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6) HIGH STRENGTH STAINLESS STEEL, AND PROCESS FOR ITS PRODUCTION.

@ Austenite stainless steel containing, by weight, 0.03%
or less C, 2.00% or less Si, 5.0% or less Mn, 0.030% or less
S, 16 t0 20% Cr, 6 to 13% Ni, 0.15 to 0.28% N, 0.05 to 0.25%
Nb, 0.0020% or less B, the balance of Fe and impurity
elements and, optionally, 4% or less Mo, 4% or less Cu, and
0.005 to 0.080% Se, and process for its production. This
stainless steel has excellent strength, excellent grain
boundary resistance, stress-corrosion cracking resistance,
and excellent hot workability, thus being useful as strength-
providing members for use in various chemical piants, de-
salination plants, nuclear plants, etc.
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SPECIFICATION
High Strength Stainless Steel and Method of Producing

the Same

Industrial Field of the Invention

This invention relates td'high strength,
corrosion resistant austenitic stainless steel for use
in chemical, seawater, nuclear power plants, etc. |

Prior Art

Austenitic stainless steelTis in wide use as
it offers ‘excellent corrosion resistance - heat resistance, »
workability and mechanical properties. SUS304, SUSBlG,.
SUS304L and SUS316L are typical of the sort. |

With increasing large - sized machinery pro-
duct%on and large building construction recently, there
is a strong demand on improvement in the strength of
structural stainless steel, which hasz resulted in the

introduction of stainless steel such as SUS304N1

VSUS304N2, SUS304LN, SUS316N and SUS316LN reinforced by

the addition of N, Nb, etc.

As for the strength of the above-described
stainless steel after solution heat treatment, SUS304LN
Q;nd SUS316LN showed over 25'kg/mm2 of proof stress, and
SUS304N and SUS316 over 28 kg/mmz, i.e., the results were

found unsatisfactory. In the case of SUS304N the

2'

stress was over 35 kg/mmz, which was relatively high

but still considered not always satisfactory.
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Various methods of improving the strength of
stainless steel are being studied, whereas there have
been proposed methods of increasing the strength there-
of by, for instance, cold working and controlled rolling.

However, because over 20%~rblling reduction
is requiréd to obtain the desired strength by cold
working, the disadvantage is thafﬂgt ié only appliéable
to sheet metal and wire rod.

In controlled rolling, SUS316LN, 316N, 316L,
316, 304LN, 304N1, 304 and 3041 do naf have a sufficient
strength, and SUS304N2 has problems and disadvantages
in that cracks are produced during hot working and -
sufficient corrosion resistance is pot obféined.
Accordingly, they have not yet been.put to practical use.

' Moreover, they are inferior in strength,
whereas SUS304N! SUS304N, and SUS316N are inferior in
intergranular corrosion resistance, sensitivity to
anti-stress corrosion cracking. Furthermore, problem—r
atical is sharp reduction inAtheir corrosion resistance
after welding.
Disclosure of the Invention

e The present invention is intended to remedy
the shortcomings of conventional stainless steel and has

succeeded in'notronly providing satisfactory strength

with, and improving the corrosion resistance of,
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austenitic stainless steel by adding a proper quantity
of N, Nb, restricting the quantity of an impurity B and
decreasing C content butralso increasing the strength
further by subjecting the steel to controlled rolling
or thus rolled steel to thermo-mechanical treatment
such as low temperature solution heat treatment.

The present inventors H;§e séudied the éffects
of C, N, Nb, B and roll finishing temperatures on the
strength and corrosion fesistance of austenitic stain-
less steel and found in the first piéce that, as shown
in Fig. 1, intergranular corrosioh resistance greater
than that of SUS304L can be obtained by simultaneously
adding 0.15 - 0.28% of N and 0.05 - 0.25% of Nb and
limiting C to 0.03%Vor lower and B to 20 ppm.

' Secondly, they have also found that, although
it is said that the reinforcing action of Nb is gen-
erally attributable to the fineness of crystal grains
due to the precipitation of NbC and its precipitation
hardening, the reinforcing action of Nb is still
conspicuous in the steel containing 0.15 - 0.28% of N
even though the quantity of C is reduced to 6.03% or
“Tower.

