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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to an austenitic stainless steel and a method for
producing the austenitic stainless steel, and particularly relates to an austenitic stainless steel
that is excellent in naphthenic acid corrosion resistance and a method for producing the
austenitic stainless steel.

BACKGROUND ART

[0002] The new construction of thermal power generation boilers, petroleum refining plants
and petrochemical industry plants has been proceeding in recent years due to growing
demands for energy. An austenitic stainless steel that is used in heating furnace pipes and the
like of such facilities is required to have excellent corrosion resistance. In particular, oil prices
are steadily increasing due to the economic growth of developing nations, and consideration is
being given to the use of inferior-quality crude oil which is inexpensive and which has not been
used heretofore.

[0003] On the basis of the aforementioned technological background, for example, Patent
Document 1 discloses a high-alloy stainless steel for chimney stacks, smoke flues and
desulfurization equipment that is excellent in corrosion resistance. Further, Patent Document 2
discloses a sulfuric acid dew-point corrosion-resistant stainless steel that is excellent for use in
sensitive parts to corrosion caused by a sulfuric acid solution, such as a heat exchanger, a
smoke flue and a chimney stack of heavy oil combustion boilers and the like.

[0004] In addition, Patent Document 3 discloses an austenitic stainless steel that has excellent
resistance properties with respect to sulfuric acid corrosion that poses a problem in heat
exchangers, smoke flues, and chimney stacks that are used in thermal power generation and
industrial boilers and the like. Further, Patent Document 4 discloses an austenitic stainless
steel which contains C-fixing elements that has high corrosion resistance, in particular, high
resistance to polythionic acid stress corrosion cracking.

[0005] Patent Document 5 discloses an austenitic stainless steel in which Mn content is
reduced to <=1% from the standpoint of corrosion resistance, etc., and the resultant
deterioration in hot workability is prevented by adding prescribed amounts of one or more
elements among Ti, Zr and Nb and/or either or both of Mg and Ca and fixing S.

LIST OF PRIOR ART DOCUMENTS
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PATENT DOCUMENT

[0006]

Patent Document 1: JP2-170946A
Patent Document 2: JP4-346638A
Patent Document 3: JP2000-1755A
Patent Document 4: WO 2009/044802

Patent Document 5: JP H11 256283 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] It is known that naphthenic acid corrosion occurs in the crude distillation unit/Vacuum
distillation unit including transfer line and other equipment of petroleum refining plants when
crude oil of inferior quality is used. It is predicted that in the future the problem of such
corrosion will become manifest because it will be necessary to increase the usage ratio of
crude oil of inferior quality and, by extension, the amount of such crude oil that is refined.

[0008] However, the aforementioned problem of naphthenic acid corrosion is not adequately
considered in Patent Documents 1 to 4, and there is a need to develop a steel that has
excellent naphthenic acid corrosion resistance.

[0009] Up to now it has been said that total acid number (TAN) and flow rate are dominant
influences with respect to naphthenic acid corrosion. However, it is not the case that a
correlation is always observed between the TAN and the corrosion rate, and it is considered
that the situation varies depending on the kinds of acid as well as the structure and content
and the like. Thus, as far as it goes, it is extremely difficult to predict the corrosion rate by
analyzing a corrosion environment. Therefore, it is necessary to review the situation from the
material aspect and to design the composition of a material that is excellent in naphthenic acid
corrosion resistance.

[0010] The present invention has been made to solve the problem described above, and an
objective of the present invention is to provide an austenitic stainless steel that has both
excellent naphthenic acid corrosion resistance and economic efficiency, and a method for
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producing the austenitic stainless steel.

SOLUTION TO PROBLEM

[0011] The present inventors conducted intensive studies with respect to designing the
composition of a material having excellent resistance properties with respect to naphthenic
acid corrosion, and as a result obtained the following findings.

[0012] Increasing the content of Mo is known as an effective way of improving naphthenic acid
corrosion resistance. However, if an excessive amount of Mo is contained, other capabilities
than corrosion resistance, such as toughness and weldability, deteriorate, which poses a
problem. Further, containing an excessive amount of expensive Mo is not preferable as this
also reduces the economic efficiency.

[0013] Therefore, in order to examine in detail the mechanism by which Mo enhances
naphthenic acid corrosion resistance, the present inventors conducted studies regarding the
outer layer of test specimens undergone a naphthenic acid corrosion test. The results revealed
that a coating film of a sulfide of Mo, or MoS, is formed on the outer layer of the test
specimens, and the coating film contributes to enhancing the naphthenic acid corrosion
resistance.

[0014] However, it was found that if a large amount of Mo is present as precipitates, Mo does
not serve as material of the coating film, but on the contrary hinders the formation of the
coating film. In other words, it is not sufficient to merely increase the overall amount of Mo, and
it is necessary to dissolve Mo in the steel.

[0015] The present invention has been made based on the above findings, and the gist of the
present invention is an austenitic stainless steel, as well as a steel material, a steel pipe, a
steel plate, a steel bar, a wire rod, a forged steel, a valve, a joint and a welding consumable
that include the austenitic stainless steel, and also a method for producing the austenitic
stainless steel, which are each described hereunder.

1. (1) An austenitic stainless steel having a chemical composition consisting, by mass
percent, of

C: 0.005 to 0.015%,
Si: 0.02 to 1.00%,
Mn: 0.02 to 2.00%,
P: 0.05% or less,

S: 0.030% or less,
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Cr: 16.0% or more and less than 22.0%,
Ni: 11.0 to 16.0%,

Mo: 2.5 to 5.0%,

N: 0.07% or more and less than 0.15%,
Nb: 0.20 to 0.50%,

Al: 0.005 to 0.040%,

Sn: 0 to 0.080%,

Zn: 0 to 0.0060%,

Pb: 0 to 0.030%, and

the balance: Fe and impurities,

and satisfying formula (i) below:
Mogs/Mo > 0.98  ..(i)

where, Mo in formula (i) represents a content (mass%) of Mo contained in the steel, and
Moss represents an Mo content (mass%) that is dissolved in the steel,

wherein Moss is measured by electrolyzing a test sample; subjecting the residue to acid
decomposition; determining the residual amount of Mo using an ICP emission
spectrophotometer; and determining the solubility of Mo by deducting the residual
amount of Mo from the Mo amount in the molten steel according to the ladle analysis
value.

