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DESCRIPTION

Title of Invention: HIGH-STRENGTH HEAVY-WALLED STAINLESS

STEEL SEAMLESS TUBE OR PIPE AND METHOD FOR MANUFACTURING THE
SAME
Technical Field
[0001]

The present invention relates to a high-strength heavy-
walled stainless steel seamless tube or pipe having high

strength and excellent low-temperature toughness, and a

method for manufacturing the same.
Background Art

[0002]

In recent years, from the viewpoint of high energy
prices of crude oil and the like and exhaustion of petroleum
due to an 1increase in global energy consumption volume,
energy resource developments have been actively conducted in
o1l fields with great depths (deep 0il fields) which had not
been searched, 1in o1l fields and gas fields at severe
corrosion environment, so-called at sour environment,
containing hydrogen sulfide and the like, and furthermore,
in o1l fields, gas fields and the like in far north at

severe meteorological environment. A steel tube or pipe
used at such environments 1s required to have high strength,
excellent corrosion resistance (sour resistance), and

furthermore, excellent low-temperature toughness in
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combination. In addition, the wall thickness of the steel

tube or pipe 1s changed from a small wall thickness to a

large wall thickness in accordance with specific uses.

10003]

In o1l fields and gas fields at environment containing
carbon dioxide gas CO;, chlorine ions Cl™ and the like, in

many cases, a 13% Cr martensitic stainless steel tube or

plipe has been employed for development drilling.

(0004 ]

However, the 13% Cr martensitic stainless steel tube or

plpe does not have sufficient corrosion resistance at sour

—

environment. Therefore, the use of duplex phase stainless

steel tube or pipe, in which the carbon content is reduced
and the amount of Cr and the amount of Ni are increased, has
been spread recently.

[0005]

For example, Patent Literature 1 describes a method for
manufacturing a high-strength stainless steel tube or pipe
for O1l Country Tubular Goods having excellent corrosion
resistance. According to the method described in Patent
Literature 1, the high-strength stainless steel tube or pipe

for 011 Country Tubular Goods having a microstructure
containing, on a volume fraction basis, 10% to 60% of
ferritic phase and the remainder composed of martensitic

—
p—

phase and a yield strength of 654 MPa or more can be
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obtained by heating a steel which has a chemical composition
containing, on a percent by mass basis, C: 0.005% to 0.050%,
Si: 0.05% to 0.50%, Mn: 0.20% to 1.80%, Cr: 15.5% to 18%,
Ni: 1.5% to 5%, Mo: 1% to 3.5%, V: 0.02% to 0.20%, N: 0.01%
to 0.15%, and O: 0.006% or less, where Cr + 0.65Ni + 0.6Mo +
0.55Cu - 20C 2 19.5 and Cr + Mo + 0.3Si1i - 43.5C - 0.4Mn - Ni

- 0.3Cu - 9N =2 11.5 (the symbol of elements in the formulae

refers to the content (percent by mass) of the respective

elements) are satisfied, performing pipe-making through hot

working, performing cooling after the pipe-making to room
temperature at a cooling rate larger than or equal to that
of air cooling to produce a seamless steel tube or pipe with
predetermined dimensions, reheating the resulting seamless
steel tube or pipe to a temperature of 850°C or higher,
performing cooling to 100°C or lower at a cooling rate
larger than or equal to that of air cooling, and performing
a quench-tempering treatment at a temperature of 700°C or

lower. According to Patent Literature 1, the resulting

steel tube or plpe has high strength, sufficient corrosion

resistance even at severe corrosive environment containing
CO;, and Cl at a high temperature up to 230°C, and excellent

toughness with absorbed energy of 50 J or more at -40°C.

[0006]

Meanwhile, an austenite-ferritic stainless steel

(hereafter may be referred to as a duplex phase stainless
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steel), such as 22% Cr steel and 25% Cr steel, have been

known previously. This duplex phase stainless steel has

peen used for manufacturing a stainless steel tube or pipe

for Oil Country Tubular Goods or the like used at severe
corroslve environment containing, in particular, a large
amount of hydrogen sulfide at a high temperature. As for
the above-described duplex phase stainless steel, various
types of high, about 21% to 28%, Cr based ultra low carbon
steel containing Mo, Ni, N and the like have been developed,

and SUS329J1, SUS329J3L, SUS329J04L and the like are

specified 1n JIS G 4303 to 4305 of Japanese Industrial

Standards.
(0007 ]

Large amounts of alloy elements are added to these
steels and, therefore, a ferritic phase is present in a

e

range of high temperature to room temperature without phase

transformation. Meanwhile, particularly in the case of a

heavy-walled stainless steel tube or pipe, this ferritic

hine

phase does not easily effectively accumulate strain during

hot working and a ferritic phase having coarse grains is
held at room temperature. The coarse ferritic phase

degrades the low-temperature toughness, as a matter of

=

course, and impailrs an effect of improving the yield

strength brought about by fine grains of the ferritic phase,

so that not only the toughness but also the strength is
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decreased at the same time.

[0008]

A high-strength stainless steel tube or pipe to solve

such problems 1s proposed in, for example, Patent Literature

2. The method described in Patent Literature 2 1s

characterized by producing an element tube or pipe for cold

working through hot working or hot working and solution heat
treatment of a duplex phase stainless steel having a
chemical composition containing, on a percent by mass basis,
C: 0.03% or less, Si: 1% or less, Mn: 0.1% to 4%, Cr: 20% to
355, Ni: 3% to 10%, Mo: 0% to 6%, W: 0% to 6%, Cu: 0% to 3%,
N: 0.15% to 0.60%, and the remainder composed of Fe and

incidental impurities, and thereafter, performing cold

rolling under the condition in which the processing rate Rd

in a final cold rolling step is within the range of 10% to

80%, 1n terms of reduction in area, and satisfies the
following formula (1).

Rd = exp{{1ln(MYS) - 1In(14.5 x Cr + 48.3 x Mo + 20.7 x W +

6.9 x N)}/0.195] (1)

In the formula (1), Rd: reduction in area (%), MYS: aimed

Vi

yleld strength (MPa), and Cr, Mo, W, and N: content o:

element (percent by mass) hold good.