That is because the rifining of the
crystal grain size and precipitation hardening seem

to be effected by the precipitation of NbN or Nb (C,N).
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Thirdly, they have further found that the
reinforcing action of Nb is still exerted after the
controlled rolling, and strength equivalent to that of
steel of SU5304N2 resulting f;pm controlled rolling is
obtainéble, provided that steel coﬁiaining 0.15 - 0.28%
of N, 0.05 - 0.25% of Nb, 0.03% or lower of C and 20
ppm or less of B is subjected to controlled rolling at
temperatures of 600 - 1,000°C as shown in Fig. 2.

Their findings further include, as shown in
Fig. 3, hot workability by far greater than that of
SUSBO4N1 and SU5304N2 within the controlled rolling
temperature range of 600 - 1,000°C, whereby the occur-
rence of craking by rolling is prevented and, as
showg in Fig. 4, corrosion resistibility equivalent to
ﬁhat of stainless steel subjected to solution heat
treatment, irrespective of the presence of recryétal—
lized microstructure or unrecrystallized reduced
structure after controlled rolling.

Steel and the method of producing the same
in accordance with the present invention will be

described in detail.

~—

A first example of steel embodying the
present invention contains 0.03% or lower by weight C
(hereinafter % refers to % by weight), 2.00% or lower

of Si, 5.0% or lower of Mn, 0.030% or lower of S,
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16 - 20% of Cr, 6 - 13% of Ni, 0.15 - 0.28% of N, 0.05 -
0.25% of Nb, 0.0020% or lower of B, remaining Fe and
impurity elements. A second example of steel according
to the present invention contains either or both of
4% or lower of Mo and 4% or lower of Cu in addition
to the elements contained in the first example or
otherwise 0.005% or lower of S so as to improve the
corrosion resistance of the first example. A third
example of steel according to the present invention
contains either or both of 0.030-0.080% of S and
0.005 - 0.080% of Se to improve the machinability of
the first example.

Fourth, seventh and nineth examples of steel
acco;ding to the present invention are obtained by
heating the first, second and third examples of steel
according to the present invention to 950 -'1,300°C,
then rolling them at rolling temperatures of 900 -
1,250°C, controlling the roll finishing temperature so
that it may be within the range of 900 - 1,000°C,
subsequently cooling them at a rate of 4°C/min or
higher, setting the total reduction quantity at 30%

;¥ higher, letting them have recrystallized micro-
structure and a proof stress of greater than 50kg/mm2
to improve the strength of the first, second and third

examples. Fifth, eighth and tenth examples of steel
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according to the present invention are obtained by heat-
ing the first, second and third exemples according to
the present invention to 950 - 1,300°C, then rolling
them at rolling temperatures ef 600 - 1,250°C, control-
5 1ling the roll finishing temperature so that it may be
within the range of 600 - 900°C, subsequently cooling
them at a rate of 4°C/min or higher, setting the total
reduction quantity at 30% or higher, letting them have
unrecrystallized reduced structure and a proof stress
10 of greater than 60 kg/mm2 to improve the strength of
the first, second and third examples. Sixth example
of steel according to the present invention is obtained
by heating the first example according to the present
invegtion to 950 - 1,300°C, then rolling it at rolling
15 temperatures of 900 - 1,250°C, controlling the roll
finishing temperature so'thaf it may be lower than
1,000°C, subsequently subjecting it to low temperature
solution heat treatment at 900 - 1,010°C, letting it
have a grain size number of greater than 7.5 and a proof
20 stress of greater than 40 kg/mm2 to improve the strength
of the first example.
- The reasons for restricting the elements
contained in the steel according to the present invention

will be described.

25 The element C in the present invention is
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important because it reduces the corrosion resistance
after controlled rolling, and hot workability during
controlled rolling to a large extent; consequently, it

must be decreased to 0.03% or lower, so that an upper

.-

limit is set at 0.03%.

The element Si is added as a deoxidizer and
also used to improve the strength, however it causes
cracking at high temperatures at the time of welding
and reduce the quantity N of the solid solution at the
time of solidification; accordingly, it must be de-
creased tc 2.0% or lower with 2.0% as an upper limit
to obtain good steel ingots.

