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[57] ABSTRACT 
A pitting corrosion resistant austenite stainless steel 
comprising not more than 0.08% by weight of carbon, 
not more than 4% by weight of silicon, not more than 
5.0% by weight of manganese, not more than 0.04% by 
weight of phosphorus, not more than 0.03% by weight 
of sulfur, 10 to 18% by weight of nickel, 23 to 30% by 
weight of chromium and 0.30 to 0.45% by weight of 
nitrogen, the balance being iron and unavoidable impu 
rities, and satisfying the condition of Ni % + 30 (C % 
+ N %) Z 20%. 

1 Claim, 10 Drawing Figures 
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PI'ITING CORROSION RESISTANT AUSTENITE 
STAINLESS STEEL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present invention relates to an austenite stainless 
steel having excellent resistance against pitting corro 
SlOn. 

One object of the present invention is to provide a 
stainless steel having excellent resistance against pitting 
corrosion as well as good hot and cold workability. 
Another object of the present invention is to provide 

a stainless steel having excellent resistance against pit 
ting corrosion as well as good weldability. 

Still another object of the present invention is to pro 
vide a stainless steel having excellent resistance against 
pitting corrosion as well as high strength and toughness. 

Pitting corrosion is one of the three remarkable de 
fects of a stainless steel; the other two defects are stress 
corrosion cracking and grain boundary attack. There 
are available appropriate counter-measures against 
stress corrosion cracking and grain boundary attack; for 
example, stress relieving annealing for the former and 
stabilization by Nb and Ti or extremely low carbon 
content for the latter. But there is no effective counter 
measure against pitting corrosion. 
Many accidents due to pitting corrosion have been 

experienced in chemical plants and equipments, and 
demand for pitting corrosion resistant stainless steel is 
increasing and will increase as the ocean development 
progresses. 
As metal materials which show strong resistance 

against pitting corrosion in the sea water, we can men 
tion titanium and Hostelloy C (Ni: 55%, Cr: 16%, Mo: 
16% and W: 4%). However, these materials are very 
precious and prohibited to be used in chemical equip 
ments and sea applicances from the point of economy, 
and are rarely used in practical application. 

Pitting corrosion [resistance] resistant stainless 
steels have been expected to overcome the economical 
hindrance of titanium and Hostelloy C, and some grades 
of sea-water stainless steels have been already published 
and commercialized. These sea-water stainless steels 
have a base composition of 25 Cr — 5 Ni — 1.5 Mo and 
a two-phase structure of austenite and ferrite. However, 
the ferrite phase contained in these sea-water stainless 
steels has a high chromium content which causes vari 
ous problems in cold workings and welding. The ferrite 
of high chromium content is susceptible to 475° C em 
brittlement and cr-phase embrittlement, and even with 
an ordinary heat treatment these stainless steels tend to 
cause embrittlement, and cold workability of these 
steels is inferior to that of austenite stainless steels such 
as 18-8 stainless steel. Further, the ferrite of high chro 
mium content is susceptible to micro-crackings due to 
heat cycles of welding, and such micro-crackings re 
main near weld bonds of heat affected zones and cause 
sometimes troubles. 

In order to overcome the above-mentioned various 
difficulties of conventional pitting corrosion resistant 
(sea-water) stainless steels, the present inventors have 
conducted various extensive studies to develop a pitting 
corrosion resistant (sea-water) stainless steel having an 

20 

2 
austenite structure. As a result, the present inventors 
have found that pitting corrosion resistance is remark 
ably improved by the combined effects of chromium 
and nitrogen when chromium is contained in an amount 
more than 23% and nitrogen is contained in an amount 
more than 0.3%, and have completed the development 
of a pitting corrosion resistant (sea-water) stainless steel 
having an austenite structure in which nitrogen is made 
use of as a strong austenizer. 
The basic composition of the present inventive stain 

less steel is: 

Cr: 23 — 30% 
Ni: l0 - lB% 
N: 0.3 - 0.45% 

The following additional elements may be added in 
the specified ranges in single or in combination to fur 
ther improve corrosion resistance: 