[0009]

Accordilng to Patent Literature 2, a high-strength

duplex phase stainless steel seamless tube or pipe 1is
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obtalned by strictly controlling the proper chemical
composition and the cold processing rate.
[0010]

Also, for example, Patent Literature 3 proposes a

method for manufacturing a high-strength duplex phase

stainless steel, wherein after solution treatment of an

austenite-ferritic duplex phase stainless steel containing

Cu, cold rolling 1s performed at a reduction in area of 35%

or more, followed by heating to a temperature range of 800°C
to 1,150°C at a heating rate of 50°C/s or more, quenching,

warm working at 300°C to 700°C, and cold working again or

further performing an aging treatment at 450°C to 700°C. 1In
the method described in Patent Literature 3, the working and
the heat treatment are combined to make the steel
microstructure fine, so that even when cold working is
performed, the amount of processing thereof can be reduced
conslderably. Consequently, according to the high-strength
duplex phase stainless steel described in Patent Literature
3, degradation of corrosion resistance can be prevented.
Citation List

Patent Literature

[0011]

PTL 1: Japanese Unexamined Patent Application

Publication No. 2005-336595

PTL 2: Domestic Re-publication of PCT International
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Publication for Patent Application No. W02010/82395

PTL 3: Japanese Unexamined Patent Application

Publication No. Hei(07-207337

Summary of Invention
Technical Problem

10012]

Recently, a heavy-walled steel has been frequently used

as a base steel for a steel tube or pipe for 0il Country

Tubular Goods wlth great depths. In production of the

heavy-walled steel, as the wall thickness increases, it

becomes difficult to give predetermined processing strain to

P

the center of the wall thickness by the common hot working

method. Consequently, the microstructure of the wall
thickness central portion in the heavy-walled steel tends to
be coarsened. Therefore, the toughness of the wall
thickness central portion in a heavy-walled steel is

degraded easlly as compared with that of a light-walled

steel.
[0013]

Patent Literatures 1 and 2 refer only to steels having
a wall thicknesses of 12.7 mm at the most, and therefore,
heavy-walled steels having a wall thickness of 12.7 mm or
more are not studied. In particular, in Patent Literatures
L and 2, improvement of characteristics of the heavy-walled

steel, 1n particular, improvement of the low-temperature
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toughness 1s not studied.

[0014]

Meanwhile, in Patent Literature 2, the processing rate

.

1n terms of reduction in area has to be specified to be

large and, therefore, a large amount of plant and equipment

investment in a powerful cold working apparatus to work a
high-strength duplex phase stainless steel having high
deformation resistance is required.

[0015]

Also, 1in the method described in Patent Literature 3,
degradation of corrosion resistance at, in particular, high
temperature and wet environment due to an increase in the
processing rate of the cold working is pointed out and it is
mentioned that enhancement in strength by making the
microstructure fine and optimizing the shape and the amount

of precipitates and reduction in processing rate of the cold

working are effective in improvement of corrosion resistance.
The method descrilbed in Patent Literature 3 requires a
plurality of heat treatments including a solution heat

treatment and a heat treatment after the cold working,

therefore the manufacturing step becomes complicated, and

the productivity 1s reduced. In addition, usage of energy
lncreases, resulting in an increase in production cost.

Also, there is a problem that flaws by working are generated

in warm working at 300°C to 700°C.
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[0016]

Meanwhile, grain growth of ferrite grains during
holding at high temperatures is fast and grain coarsening
occurs easlly because of growth of crystal grains at an
initial stage and crystal grains would be divided by hot
working. In particular, the wall thickness central portion
of the heavy-walled steel 1s not given with strain easily.
Therefore, ferrite grains cannot be divided and coarsening

of ferrite grains occur during a short time holding at high

temperatures and cooliling after hot rolling. Connected

coarse ferrite grains serve as a propagation path of crack

and, thereby, the toughness of a steel slab rolled at high
temperatures and the wall thickness central portion (low-

stralin portion) of the heavy-walled steel, where the

proportion of ferritic phase is large, is degraded.

—

Coarsening of ferrite grains has an influence on the

strength as well and, 1n particular, the yield strength is

reduced. Consequently, predetermined characteristics are

not obtained unless the hot rolling condition and the

temperature control i1n the heat treatment thereafter are
optimized.
[0017]

In consideration of such circumstances of the related

arts, 1t 1s an object of the present invention to provide a

high-strength heavy-walled stainless steel seamless tube or
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pipe with a wall thickness central portion having excellent

yield strength and low-temperature toughness and a method

for manufacturing the same.
Solution to Problem
[0018]

In order to achileve the above-described object, the
present 1nventors initilally conducted intensive examination
on various factors affecting the toughness of the wall
thickness central portion of a heavy-walled stainless steel
tube or pipe serving as a high-strength heavy-walled

stainless steel seamless tube or pipe. As a result, it was

found to be effective in solving the above-described issues
that as for ferrite grains dispersed in the steel

microstructure, even when grains were equally ferrite grains,
the grains were assumed to be different from each other in

the case where the crystal misorientation was 15° or more,

and the ferrite grains were made fine.

[0019]

Then, further research was conducted and morphology for

making ferrite grains of a heavy-walled stainless steel tube

or pipe fine was examined. As a result, it was found that

the low-temperature toughness and the yield strength were

able to be considerably improved by adjusting the maximum

area of the ferrite grains and the content of ferrite grains

having a predetermined area or less, where the grains were
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assumed to be different from each other in the case where

the crystal misorientation was 15° or more. In this regard,

the crystal orientations of ferrite grains can be

discriminated on the basis of EBSD (electron backscatter
diffraction) or the 1like.
[0020]

Also, most of the steel microstructure of a steel
containing Cr: 15.5% to 18.0% becomes ferritic phase by
being heated to 1,100°C to 1,350°C. The above-described

ferritic phase is transformed to an austenitic phase in the

process in which the steel heated to 1,100°C to 1,350°C is

cooled to 700°C to 1,200°C that is a hot working temperature.

The ferrite grains are made fine and the the low-temperature
toughness and the yield strength are improved by
understanding this transformation behavior, performing
rolling under the condition to obtain a predetermined phase
fraction, and performing a heat treatment thereafter.

[0021]

Also, the 1mprovement of the low-temperature toughness

and the strength can be realized by lowering the working
temperature to brought about a state in which 35% or more of
austenitlc phase 1s present during hot working and, thereby,
concentrating strain on the ferritic phase having relatively
low strength during hot working to make the ferrite grains

fine.
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(0022]

The present invention has been made on the basis of the
above-described findings and specifically provides the
following.