. (2) The austenitic stainless steel according to (1) above, in which:

in the chemical composition, R4 value defined by formula (ii) below satisfies formula (iii)

below:
Ry =0.25Ni +0.2Cr + (Mo x (Moss/Mo))** (i)

Ri 2102 ..(iii)

where, each symbol of an element in formula (ii) represents a content (mass%) of the
corresponding element that is contained in the steel, and Moss represents an Mo
content (mass%) that is dissolved in the steel.

. (3) The austenitic stainless steel according to (1) above, in which:
the chemical composition contains, by mass%, one or more elements selected from:

Sn: 0.002 to 0.080%,

Zn: 0.0002 to 0.0060%, and
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Pb: 0.0005 to 0.030%,

and an L value defined by formula (iv) below satisfies formula (v) below:
L=7.68n""+9.5P""* +12.8Zn"2 __(iv)

1.8§<L <139 ..(v)

where, each symbol of an element in formula (iv) represents a content (mass%) of the
corresponding element that is contained in the steel.

4. (4) The austenitic stainless steel according to (2) above, in which:
the chemical composition contains, by mass%, one or more elements selected from:

Sn: 0.002 to 0.080%,
Zn: 0.0002 to 0.0060%, and
Pb: 0.0005 to 0.030%,

and an L value defined by formula (iv) below satisfies formula (v) below:
L=7.68n""%+95Pp"8 +12.8Zn"2 . (iv)

18<L<I39  ..(v)

where, each symbol of an element in formula (iv) represents a content (mass%) of the
corresponding element that is contained in the steel.

5. (5) The austenitic stainless steel according to (4) above, in which:

in the chemical composition, R, value defined by formula (vi) below satisfies formula (vii)

below:
Rz=Ri+(L-51y3 ..(vi)

R>>12.0  ..(vi])

where, R4 in formula (vi) is a value defined by formula (ii) above, and L in formula (vi) is

a value defined by formula (iv) above.

6. (6) The austenitic stainless steel according to any one of (1) to (5) above, in which the
austenitic stainless steel has a steel micro-structure in which an average grain size
number at an inner portion of the steel as defined by ASTM E1 12 is 7.0 or more and 9.5
or less.

7. (7) An austenitic stainless steel material that includes the austenitic stainless steel
according to any one of (1) to (6) above.

8. (8) An austenitic stainless steel pipe that includes the austenitic stainless steel according
to any one of (1) to (6) above.

9. (9) An austenitic stainless steel plate that includes the austenitic stainless steel
according to any one of (1) to (6) above.

10. (10) An austenitic stainless steel bar that includes the austenitic stainless steel according
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to any one of (1) to (6) above.

11. (11) An austenitic stainless wire rod that includes the austenitic stainless steel according
to any one of (1) to (6) above.

12. (12) An austenitic stainless forged steel that includes the austenitic stainless steel
according to any one of (1) to (6) above.

13. (13) An austenitic stainless valve that includes the austenitic stainless steel according to
any one of (1) to (6) above.

14. (14) An austenitic stainless joint that includes the austenitic stainless steel according to
any one of (1) to (6) above.

15. (15) An austenitic stainless welding consumable that includes the austenitic stainless
steel according to any one of (1) to (6) above.

16. (16) A method for producing an austenitic stainless steel, including:

a heat treatment step of heating a steel having a chemical composition according to any
one of (1) to (5) for 8 hours or more in a temperature range of more than 1260°C to not
more than 1370°C;

a hot working step of subjecting the steel to hot working such that a finishing
temperature is in a range of 960 to 1150°C; and

a final heat treatment step of heating the steel for 3 minutes or more in a temperature
range of 1000 to 1100°C.

17. (17) The method for producing an austenitic stainless steel according to (16) above,
further including a cold working step of performing cold working, after the hot working,
and before the final heat treatment, under conditions such that a reduction of area is
30% or more.

ADVANTAGEOUS EFFECTS OF INVENTION

[0016] According to the present invention it is possible to obtain an austenitic stainless steel
that compatibly realizes both excellent naphthenic acid corrosion resistance and economic
efficiency without causing the steel quality to deteriorate. The austenitic stainless steel
according to the present invention is suitable for use as, for example, an austenitic stainless
steel material of pipes, a heating furnace, a distillation unit, a components inside unit, a pump
and a heat exchanger of a petroleum refining plant or the like. For example, the austenitic
stainless steel material is a steel pipe, a steel plate, a steel bar, a wire rod, a forged steel, a
valve, a joint or a welding consumable.

DESCRIPTION OF EMBODIMENTS
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[0017] The respective requirements of the present invention are described in detail hereunder.

(A) Chemical Composition

[0018] The reasons for limiting each element are as follows. Note that the symbol "%" with
respect to content in the following description represents "mass percent”.

C: 0.005 to 0.015%

[0019] C is an element that has an effect of stabilizing the austenite phase, and also forms fine
carbides within the grains to thereby contribute to improving high temperature strength.
Therefore, from the viewpoint of securing high temperature strength, a content of C
corresponding to the content of carbide-forming elements is preferable for the purpose of
strengthening by precipitation of carbides within the grains. However, from the viewpoint of
securing corrosion resistance, in particular naphthenic acid corrosion resistance, it is desirable
for the content of C to be as low as possible such that sensitization due to precipitation of Cr
carbides formed by C binding to Cr may be suppressed. WWhen the C content is excessive, in
particular at a content level of more than 0.015%, C causes a marked deterioration in corrosion
resistance. Therefore, the C content is set to 0.015% or less. The C content is preferably
0.010% or less. On the other hand, because it is desired to obtain the aforementioned effects,
the C content is set to 0.005% or more.

Si: 0.02 to 1.00%

[0020] Si is an element which has a deoxidizing action during melting of the austenitic stainless
steel, and is also effective for increasing oxidation resistance and steam oxidation resistance
and the like. However, because Si is an element that stabilizes the ferritic phase, if the content
thereof is excessive, in particular at a content level of more than 1.00%, the Si lowers the
stability of the austenite phase. Therefore, the Si content is set to not more than 1.00%. The Si
content is preferably not more than 0.80%, and more preferably is not more than 0.65%. On
the other hand, because it is desired to obtain the aforementioned effects the Si content is set
to not less than 0.02%, and more preferably is set to not less than 0.10%.