The element Mn is added as a deoxidizer and
used.to increase the solubility of N but it will impair
the corrosion resistance and hot workability if the
content of Mn increases; consequently, the upper limit
is set at 5.0%. .

Cr is the basic element of stéinless steel
and over 16% of it is at least required to provide
superior corrosion resistance. However, because the
excessive content of Cr will damage the balance between

.k/y structure at high tempefatures, the upper limit is
set at 20%.
Ni is the basic element of austenitic stainless

steel and over 6% of it is required to obtain excellent
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corrosion resistance and austenitic structure. However,
because the excessive content of Ni will cause weld
cracks and reduce hot workability and corrosion resist-

ance after controlled rolling, the upper limit is set

at 13%.

N is the most important“;einﬁorciﬁg element
according to the present invention since it has penetration
type solution strengthening action, crystal grain
micronizing action resulting from Nb (C, N) precipitation
and precipitation accelerating action, and contributes
to improvement in corrosion resistance after controlled
rolling. As over 0.15% of N content is required to
obtain the aforementioned effects, the lower limit was
set at 0.15%. However, because the excessive content
of N will reduce hot workability and allow the generation
of a blowhole easily at the time of solidification and
welding, the upper limit is set at 0.28%.

Nb is an important element in the present
invention for fixing the remaining C in the form of NbC,
improving corrosion resistance after controlled rolling,
rifining of crystal grain because of Nb (C, N) pre-
.Zipitation and increasing strength after controlled
rolling; thus over 0.05% of Nb content is at least

required. However, Nb is an expensive element and,

because the excessive content of it will damage hot
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workability, the upper limit is set at 0.25%.

B is the element to reduce the intergranular
corrosion resistance of the steel according to the
present invention and, also to reduce the corrosion
resistance after controlled rdlling? Thus, its content
must strictly be limited, the upper limit is set at
0.0020% and preferably 0.005% or lower.

Both of Mo and Cu are the elements to improve
the corrosion resistance of the stee; according to the
present invention. However, Mo and Cu are expensive
elements and the content exceeding 4% will damage hot
workability. Thﬁs the upper limits are set at 4% each.

S is the element to improve corrosion resist-
ance provided that its content is reduced by a large
amouﬁt, ductility and toughness (particularly in the
direction perpendicular to that of rolling) after
controlled rolling. The smaller its content, the better.
Consequently, it should be 0.005% or lower and preferably
0.001% or lower.

S and Se are the elements used to %mprove the
machinability of the steel according to the present
.invention, and 0.030% or higher of S and 0.005% or higher
of Se must be contained therein. However, because hot
wbrkability and corrosion resistance will decrease if

the content of each of S and Se exceeds 0.080%, the
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upper limit is set at 0.080%.

The reason why the heating temperatures were
set at 950 - 1,300°C during controlled rolling is to
reduce deformation resistancelgt the controlled rolling.
The folling will become difficult because of large
deformation resistance if the temperature is lower than
950°C and, if it exceeds 1,300°C, the rolling will also
become difficult because partial intergranular fusion
is-developed or coarse crystal grains are produced.

The roll finishing temperatures are set at 900 - 1,000°C
s0 as to control the strength of the steel according to
the present invention; the lower the roll finishing
temperature, the greater the strength thereof becomes.

The ?emperature exéeeding 1,000°C will make recrystallized
grains coarse and satisfactory strength unavailable,
whereas the temperature lower than 900°C will make
recrystallized microstructure unavailable and act to

form unrecrystallized reduced structure, so that ductility
and toughness in the direction perpendicular to that of
rolling are reduced. .

In'other words, there are provided excellent
Eﬁctility and toughness in the perpendicular direction,
to say nothing of the rolling direction within the roll
finishing temperature range of 900 - 1,000°C, and high

strength recrystallized microstructure offering excellent

- 10 -
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corrosion resistance is consequently obtained.

The roll finishing temperatures are set at
600 - 900°C because unrecrystallized reduced structure
will be present at lower than 900°C and the strength of
the steel will increase as the‘roll'finishing temperature
becomes lower. On the other hand, its ductility and
toughness will decrease. Accordigély,nit is preférred
to set the percentage of S at 0.005 or lower during
rolling at 660 - 900°cC.