[0023]

[1] A high-strength heavy-walled stainless steel
seamless tube or pipe with excellent low-temperature
toughness, characterized by having a chemical composition
contalning, on a percent by mass basis, Cr: 15.5% to 18.0%
and a steel microstructure containing a ferritic phase and a
martensitic phase, wherein the maximum value of the areas of
the ferrite grains in the steel microstructures in a

circumferential direction cross-section and an L direction

(rolling direction) cross-section of the steel tube or pipe

° or less and the content of ferrite grains

1s 3,000 pm
having areas of 800 um® or less is 50% or more on an area
fraction basis, where when adjacent ferrite grains are

present i1n the above-described steel microstructure and the

crystal misorientation between one ferrite grain and the

other ferrite grain is 15° or more, the above-described

p—

adjacent grains are assumed to be grains different from each

other.
(0024]

[2] The high-strength heavy-walled stainless steel

seamless tube or pipe according to [1l], characterized in
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that the chemical composition further contains, on a
percent by mass basilis, C: 0.050% or less, Si: 1.00% or less,
Mn: 0.20% to 1.80%, Ni: 1.5% to 5.0%, Mo: 1.0% to 3.5%, V:
0.02% to 0.20%, N: 0.01% to 0.15%, O: 0.006% or less, and
the remainder composed of Fe and incidental impurities.
[0025]

[3] The high-strength heavy-walled stainless steel
seamless tube or pipe according to [2], characterized in
that the chemical composition further contains at least one
group selected from Group A to Group D below.

[0026]

Group A: Al: 0.002% to 0.050%

Group B: at least one selected from Cu: 3.5% or less,
W: 3.5% or less, and REM: 0.3% or less

Group C: at least one selected from Nb: 0.2% or less,
Ti: 0.3% or less, and Zr: 0.2% or less

Group D: at least one selected from Ca: 0.01% or less
and B: 0.01% or less

10027]

(4] The high-strength heavy-walled stainless steel
seamless tube or pipe according to any one of [1] to [3],
characterized in that the maximum value of the areas of the
ferrite grains in the steel microstructures in a
circumferential direction cross-section and an L direction

(rolling directilion) cross-section of the steel tube or pipe
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'

'

is 3,000 um® or less and the content of ferrite gralns

having areas of 800 um® or less is 50% or more on an area

fraction basis.
[0028]

15] A method for manufacturing a high-strength heavy-
walled stainless steel seamless tube or pipe, characterized

by including the steps of heating a steel, performing

plercing the steel to produce a hollow base steel, and

subjecting the hollow base steel to elongating rolling,

whereln the hot working temperature of the above-described
elongating rolling is 700°C to 1,200°C, and the steel
microstructure of the above-described hollow base steel at
the above-described hot working temperature contains 35% or
more of austenite on an area fraction basis.

Advantageous Effects of Invention

[0029]

According to the present invention, the high-strength
heavy-walled stainless steel seamless tube or pipe with
excellent low-temperature toughness can be produced easily
and, therefore, an industrially considerable effect is
exerted. Also, according to the present invention, ferrite

grains of the ferritic phase in the steel microstructure of

the high-strength heavy-walled stainless steel seamless tube

or plpe can be made fine up to the wall thickness central

portion and, therefore, there is an effect that the low-
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temperature toughness and the yield strength of even a

heavy-walled stainless steel tube or pipe, which is not

easlily made fine through accumulation of strain, are

improved.

Description of Embodiments
[0030]

The embodliments according to the present invention will
be described below. In this regard, the present invention

1s not limited to the following embodiments. Also, in the

following description, the term "%" representing the content

of each element refers to "percent by mass" unless otherwise

specified.
[0031]
The chemical composition of the high-strength heavy-

walled stainless steel seamless tube or pipe (hereafter may

be simply referred to as "steel tube or pipe") only needs to

be a chemical composition containing Cr: 15.5% to 18.0%.

[0032]

Cr: 15.5% to 18.0%

Chromium 1s an element which has a function of forming
a protective film to improve the corrosion resistance and,
1n addition, which forms a solid solution to enhance the
strength of steel. In order to obtain such effects, it is
necessary that the Cr content be 15.5% or more. On the

other hand, 1f the Cr content is more than 18.0%, the
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strength 1s reduced. Consequently, the Cr content is
limited to 15.5% to 18.0%. In this regard, 15.5% to 18.0%
1s preferable.

[0033]

The present 1nvention 1s an invention to solve the
problems i1included in the Cr-containing steel which has been
previously used as a base steel for heavy-walled stainless
steel seamless tube or pipe for 0il Country Tubular Goods
and 1s characterized in that the state of ferrite grains in
the steel microstructure of the Cr-containing steel is
adjusted. Therefore, 1n the chemical composition, only Cr

1s specified and other elements are not particularly

specifiled.
(0034 ]

As described above, other elements are not specifically
limited, although the chemical composition of the heavy-
walled stainless steel seamless tube or pipe according to
the present 1nvention 1s preferably a chemical composition
further containing, on a percent by mass basis, C: 0.050% or
less, Si1i: 1.00% or less, Mn: 0.20% to 1.80%, Ni: 1.5% to
>.0%, Mo: 1.0% to 3.5%, V: 0.02% to 0.20%, N: 0.01% to 0.15%,
O: 0.006% or less, and the remainder composed of Fe and
incldental impurities.

[0035]

C: 0.050% or less
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Carbon 1s an 1mportant element related to the strength
of martensitic stainless steel. In the present invention,

in order to ensure predetermined strength, it is desirable

that the C content be specified to be 0.005% or more. On
the other hand, 1f the C content is more than 0.050%,

sensitization due to contained Ni during tempering may

increase. Meanwhile, from the viewpoint of the corrosion
resistance, 1t 1s desirable that the C content be small.
Consequently, the C content 1s preferably 0.050% or less.
In this regard, 0.030% to 0.050% is more preferable.

[0036]

Si: 1.00% or less

Silicon 1s an element to function as a deoxidizing

agent. In order to obtain an effect of the deoxidizing

agent, 1t 1s desirable that the Si content be specified to
be 0.05% or more. On the other hand, i1f the Si content is
more than 1.00%, the corrosion resistance 1is degraded and,

furthermore, the hot workability may be degraded.

Consequently, the Si content is preferably 1.00% or less,
and more preferably 0.10% to 0.30%.
[0037]

Mn: 0.20% to 1.80%
Manganese 1s an element having a function of enhancing
the strength. In order to obtain this effect, it is

desirable that the Mn content be specified to be 0.20% or
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more. On the other hand, 1f the Mn content is more than

e toughness may be adversely affected.