Mn: 0.02 to 2.00%

[0021] Mn is an element which stabilizes the austenite phase, and is also an effective element
for suppressing hot working brittleness due to S and for deoxidation during melting. However, if
the content of Mn is more than 2.00%, Mn promotes the precipitation of intermetallic
compound phases such as the o phase, and in the case of use in a high temperature
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environment, also causes a decrease in toughness and ductility which is attributable to a
deterioration in microstructural stability at high temperatures. Therefore, the Mn content is set
to not more than 2.00%. The Mn content is preferably not more than 1.50%. On the other
hand, because it is desired to obtain the aforementioned effects the Mn content is set to not
less than 0.02%, and more preferably is set to not less than 0.10%.

P: 0.05% or less

[0022] P promotes intergranular corrosion and causes a decrease in grain boundary strength,
and hence causes a deterioration in naphthenic acid corrosion resistance. Therefore, the P
content is set to not more than 0.05%. The P content is preferably not more than 0.035%.

S: 0.030% or less

[0023] Similarly to P, S also promotes intergranular corrosion and causes a decrease in grain
boundary strength, and hence causes a deterioration in naphthenic acid corrosion resistance.
Therefore, the S content is set to not more than 0.030%. The S content is preferably not more
than 0.025%.

Cr: 16.0% or more and less than 22.0%

[0024] Cr is an essential element for ensuring the oxidation resistance and corrosion
resistance at high temperatures, and in order to obtain such effects it is necessary that the Cr
content be not less than 16.0%. However, when the Cr content is excessive, in particular at a
content level of 22.0% or more, the Cr lowers the stability of the austenite phase at high
temperatures and thus causes a decrease in creep strength. Therefore, the content of Cr is set
in a range of 16.0% to less than 22.0%. The Cr content is preferably 17.0% or more. Further,
the Cr content is preferably not more than 21.0%, and more preferably is not more than 20.0%.

Ni: 11.0 to 16.0%

[0025] Ni is an essential element for ensuring a stable austenitic microstructure and is also an
essential element for ensuring the microstructural stability during a long period of use and thus
obtaining the desired level of creep strength. To sufficiently obtain these effects, the balance
with the Cr content mentioned above is important, and in consideration of the lower limit value
of the Cr content in the present invention, it is necessary to set the Ni content to not less than
11.0%. On the other hand, the addition of the expensive element Ni in an amount that is more
than 16.0% results in an increase in cost. Therefore, the content of Ni is set in a range of 11.0
to 16.0%. The Ni content is preferably not less than 11.8%, and is preferably not more than
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14.3%.

Mo: 2.5 to 5.0%

[0026] Mo dissolves in the matrix and is an element which contributes to the enhancement of
high temperature strength, in particular to the enhancement of creep strength at high
temperatures. Mo also has an action that suppresses grain boundary precipitation of Cr
carbides. In addition, Mo binds with S in a usage environment to form a sulfide coating film,
and thereby contributes to improving naphthenic acid corrosion resistance. To obtain these
effects, it is necessary to contain 2.5% or more of Mo. However, if the content of Mo is too
large, on the contrary Mo reduces the creep strength because the stability of the austenite
phase decreases. In particular, if the Mo content is more than 5.0%, there is a marked
reduction in the creep strength. Therefore, the Mo content is set in the range of 2.5 to 5.0%.
The Mo content is preferably not less than 2.8%, and is preferably not more than 4.5%.

[0027] As described above, the element that directly participates in improving naphthenic acid
corrosion resistance is dissolved Mo. If the Mo amount that is present as precipitate is
excessive, not only will there be insufficient dissolved Mo to serve as material for a sulfide
coating film, but the formation of the coating film will also be hindered. Therefore, in addition to
the Mo content being in the aforementioned range, it is necessary for the proportion of the

dissolved amount with respect to the total amount of Mo to satisfy the following formula (i).
Mogs/Mo 2098  ..(1)

[0028] Where, each symbol of an element in formula (i) represents a content (mass%) of the
corresponding element that is contained in the steel, and Moss represents the Mo content
(mass%) that is dissolved in the steel.

[0029] Further, in addition to the proportion of the dissolved amount with respect to the total
amount of Mo, it is possible to economically improve the naphthenic acid corrosion resistance
by containing a suitable balance with respect to the contents of Ni and Cr. Therefore, with
regard to the relation between the proportion of the dissolved amount with respect to the total
amount of Mo and the contents of Ni and Cr, it is also preferable that an R4 value defined by

formula (ii) below satisfies formula (iii) below.
Ri = 0.25Ni + 0.2Cr + (Mo x (Mogs/Mo))** .. (i)

Ri1>210.2  ..(iii)

[0030] Where, each symbol of an element in formula (ii) represents a content (mass%) of the
corresponding element that is contained in the steel, and Moss represents the Mo content
(mass%) that is dissolved in the steel.
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N: 0.07% or more and less than 0.15%

[0031] N is an element that stabilizes the austenite phase, and is an element that dissolves in
the matrix and precipitates as fine carbo-nitrides within the grains and is thus effective in
improving the creep strength. In order to sufficiently obtain these effects, the N content is
required to be not less than 0.07%. However, when the N content is an excessive amount of
0.15% or more, Cr nitrides are formed on the grain boundaries and therefore the naphthenic
acid corrosion resistance deteriorates due to the resulting sensitization. Therefore, the content
of N is set in a range of 0.07 to less than 0.15%. The N content is preferably not less than
0.09%, and is preferably not more than 0.14%.

Nb: 0.20 to 0.50%

[0032] Nb is a C-fixing element. WWhen Nb and C bind to form carbides and the carbides
precipitate within grains, the grain boundary precipitation of Cr carbides is inhibited and
sensitization is suppressed, and hence high levels of corrosion resistance can be ensured.
Furthermore, the Nb carbides that finely precipitated within grains also contribute to
improvement in creep strength. To ensure excellent naphthenic acid corrosion resistance, the
Nb content is set to not less than 0.20%.

[0033] However, when the content of Nb is excessive, the carbides precipitate excessively
within grains and the intragranular deformation is hindered thereby, leading to further stress
concentration on the grain boundary interface that has become embrittled by segregation of
impurity elements. In particular, when the Nb content is more than 0.5%, the aforementioned
adverse effects become significant. Therefore, in order to ensure a high level of corrosion
resistance, the Nb content is set to 0.20 to 0.50%. The Nb content is preferably not less than
0.25%, and is preferably not more than 0.45%.

Al: 0.005 to 0.040%

[0034] Al is an element that is added as a deoxidizer, and it is necessary for the chemical
composition to contain an Al content of not less than 0.005%. However, if more than 0.040% of
Al is contained, precipitation of intermetallic compounds is promoted, and toughness and
polythionic acid SCC resistance deteriorate during a long period of use. Therefore, the Al
content is set in a range of 0.005 to 0.040%. The Al content is preferably not less than 0.008%,
and is preferably not more than 0.035%.