0.] — 4% 
0.2 — 5% 

M0: 
Cu: 
Nb: 0.05 — 2% 
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Also one or more of B, Ce and Ti may be added in the 
following ranges to further improve hot workability: 

not more than 0.01% 
not more than 0.05% 

B: 
Ce: 
Ti' not more than 0.5% 

The present invention will be described in reference 
to the attached drawings. 
FIGS. 1 and 2 show respectively effects on pitting 

corrosion resistance of chromium contents. 
FIGS. 3 and 4 show effects on pitting corrosion resis 

tance of chromium and nitrogen contents. 
FIG. 5 shows effects on the amount of solid soluble 

nitrogen of chromium and manganese contents. 
FIG. 6 shows effects on pitting corrosion resistance of 

nickel contents. 
FIG. 7 shows influences on the structure of chemical 

compositions. 
FIG. 8 shows influences on hot workability of chemi 

cal compositions. 
FIGS. 9 and 10 show effects on pitting corrosion 

resistance and sulfuric acid resistance of molybdenum 
contents. 
Reasons for limitations of various components of the 

present inventive stainless steel will be explained herein 
under. 
For estimation of pitting corrosion resistance of the 

present inventive stainless steel, the following three 
methods are used: a whole immersion test with a solu 
tion of ferric chloride (0.5 FeCl,, 25° C, for 48 hrs); a 
whole immersion test with a solution of ferric chloride 
and hydrochloric acid (50 g/l FeCl; + l/20 N HCl, 50' 
C, for 48 hrs.) and measurement of potentials inducing 
pitting corrosions in a salt solution acidified with sulfu 
ric acid (3% NaCl + 5% H2504, 35° C). 

In connection with the whole immersion tests, less 
corrosion rate indicates better corrosion resistance, 
while in the measurement of the potentials, a pitting 
corrosion potential of more than 1.0 V.S.C.E. indicates 
that no pitting corrosion is caused in the medium. 
Chromium is a basic alloying element for stainless 

steels and effective for improving pitting corrosion 
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resistance. From FIGS. 1 and 2, which show the effects 
on pitting corrosion resistance of chromium additions, it 
is understood that remarkable improvement of the pit 
ting corrosion resistance is attained with chromium 
addition in the range of 20 — 25%, and it is also under 
stood that subtantially no pitting corrosion is caused 
when chromium is added in an amount more than 23%, 
judging from the aspects of both the corrosion rate and 
_the pitting corrosion potential. Therefore, in the present 
invention, the lower limit of the chromium content is set 
as 23%. Although an increased chromium content gives 
better pitting corrosion resistance, with a chromium 
content of 30% as shown by the triangle mark in FIGS. 
1 and 2, a two-phase structure of ferrite and austenite 
appears in some grades, which deteriorates the pitting 
corrosion resistance. Further, from the aspect of work 
ability, hot workability is deteriorated when the chro 
mium content is more than 30%, and 475° embrittle 
ment and cr embrittlement occur more often in spite of 
the austenite base structure, thus damaging the hot and 
cold workabilities. For this reason the upper limit of the 
chromium content is set at 30% in the present invention. 
Nitrogen is one of the most important elements in the 

present inventive steel, and effective together with 
chromium for remarkably improving the pitting corro 
sion resistance. FIGS. 3 and 4 show the combined ef 
fects on pitting corrosion resistance [by] of chromium 
and nitrogen. Although nitrogen shows some improve 
ment of pitting corrosion resistance with 18% chro 
mium content, the corrosion rate does- not decrease 
below a certain value even when nitrogen is increased 
and no effective prevention against pitting corrosion 
can be assured. However, when the chromium content 
reaches 25%, the effects on the improvement of pitting 
corrosion resistance of nitrogen become very remark 
able, and as shown in FIG. 4 substantially no pitting 
corrosion is observed even by a more severe testing 
method when the nitrogen content exceeds 0.30%. For 
this reason, the lower limit of nitrogen content is set 
[as] at 0.30% in the present invention. 
From the point of pitting corrosion resistance, an 