’_l
O
O
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Consequently, the Mn content 1s preferably 0.20% to 1.80%,
and more preferably 0.20% to 1.00%.

[0038]
Ni: 1.5% to 5.0%
Nickel 1s an element having a function of strengthening

a protective film to enhance the corrosion resistance. Also,

N1 1s an element which forms a solid solution to enhance the
strength of steel and, i1n addition, improve the toughness.

In order to obtain such effects, 1t is preferable that the

N1 content be specified to be 1.5% or more. On the other

hand, 1f the Ni content is more than 5.0%, the stability of
martensitic phase 1s degraded and the strength may be
reduced. Consequently, the N1 content is preferably 1.5% to
5.0%, and more preferably 2.5% to 4.5%.

[0039]

Mo: 1.0% to 3.5%

Molybdenum 1s an element to enhance the pitting

corrosion resistance due to Cl . In order to obtain such an

effect, 1t 1s desirable that the Mo content is 1.0% or more.

On the other hand, 1f the Mo content is more than 3.5%, the
steel cost may 1lncrease. Consequently, the Mo content is

preferably 3.5% or less, and more preferably 2.0% to 3.5%.

[0040]
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V: 0.02% to 0.20%

Vanadium 1s an element to enhance the strength and, in
addition, improve the corrosion resistance. In order to
obtaln these effects, it 1s preferable that the V content be

specified to be 0.02% or more. On the other hand, if the V

content i1s more than 0.203%, the toughness may be degraded.
Consequently, the V content 1s preferably 0.02% to 0.20%,
and more preferably 0.02% to 0.08%.

[0041]

N: 0.01% to 0.15%

Nitrogen 1s an element to improve the pitting corrosion

reslistance considerably. In order to obtain this effect, it

1s preferable that the N content be specified to be 0.01% or

g~

more. On the other hand, 1f the N content is more than

0.15%, various nitrides are formed and the toughness may be

degraded. The N content 1s more preferably 0.02% to 0.08%.

(0042 ]
O: 0.000% or less

Oxygen 1s present as oxides 1n the steel and adversely

affects various characteristics. Consequently, it is

desirable that the O content be minimized. In particular,

p—

1f the O content i1s more than 0.006%, the hot workability,

the toughness, and the corrosion resistance may be degraded

significantly. Therefore, the O content is preferably

0.006% or less.
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[0043]

In addition to the above-described elem

one group selected from Group A to Group

be contained.

Group A: Al: 0.002% to 0.050%

Group B: at least one selected from Cu:
W: 3.5% or less, and REM: 0.3% or less
Group C: at least one selected from Nb:

Ti: 0.3% or less, and Zr: 0.2% or less

Group D: at least one selected from Ca:
and B: 0.01% or less

ents,

D below can

at least

further

3.5% or less,

0.2% or less,

0.01% or less

The elements of Group A to Group D will be described

below.
(0044 ]

Group A: Al: 0.002% to 0.050%

Al may be utllized as an element which functions as a

deoxi1dlzlng agent.

deoxidilzing agent,

In the case of utilization as a

the Al content 1s specified to be

preferably 0.002% or more.

—

If the Al content is more than

0.050%, the toughness may be adversely affected.

Consequently,

to Al:
1s not added, Al:
incidental impurity.

[0045]

0.050% or less 1s preferable.

less than 0.002%

in the case where Al is contained, limitation

In the case where Al

1s allowed as an
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Group B: at least one selected from Cu: 3.5% or less,

W: 3.5% or less, and REM: 0.3% or less

Group B: Cu, W, and REM strengthen a protective film,

suppress permeation of hydrogen into steel, and enhance the
sulfide stress corrosion cracking resistance. Such effects

are consliderable 1n the case where Cu: 0.5% or more, W: 0.5%

or more, or REM: 0.001% or more 1s contained. However, if
Cu: more than 3.5%, W: more than 3.5%, or REM: more than
0.3% 1s contained, the toughness may be degraded.

Consequently, 1n the case where the elements described in

Group B are contailned, limitation to Cu: 3.5% or less, W:

3.95% or less, and REM: 0.3% or less is preferable. In this

regard, Cu: 0.8% to 1.2%, W: 0.8% to 1.2%, and REM: 0.001%

to 0.010% are more preferable.

10040]

Group C: at least one selected from Nb: 0.2% or less,

Ti: 0.3% or less, and Zr: 0.2% or less

All Nb, Ti, and Zr are elements to enhance the strength.
The chemical composition of the high-strength heavy-walled

stainless steel seamless tube or pipe according to the

present invention may contain these elements, as necessary.

@)

such an effect 1s observed in the case where Nb: 0.03% or
more, Ti: 0.03% or more, or Zr: 0.03% or more is contained.
On the other hand, 1f Nb: more than 0.2%, Ti: more than 0.3%,

or Zr: more than 0.2% i1s contained, the toughness is
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degraded. Consequently, limitation to Nb: 0.2% or less, Ti:
0.3% or less, and Zr: 0.2% or less is preferable.

[0047]

Group D: at least one selected from Ca: 0.01% or less

and B: 0.01% or less

g

Ca and B have a function of improving the hot

workabillity during multiphase region rolling to suppress
product flaws, and at least one of them can be contained, as

necessary. Such an effect 1s considerable in the case where

Ca: 0.0005% or more or B: 0.0005% or more is contained. If
Ca: more than 0.01% or B: 0.01% or more is contained, the
corrosion resistance 1is degraded. Consequently, in the case

where they are contained, limitation to Ca: 0.01% or less

and B: 0.01% or less 1s preferable.
[0048]
The remainder other than the above-described elements
1s composed of Fe and incidental impurities. 1In this regard,

as for the 1ncidental impurities, P: 0.03% or less and S:

0.005% or less are allowable.

[0049]
Next, the steel microstructure of the high-strength

heavy-walled stainless steel seamless tube or pipe according
to the present invention will be described. The steel
microstructure of the steel tube or pipe according to the

present i1nvention contains a martensitic phase and a
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ferritic phase. Also, an austenitic phase may be contained.
[0050]

The content of martensitic phase is preferably 50% or
more, on an area fractlon basis, to realize high strength.
As described below, i1t 1s preferable that 20% or more of
ferritic phase, on an area fraction basis, be contained
pbesides the martensitic phase. Therefore, in order to

contain 20% or more of ferritic phase, on an area fraction

basls, the content of martensitic phase is preferably 80% or

less on an area fraction basis.

