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ABSTRACT OF THE DISCLOSURE 
Straight-chromium stainless steel is characterized by a 

combination of ready machinability and good corrosion 
resistance. In addition to chromium of about 11.5% to 
18%, the steel contains critical amounts of the three 
ingredients phosphorus, sulphur and zirconium, namely, 
about 0.04% to 0.12% phosphorus, about 0.20% to 
0.50% sulphur and about 0.10% to 0.40% zirconium. 
Conveniently, the steel is melted in the electric arc fur 
nace, and for best results, teeming is effected in a 
protective atmosphere. 

As a matter of introduction, my invention is concerned 
with the straight-chromium stainless steels, more especially 
the American Iron and Steel Institute 400 series. Particu 
lar mention is made of the 416 and 430F. These contain 
chromium in amounts ranging from some 12% to 14% 
for the Type 416 and some 16% to 18% for the Type 
430F. 
One of the objects of my invention is the provision of 

a straight-chromium stainless steel which is characterized 
by a combination of good corrosion-resistance and good 
machinability with higher cutting rates and lower tool 
forces than herebefore. 

Another is the provision of such a steel which is readily 
and economically melted, using known furnacing and 
melting equipment and which lends itself to an ease of 
working in the hot-mill and cold-mill as by rolling, draw 
ing and forging, and which in the form of bar, rod and 
wire is suited to a variety of machining operations, such 
as cutting, sawing, turning, threading and the like as in 
the production of a host of products of ultimate practical 
use where common corrosion conditions are encountered. 
A further object is the provision of a method for pro 

ducing the zirconium-containing stainless steel of my 
invention in simple, efficient manner to give a steel of high 
quality and free of surface blemishes or discoloration. 
Other objects of my invention in part will become 

apparent during the course of the description which fol 
lows and in part will be more especially pointed to. 
My invention then resides in the combination of ele 

ments, in the relation between the same and in the 
sequence of operational steps employed, all as described 
herein, the scope of the application of which is set out in 
the claims at the end of this specification. 

BACKGROUND OF THE INVENTION 
In order to gain a better understanding of certain fea 

tures of my invention, it may be well to note at this point 
that stainless steels are well established in the art, par 
ticularly because of their resistance to corrosion, their 
strength and in many cases their attractive appearance. 
For example, there is the AISI Type 410 containing car 
bon in the amount of 0.15% as a maximum, manganese 
1.00% max, phosphorus 0.04% max, sulphur 0.030% 
max., silicon 1.00% max., chromium in the amount of 
11.5% to 13.5% and remainder iron. This is a general 
purpose steel which is hardenable by heat-treatment. It 
is employed where either corrosion-resisting or heat 
resisting properties are required. It is suited to the produc 
tion of coal screens, machine parts, valve trim and low 
priced cutlery. 
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A general purpose stainless steel which is non-harden 

able by heat-treatment is the AISI Type 430. This steel 
contains carbon 0.12% maximum, manganese 1.25% 
max, phosphorus 0.04.0% max., sulphur 0.030% max..., 
silicon 1.00% max., chromium in the amount of 16% to 
18% and remainder iron. It is employed in the form of 
decorative trim, automobile trim, annealing baskets and 
nitric acid tanks. 
Among the most popular of the straight - chromium 

grades are those which lend themselves to a variety of 
machining operations. Some of these grades are harden 
able by heat-treatment and others are considered to be 
non-hardenable. Of the former, particular mention is made 
of the American Iron and Steel Institute, Type 416, com 
prising carbon up to 0.15% as a maximum, manganese 
1.25% max., phosphorus 0.060% max, sulphur 0.15% 
minimum, silicon 1.00% max., chromium 12% to 14% 
and remainder iron. This steel is a free-machining grade 
and is particularly suited to the production of bolts, nuts, 
screws, carburetor parts, fishing reels, golf club heads, 
instruments parts, screw machine parts, valve trim and 
the like. Of the latter that is the non-hardenable free 
machining steel, there is AISI Type 430F. This steel is 
especially suited to the production of screw machine parts, 
screws and other fasteners. It comprises carbon in the 
amount of 0.12% as a maximum, manganese 1.25% max..., 
phosphorous 0.060% max., chromium 16% to 18% and 
silicon 1.00% max., chromium 16% to 18% and remain 
der iron. 
A companion steel, AISIType 430FSe is similar in com 

position to the 430F except the sulphur content is set at 
0.060% maximum and there is employed selenium in the 
amount of at least 0.15% as a minimum. This steel too 
is of a free-machining grade and as such is suited to the 
production of a variety of machined articles and parts. 
The machined products present a finish of fine quality. 
While the straight-chromium grades such as the AISI 