Sn: 0 to 0.080%
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Zn: 0 to 0.0060%

Pb: 0 to 0.030%

[0035] Although Sn, Zn and Pb are normally treated as impurity elements that are elements
that adversely affect the steel quality, since these elements have a high affinity to S and are
effective elements for improving the naphthenic acid corrosion resistance, they may be
contained according to need. However, if these elements are contained in excess, they
promote intergranular corrosion and cause a decrease in the grain boundary strength, and
therefore, on the contrary, they cause the naphthenic acid corrosion resistance to deteriorate.

[0036] Therefore, the contents of Sn, Zn and Pb are set to 0.080% or less, 0.0060% or less
and 0.030% or less, respectively. The Sn content is preferably 0.050% or less, the Zn content
is preferably 0.0055% or less, and the Pb content is preferably 0.025% or less. When it is
desired to obtain the aforementioned effects, the Sn content is preferably 0.002% or more, the
Zn content is preferably 0.0002% or more and the Pb content is preferably 0.0005% or more.

[0037] Note that, to improve the naphthenic acid corrosion resistance without adversely
affecting the steel quality in a manner that takes into consideration the respective degrees of
affinity to S of Sn, Zn and Pb, preferably an L value defined by formula (iv) below satisfies
formula (v) below.

L=7.6Sn""®+9.5Pb"® + 12.87n"% __(iv)

18<L<139 ..(v)

[0038] Where, each symbol of an element in formula (iv) represents a content (mass%) of the
corresponding element that is contained in the steel.

[0039] As described in the foregoing, the proportion of the dissolved amount with respect to
the total amount of Mo, and also the contents of Ni and Cr as well as the contents of Sn, Zn
and Pb influence the naphthenic acid corrosion resistance of the steel. It is therefore desirable
to design the composition in a manner that takes into account the balance between these
elements. Thus, with regard to the relation between the contents of these elements, it is
preferable that an R, value defined by formula (vi) below satisfies formula (vii) below.
R2=Ri+(L-51)3 ..(vi)

Ry=12.0 .. .(vii)

[0040] Where, R in formula (vi) is a value defined by the aforementioned formula (i), and L is
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a value defined by the aforementioned formula (iv).

(B) Steel Micro-structure

Grain size number: 7.0 or more

[0041] A limitation is not particularly set with respect to the steel micro-structure of the
austenitic stainless steel according to the present invention. However, if the crystal grains are
coarse, the HAZ crack susceptibility during welding increases, and hence it is preferable that
the average grain size number at an inner portion of the steel as defined by ASTM E112 is 7.0
or more. Note that, although a limitation is not particularly set with respect to the upper limit of
the grain size number, since the creep strength decreases if the crystal grains are too fine, the
grain size number at an inner portion of the steel is preferably not more than 9.5.

(C) Production Method

[0042] Although there are no particular limitations with respect to the conditions for producing
the austenitic stainless steel according to the present invention, for example, the austenitic
stainless steel can be produced by using the method described hereunder.

[0043] Steel having the chemical composition described above is melted in a furnace, and
thereafter an ingot is prepared from the molten steel. Immediately after the ingot is heated, the
ingot is forged to form a billet. At this time, because segregation of Mo occurs, a heating
treatment is performed to diffuse Mo and eliminate the segregation. The heating temperature
at such time is preferably in a range of more than 1260°C to not more than 1370°C. This is
because, if the heating temperature is 1260°C or less, there is a risk that it will not be possible
to adequately dissolve the segregated Mo, while on the other hand, if the heating temperature
is more than 1370°C, grain boundary melting will occur and the working thereafter will be
difficult to perform.

[0044] The heating time is preferably set to 8 hours or more. This is because, if the heating
time is less than 8 hours there is a risk that Mo segregation will remain even if the billet is
heated at a temperature of more than 1260°C. Note that, although it is not necessary to set a
particular limit with respect to the upper limit of the heating time, the heating time is preferably
not more than 20 hours since the economic efficiency will deteriorate if the heating time is too
long. By performing the aforementioned heating treatment, it is possible to increase the
proportion of the dissolved amount of Mo and satisfy the above formula (i).

[0045] Hot working is performed on the billet that underwent the aforementioned heating
treatment. Although hot working can be performed on the billet as it is after the heating
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treatment, in a case where the Ni content is low, some &-ferrite remains and the hot workability
noticeably decreases, and therefore it is preferable to cool the billet once before performing
hot working. Although the cooling rate at such time is not particularly limited, allowing the billet
to cool is preferable from the viewpoint of economic efficiency. Note that even if Mo that has
dissolved is slowly cooled in the aforementioned cooling process, Mo does not segregate
again.

[0046] When performing the aforementioned hot working, it is necessary to perform the hot
working under the following conditions. For example, after holding the billet for 2 to 10 hours in
a temperature range of 1100 to 1250°C, hot working can be performed in such a manner that
the finishing temperature is in the range of 960 to 1150°C. If the aforementioned hot working
temperature is less than 960°C, not only does the material ductility decrease, but the Mo
solubility will also be insufficient, and naphthenic acid corrosion resistance will not be obtained.
After hot working, cold working may be performed with the objective of improving the
dimensional accuracy or the like. Further, according to need, a softening heat treatment can
be performed prior to cold working. In order to make the grain size number at an inner portion
of the steel 7.0 or more, for example, it is preferable to perform cold working under conditions
such that the reduction of area becomes 30% or more.

[0047] After performing hot working and, depending on the case, additionally performing cold
working, a final heat treatment is performed with the objective of eliminating strain that was
introduced by the working, to thereby make the steel quality uniform in the wall thickness
direction. To obtain a fine-grained steel micro-structure in which the grain size number at an
inner portion of the steel is 7.0 or more, for example, it is preferable to heat the steel in a
temperature range of 1000 to 1100°C for not less than 3 minutes. After the final heat
treatment, the steel is preferably cooled rapidly by a method such as water cooling.

[0048] By subjecting the austenitic stainless steel produced by the above method to various
kinds of working, it is possible to produce a steel material, a steel pipe, a steel plate, a steel
bar, a wire rod, a forged steel, a valve, a joint and a welding consumable and the like. Note
that, because Mo that has dissolved once does not segregate again when performing the
aforementioned working, it is considered that the effect thereof on naphthenic acid corrosion
resistance is extremely small.