[0051]

Meanwhile, as described later, the ferritic phase is an

1mportant phase to allow the steel tube or pipe to exhibit

excellent low-temperature toughness and corrosion resistance.
In the present invention, the content thereof is preferably
20% or more on an area fraction basis, and more preferably
25% or more. Also, it 1s preferable that 50% or more of

martensitic phase, on an area fraction basis, be contained
to realize high strength and, therefore, the content of

ferritic phase is preferably 50% or less.

[0052]

An austenitic phase may be contained besides the
ferritic phase and the martensitic phase. If the content of
austenitic phase is excessive, the strength of steel is

reduced. Therefore, the content of austenitic phase is
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preferably 15% or less on an area fraction basis.
[0053]

Then, the ferritic phase will be further described. The
ferritic phase in the steel microstructure of the steel tube
Or plpe according to the present invention is distributed in

the shape of a belt and the shape of a network in the steel

microstructure. In the present invention, it is considered

that a belt-shaped ferritic phase is formed from ferrite
gralns, where when adjacent ferrite grains are present in
the steel microstructure and the crystal misorientation
between one ferrite grain and the other ferrite grain is 15°

or more, the above-described adjacent grains are assumed to

be grains different from each other. On the basis of this
consideration, the steel tube or pipe according to the
present 1nvention 1s allowed to have high strength and
exhibit excellent low-temperature toughness and corrosion
resistance by satisfying Condition 1 and Condition 2

described below. In this regard, the ferrite grains may be

in the state of any one of being surrounded by ferrite
grains exhibiting crystal misorientation of 15° or more,
being surrounded by other phases (martensitic phase and
austenitic phase), and being surrounded by ferrite grains
exhibiting crystal misorientation of 15° or more and other

phases.

(Condition 1) The maximum value of the areas of the ferrite
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gralns 1n the steel microstructures 1n a circumferential

direction cross-section and an L direction (rolling

direction) cross-section of the steel tube or pipe is 3,000

um° or less.

(Condition 2) The content of ferrite grains having areas of
800 pum® or less is 50% or more, on an area fraction basis,
in a circumferential direction cross-section and an L

P

direction (rolling direction) cross-section of the steel

tube or pipe.

(0054 ]

With respect to Condition 1, the fact that the maximum

value of the areas of the ferrite grains in the steel

microstructures in a circumferential direction cross-section

and an L direction (rolling direction) cross-section of the
steel tube or pipe is more than 3,000 um® refers to that

unusually grown ferritic grains are present in the steel

microstructure. If the unusually grown ferrite grains are

present, the low-temperature toughness 1s reduced extremely.

An occurrence of unevenness 1n the property of a product,
for example, partial reduction in the low-temperature
toughness value, 1s not favorable. Consequently, the
maximum value of the areas of the ferrite grains in the
steel microstructures in a circumferential direction cross-

section and an L direction (rolling direction) cross-section

of the steel tube or pipe is specified to be 3,000 um® or
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less, preferably 1,000 um® or less, and more preferably 200
pm@ or less.
[0055]

With respect to Condition 2, reduction in the low-

temperature toughness value and the yield strength can be

suppressed by specifying the content of ferrite grains

—

having areas of 800 um®° or less to be 50% or more, on an

area fraction basis, 1n a circumferential direction cross-

section and an L direction (rolling direction) cross-section

of the steel tube or pipe. Preferably, the content of
ferrite grains having areas of 400 um® or less is 50% or
more, on an area fraction basis, and more preferably, the

—

content of ferrite grains having areas of 100 um® or less is

80% or more on an area fraction basis.

[0056]

In the present invention, 1t i1s preferable that

Condition 1 and Condition 2 are satisfied in both

microstructures 1n a circumferential direction cross-section

and an L dilrection (rolling direction) cross-section of the

steel tube or pipe. The ferritic phase remains from the

stage at a high temperature of furnace-equivalent

temperature to the stage of a product and fragmentation due
to transformation and recrystallization does not occur
easily. Consequently, the grain shape exhibits anisotropy

easlly on the basis of the direction of strain during hot
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rolling 1n the ferritic phase. Anisotropy occurs in the

ferritic phase because of a difference in rolling system in
production of the heavy-walled stainless steel seamless tube
or plpe, and anisotropy occurs in the low-temperature
toughness value of the microstructure in which most of
ferrite grains have grown in some direction. An occurrence
of anisotropy in the characteristics is not favorable
because poorer-than-predetermined characteristics may be
exhlbited depending on the direction of the load applied in

p—

the use of the product. In the case where i1t is ascertained

that Condition 1 and Condition 2 are satisfied i1in both the

clrcumferential direction cross—-section and the L direction

(rolling direction) cross-section of the steel tube or pipe,

the anisotropy can be rated as small. In this regard, a

method 1n which ferrite grain is three-dimensionally
observed and the anilisotropy 1s evaluated on the basis of the
volume of the grain may be employed but is not performed

easlly because the measurement requires much expense in time

et

and effort. Therefore, observation of the above-described

two cross-sections 1s simple and favorable. Here, the
cross—-section refers to a circumferential direction cross-

section and an L direction (rolling direction) cross-section

which can be observed in the wall thickness central portion

at the center in the rolling direction of the steel tube or

plpe.
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[0057]

Meanwhile, the steel microstructure of the steel tube
or plpe accordling to the present invention is measured by
the following method. The ferritic phase fraction is

determined with an optical microscope and an electron

scanning microscope. Also, the austenitic phase fraction
can be measured with an X-ray diffractometer. Also, the
martensitic phase fraction can be determined by subtracting

the ferritic phase fraction and the austenitic phase

fraction from 100%. Also, the crystal misorientation in the

ferritic phase can be measured on the basis of EBSD. In

this regard, 1n the case where separation of the ferritic

phase from the martensitic phase 1n steel i1s difficult

because of being the same body-centered cubic structure,

only the ferritic phase can be extracted by performing SEM-

EDX (scanning electron microscope-energy dispersive X-ray
spectrometry) or EPMA (electron probe micro analysis)
measurement 1n the same field of view in advance and
examining element partition of ferritic phase formation
elements and austenitic phase formation elements. Also, a
method i1n which ferrite grains are individually selected on

the basis of the results of EBSD may be employed. In the

EBSD measurement, after sample preparation is performed by
electrochemical polishing, adjustment is performed in such a

way that a sufficient number of ferrite grains can be
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measured 1n the same field of view at the magnification of