Types 410 and 430 are viewed as having good resistance 
to a wide variety of corrosive media, they do not lend 
themselves to anything more than the most limited 
machining operations, such as cutting and sawing. And 
while the types, notably AISI Type 416, 430F and 430FSe, 
do indeed possess good machining characteristics, the cor 
rosion resistaning qualities significantly suffer. Although 
other straight chromium grades of stainless steel contain 
ing Sulphur, and indeed also containing zirconium, are 
known in the art, as described and claimed in the Palmer 
U.S. Pat. 1,835,960 of Dec. 8, 1931, these too evidence a 
loss of corrosion resistance with the gain in machin 
ability. A further straight-chromium stainless steel in 
which any one or more of phosphorus, sulphur and 
selenium is employed and in which zirconium and molyb 
denum are viewed as equivalent additions, forms the sub 
ject of Nishikiori U.S. Pat. 2,897,078 of July 28, 1959. 
But in the steel of that patent, both copper and aluminum 
are necessary and essential ingredients. The steel of this 
patent, as well as that of the Palmer patent, lacks the 
combination of corrosion-resistance and free-machina 
bility which characterizes the steel of my invention. 

Accordingly, then, one of the objects of my invention 
is the provision of a stainless steel which, while compar 
atively inexpensive and of ready production, enjoys good 
machinability along with good resistance to corrosion, 
which steel Works well in the mill, lends itself to variety 
of fabricating and machining operations, particularly cut 
ting, threading, tapping, drilling, and the like with mini 
mum tool forces, maximum tool life and yet presents a 
high quality surface finish. Another is the provision of a 
simple, direct and economical method for assuring effi 
cient and reliable production of the steel of high surface 
quality together with a desired combination of machina 
bility and good corrosion-resistance, 
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BRIEF SUMMARY OF THE INVENTION 

Turning now more particularly to the practice of my 
invention, my steel essentially consists of about 11.5% to 
about 18% chromium, about 0.07%, or even 0.04%, up 
to about 0.12% phosphorus, about 0.20% to about 0.50% 
sulphur, about 0.10% to about 0.40% zirconium, up to 
about 1.12% selenium, not over about 0.15%, and pref 
erably not over about 0.07% carbon, and remainder Sub 
stantially all iron. Manganese and silicon, of course, are 
commonly present, the manganese being up to about 
1.25%, preferably about 0.10% to about 1%, and the 
silicon in amounts up to about 1%. 
The steel of my invention conveniently is melted in the 

electric arc furnace. Where desired, however, other melt 
ing techniques, such as partial pressure processes or even 
vacuum furnaces, can be used, but these at somewhat 
higher cost. The steel as melted contains the desired 
amounts of chromium, carbon, manganese, silicon, phos 
phorus and sulphur, along with selenium where employed. 
With metal made to desired specification, the furnace is 
tapped into a suitable ladle for teeming. It is at this point 
that the zirconium addition is made. And best results are 
had here by adding the zirconium to the ladle in the 
form of ferro-zirconium. Immediately prior to making the 
zirconium addition, I add to the metal aluminum scrap, 
pig or pellets in order to effect deoxidation and, at the 
same time, rid the metal of oxygen. Contamination of 
the zirconium addition in the ladle is thus avoided. 

