and/or Mg is contained in the
inclusions." The reason for this is that inclusions  including a total in
mass percent of at least 20% of Al and Ca and Mg increase  deviations of the
crystal lattice from that of the parent phase (ferrite phase) and 25
increase the surface energy. In the present specification, for convenience,
such  coarse inclusions are referred to as "inclusions containing at least
20 mass % of  Al and having a major diameter of at least 5 micrometers".
Coarse inclusions in a duplex stainless steel according to the present -14
invention are primarily oxide inclusions and particularly alumina
inclusions. In  the present specification, coarse inclusions will be
referred to for convenience as  alumina inclusions. When the major diameter
is less than 5 micrometers, the area of the 5 interface between the parent
phase and the inclusions is sufficiently large, so the  probability of the
interface becoming a site of precipitation of sigma phases  becomes small.
As shown in Figures 2(a) and 2(b), the major diameter of an inclusion  means
the length of the longest straight line of the straight lines connecting two
lo different points on the interface between the parent metal and the
inclusion 1. These are al and a2 in Figures 2(a) and 2(b), respectively. The
composition of  an oxide type inclusion is determined by finding the content
of alloying elements  other than 0 (oxygen) using EDX (energy dispersion
x-ray analysis) near the  center of the inclusion 1 (bl and b2 in the
examples shown in Figures 2(a) and 15 2(b), respectively), i.e. near the
center of gravity of the cross-sectional shape of  the inclusion 1.
Accordingly, in this specification, "including at least 20 mass %  of Al"
means the content of Al(+ Ca + Mg) with respect to all alloying elements
other than 0. In actual practice, the effect of the density of these coarse
alumina 



20 inclusions is large, and if the number observed in a cross section
exceeds 10 per  mm2, the probability of the growth of precipitation of sigma
phase increases not  only in the interface of coarse inclusions and the
mother phase but also in a  ferrite/austenite interface having a high free
energy. Therefore, the presence of  such coarse inclusions has a harmful
effect on precipitation of sigma phases in 2 5 the HAZ, and making the
density lower than this is effective at suppressing sigma  phase
precipitation in a HAZ. In the present invention, the density of coarse
alumina inclusions is limited -15 2 to at most 10 per MM as described above.
Such a duplex stainless steel according to the present invention can be
manufactured by carrying out secondary refining by vacuum refining, for
example, adjusting the slag basicity at this time to 0.3 - 3.0, for example,
and 5 performing adequate stirring of molten steel and refining with slag.
In a steel composition according to the present invention, inclusions which
are formed are primarily alumina inclusions, and when Ca, Mg, and the like
are  mixed in as impurities, there is the possibility of there being
inclusions including  Ca and Mg. 10 In the present invention, when the Al
content of coarse alumina type  inclusions is at least 20% and Ca and Mg
type inclusions are intermixed, the  reason why the total of (At + Ca + Mg)
for coarse alumina type inclusions, coarse Ca. type inclusions, and coarse
Mg type inclusions is made at least 20% is in order  to guarantee pitting
resistance by making it difficult for dissolving out to occur in  1-5 a
corrosive environment. Such Mg and Ca type inclusions are in the form of
oxides, and they are combined with alumina type inclusions. Next, the
operation and effects of the present invention will be explained  more
concretely by examples. . 2 o Examples Steels having the chemical
compositions shown in Table I were melted in  an electric furnace, and then
they were transferred to an AOD furnace for  secondary refining. However, in
the case of symbol B6, secondary refining was  



not carried out. In the secondary refining, the slag basicity defined as
[weight of 25 (CaO + MgO) in the slag]/[weight of (A120, + Si02)in the slag]
was set to  different values in the range from I to 3, and molten steel was
prepared  containing inclusions of different compositions, shapes, and
densities. After  casting, heating was performed for 1200 T, and plates with
a thickness of 40 mm -16 were obtained by forging. The resulting plates were
heated to 1250 C and then rolled to a thickness  of 10 mm. A portion of each
of the resulting steel plates was cut out, it was  mounted in a resin with a
cross section perpendicular to the rolled surface facing 5 upwards, and this
cross section was polished to a mirror finish. Coarse inclusions  were then
observed with a SEM at a magnification of 200 times in 5 fields of  view,
and their size was evaluated. The major diameter of the coarse alumina
inclusions was measured in  accordance with the definition in Figure 2, the
composition of the coarse lo inclusions near their central portions (b I and
b2 in Figure 2) was analyzed by  EPMA, the above-described coarse inclusions
were identified, and their density  was measured. The density was evaluated
based on the average of the number of  coarse inclusions per mm2 in 5 fields
of view. The steel plates to be tested were machined to obtain test
materials 15 measuring 8 mm thick x 100 mm wide x 200 mm long and having a
V-shaped  bevel with an internal angle of 30  formed in a long side thereof.
Using a  welding rod with an outer diameter of 2 mm prepared from the steel
of symbol  Al, two test materials were abutted against each other,
multi-layer welding by  TIG welding from one side was carried out using a
heat input of 10 kJ/cm 20 (welding condition 1) used for highly corrosion
resistance stainless steel which is  a higher grade than ordinary stainless
steel, or a heat input of 20 kJ/cm (welding  condition 2) which does not
cause any particular performance problems in  welding of ordinary stainless
steel to prepare two types of welded joints. A corrosion test piece which
measured 3 mm thick, 10 mm wide, and 40  25 mm long with the 40 mm side
extending perpendicular to the welding line and  the 3 x 10 mm surface being
parallel to the rolled surface was cut from the  