increased amount of nitrogen is desired, but since nitro 
gen is a gaseous component, the amount is limited by its 
solubility in the solid in order to prevent blow holes, 
which determines an upper limit of the nitrogen con 
tent. The amount of nitrogen in solid solution depends 
on the chromium content as shown in FIG. 5, and with 
a chromium content of 30%, the amount of solid soluble 
nitrogen is only 0.45%. Also the amount of solid soluble 
nitrogen can be increased by an increased content of 
manganese, but as understood from FIG. 5, 0.45% is the 
upper limit for nitrogen when the chromium content is 
30% even when manganese is added in an amount of 
5.0%. Chromium is limited up to 30% from the points 
of hot and cold workabilities and manganese is limited 
up to 5.0% from the aspects of pitting corrosion resis 
tance and hot workability, so that the upper limit of the 
nitrogen content is 0.45% in the present invention. 
Nickel is an essential element for assuring the austen 

ite structure of the present inventive stainless steel, and 
is also effective for improving pitting corrosion resis 
tance to some degree, and also is an essential element for 
attaining good hot workability in the present inventive 
stainless steel. 

Effects on pitting corrosion resistance by nickel are 
shown in FIG. 6. With nickel contents more than 5%, 
the pitting corrosion potential becomes remarkably 
good, and no pitting corrosion whatever is observed 
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4 
with nickel contents in the range more than 10%. As 
mentioned above, nickel is essential for assuring the 
austenite base structure of the present inventive stainless 
steel, and the effects of nickel are considered to be ex 
plained by the following formula: 
Equivalent Ni (%) = Ni + 0.5 Mn + 30 C + 30 N 
Results of measurements of S-ferrite in the steel prod 

ucts according to the above formula are shown in FIG. 
7. When the equivalent nickel is more than 19% the 
S-ferrite disappears and an austenite structure is ob 
tained. But as understood from FIG. 7, even if the 
equivalent nickel is increased by addition of manganese, 
the austenite structure cannot be obtained. Thus addi 
tion of manganese is of no use for obtaining an austenite 
structure. 0n the other hand, carbon and nitrogen are 
[stron] strong austenizers. As hereinafter stated, the 
upper limit of carbon content is [0.12%] 0.08% be 
cause of its harmful effects on pitting corrosion resis 
tance and resistance against intergranular attacks, and 
the upper limit of the nitrogen content is 0.45% from 
the point of its solid soluble limitation as mentioned 
before. Therefore, when carbon and nitrogen are added 
up to their upper limits, the equivalent nickel is 17% and 
the deficit of more than 2% may be supplemented by 
nickel addition. The lower limit of the nickel content 
has been explained from the points of pitting corrosion 
resistance and the structure, but in conclusion, 10% is 
the minimum amount of nickel for assuring the desired 
pitting corrosion resistance. 
On the other hand, the upper limit of the nickel con 

tent is determined from the point of hot workability 
which is one of the important properties of the present 
stainless steel. FIG. 8 shows the effects on the hot work 
ability by various chemical compositions. The hot 
workability is estimated by the maximum edge cracking 
rate calculated from the maximum value of edge crack 
ing depth of steel billets after hot rolling. 

In FIG. 8, the hot workabilities of the grades contain 
ing 10—l2% nickel and the grades containing 13-18% 
nickel are considerably different even when the equiva 
lent nickel is the same. As understood from the ?gure, 
the hot workability tends to [improved] improve as the 
equivalent nickel is increased. However, at the border 
line of 12-13% nickel content, the hot workability is 
deteriorated when the nickel content is increased be 
yond the border line. This deterioration of hot working 
is due to hot embrittlement peculiar to highly alloyed 
steels, and can be alleviated by limiting the amounts of 
substitution type solid solution elements (Ni, Mo, Nb, 
Cr). Thus it is necessary to increase the equivalent 
nickel by the addition of nitrogen to assue Ni + 30 (C 
+ N) Z 20% and further to limit the additions of Mo 
and Nb, respectively, at less than 1%. Thus as for a 
desired range of nickel content, 12% is its upper limit 
within this desired range, but it is possible to improve 
the hot workability by increasing nitrogen addition and 
limiting the amount of Mo and Nb so [far] long as the 
nickel content is up to 18%. Thus the upper limit of the 
nickel content is set [as] at 18% in the present inven 
tion. 
Both Mo and Nb are effective not only for improving 

