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ABSTRACT OF THE DISCLOSURE 

A steel having excellent rust resistance comprising 
0.001 to 0.15% of carbon, 0.01 to 1.0% of silicon, 0.01 to 
1.0% of manganese, 0.01 to 0.5% of copper, 0.003 to 
0.3% of sulfur and titanium in an amount enough to 
attain a Ti/S ratio of 2 or more, with the balance being 
iron and unavoidable impurities. 

The present invention relates to steel sheet having 
excellent rust resistance, useful as materials for automo 
bile and can-making. 

Hitherto now, it has been often experienced that the 
steel sheet above~mentioned are quite susceptible to rust 
formation during their production process or during their 
shipment to users, and studies for clarifying the causes for 
rust formation and their prevention have been urged. 
The present inventors have made extensive studies for 

clarifying the causes of rust formation, and have discov 
ered that the rust formation is attributed directly to the 
fact that u(Mn-Fe)S contained in the steel is dissolved 
into dews formed on the steel surface. Namely it has been 
found that this m(Mn-Fe)S changes its conditions under 
both of an oxidizing atmosphere and a reducing atmos 
phere and causes the rust formation. Therefore, it is nec 
essary to make the sulfur content in the steel as low as 
possible so as to lower the a(MI1'F6)S content in the steel 
in order to prevent or suppress the rust formation. How 
ever, it requires high cost to reduce the sulfur content in 
the steel, and yet it is impossible to completely remove the 
sulfur content. Therefore, other methods must be relied 
upon to reduce or prevent the formation of the 

Based on the above discoveries, the present inventors 
have developed steel sheets having excellent rust resist 
ance by ‘?xing the sulfur content as sul?de unsolubles into 
the dews. 
One of the objects of the present invention is to provide 

a steel comprising 0.001 to 0.15%, preferably 0.005 to 
0.05% of carbon, 0.01 to 1.0%, preferably 0.01 to 0.1% 
of silicon, 0.01 to 1.0%, preferably 0.1 to 0.3% of man 
ganese, 0.01 to 0.5%, preferably 0.02 to 0.25% of copper, 
0.003 to 0.03%, preferably 0.003 to 0.02% of sulfur, tita 
nium in an amount enough to obtain a Ti/S ratio of more 
than 2, thus preferably 0.01 to 1.0% of titanium, option 
ally 0.1 to 1.0% of chromium and/or 0.001 to 0.05% of 
boron, with the balance being iron and unavoidable 
impurities. 

conventionally, many steels having improved corrosion 
resistance in the air by addition of certain elements have 
been developed. For example, a steel containing copper, 
chromium, nickel and vanadium (Corten steel) and a 
steel containing copper, titanium and phosphorus are 
known. These steels, however, have been developed for 
the object to protect the metal inside the rust by the rust 
adhering on the matrix when exposed in the air, and not 
for the object to prevent or suppress the rust formation 
itself. 
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Therefore, the conventionally known art does not give 

any suggestion of the present invention which treats a 
completely different type of corrosion and corrosion 
mechanism. 

Namely, the present invention has, as its object, to pro 
vide a steel sheet having excellent rust resistance under an 
indoor condition such as high moisture as in the summer 
season in Japan. 
The basic elements composing the steel of the present 

invention, other than iron and carbon, are silicon, man 
ganese copper, titanium and sulfur other than iron and 
carbon, and these elements are classi?ed as the ?rst group 
elements. The second group elements are chromium and/ 
or boron. 

In the steel containing the ?rst group elements, titanium 
in combination with copper contributes to improvements 
in the rust resistance, and remarkable rust resistance 
improvement is given when the ratio of T i/ S is 2 or more. 
The second group elements primarily tend to improve the 
rust resistance, and the rust resistance may be further 
improved by the presence of the ?rst and second group 
elements. 

Thus, the basic steel composition of the present inven 
tion comprises 0.001 to 0.15% of carbon, 0.01 to 1.0% of 
silicon, 0.01 to 1.0% of manganese, 0.01 to 0.5 % copper, 
0.003 to 0.03% of sulfur and titanium in an amount 
enough to have a Ti/S ratio of 2 or more, and a modi?ed 
steel composition of the present invention comprises one 
or more of the second group elements in an amount of 
0.1 to 1.0% for chromium and 0.001 to 0.05% for boron. 

Limitation of each of the elements in the present inven 
tion is decided in view of the corrosion resistance, me 
chanical properties and steel-making problems. 
The carbon content is necessary to give the desired 

strength, but more than 0.15 % of carbon lowers the elon 
gation of the steel and deteriorates the rust resistance. 
While less than 0.001% of carbon lowers the strength and 
requires a longer re?ning time, thus causing adverse 
effects on economics and productivity. 