Moreover, since the temperéture lower than
600°C is lower than the recovery temperature of the steelA
according to the present invention, the deformation
resistance during rolling will be raised sharply and
thus undesirable because rolling becomes difficult.

' The low temperature solution heat treatment
temperatures are set at 900 - 1,010°C because the solid
solubility of C is possible with heat addition at 900
- 1,010°C and, when the recrystallization temperature
is higher than 960°C, the crystal grain size, if treated
at lower temperatures, will be minimized, whereas the
strength will be increased. )

- However, C will not be solid - soluble nor
recrystallized at temperatures lower than 900°C, whereas

its crystal grain will become as coarse as 7.5 or smaller

if the temperature exceeds 1,010°C and the strength will

- 11 -
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thus decrease.

The reason why the cooling rate after rolling
is set at higher than 4°C/min is that the intergranular
precipitation of CrZBCG or CrZN will be caused by slow
cooling at a rate lower than 4°C/mih and the corrosion
resistance will decrease. __

Moreover, the reason why the total reduction
ratio within the rolling temperature range of 900°C -
1:250°C is set at 30% is that the desired structure is
unobtainable because the scarcity of the lattice defect
and the accumulated energy introduced into the crystal
as the result of working will allows coarse structure
to remain while heated if the total reduction ratio is
lowe; than 30%.

Brief Description of the Drawingsz

Fig. 1 is a graph iilustrating the relation
between sensitizing temperatures affecting intergranular
corrosion resistance and retention time.

Fig. 2 is a graph illustrating roll finishing
temperatures affecting strength.

. Fig. 3 is a graph illustrating working
ﬂ;emperatures affecting hot workability.

Fig. 4 is a graph illustrating roll finishing
temperatures affecting corrosion resistance.

Description of the Preferred Embodiment

- 12 -
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Referring now to examples in comparison with

comparative COnventibnal steel, features of the steel
. according to the present invention will be described.
Table 1 shows chemical components of test
5 pieces. )
In Table 1, there are shown examples A - G of
conventional steel: A = SUS304, B = SUS316, C = SUs304L,
D = SUS316L, E = SUS304N;, F = SUS304N

and examples H - Q of steel according to the present

27 G = SUS316N;

10 invention: H - K = first examples, L - N = seéond
examples, P, Q = third examples.

Table 2 shows the strength,. corrosion resistance
and hot workability of the examples A - Q of steel
subjgcted to solution heat treatment (1,050°C x 30 min

15 + W, Q) shown in Table 1.

Respecting the strength, JIS No. 4 test pieceé
were used to measure proof stress.

Regarding the intergranular corrosion resist-
ance, the structure subjected to sensitizing treatment

20 at 800°C x 2 Hr was assessed, where STEP (step structure)
is represented by (O, DUAL (composite structure) by A
-;nd DITCH (ditch structure) by X.
Concerning the sensitivity to anti-stress

corrosion cracking, the U-bending method was employed,

25 wherein U-bent test pieces were immersed in a boiling

- 13 -
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aqueous solution containing 20% NaCl + l%Na3Cr207 for

50 Hr to evaluate them in terms of the presence and
absence of cracking. What has no crack is marked with O
and what has a crack with X.

Relating to the hot workaBility, high temper-
ature tensile testing was made at 850°C and 50 mm/sec
to measure the contraction of area.

As to the corrosion resistance of the base
ma%erial and the portions affected by welding heat, the

pitting corrosion potential in an aqueous solution

containing 3.5% NaCl at 30°C was measured.

- 14 -



L » . .. v g = L Y T X
[ = - - *

P g9 1553

TABLE 1

Chemical Components (% by weight)