the pitting corrosion resistance as well as Cr, N and Ni, 
but also M0 is effective for improving the resistance 
against sulfuric acid and Nb is effective for improving 
the resistance against intergranular attacks. For applica 
tions in chemical equipment and appliances, not only 
pitting corrosion resistance, but also ordinary corrosion 
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resistance may be required. Thus Mo and Nb are some 
times added selectively for such purposes. 
Mo contents in an amount more than 0.1% are re 

quired from the points of pitting corrosion resistance 
and sulfuric acid resistance as shown in FIGS. 9 and 10, 
and the lower limit of the Mo content is set [as] at 
0.1%. Regarding Nb, at least 0.05% of Nb is required 
for pitting corrosion resistance and resistance against 
intergranular attacks, and the lower limit of Nb addition 
is set [as] at 0.05%. 
A larger content of M0 is desirous from the points of 

pitting corrosion resistance and sulfuric acid resistance, 
but in order to maintain good hot workability as well as 
the austenite structure, the content of M0 is limited. 

First, there is the complicated aspect that the effect of 
molybdenum on hot workability varies depending on 
the amount of nickel. When the nickel content is not 
more than 12%, good hot workability is obtained by 
adding M0 in a range not more than 4% with appropri 
ate adjustment of the amounts of chromium and nitro 
gen. However, when the nickel content exceeds 12%, 
the hot embrittlement peculiar to highly alloyed steels 
appears and good hot workability is hard to maintain 
with an M0 addition more than 1%. Thus the upper 
limit of the molybdenum content must be limited in 
accordance with the following nickel contents: 

(1) With nickel contents of 10% - 12% the upper limit 
of M0 is not more than 4% 

(2) With nickel contents of 12% to 18% the upper 
limit of M0 is not more than 1%. 

The upper limit of the Nb content is set as 2% in the 
present invention for the following reason: when the Nb 
content exceeds 2%, carbides and nitrides of niobium 
are produced in a large amount, thus deteriorating the 
pitting corrosion resistance, and in addition, ?xation of 
carbon and nitrogen lowers the effective equivalent 
nickel so that it becomes more difficult to maintain the 
austenite structure. 
Copper is not particularly effective for pitting corro 

sion resistance, but effective for ordinary corrosion 
resistance, such as, sulfuric acid resistance and hydro 
chloric acid resistance, and, similarly as Mo and Nb, it 
is desired to add copper according to the kinds and 
types of applications in which the steel is used. The 
reason for setting its lower limit at 0.2% is that at cop 
per contents below this limit, no substantial improve 
ment is obtained, while the reason for its upper limit of 
5% is that copper contents of more than 5% remarkably 
deteriorate the hot workability because of an excess 
beyond the solid solution limit of copper. 
Carbon not only deteriorates the pitting corrosion 

resistance, but also accelerates intergranular attacks 
remarkably and therefore it is limited to an upper limit 
of 0.08%. 
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6 
Silicon is effective to improve the pitting corrosion 

resistance to some degree, but is less effective in this 
respect as compared with Cr, Mo and Nb. Since silicon 
is a strong ferrite former its content is limited from the 
point of maintenance of the austenite structure and its 
upper limit is set [as] at 4%. 
Manganese is an element which lowers the pitting 

corrosion resistance, but it is useful in a limited amount 
of increasing the amount of solid soluble nitrogen and 
thus increasing the addition of nitrogen which is re 
markably effective for improving the pitting corrosion 
resistance. With manganese contents beyond [6%] 
5%, the deterioration of the pitting corrosion resistance 
increases too much in spite of the above favourable 
effects, and thus its upper limit is set [as] at [6%] 
5%. 
Both phosphorus and sulfur are elements which dete 