resulting welded joint, it was immersed for 24 hours in a 10% FeCl3.6H20
solution (65 C), and the occurrence of pitting in the HAZ was evaluated at a
-17 magnification of 500. A cross section perpendicular to the welding line
and the rolled surface  was etched for microscopic examination, image
analysis was carried out at a  magnification of 500, and the proportion of
the area in the HAZ occupied by 5 minute sigma phases was measured. If the
proportion of area occupied by sigma  phases was 1%, it was determined that
there were minute sigma phases, These results are compiled in Table 2. As is
clear from the results shown  in Table 2, with the test pieces for which the
chemical composition and the  density of coarse inclusions satisfied the
ranges of the present invention, in spite io of carrying out evaluation at a
high heat input which does not cause any  particular performance problem
during welding of ordinary stainless steel, no  precipitation of minute
sigma phases was observed, and excellent pitting  resistance was exhibited.
In contrast, as was the case for symbols B I and B2,  even though the
elements satisfied the range for the chemical composition, if the 15
combined range of Ni and Mo did not satisfy the requirements of the present
invention, minute sigma phases were formed as with symbol B 1, or sigma
phases  were not formed but nitrides were fon-ned as with symbol B2, and
pitting  resistance was inferior. For symbols B3 - B5, even though the steel
composition  was the same as for symbols A I and A3, a minute amount of
sigma phases was 20 formed and pitting resistance was degraded for those for
which the density of  coarse inclusions was not in the range of the present
invention.         
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w0) u(~om~vLOLo    -19 Table 2 WeldingWelding it +' D condition Icondition
2r f ens - y o SymbolharmfulMo+l. 1MO-0.8MinuteOccure-MinuteOccure-
inclusionsNi-12.5Ni+1.6sigmanee ofsigmance of0 phasesittinhasesittin Al5-
1.808- 1.046000No A27- 2.628- 0. 536000No A34- 1.028- 0.456000No A48- 2.601-
1. 782000No A54- 2. 394- 1.708000No A66- 1.295- 1. 16000No A77- 2.095-
1.01000No  A86- 1.688- 1.116000No0  A95- 0.285- 1.67000No AlO5905 - 1 



000No - 101 .. All3- 1.427- 1.0640OONo A126- 0.846- 1,452000No.1-4  A136-
1.962-- 0.364000No A145- 1.689- 1.0980O0No A153- 1.82- 1.02000No A164-
1.819- 1.0380O0No A175- 1.7461.022OOONo A185- 1.811- 0.802000No A193-
1.61-10OONo BI60.526- 1.638OOxYes B27- 2. 2480.224OOxYes  B313- 1.808-
1.046OOxYes B412-- 2. 628- 0. 53600xYes  B515- 1.028- 0.4560OXYes  B630-
1.808- 1.046OOX*Yes 0 : Area of sigma phase of 1 % or less  X Area of sigma
phase of more than 1 %  * No sedondary refining -20 Effects of the Invention
According to the present invention, the formation of sigma phases in a  weld
heat affected zone can be prevented, and the amount of coarse inclusions
which are formed can be greatly decreased, so the resulting duplex stainless
steel 5 exhibits excellent pitting resistance, and an excellent duplex
stainless steel is  provided which can be applied to present-day uses. 



-21 Claims 1. A duplex stainless steel characterized by having a chemical
composition comprising, in mass percent, C: at most 0.03%, Si: at most 1.0%,
5 Mn: at most 1.5%, P: at most 0.040%, S: at most 0.008%, Cr: 23.0 - 27.0%,
Mo:  2.0 - 4.0%, Ni: 5.0 - 9.0%, W: greater than 1.5% and at most 5.0%, N:
0.24 - 0.35%, and a remainder of Fe and impurities and satisfying the
relationships PREW = Cr + 3.3(Mo + 0.5W) + 16N is at least 40  10
Mo+1.lNi<12.5 Mo - 0.8Ni < -1.6 and with the number of coarse inclusions
defined as inclusions containing at least 20 mass % of Al and having a major
diameter of at least 5 micrometers  15 which are observed in a cross section
being at most 10 per mmz. 2. A duplex stainless steel as set forth in claim
1 wherein the chemical  composition further includes, in mass %, one or both
of Cu: 0.2 - 2.0% and V:  0.05-1.5%. 20 3. A duplex stainless steel as set
forth in claim 1 or claim 2 wherein the  chemical composition further
includes, in mass %, one or both of 0.0005 - 0.005% of B and 0.0005 - 0.2%
of at least one rare earth element. 25 4. A duplex stainless steel as set
forth in any of claims 1 - 3 wherein the  chemical composition further
includes, in mass %, sol. Al: at most 0.040%. 