c Si | Mn | S N | C | N Nb | B Mo | Cu | Se

0.070.68|1.23|0.011 8.87 18.74 0.02 |-

0.06 | 0.62 | 1.15| 0.010 12.48 17.69 0.02 2.12

0.02|0.59 | 1.27 } 0.013 10.27 18.50 0.02

0.02]0.56 | 1.04 } 0.01d 13.52 17.95 0.02 - 2.25

0.06|0.63}1.26{0.011 8.5 18.56 0.22

0.06 | 0.66| 1.17 { 0.011} 8.69 18.73 0.20 { 0.10

0.07 [ 0.641.28 | 0.012 12.73 17.39 0.17 2.13

0.02{0.571.23|0.01q 6.99 18.63 0.18 | 0.10 {0.0008

0.02]0.54|2.20{0.006 9.11 18.27 0.21 | 0.09 |0.0005

0.0310.65}2.58 | 0.007 8.23 18.53 0.25 | 0.18 |0.0002

0.02!0.63}2.36 | 0.001 8.06‘18,36 0.22 | 0.13 00003

0.01|0.67|2.29|0.001 7.59 18.7 0.21 1 0.12 [0.0002 2.57

0.02}0.61|1.17(0.008§ 7.75 18.14 0.18 { 0.10 [0.0005 1.88

0.0210.64|2.23|0.052 7.92 18.71 0.17 | 0.08 0.0007

olwlzlzlrix|lu|zlala|w|lo|lalw|»

0.0210.57|1.89|0.012 8.13 19.52 0.16 | 0.08 10.000 0.037

- 15 -



TABLE 2

0.2% | Intergranular | Sensitivity | Hot-vorking Pitting | Pitting
proof corrosion ] to anti— contraction | gorrosion | corrosion
stress | resistance stress of area potential | potential
(kg/mm® corrosion (2) in portion of base
cracking affected | material
. by welding (Vvs SCE)
heat
(Vvs SCE)
Al 25.0 X X 82 0.12 0.27
B| 25.2 X X 72 0.31 0.46
c| 22.8 A X 85 0.25 0.28
Bl 23.4 A O 75 0.45 0.48
Ej 32.1 X X 64 0.22 0.36
F| 40.7 X X . 62 0.27 0.37
G| 39.2 X X 60 0.39 0.54
H} 48.7 ) O 80 0.37 0.37
J| 50.1 O O 79 0.39 0.38
K{ 51.9 O O 76 0.34 0.35
L{ 49.7 O O 82 0.40 0.40
M| 49.0 o O 77 0.55 0.56
N| 49.7 O O 74 0.41 0.40
P| 48.1 ) O 70 0.31 0.32
Q| 4s.2 o o 72 0.33 0.34

- 16 -
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As shown in Table 2, the examples A, C of con-
ventional steel were superior in hot workability but
inferior in proof stress, e.g., 25.0, 22.8 kg/mmz, ‘also the
examples A, C are inferior in inter granular corrosion resistance,
sensitivity to anti-stress corrosion crackihg, and the portion
affected by welding -heat. The exanple B_was superior in hof

workability and the corrosion resistance of the basehnaterial‘and the

- portion affected by welding heat but inferior in proof stress, e.q.,

affected by welding heat but inferior in strength, e.qg.,
25.2 kg/mmz, intergranular corrosion resistance, and
sensitivity to anti-stress corrosion cracking. The
example D was superior in sensitivity to anti-stress
corrosion cracking, hot workability and the corrosion
resisﬁance of the base material and the portion affected
by welding heat but inferior in proof stress, e.g., 23.4 kg/mm2
Aand intergranular corrosion resistance. The example E
prepared by adding 0.22% of N to the example A‘showed
substantial mpmvementm proof stress, e.g., 32.1 kg/mm2
compared with the example A but a shortage of strength

as high strength stainless steel. The example F prepared
by adding 0.10% of Nb to the example E showed further
‘J'tmprovement in proof stress, e.g., 40.7 kg/mm2 and had
satisfactory strength as high sfrength stainless steel

but indicated reduced hot workability. The example G

érepared by adding 0.17% of N to the example B showed

- 17 -
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improvement in proof stress, e.g., 39.2 kg/mm2 and

éxcellenb strength but still reduced intergranular cor-
rosion resistance and sensitivity anti-stress corrosion
cracking in addition to reduced hot workability like the

example F. -
'In comparison with the examples of conventlonal

steel, the examples H - Q of the steel according to the
present in;ention, being prepared by simultaneously
adding 0.15 - 0.28% of N and 0.05 — 0.25% of Nb and
limiting the quantity of C to 0.03% or lower and the
quantity of B to 20 ppm or less, showed such strength

as a stress proof of 48 kg/m_m2 or greater, STEP (step
structure) respecting intergranular corrosion resistance,
no éracking regarding sensitivity to anti-stress corrosion
gracking despite immersion for 50 Hr, no reduction in hot
workability unlike the conventional steet, a contraction of
area of over 70%,7and excellent corrosion resistance of
fhe base material and the portion affected by welding
heat at 0.3V or higher. 1In other words, each of the
steel according to the present invention is superior in
all of the strength, intergranular corrosion ;esistance,
sensitivity to anti-stress corrosion cracking, hot
workability, the corrosion resistance of the base.

material and the portion affected by welding heat.