riorate pitting corrosion resistance and thus it is desir 
ous to minimize their contents. But these elements are 
unavoidable impurities which are present during a steel 
making process. The reason for the upper limit of 
0.040% for phosphorus is that phosphorus contents 
beyond this limit cause remarkable damage to weldabil 
ity which is one of the most important properties of the 
present inventive steel. The reason for the upper limit of 
0.030% for sulfur is that its contents beyond this limit 
deteriorates the hot workability as well as the weldabil 
ity. 
All of boron, cerium and titanium improve the hot 

workability of the present inventive steel, and it is de 
sired to add these elements particularly when severe hot 
workings are conducted. Although these elements are 
effective in a very small addition, excessive addition of 
[those] these elements on the contrary damages the 
cleanness of the steel and deteriorates the hot workabil 
ity. Thus the upper limits of B, Ce and Ti are set [as] 
at 0.01, 0.05 and 0.5% respectively. 
Explanations have been made for the reasons of limi 

tations of each of the constituents of the present inven 
tive steel composition. Further it is necessary to limit 
the steel composition for balancing the composition 
from the points of the structure, hot workability and 
weldability as under: 

10% § Ni < 12% 

Examples of the present inventive steel are set forth in 
Table 1 with conventional standard grades of stainless 
steel for comparison, and their mechanical properties 
and corrosion resistance are set forth in Table 2. 

Table 1 
Examples of Present Steel 
Chemical Compositions 

Sample C Si Mn Ni Cr N Mo Cu Others 

A 0.06 0.65 1.211 10.1 23.5 0.35 — — 
B 0.05 0.70 1.43 15.2 25.6 0.36 —- - 
C 0.06 0.62 1.18 10.9 24.7 0.35 0.8 - 

Inventive D 0.07 0.66 1.52 11.7 23.4 0.31 2.4 — 
Steels E 0.04 0.73 1.04 16.2 26.3 0.38 0.5 0.4 

F 0.06 0.65 1.22 11.4 23.2 0.32 1.4 — Nb 0.8 
G 0.05 0.61 1.64 14.3 25.3 0.34 0.7 1.2 Nb 0.5 
H 0.05 0.64 4.87 10.6 15.3 0.43 — - 
I 0.06 3.04 1.10 13.8 23.5 0.37 — — 

SUS 27 0.05 0.64 1.11 9.1 18.4 0.024 -- — 
Conventional SUS 32 0.06 0.70 1.34 13.2 17.1 0.022 2.4 - 
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Table l-continucd 
Examples of Present Steel 

Compositions 
1 Mo Cu Others Cr Si Sample 

Steels 

Table 2 

Resistance 
Fitting Corrosim: Corrosion 

Resistance 

lute 
m. 8/ 2, 4 

1+I/20N 6hrs. "Ci: 
(atlmA/crnz) 

1:0.5t 3%NICI + 5% PEG 
sYield Tensile Elon 
Its/mm’ 

Strength gntion 
Wm’ 180' B180‘: 335- c Simple 

l 2 7295 Z000000l0l1?i mmmmmmmmmumuw. lolilllolooonv ihzjsssansssl. SUS27 
SUS32 

SUS64 

Inventive 
Steels 

Conventional 
Steel: 

What is claimed is: sulfur in an amount not exceeding 0.03% by weight, 
1. A pitting corrosion resistant austenite stainless steel 30 10 to 18% by weight of nickel, 

consisting essentially of 23 to 30% by weight of chromium, 
not more than 0.08% by weight of carbon, 0.30 to 0.45% by weight of nitrogen, and 
silicon in an amount not exceeding 4.0% by weight, 0.1 to 4.0% by weight of molybdenum, 
manganese in an amount not exceeding 5.0% by the balance being iron and unavoidable impurities, 

said steel satisfying the condition of Ni % + 30 (C 
% + N %) E 20%. 

weisht 
phosphorus in an amount not exceeding 0.04% by 

0 