500 times to 2,000 times. A field of view of 100 x 100 um or
more at the minimum, and if possible 1,000 x 1,000 um, is

ensured and the microstructure is observed. The distance

N

between measurement points in crystal orientation
measurement by EBSD 1s adjusted in such a way that the
distance does not excessively increase and the distance is

specified to be 0.5 pum at the minimum, and preferably 0.3 um

or less 1n order to reduce errors in analysis of the ferrite

gralin area after the measurement. The measurement is
performed at a high magnification and the field of view is
limited. Therefore, it is favorable that at least 10 to 15

fields of view are observed in the vicinity of the wall

thickness central portion and the maximum ferrite grain area

and the grain area distribution are examined.
[0058]

The above-described high-strength heavy-walled
stalnless steel seamless tube or pipe according to the
present i1nvention has yield strength of 654 MPa or more and

excellent low-temperature toughness of absorbed energy of 50

J or more at a test temperature of -10°C in Charpy impact
Ctest at the wall thickness center position. Also, the high-
strength heavy-walled stailnless steel seamless tube or pipe
according to the present invention exhibits excellent

corrosion resistance on the basis of the above-described
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chemical composition.

[0059]

Also, the wall thickness of the high-strength heavy-
walled stainless steel seamless tube or pipe according to

the present invention 1s 12.7 mm or more and less than 100

Tt

[0060]

Next, a method for manufacturing the high-strength
heavy-walled stalnless steel seamless tube or pipe according
to the present invention will be described. The high-
strength heavy-walled stainless steel seamless tube or pipe
according to the present 1nvention can be manufactured by

preparing a steel having the above-described chemical

composition, heating the steel, cooling the heated steel to
a predetermined working temperature, and hot-working the

cooled steel. The manufacturing method will be described

below more specifically. In the following description, the

temperature refers to a wall thickness center temperature

unless otherwlise specified. In this regard, the temperature

may be measured by embedding a thermocouple into the inside

of the steel or may be calculated by heat transfer

gr—

calculation on the basis of results of the surface

temperature measurement with other noncontact thermometer.

0061 ]

The method for preparing the above-described steel is
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not necessarily specifically limited. Preferably, a molten

steel having the above-described chemical composition 1is
produced by using a common smelting furnace, e.g., a
converter or an electric furnace, and 1s cast into a slab
(round cast slab) by a common casting process, e.g., a
continuous casting process, so as to be used as the steel.
In this regard, the cast slab may be hot-rolled into a steel
slab having a predetermined dimension, so as to be used as
the steel. Also, no problem occurs i1n the case where a
steel slab 1s prepared by an ingot-making and blooming
method, so as to be used as the steel.
[0062]

The heating temperature of the above-described steel

before hot working 1s not specifically limited. The heating

temperature may be set appropriately from the viewpoint of

avoliding deformation due to self weight. In the case where

plercing 1s performed as hot working, the heating

temperature is specified to be more preferably 1,100°C to

1,300°C. Also, the heating method is not specifically
limited and, for example, a method in which the steel is put

into a heating furnace is mentioned.

[0063]

Hot working 1is performed after the above-described

heating or after cooling to a working temperature (working

temperature 1n hot working performed thereafter), following
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the above-described heating.
[0064]

To begin with, the detail of hot working will be
described. A hot rolling process in production of the
heavy-walled stalnless steel seamless tube or pipe includes
plercing to make the steel into a hollow base steel and

elongating rolling (rolling to reduce the wall thickness and

expand the tube (wall thickness reduction-tube expansion

rolling) and regular rolling). A mandrel mill, an elongater,
and a plug mill can be used for the wall thickness
reduction-tube expansion rolling and a sizer, a leeler, and

a stretch reducing mill can be used for the regular rolling.

All rolling mills are used without problem.

[0065]

In production of the steel tube or pipe according to
the present 1nvention, hot working i1is performed in a
temperature range (hot working temperature) of 700°C to
1,200°C and, in addition, the hot working temperature has to
pbe adjusted 1n such a way that at least 35 area percent of
austenitic phase fraction is obtained. As described above,

the hot working temperature i1s important for adjusting the

phase fractlion and giving required strain to the ferritic
phase. However, lowering of the temperature to wait
austenitic phase transformation in the piercing is not

favorable from the viewpoint of increase in rolling load and
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degradation of the hot workability. Consequently, the
adjustment of the hot working temperature described below is
preferably performed by wall thickness reduction-tube
expansion rolling or reqular rolling, and is more preferably
performed by regular rolling.

[0066]

Incidentally, the steel microstructure of the steel
tube or pipe according to the present invention becomes a
microstructure, 1n which a ferritic phase makes up the
greater part, after being heated to 1,100°C to 1,300°C, and
the steel microstructure of the above-described steel after

the heating primarily contains the ferritic phase.

Thereafter, cooling to a hot working temperature range of

700°C to 1,200°C is performed and, thereby, part of ferritic

phase 1n the steel microstructure is transformed to an
austenitic phase. Subsequently, when cooling to room

temperature 1s performed, at least part of the austenitic

phase transformed from the ferritic phase becomes a ferrite-
martensitic (retalned austenitic phase may be included)

microstructure through martensite transformation. The

ferritic phase left without being transformed to the

austenitic phase remains after cooling. Meanwhile, if the

hot working temperature is lowered, the fraction of
austenitic phase in the total phase increases and the

fraction of ferritic phase in the total phase decrease
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relatively. Also, 1in ferrite-austenite duplex phase region

rolling, strain can be selectively concentrated on the

ferritic phase having relatively low warm strength. Most of

or all the other austenitic phase.undergoes martensite
transformation during cooling to room temperature, so as to
become a microstructure containing many dislocations and
have high strength and high toughness. Therefore, a large

P
p—

amount of strain i1s not required. That is, as described

abcove, 1t 1s important for improving the low-temperature
toughness and the yileld strength to make ferrite grains fine.