Table 3 illustrates the strength and corrosion

- 18 -
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resistance of. the éxamples A, C, E, F, J, M and
P shown in Table 1 and, as for those subjected to low
temperature solution heat treatment, and their crystal
grain sizes. In that case, the flat steel by 10 x 40
5 mm was heated to 1,150°C and then rolled with the roll
finishing temperature controlled at about 950°C or 800°C,
before being cooléa at 50°C/min or higher and the total
feduction ratio of 96%. Otherwise, the steel thus
ﬂ;ated gnd rolled with the roll finishing temperature
10 ;ontrolled at 950°C was cooled at 50°C/min and the total
reduction ratio of 96% and then subjected to low
temperature solution heat treatment for holding it at
980°C x 30 min.
Their strength and corrosion resistance were
15 examined under the same conditions as those in the case

of above-described examples.

- 19 -
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With resﬁect to the examples A, C, E of con-
ventional steel, the roll finishing temperature controlled
at 950°C or 800°C resulted, as shown in Table 3, in
causing the proof stress of the example A to increase
from 25 kg/mm2 to 33, 42 kg/mmz, th;f of the example C
from 22.8 kg/mm2 to 25, 31 kg/mmz_and that of that of
the example E from 32.1 kg/mm® to 44, 53 kq/mm® but
still failing to attaining the desired 50, 60 kg/mm2.
Mo;eoverk all of the examples A, C, E subjected to
controlled rollding showed reduction in corrosion
resistance by a large margin.

Although the proof stress of the example F
subjected to controlled rolling sharply increased from
40.7 _kg/mm2 to 65, 77 kg/mmz, its corrosion resistance
considerably decreased from 0.37V to 0.18, 0.16V in turn.
. On the contrary, the roll finishing temperature
controlled at 950°C allowed the examples J, M, P of the
steel according to the present invention to have
recrystallized microstructure and improved the proof
stress of each from about 50 kg/mm2 to 65 kg/mmz,
whereas the roll finishing temperature controlled at
;bO°C permitted them to have uncrystallized reduced
structure and considerably improved the proof étress of
each. up to about 77 kg/mm?; in other words, controlled.

rolling applied to the steel according to the present
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invention obviouslf acted to improve its proof stress

by a large amount. With respect to corrosion resistance,
the examples J, M, P according to the present invention
showed pitting corrosion poten?ial equivalent to what
was not subjected to controlled roliing and, unlike the
conventional steel, no reduction in corrosion resistance
because of_ the congfolled rolling applied.

Moreover, in the case of the examples-A, C, E
of-convegtional steel roll-finished _at 950°C, cooled
a£ the rate of .50°C/min, and subjected to low temperature
solution heat treatment for holding them at 980°C x 30
min, they showed slightly improved proof stress as
aforementioned but failed to obtain the desired proof
stres§ and indicated reduced corrosion resistance.
Although the proof stress of the example F was improved
up to 50 kg/mm2 by controlled rolling and low temperature
solution heat treatment, its corrosion resistance also
reduced as in the case of the above-described steel.

On the contrary, each of the examples J, M, P
according to the present invention was allowed to have
recrystallized microstructure with a crystal grain size
;f'over 7.5 by that treatment and showed the proof stress
raised up to.qver 50 kg/mm2 and pitting corrosion

potential roughly equivalent to what was subjected to

solution heat treatment (1,050°C x 30 min - W,0.) and

- 22 =
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no reduction in corfosion resistance due to controlled
rolling and low temperature solution heat treatment.
. Industrial Utilizability

The present invention relates to economical
stainless steel and a process for ménufacturing the same
having high strength, e.gq., over 35 kg/_mm2 in terms of
proof stress, the Q;rength being improvable up to 50
k;_:;/mm2 or greater and further 70 kg/mm2 or greater by
cohtrollgd rolling; excellent corrosion resistance,
pérticularly intergranular corrosion resistance an@
sensitivity to anti-stress corrosion clacking; pitting
corrosion andracid resistance superior to SUS304;
corrosion resistance without being reduced after welding;

excellent hot workability; and producibility through the

‘'same process as that of SUS304 manufacture.