Silicon and manganese are necessary as deoxidizing 
elements in the steel making in an amount of not less than 
0.01%, but excessive addition of these elements causes 
embrittlement of the steel and excessive strength. Thus 
the upper limits of these elements are limited to 1.0%. 

Copper, when present with other elements, is effective 
to improve the rust resistance, but its effect is recognized 
when contained less than 0.01%, While more than 0.50% 
of copper causes embrittlement of the steel and deter 
iorates the workability. 

It is desirable to reduce the sulfur content as low as 
possible, but from the economical limitations of the steel 
making, the sulfur content is limited to a range of 0.005 
003%. The titanium content is de?ned so that the ratio 
of Ti/S is not less than 2. 

In case titanium is added to the steel, it is necessary to 
control the amount of titanium so that the ratio of titanium 
to sulfur in the steel can be not less than 2. 
The reason for limitation of titanium is as follows: if 

the other sul?de former elements than titanium are not 
contained in the steel, the amount of titanium necessary 
for ?xing all the sulfur in the steel is stoichiometrically 
48/32 times more than the amount of sulfur. Since the 
commercial steel contains, however, manganese which is a 
typical sul?de former element. The above-mentioned 
amount of titanium are not enough for ?xing all the sulfur 
in the steel as titanium sul?de and a part of the sul?de in 
the steel remains as manganese sul?de which causes rust 
formation. 

Therefore, it is necessary for this purpose to increase 
the amount of titanium, so that the ratio of titanium to 
sulfur in the steel can be ?xed at least more than the value 
of 2.0. 
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The reason for limiting chromium as an optional ele 
ment to 0.1 to 1.0% is that when it is contained in an 
amount of 0.1% or more its effect on promoting the rust 
resistance is remarkable, but more than 1.0% of chromi 
rum brings only 'high production cost. 

Boron is limited to 0.001 to 0.05% for the reason that 
less than 0.001% of boron show no substantial effect 
and more than 0.05% of boron causes embrittlement 
of the steel. 
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0n the whole surface were placed in a moisture box 
maintained at 65° C, and their rust formation was de 
termined. 

(B) in the Table means that similar test pieces were ex 
posed indoor for three months and their surface con 
dition was observed. From the results of (A) and (B) 
of Table 1 it is very clear that the present inventive 
steel is much more excellent than the conventional 
steels in respect of rust resistance. 

The above steel compositions may be produced by 

TABLE 1 

Indoor 
Moisture testing exposure 

(A) (B) 

. Hot Gold Gold 
Chemleal composition (percent) rolled, rolled, rolled, 
‘ _ annealed annealed annealed 

C Si Mn T1 S Cu Cr B sheet sheet sheet 

Conventional steels 

100 100 100 
100 100 100 
89 83 78 
100 100 100 
100 100 100 
100 100 100 

0. 1 0. 5 0. 020 18 8 0 
0. 1 0. 2 O. 015 20 10 3 
0. 1 0. 14 0. 025 20 8 8 
0. 1 0. 07 0. 027 21 11 7 
0. 3 0. 10 0. 03 31 27 8 
0. 1 0.10 0. 007 21 11 0 
0. 2 0. 3 0. 008 28 22 7 
0. 1 0. 1 0. 005 25 16 6 
0. 1 0. 15 0. 006 5 4 3 
0. 1 0. 10 0. 005 3 6 0 

What is claimed is: 
35 1. A steel having excellent rust resistance consisting melting in an ordinary steel making furnace, such as an 

electric furnace and a converter in combination use of 
vacuum degassing, if necessary, then making slabs by 
continuous casting or ordinary ingot making method, hot 
rolling, cold rolling and annealing. In some cases, the 
steel sheet as hot rolled, or as hot rolled and normarized 
or annealed, or steel sheet as cold rolled may be used 
for the ?nal product. 
An example of the present invention will be set forth 

under. 
Table 1 shows results of rust formation tests made on 

the present invention steels and convention steels both 
obtained by melting in a converter, ingot-making, hot 
rolling and annealing, and on the inventive steels and 
conventional steels both obtained by hot rolling, and 
then cold rolling and annealing. 
(A) in Table 1 means that test pieces of 3 mm. thick 

ness, ‘30 mm. width and 50 mm. length and butf polished 

40 

45 

50 

essentially of 0.001 to 0.15% of carbon, 0.01 to 1.0% 
of silicon, 0.01 to 1.0% of manganese, 0.01 to 0.5% of 
copper, 0.003% of sulfur and titanium in an amount 
enough to attain a Ti/S ratio of 2 or more, with the bal 
ance benig iron and unavoidable impurities. 
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