Therefore, 1t 1s important to give the strain in a

temperature range, 1n which the ferritic phase fraction is

reduced, and give the strain to the ferritic phase

selectively to make ferrite grains fine.
[0067]

As described above, the fraction of the austenitic
phase 1n the total phase when the strain is given by hot
working 1is 1mportant to obtain predetermined characteristics.
Specifically, 1t 1s preferable that the strain be given in
the temperature range in which the ferritic phase fraction
1s reduced. Consequently, it is preferable that the
austenlitic phase fraction in the hot working is examined in

advance before manufacturing and the working temperature is

determined on the basis of this examination result. The

examination can be performed by the following method.
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[0068]

A small sample of a steel having a predetermined
chemical composition is prepared. After heating to a
furnace-equivalent temperature is performed, cooling to

1,200°C to 700°C corresponding to the hot working

temperature is performed at a cooling rate (0.2°C/s to

1.5°C/s on a wall thickness center temperature basis)

corresponding to standing to cool in manufacturing of the

product. Subsequently, the microstructure is frozen by

quenching and after mirror polishing, corrosion with a
Villera reagent (picric acid 1 g, hydrochloric acid 5 ml,

ethanol 100 ml) 1is performed. The ferritic phase fraction

1s measured, the ferritic phase fraction (%) is subtracted

from the total microstructure which is assumed to be 100%,

and the remaining fraction (%) is specified to be the

austenitic phase fraction at hot working temperature.

(0069]

As described above, in order to selectively give the
strain to the ferritic phase and make grains fine, it 1is
necessary that hot working be performed while the hot
working temperature is lowered until at least 35 area

percent of austenitic phase is obtained in the above-

described manner.

[0070]

In addition, after the hot working is performed,
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quenching, quenching and tempering, or a solution heat

treatment 1s performed as a heat treatment in a duplex phase

region of austenite and ferrite. Grain growth proceeds by

-

holding at a high temperature of 1,150°C or higher. However,

the heat treatment here is performed at lower than 1,150°C

and, therefore, control at a temperature, at which recovery
of grain growth along with an increase in the ferritic phase
fraction 1s not facilitated, can be performed in this heat

treatment, so that the ferrite grains which have been made

fine are maintained at the stage of product and high low-

temperature toughness and yield strength can be obtained.

EXAMPLES
[0071]

Molten steels having the chemical compositions shown in
Table 1 were prepared by a converter, cast into slabs (slab
thickness: 260 mm) by a continuous casting process, and made
1nto steels having a diameter of 230 mm by caliber rolling.
These steels were put into a heating furnace and were heated
to 1,250°C. Thereafter, hollow base steels were produced by
uslng a plercing apparatus. Subsequently, heavy-walled
stainless steel seamless tubes or pipes were obtained by
performing elongating rolling and cooling, where the hot

working temperature 1n the regular rolling apparatus for

elongating rolling was specified to be a temperature shown

1n Table 2. In this regard, in the production, the
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accumulated reduction 1n area was specified to be 70% and
the final wall thickness was specified to be 16 mm. Also,
Table 2 shows the content of the austenitic phase (y
fraction) at the hot working temperature.

[0072]

The resulting heavy-walled stainless steel seamless
tubes or plpes were subjected to a quenching and tempering
treatment at a quenching temperature (Ql) and a tempering
temperature (Tl) shown 1n Table 2.

[0073]

Also, a test piece was taken from each heavy-walled
stainless steel seamless tube or pipe after the heat
treatment to observe the microstructures in the
clircumferential direction and the longitudinal direction
from the wall thickness central portion of the heavy-walled

stainless steel seamless tube or pipe, and the phase

fraction and the ferrite grain area were measured. Also,

the low-temperature toughness and the yield strength were
examined by using the test piece.

(1) Microstructure observation

A test plece for microstructure observation was taken

from the thickness central portion of the resulting heavy-
walled stainless steel seamless tube or pipe. A cross-

section orthogonal to the rolling direction (C cross-

i

section) and a cross-section parallel to the rolling
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direction (L cross-section) were subjected to
electrochemical polishing and the microstructure was
observed with SEM and SEM-EDX (measurement range: 100 x 100

um to 1,000 x 1,000 um). The element partition of ferritic

phase formation elements and austenitic phase formation

elements was examined with SEM-EDX, and the ferritic phase

fraction was measured. Thereafter, the vicinity of the same

portion was subjected to EBSD observation with the
measurement range: 100 x 100 pm to 1,000 x 1,000 pum, and the

ferrite grain area output on the basis of analysis was

measured, where the crystal misorientation of 15° or more in
the analysis of only the ferritic phase portion extracted by

ocbservation with SEM was defined as a grain boundary. Table

3 shows the results of evaluation on the basis of the
followling criteria. Also, Table 3 shows the content of the

ferritic phase (F fraction).

With respect to the maximum value of the areas of ferrite
gralilns

®: 200 pm® or less

O: 1,000 pum® or less

A: 3,000 pum® or less

x: more than 3,000 um*

With respect to the content of ferrite grains having a
specific grain size

®: the content of ferrite grains having 100 pﬂF or less 1s
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80% or more on an area fraction basis

ess 1S

O: the content of ferrite grains having 400 um® or
50% or more on an area fraction basis

A: the content of ferrite grains having 800 um® or less is
00% or more on an area fraction basis

x: the content of ferrite grains having 800 um® or less does

not satisfy 50% or more on an area fraction basis
(2) Tensile test

A round-par tensile test plece (parallel portion 6 mm¢ X

GL 20 mm) was taken from the wall thickness center of the
resulting heavy-walled stainless steel seamless tube or pipe

in such a way that the rolling direction agrees with the

tensile direction. A tensile test was performed in
conformity with the specification of JIS Z 2241 and the
yleld strength Y¥YS was determined. In this regard, the yield
strength was specified to be the strength at the elongation

of 0.2%.

(3) Impact test

A V-notched test bar was taken from the wall thickness
center of the resulting heavy~walled stainless steel
seamless tube or pipe in such a way that the direction
orthogonal to the rolling direction (C direction) agrees
with the test bar longitudinal direction. A Charpy impact
test was performed in conformity with the specification of

JIS 72 2242, the absorbed energy was measured at a test
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temperature: -10°C, and the toughness was evaluated. 1In
this regard, the number of test bars of each tube or pipe
was specified to be three, and the average value thereof was

F

specified to be the absorbed energy of the heavy-walled

stainless steel seamless tube or pipe concerned. The case
where the absorbed energy was 50 J or more was regarded as

good.