[0049] Hereunder, the present invention is described specifically by way of examples, although
the present invention is not limited to the following examples.

EXAMPLES

[0050] Steels having the chemical compositions given in Table 1 were melted using a vacuum
induction melting furnace (VIM), and ingots were prepared from the molten steels. Thereafter,
with respect to Test Nos. 1, 3, 5 to 10, 13, 14, 16 to 18, 20 to 24, 26, 28 to 34, and 37 to 39,
immediately after heating the ingots to 1200°C, the ingots were formed into billets having a
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width of 100 mm and a thickness of 50 mm by forging. Among the respective test samples
mentioned above, with regard to Test Nos. 1, 3, 5 to 10, 13, 14, 16 to 18, 20, 31, 34, and 37 to
39, to suppress segregation of Mo, as shown in Table 2, the test samples were heated for 8
hours or more at a temperature of more than 1260°C. With regard to Test No. 32, the test
sample was heated for 8 hours at 1260°C. For Test No. 33, the test sample was heated for 7
hours at 1265°C. The other test samples were not subjected to a particular heating treatment.

[0051] Thereafter, each billet was hot-rolled at a finishing temperature in a range of 900 to
1150°C, and formed into a steel plate having a width of 100 mm and a thickness of 22 mm.
These steel plates were subjected to a softening heat treatment under conditions of a
temperature of 1080 £ 20°C for 20 to 30 minutes, which was followed immediately by water
cooling, and thereafter were subjected to cold rolling to produce steel plates having a width of
100 mm and a thickness of 15.4 mm. These steel plates were subjected to a final heat
treatment under conditions of a temperature of 1080 £ 20°C for 3 to 10 minutes, which was
followed immediately by water cooling to form austenitic stainless steel plates.

[0052] Further, for Test Nos. 2, 4, 11, 12, 15, 19, 25, 27, 35 and 36, forging was performed
immediately after heating the ingot to 1200°C. For Test Nos. 2, 11, 19, 27 and 36, the ingot
was formed into a billet having a diameter of 320 mm, and for Test Nos. 4, 12, 15, 25 and 35,
the ingot was formed into a billet having a diameter of 287 mm. Among the respective test
samples mentioned above, for Test Nos. 2, 4, 11, 12, 15, 19 and 35, the test samples were
heated for not less than 8 hours at a temperature of more than 1260°C as shown in Table 2 to
suppress segregation of Mo. For Test No. 36, the test sample was heated for 7 hours at
1350°C. The other test samples were not subjected to a particular heating treatment.

[0053] Thereafter, for Test Nos. 2, 11, 19, 27 and 36, each billet was formed into a hollow billet
having a diameter of 314 mm and an inner diameter of 47 mm, and for Test Nos. 4, 12, 15, 25
and 35, each billet was formed into a hollow billet having a diameter of 281 mm and an inner
diameter of 47 mm

[0054] Each of the thus-formed hollow billets was subjected to an extrusion process at 1250 to
1300°C, and formed into a steel pipe having a diameter of 219.5 mm and a wall thickness of
18.3 mm for Test Nos. 2, 11, 19, 27 and 36, and formed into a steel pipe having a diameter of
168.7 mm and a wall thickness of 7.0 mm for Test Nos. 4, 12, 15, 25 and 35. Water cooling
was performed immediately after the aforementioned extrusion process. After the water
cooling, the steel pipes were subjected to a final heat treatment under conditions of a
temperature of 1000 to 1100°C and a time period of 3 to 10 minutes. Water cooling was
performed again immediately after the final heat treatment, to thereby obtain austenitic
stainless steel pipes.

[Table 1]

[0055]
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Table 1
Steed Chemical composition (in massa, balapce: Fe and impurities)
Ho. C Si Mn P S Cr Mi Mo M Nb Al Sn Zn Ph
0010 0.29 (62 1 ORS¢ 00le 148 49 50 047 028 | 0010 | 0.047 00005 | 0.0007
2 0.015 0.72 LG5} 0040 | 0.003 183 JEEY 30 010 030 | 0.014 | 0.046 | 00003 | D.0033
3 SRE3 R .94 077 | 0033 1 0026 194 139 45 0.08 021 | 0.015 } 0.031 | (0005 | 0.0280
4 0011 035 132§ 0027 § 0001 b 201 144 34 0.12 022 | 0012 § 0048 | 00002 | 00019
5 0.015 0.52 L5 0034 | D008 16.1 117 39 012 €40 {0015 | 0002 | 04032 | 0.0025
6 0012 0.18 05G | 0011 | 0.017 | 214 11.1 3.5 0.13 046 | 0.015 | 0051 | 0.0055 | 0.0021
7 0.007 034 144 | Q012 | 0007 187 4.1 30 0.14 035 | 0011 | 0008 | O0019 ) 00300
8 .07 0.i8 LE3 | 0008 § 0ol 175 128 32 0.1 O34 | 0.024 | 0054 L 00011 | 0.0006
9 0.012 0.35 1.22 1 0.038 § D018 183 136 28 012 021 | 6015 | 0038 (06017 | 00230
10 0.0035 0.77 LEG 1 0025 | D09 165 121 31 010 €33 | 0.010 | 0.074 00035 | GG
il 0.010 0,12 145 | 0029 | 0.024 181 138 28 .13 (37 | 0.030 | 0.037 [.0.0029 | 0.0055
12 0.008 .13 152 1 0049 § 028 ¢ 179 128 29 009 036 | 0.013 | 0017 | 00019 ] 00048
13 0.015 (0.8 e | 0021 § 0005 § 172 1.5 30 012 33 | GNT ] 0002 06044 | 000
14 0.008 0.25 Les | 0016 | 0010 169 115 25 013 033 | 0.028 - - -
15 0.000 0.40 144§ 0.020 7 0.021 17.0 1.1 26 0.14 033 | 0018 - 00022 -
16 0.009 0.35 L3L 1 0041 §ooes 196 128 27 Q.10 625 | 0.018 - - -
17 0010 0.80 LG | oS | 0026 162 118 26 013 (32 | 0010 | 0080 | 00056 | 00232
18 QL0035 .39 0o | 004 3 0017 171 159 37 008 044 | 0012 - - -
19 0.008 0.32 L47 | 00d8 | 0025 16.8 1.2 32 .14 030 | G015 - GOBLL 00015
20 (3,009 0.42 078 | 0025 | 0026 17.0 118 25 .11 022 | 0.035 | 0.006 | 0.0055 | 0.0285
21 0.010 (.33 1&2 | aaes | o0ne7 179 1 31 .10 (.21 | 0.018 - {44 | 0.0200
22 ¥ 0.000 0.06 125 | 0048 | 0023 135 Q7 32 0.12 025 | 0.018 - - -
23 % 0.007 0.65 L34} 0047 | 001 47 105 31 000 €44 1 0.029 1 0.021 | 00008 | 0.0006
248 .01 (.57 0He | O018 ¢ 0020 187 13 patl 0.14 @445 | 0o - (HALIS -
25 0.012 0.20 LG 0011 | 0008 1ed 1135 26 013 040 | 0.014 | D007 - 00005
26 *# 0.0 072 176§ 0.037 | 0.020 163 118 23 010 028 | 0.015 - - -
27 % 000 0.80 L8 § 0022 § 0013 152 104 26 [R10] 024 | 0.008 - - 0.0220
28 *# 0.008 .30 088§ 0.019 | 0018 152 1.2 2.1 Q09 628 | 0.015 | 0005 | 00020 -
20 ¥ D.OOY 0.51 131 | o8 | 00es 4.9 07 22 0.14 635 | 0.012 - - -
30 % 0005 051 DR | 001 | 0010 158 109 LS .10 G44 | 0.038 | 0.041 | 0.0009 | 0.0015
31 % 0.009 034 136 | Q006 ¢ 0005 ¢ 204 156 24% 012 G28 | 0.035 | 0.035 | 00052 0.0222
32 Q.01 0.70 1.53 1 0020 ¢ DS 180 125 26 0.H 030 | 0.014 | 0005 - O40012
33 0.015 0.79 LD 0010 §F D008 | 203 12 32 0.4 €33 | 0.015 - 00048 | 00032
34 % 0000 0.58 265 % 0.030 § 0007 188 16 25 012 042 1 0015 - - -
35 % 0014 105 LOG | oot oo 164 1. 27 0.08 022 10012 | 0067 | 00056 00290
36 0.008 0.55 145 1 0018 § 0.008 | 201 158 42 010 30 | 0015 - - -
374 N0 .29 LI& 1 0030 1 0.0m 185 154 35 022 029 | 0028 | 0.065 | 00060 | 00262
38 008 ¥ 0066 LE 1 ouas | oot 162 11.5 26 Q.12 G40 | 0011 | 0045 | 00049 | 0.0220
39 Q.01 0.30 L3% | Q038 § 0,012 17.3 125 36 Q.14 022 | 0.014 | 0055 | 0.0005 | 0.0042