The corrosion resistance of the steel according
to the present invention is made further improvable by
adding Mo, Cu as occasion demands and its machinability
is also improvable by adding small quantities of S, Se.

As set forth above, the steel according to
the present invention is superior in strength and cor-

o

rosion resistance and suitable for use as a high strength

member in various plants such as chemical seawater and

nuclear power plants.

- 23 -
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WHAT IS CLAIMED IS: -

+ 1. A high strength stainless steel éomprising,
by weight, 0.03% or lower
of d; 2.00% or lower of 8i, 5.0% or lower of Mn, 0.030% or
lower of S, 16 -20% of Cr, 6 - 13% of Ni, 0.15 - 0,28% of N,
0.05 - 0.25% of Nb, 0.0020% or lower of B, the remainder

being Fe together with impurity elements.
7 é. A high strength stainless steel comprising, by
weight, 0.03% or lower of C, 2.00% or lower of Si, 5.0% or
lower of ﬂ%, 16 - 20% of Fr, 6 - 13% of Ni, 0.15.— 0.28% of

’

N, 0.05 - 0.25% of Nb, 0.0020% or lower of B, at least one

selected from the group consisting of 4% or lower of Mo, 4%

or lower of Cu and 0.005% or lower of S, the remainder being
Fe together with impurity elements.

3. A high strength stainless steel comprising, by
weight, 0,033 or lower of C, 2.00% or lower of Si, 5.0% or
lower of Mn, 16 - 20% of Cr, 6 -13% of Ni, 0.15 - 0.28% of
N, 0.05 - 0.25% of Nb, 0.0020% or lower osz, at least one
selected from the group consisting of 0.030 - 0.080% of S, 0.005 - 0.008%
of Se, the remainder being Fe together with impurity elements.

4. A method for manufécturing a high-strength
stainless steel having a: recrystallized micrdétructure, said
steel comprising, by weight, 0.03% or lower of C, 2.00% or
lower of Si, 5.0% or lower of Mn, 0.030% or lower of S,

16 - 20% of Cr, 6 — 13 of Ni, 0.15 - 0.28 of N, 0.05 - 0.25%

- 24 -
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of Nb, 0.0020% or lower of B, the remainder being Fe together
with impurity elements, comprising the steps of: heating

said steel at temperature of 950 - 1,300°C, rolling said
steel at temperature of 9b0 - 1,550°C, controlling the
temperatures of finish rolling for said. steel at 900 - 1 OOO°C, the total
reduction ratlo of sald steel of 30% or hlgher, and cooling said rolled

steel at the rate of 4°C/m1n or higher.

5. A method for manufactur@ng a high strength
stainless:;teel having an uncrystallized processed structure,
said steel comprising, by weight, 0.03% or lower of C; 2.00%
or lower of Si, 5.0% or lower of Mn, 0.030% or lower of S,

16 -20% of Cr, 6 - 13% of Ni, 0.15 - 0.28% of N, 0.05 - 0.25%
of Nb, 0.0020% or lower of B, the remainder being Fe together

with impurity elements, comprising the steps of: heating

said steel at temperature of 950 - 1,300°C, folling said

~steel at temperature of 600 - 1,250°C, controlling the tem-

peratures of finish rolling for said steel at 600 - 900°C, the total
reduction ratio of said steel of 30% or higher, and cooling said rolled

steel at the rate of 4°C/min or higher.