(0074 ]
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[0075]
[ Table 2]
' : : ! P
Mot working temperature | ¥ fraction Q1 T1

B Steel °C %L °C °C Sample
Invention A 1000 16 930 620 1
Invention A 1180 43 | 930 | 620 2
Invention A 900 79 930 620 3
Invention A 700 81 930 620 4

Comparison A 1250 33 930 620 O

Comparison B I 1000 6

Comparison B 1200 7
Invention C 1000 8
Invention C 900 9
Invention G 1150 10

Comparison C 1250 11
Invention C 700 12
Invention D 1000 13
Invention D 900 14

| Comparison D 1210 15
| Invention D 700 16
Comparison E 1000 17
i
l Comparison E 1210 18
Comparison E 900 19
| Invention F 1000 20
Invention F 1150 21
Invention F 900 22
Comparison F 1210 23
I— Invention F 800 24
I Invention G 1000 __ 25
Invention G 1150 620 26

_Invention G 300 71 930 620 27

| ]

Comparison G 1230 31 930 620 28
Inventon | H 1000 66 930 620 29
Invention H 1150 46 930 620 30
Invention H 000 67 | 930 620 31

| Comparison H 1210 33 930 | 620 32
Invention I 1000 714 930 620 33
Invention I 1150 09 930 620 34
Invention | 900 95 930 620 35

Comparison I _J ] 250 Q _L 930 620 36
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[0076]
[Table 3]
B | — —
VS vE_io |F fraction Maxin:num value of ferrite chntent of f-e-rrite g.rain.s
Sample grain areas (L and C | having a specific grain size
MPa J % . :
| cross—sections) (L and C cross—sections)
Invention 1 177 m 25 O L A
Invention 2 173 57 26 A A
Invention 3 188 85 24 0O ©
| Invention 4 785 82 25 © O
| Comparison 0 43 26 I X X
Comparison “m 83 4 © - ©®
Comparison m 79 5 O, ©
Invention - 70 28 O A
Invention 79 28 ©® ®
Invention 10 763 56 28 A A )
Comparison 11 160 32 30 X X
Invention 12 770 78 28 ©®© O
Invention 13 31 O A
Invention 14 30 ® O
15 32 oox X
Invention 16 32 ® O
Comparison 17 95 X X
Comparison 94 X X
Comparison 95 X X
Invention 23 O A
Invention 24 A A
23 © NC
Comparison 23 X
Invention 23 ®
lnvention 22 O
26 7 23 A
Invention !!! 22 O,
Comparlson 23 22 X
Invention 25 O
Invention 171 26 A L
Invention 25 ®
Comparison X
Invention - - O
Invention O
Inventlon ®
x

* Underhned results are not good

.............................................................................................................................................................................................................................................................................................................................................................
..................................................................................................
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[0077]

As for every heavy-walled stainless steel seamless tube
or plpe having the microstructure specified in the present
invention (here, referred to as present example), the
ferritic phase is able to be made fine even at the wall

thickness center position, and the toughness is improved

considerably in such a way that the absorbed energy is 50 J
or more at a test temperature: -10°C in spite of high
strength of yield strength: 654 MPa or more. On the other
hand, the heavy-walled stainless steel seamless tube or pipe

having the microstructure out of the scope of the present

invention (here, referred to as comparative example) does

not satisfy at least one of the maximum value of ferrite

grain areas of 3,000 um® or less and the content of ferrite
grains having areas of 800 um® or less of 50% or more on an
area fractlon basis and, therefore, the predetermined
strength and toughness are not able to be ensured. Also,

those having the chemical composition out of the specified
range are not able to ensure the corrosion resistance
(although there is no date of the corrosion resistance in

the table, Sample Nos. 6 and 7 having a Cr content out of

the scope of the present invention exhibit poor corrosion

reslistance), the strength, or the toughness.
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CLAIMS
[Clailm 1]
A high-strength heavy-walled stainless steel seamless
tube or pipe with excellent low-temperature toughness,
characterized by comprising a chemical composition
containing, on a percent by mass basis, Cr: 15.5% to 18.0%

and a steel microstructure containing a ferritic phase and a

martensitic phase,

=

- the ferrite

F

wherelin the maximum value of the areas o:

grains 1n the steel microstructures in a circumferential
direction cross-section and an L direction (rolling
direction) cross-section of the steel tube or pipe is 3,000
um® or less and the content of ferrite grains having areas

of 800 um® or less is 50% or more on an area fraction basis,

where when adjacent ferrite gralns are present 1n the steel

microstructure and the crystal misorientation between one

ferrite grain and the other ferrite grain is 15° or more,

the adjacent grains are assumed to be grains different from

each other.

[Claim 2]

The high-strength heavy-walled stainless steel seamless

tube or pipe according to Claim 1, characterized in that the

chemical composition further contailins, on a percent by mass

basis, C: 0.050% or less, Si: 1.00% or less, Mn: 0.20% to

1.80%, Ni: 1.5% to 5.0%, Mo: 1.0% to 3.5%, V: 0.02% to 0.20%,
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N: 0.01% to 0.15%, 0O: 0.006% or less, and the remainder
composed of Fe and i1ncidental i1mpurities.
(Claim 3]

The high-strength heavy-walled stalnless steel seamless

tube or pipe according to Claim 2, characterized in that the

chemical composition further contains at least one group

selected from Group A to Group D below,

Group A: Al: 0.002% to 0.050%

Group B: at least one selected from Cu: 3.5% or less,
W: 3.0% or less, and REM: 0.01% or less
Group C: at least one selected from Nb: 0.2% or less,

Ti: 0.3% or less, and Zr: 0.2% or less

Group D: at least one selected from Ca: 0.01% or less

and B: 0.01% or less.

[Claim 4]
The high-strength heavy-walled stalnless steel seamless

tube or pipe according to any one of Claims 1 to 3,

characterized 1n that the maximum value of the areas of the

ferrite grains 1n the steel microstructures in a

circumferential direction cross-section and an L direction
(rolling direction) cross—-section of the steel tube or pipe
is 3,000 um®* or less and the content of ferrite grains
having areas of 800 um® or less is 50% or more on an area
fraction basis.

[Claim 5]
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A method for manufacturing a high-strength heavy-walled

stainless steel seamless tube or pipe, characterized by
comprising the steps of heating a steel, performing pilercing
the steel to produce a hollow base steel, and subjecting the

hollow base steel to elongating rolling, wherein the hot

working temperature of the elongating rolling is 700°C to
1,200°C, and the steel microstructure of the hollow base

steel at the hot working temperature contains 35% or more otf

austenite on an area fraction basis.
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