* mddicates that eonditions do not satisfy those defined by the present invention,

[0056] Approximately 0.4 g of each of the aforementioned test samples was electrolyzed in a
10% acetylacetone-1% tetramethylammonium chloride-methanol electrolyte for which a current

value was 20 mA/cm?. Thereafter, the solution of the electrolyzed test sample was filtrated
using a 0.2 um filter, and the residue was subjected to acid decomposition using a mixed acid
consisting of sulfuric acid + phosphoric acid + nitric acid + perchloric acid. The residual amount
of Mo was then determined using an ICP emission spectrophotometer, and the solubility of Mo
was determined by deducting the residual amount of Mo from the Mo amount (ladle analysis
value) in the molten steel. The proportion of the dissolved amount (Moss/Mo) with respect to
the total amount of Mo was then calculated.

[0057] In addition, an R4 value defined by formula (ii) below, an L value defined by formula (iv)
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below, and an R, value defined by formula (vi) below were calculated based on the relation

with the chemical composition.
Ri=0.25Ni + 0.2Cr + (Mo x (Mogs/Mo))** . (i)

L=7.65n""®+9.5Pb"* +12.87n"%  ..(iv)

R:=Ri+(L-51)Y3 ..(vi

[0058] Next, for each of the aforementioned test samples, a test specimen for micro-structure
observation was extracted from an inner portion of the steel, and after polishing a cross-
section in the longitudinal direction using emery paper and a buff, etching was performed using
a mixed acid, after which the surface was observed using an optical microscope. The grain
size number of the observation surface was determined in accordance with a determination
method performed by a comparative method using the grain size standard view plate | defined
in ASTM E1 12. Note that the average grain size number of the aforementioned test specimen
for micro-structure observation was calculated by extracting 10 test samples at random from
the overall wall thickness of the steel, and then performing observation by optical microscope
with respect to the 10 visual fields, and calculating the average of the respective grain size
numbers that were obtained.

[0059] Further, a naphthenic acid corrosion test that is described hereinafter was performed,
and the corrosion rate (mm/y) was calculated. First, a portion was extracted from each test
sample, the surface of the portion was polished with #600 emery paper, and a corrosion test
specimen having a width of 10 mm, a thickness of 3 mm and a length of 30 mm was prepared.

[0060] Using an autoclave, each corrosion test specimen was immersed for 48 hours in crude
oil of inferior quality at 135 Pa and 350°C in a nitrogen (N) atmosphere. The crude oil of
inferior quality corresponded to total acid number 6 defined in ASTM D664-11 a. The corrosion
test specimen was taken out after 48 hours had elapsed. Note that, as the corrosion test
proceeded the acid in the crude oil of inferior quality was consumed and the TAN value
decreased, and therefore after the corrosion test specimen was immersed for 24 hours the
crude oil of inferior quality was completely exchanged for new crude oil of inferior quality by
utilizing a drainage outlet and an inlet port of the autoclave, and after the immersion test was
performed for a total of 48 hours the corrosion test specimen was taken out from the inside of
the autoclave.

[0061] Soot was firmly adhered to the corrosion test specimen after being taken out from the
inside of the autoclave. Therefore, after performing a blasting treatment using alumina for 5
seconds and removing firmly adhered soot, the remaining soot was subjected to pickling in a
citric acid ammonium solution at 100°C for 60 minutes and thereby removed from the
corrosion test specimen. Thereafter, ultrasonic cleaning using acetone was performed for 3
minutes. Next, the weight of the pre-test corrosion test specimen and the weight of the
corrosion test specimen after the aforementioned ultrasonic cleaning were each measured,
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and a difference between the measured weights was calculated as the corrosion loss. The
corrosion rate was then determined based on the surface area and specific gravity of the

corrosion test specimen and the test time period.

[0062] The results of these tests are shown collectively in Table 2. Note that, in the present
invention, the naphthenic acid corrosion resistance was evaluated as being excellent in a case
where the corrosion rate was not more than 1.50 mm/y.