6. A method for manufacturing a high strength stain-
1é§s steel having a ctystal grain size number of 7.5 or
greater, said steel comprising, by weight, 0.03% or lower of
C, 2.00% or lower of Si, 5.0% or lower of Mn, 0.030% or lower

of S, 16 - 20% of Cr, 6 - 133 of Ni, 0.15 - 0.28% of N,
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0.05 - 0.25% of Nb, 0.0020% or lower of B, the remainder

being Fe together with impurity elements, comprising the

st_eps of: heating said steel at temperature of 950 - 1,300°C,
rolling said steel at temperaturé of 900 - 1 250°C, controlling
the temperatures of finish rolling for said steel at lower than 1,000°C, cool-~
ing said rolled steel at the rate of 4°C/m:Ln or hlgher, the total reduction
ratio of said steel of 30% or higher and subjecting to low temperature
solution heat treatment to said steel at temperature of 900 - 1,010°C.

'; -A method for manufacuting a high strength stain-
less steel having a recrystallized microstructure, éaid steel
comprlslng, by we:.gth, 0.03% or lower of C, 2.00% or lower of
Si, 5.0% or lower of Mn, 16 - 20% of Cr, 6 - 13% of Ni, 0.15
- 0.28% of N, 0.05 - 0.25% of Nb, 0.0020% or lower of B, at least
one selec;ted from the group consisting of 4% or lower of Mo, 4% or lower of
Cu and 0.005% or lower of S, the remainder being Fe together with -
impurity elements, comprising the steps of: heating said
steel at temperature of 950 - 1,300°C, rolling said steel at
temperature of 960 - 1,250°c, controlling the temperatures of finish
rolling for said steal at 900 - 1,000°C, the total reduction
ré.tio of said steel of 30% or higher, and cooling said rolled steel at the
rate 4°C/min or higher.

8. A method for manufacuring a high strength stain-

1ess steel having an uncrystallized processed structure, said

steel comprising, by weight, 0.03% or lower of C, 2.00% or

- 26 -~
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lower of 3i, 5.0% or lower of Mn, 16 - 20% of Cr, 6 - 13% of
Ni, 0.15 - 0.28% of N, 0.05 - 0.25% of Nb, 0.0020% or lower
or B, at least one selected from the group consisting of 4% or lower of
Mo, 4% ar lower of Ca and 0.005% or lower of §, the remainder being Fe
together with impurity elements, cggprising ‘the steps of:
heating saic? steel at temperature of 950 - 1,300°C, rolling
said steel at temperature of 600 - 1,250°C, controlling the
temi:erature of finish rolling for said“ steel at 600 - 900°C,
the total reduction ratio of said steel of 30% or higher, and
cooling said rolled steel at the rate of 4°C/min or higher.

| 9. A method for manufacturing a high strength stain-
less steel having a recrystallized microstructure, said steel
comprising, by weight, 0.03% or lower of C, 2.00% or lower

of Si, 5.0% or lower of Mn, 16 - 20% of Cr, 6 - 13% of Ni,
0.15 - 0.28% of N, 0.05 ~ 0.25% of Nb, 0.0020% or lower of B, at least one
selected from the group consisting of 0.030 - 0.080% of S and 0.005 -

- 0.080% of Se, the remainder being Fe together with impurity
elements, cpmprising the steps of: heating said steel at

temperature of 950 - 1,300°C, rolling said steel at temperature

of 900 - 1,250°C , controlling the temperature of finish rolling for said

steel at 900 - 1,000°C, the total reduction ratio of said steel of 30% or
higher, and cooling said rolled steel at a rate of 4°C/min or
higher.

10. A method for manufacturing a high strength

- 27 -
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stainless 'steel having an uncrystallized processed Structure, said
steel comprising, by weight, 0.03% or lower of C, 2.00% or

lawe_r of Si, 5.0% or lower of Mn, 16 - 20% of Cr, 6 - 13% of
Ni, 0.15 - 0.28% of N, 0.05 - 0,25% of Nb, 0.0020% or lower

of B, at least one selected from the group consisting of 0.030
- 0.080% of S and 0.005 - 0.080% of se, the ‘remainder

being Fe together with impurity elements, éo.mprising th'e

step:s of: hegtiﬁg said steel at temperature of 950 - 1,300°C,
rolling sa;i.d steel at temperature of 600 - 1,250°C, control-
ling the temperatures finish roll:_ing for_' said steel at 600 -

900°C, the total reduction ratio .:of said ‘steel of 30% or higher, and

cooling said rolled steel at the rate of 4°C/min or higher.
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