[Table 2]

[0063]

Table 2
Heat treatment step | Hot working step | Final heal treatment step
test | stest Heat Hoal Ho finishing Fimalheat | Finalheat | o 1R, L2 [ Ry G‘_‘ai“ Corrosion
e, § No treatuon’ treatment! temperature tmatmﬂmb msﬁtmem Mo Lvalue | valus | value Wic B e
temperative . o femperature fanz namber § (mm/'y)
o) tims () (S =) (min)

1 1 1281 3 1020 jiecs] 3 099 11791 98 | 194 728 0.84

2 2 1319 3 - 1080 4 EOD § 1TSS 103 F 192 12 3.86

3 3 1242 8 960 1080 9 098 11601119 | 182 72 0.94

4 4 1286 B - L) 3 158 1331 91 147 R& 117

3 5 1298 3 1130 it 3 1O0 1 133 ] 28 | 149 7.6 1.19

B & 1302 2 1150 1080 3 098 ] 130121 | 154 78 121

7 7 1308 ] fe ) U8 3 100 220147} AT T 132

8 g 1282 148 1156 1080 3 099 ¢ 120 1103 | 138 7.0 1.33

8 & 263 8 1140 1080 3 100§ 116 | TA2 F 1Y 2 1.44

10 16 1311 8 1080 1680 4 100 4 115 ) 137 | 142 T4 1.41 Taventive
13 H 1288 8 - Lix ) 1 098 114 1319 | 137 8.5 141 example
12 12 1320 3 - 1030 3 LO0 1115 0109 | 13,4 g0 1.42

13 3 1330 8 1020 f080 3 058 111102 15 72 1.47

14 14 1250 3 1120 1680 3 .98 99 | o8 8.2 7.2 150

i5 15 1253 2 - 1030 6 1.98 11 38 9.6 74 1.47

16 16 1312 3 1114 pisk o] 3 LoD § 11.3 a0 2.6 72 142

17 17 1253 8 1140 LRt 3 098§ IRt | 140 | 131 74 1.47

18 18 1285 8 1120 1060 3 200 ¢ 141 00 124 8.0 1.39

19 19 1290 2 - 1080 & 099 11157 82 F1LO ] 7O 147

20 2 1203 16 O 1140 [ 0.98 4100 1206 | 125 66 1.46

21 pa) ne b - 1120 1RO 3 DI3F 06 | 90 | 1007 73 172

22 22K we ¥ e 10660 1080 B 0.88% 96 9.0 7.9 T4 177

3 23 ok - Q96 1080 8 081 % 94 a4 | 108 7.5 1.81

4 24 w i - 50 1080 3 DO2% 90 | 4.0 8.7 7.8 1.88

5 25 . - - 1050 4 D67 83 5.5 8.5 %2 2.03

6 26 % -t - 1130 1080 3 I RYERLE RS 7.0 2,09

e 27 wi e - 1080 4 071 % &1 4.8 3.0 69 216

8 28 % ot - 1080 1080 3 2.78% 79 | a6 | 84 7.2 218

it} 29 * Lt . 1000 1080 k4 077 A 18 a0 6.1 T4 2.24 . i
w | 304 Lt . 960 1080 3 08T 74 | 104 | 01 | 7.4 233 uf'f}wfm
31 31 4 1322 8 1020 1080 3 100 § 315 | 134 | 143 16 1.7 .
32 32 1260 8 1100 1080 5 D929 W3] 58 | 105 T4 1.85

33 33 1265 K 1130 1090 3 0.92% 116 1 8.1 | 126 73 1.73

RE] 34 ¥ 1296 1 970 1) 3 098 §1l4 ] 00 | 94 8.8 154

35 35 ¢ 1293 8 1090 3 0,99 1101 141 | 131 7.0 1.539

26 36 1350 7 - 101G 6 097% 156 | 00 | 139 96 1.70

7 37 1318 15 1150 1080 7 100 1371142 1 167 7.2 1.52

3§ 38 % 1333 8 1180 1090 3 100§ 11 135 | 129 2 1.57

g 39 1200 2 Q00 1080 3 09471 124 | 109 | 14.4 7.0 1.35

#indibates that eonditions do not satisfy those defined by the prasent Invention.

t.means a healing treatment to suppriss the segregation of Mo after hot forging,

f means that 2 heat treatment is not pefermed.

N 2CrEMox (Moge Mo L. (il
650" 59 5P 67607
SHLR DA )

(v}
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[0064] Referring to Table 1 and 2, in Test Nos. 1 to 20 which satisfied the requirements of the
chemical composition defined by the present invention and the formula Moss/Mo = 0.98, the
corrosion rate was not more than 1.50 mm/y, and it was possible to obtain the desired
naphthenic acid corrosion resistance.

[0065] Among the Test Nos. 1 to 20, it was confirmed that the corrosion rate tended to be high
in Test Nos. 14 to 20 in which one or more of the R4 value, the L value and the R, value did not

satisfy the preferable range defined by the present invention. In particular, it was confirmed
that the corrosion rate in Test No. 14 in which neither the Rq value, the L value nor the R

value satisfied the preferable range defined by the present invention was 1.50 mm/y which was
the highest corrosion rate among the test specimens satisfying the conditions defined by the
present invention.

[0066] It is considered that because the R4 value is determined by a formula that is composed

of elements that have a significant influence on naphthenic acid corrosion resistance, such as
Cr and Mo, there is a tendency for the corrosion rate to increase in a case where the R4 value

does not satisfy the preferable range. Further, it is considered that when the L value is higher
than the upper limit, the excess component, on the contrary, promotes intergranular corrosion,
and therefore an L value that is higher than the upper limit causes the corrosion rate to
increase.

[0067] On the other hand, in Test Nos. 21 to 39 that did not satisfy the conditions defined by
the present invention, the corrosion rate was more than 1.50 mm/y, and thus the result was
that the naphthenic acid corrosion resistance was inferior. In particular, in a case where the Mo
content was less than the lower limit value defined by the present invention, a case where the
heating temperature relating to diffusion of Mo was low, or a case where the heating time was
short, the corrosion rate was 1.70 mm/y or more as in Test Nos. 21 to 33 and Test No. 36, and
thus the result was that the corrosion resistance was inferior. It is considered that the reason
for this is that Mo has a particularly large influence on naphthenic acid corrosion resistance.

INDUSTRIAL APPLICABILITY

[0068] According to the present invention it is possible to obtain an austenitic stainless steel
that compatibly achieves both excellent naphthenic acid corrosion resistance and economic
efficiency without causing the steel to deteriorate. The austenitic stainless steel according to
the present invention is suitable for use as, for example, an austenitic stainless steel material
of pipes, a heating furnace, a distillation unit, a components inside unit, a pump and a heat
exchanger of a petroleum refining plant or the like. For example, the austenitic stainless steel
material is a steel pipe, a steel plate, a steel bar, a wire rod, a forged steel, a valve, a joint or a
welding consumable.
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Patentkrav

1. Austenitisk rustfrit stdl med en kemisk sammensaetning bestdende af, i

masseprocent,

10

15

20

C: 0,005 til 0,015%,

Si: 0,02 til 1,00%,

Mn: 0,02 til 2,00%,

P: 0,05% eller derunder,

S: 0,030% eller derunder,

Cr: 16,0% eller derover og mindre end 22,0%,
Ni: 11,0 til 16,0%,

Mo: 2,5 til 5,0%,

N: 0,07% eller derover og mindre end 0,15%,
Nb: 0,20 til 0,50%,

Al: 0,005 til 0,040%,

Sn: 0 til 0,080%,

Zn: 0 til 0,0060%,

Pb: 0 til 0,030%, og

rest: Fe og urenheder,

og opfyldende formel (i) nedenfor:

MossMo 20,88 . (i),
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2

hvor, Mo i formel (i) betegner et indhold (masse%) af Mo indeholdt i stalet,

og Moss betegner et Mo-indhold (masse%) der er oplgst i stalet,

hvor Moss er malt ved at elektrolysere en testprgve; underkaste resten for
syresgnderdeling; bestemme restmaengden af Mo under anvendelse af et

5 ICP-emissions-spektrofotometer; og bestemme oplgseligheden af Mo ved
at fraregne restmangden af Mo fra Mo-maengden i det smeltede stal i

henhold til kokille-analyseveerdien.

2. Austenitisk rustfrit stal ifglge krav 1, hvor:
i den kemiske sammensaetning, Ri-vaerdien defineret af formel (ii) nedenfor

10 opfylder formel (iii) nedenfor:
R: = 0,25 Ni + 0.2 Cr + (Mo x (Moss/Mo))' (i)
R: 2102 .. (i,
hvor, hvert symbol af et element i formel (ii) betegner et indhold (masse%) af det

tilsvarende element der er indeholdt i stdlet, og Moss betegner et Mo-indhold

15 (masse%) der er oplgst i stalet.

3. Austenitisk rustfrit stal ifglge krav 1, hvor:
den kemiske sammensaetning indeholder, i masse%, ét eller flere elementer valgt

fra:
20 Sn: 0,002 til 0,080%,
Zn: 0,0002 til 0,0060%, og
Pb: 0,0005 til 0,030%,

og en L-veerdi defineret af formel (iv) nedenfor opfylder formel (v)

nedenfor:
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L=788n%%+g5pPb*8+12827Znt2 | (iv)
1.8sL <139 vy,

hvor, hvert symbol af et element i formel (iv) betegner et indhold

(masse%) af det tilsvarende element der er indeholdt i stalet.

4. Austenitisk rustfrit stal ifglge krav 2, hvor:
5 den kemiske sammensaetning indeholder, i masse%, ét eller flere elementer valgt

fra:
Sn: 0,002 til 0,080%,
Zn: 0,0002 til 0,0060%, og
Pb: 0,0005 til 0,030%,

10 og en L-veerdi defineret af formel (iv) nedenfor opfylder formel (v)

nedenfor:

L=7865n%"®+95Pp%"® +1282Zn% . {v)

1,8<L =139 vy,

hvor, hvert symbol af et element i formel (iv) betegner et indhold

(masse%) af det tilsvarende element der er indeholdt i stalet.

15 5. Austenitisk rustfrit stal ifglge krav 4, hvor:
i den kemiske sammensaetning, Rz-vaerdien defineret af formel (vi) nedenfor

opfylder formel (vii) nedenfor:

Rz =Ry +(L~571)3 . {vi)

R22120 .. (vii)},

hvor, R1 i formel (vi) er en veaerdi defineret af formel (ii) ovenfor, og L i formel (vi)
20 er en veerdi defineret af formel (iv) ovenfor.
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6. Austenitisk rustfrit stal ifglge et hvilket som helst af kravene 1 krav 5, hvori det
austenitisk rustfrie stal har en stal-mikrostruktur i hvilken et kornstgrrelsestal ved
en indre del af stalet som defineret ved ASTM E1 12 er 7,0 eller derover og 9,5

eller derunder.

7. Austenitisk rustfrit stalmateriale der omfatter austenitisk rustfrit stal ifglge et
hvilket som helst af kravene 1 krav 6.

8. Austenitisk rustfrit stalrgr, austenitisk rustfri stalplade, austenitisk rustfri
stdlstang, eller austenitisk rustfri staltrad der omfatter austenitisk rustfrit stal
ifglge et hvilket som helst af kravene 1 krav 6.

9. Austenitisk rustfrit smedet stal der omfatter austenitisk rustfrit stal ifalge et
hvilket som helst af kravene 1 krav 6.

10. Austenitisk rustfri stalventil der omfatter austenitisk rustfrit stal ifglge et
hvilket som helst af kravene 1 krav 6.

11. Austenitisk rustfri stalsamling der omfatter austenitisk rustfrit stal ifglge et
hvilket som helst af kravene 1 krav 6.

12. Austenitisk rustfri svejsetilsaetning der omfatter austenitisk rustfrit stal ifglge
et hvilket som helst af kravene 1 til 6.

13. Fremgangsmade til fremstilling af et austenitisk rustfrit stal, omfattende:

et varmebehandlingstrin med at opvarme et stal med en kemisk
sammensaetning ifglge et hvilket som helst af kravene 1 krav 5i 8 timer
eller derover i et temperaturomrade pa mere end 1260°C til ikke mere end
1370°C;

et varmformningstrin med at underkaste stalet for varmformning saledes at

en slutbehandlingstemperatur er i et omrade pa 960 til 1150°C; og

et slutvarmebehandlingstrin med opvarmning af stdlet i 3 minutter eller

derover i et temperaturomrade pd 1000 til 1100°C.
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14. Fremgangsmaden til fremstilling af et austenitisk rustfrit stal ifglge krav 13,

yderligere omfattende:
et koldformningstrin til udfgrelse af koldformning, efter varmformningen, og far
slutvarmebehandlingen, under betingelser saledes at en fladereduktion er 30%

5 eller derover.
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