In teeming the metal, I first flush the ingot molds em 
ployed with argon or other heavy inert gas. This serves 
to float out the normal atmosphere of the mold. And for 
best results, I also provide a protective envelope of argon 
or the like about the steam of metal flowing from the 
ladle into the mold. This is achieved by Way of a collar 
spaced around the nozzle of the ladle, the collar being 
provided with suitable orifices leading toward the noz 
zle and providing a flow of gas enveloping and surround 
ing the stream of molten steel. The teemed metal thus 
is effectively prevented from oxidation throughout the 
teeming operation, protection being had for the naked 
stream and for the metal rising in the mold. 
The zirconium-containing steel of my invention, which 

essentially contains the two further ingredients phosphorus 
and sulphur, is strong, resistant to corrosion, and at the 
same time, is characterized by good machinability. The 
steel especially may be viewed as one of good machina 
bility, lending itself to cutting, turning, tapping, thread 
ing and the like, as in the production of a host of articles 
and parts of ultimate use, and yet with good retained re 
sistance to corrosion, a resistance of corrosion character 
izing the known and used AISI stainless steels of the 400 
Sec.S. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

While the steel of my invention in broad aspect essen 
tially consists of about 11.5% to about 18% chromium, 
about 0.04% to about 0.12% phosphorus, about 0.20% 
to about 0.50% sulphur, about 0.10% to about 0.40% 
zirconium, with or without selenium in amounts up to 
about 0.12%, and remainder substantially iron, there are 
several steels of more specific composition in which there 
are enjoyed a best combination of properties. One such 
steel essentially consists of about 11.5% to about 18% 
chromium, about 0.07 or 0.08% to about 0.12% phos 
phorus, about 0.35% to about 0.40% sulphur, about 
0.20% to about 0.25% zirconium, with carbon not over 
about 0.07% and remainder substantially all iron. Man 
ganese may be present in amounts up to about 1.25% and 
silicon present in amounts up to about 1%. This steel is 
non-hardenable by heat-treatment and enjoys an excel 
lent combination of free-machinability along with resist 
ance to corrosion. 

Another steel according to my invention essentially con 
sists of about 12% to about 14% chromium, about 0.07% 
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4 
to about 0.12% phosphorus, about 0.20% to about 
0.50% sulphur, about 0.10% to about 0.40% zirconium, 
not over about 0.15% and for best results not over about 
0.07% carbon and remainder substantially all iron. Again, 
manganese here may be present in amounts up to about 
1.25% and silicon in amounts up to about 1%. While the 
steel of the higher permissible carbon content is harden 
able by heat-treatment and is characterized by a com 
bination of good machinability and good resistance to 
corrosion, the steel of the lower carbon content remains 
substantially unhardenable by heat-treatment while re 
taining the good combination of machinability and cor 
rosion resistance. 
A further steel essentially consists of about 14% to 

about 18% chromium, about 0.07% to about 0.12% phos 
phorus, about 0.20% to about 0.50% sulphur, about 
0.10% to about 0.40% zirconium with carbon not exceed 
ing about 0.07% and remainder substantially all iron. 
Manganese and silicon both may be present, each in 
amounts up to about 1%. This steel, while enjoying good 
free-machinability, is characterized by somewhat better 
corrosion resistance than the steel of the 12% to 14% 
chromium content. 
A steel enjoying somewhat better corrosion resistance 

along with good free-machinability essentially consists 
of about 16% to 18% chromium, up to about 1% man 
ganese, up to about 1% silicon, about 0.07% to about 
0.12% phosphorus, about 0.20% to about 0.50% sul 
phur, about 0.10% to about 0.40% zirconium, carbon 
not exceeding about 0.07% and remainder substantially 
all iron. 

In the steel of my invention, both the broad composi 
tion as well as specific composition, there is had a good 
combination of the two properties, resistance to corro 
sion and free-machinability. The steel lends itself to cut 
ting, sawing, turning, threading, tapping and the like. Cut 
ting tool life is at a maximum. Tool forces, that is the 
cutting force encountered, are at a minimum. And the 
metal is seen to have a clean, bright finish free of 
blemishes, which well resists attack by the atmosphere 
and by the acids, bases and salts commonly encountered 
11 Se. 

In the steel of my invention, the amounts of the three 
ingredients phosphorus, sulphur and zirconium are in 
every sense critical. First, there is the matter of the 
Zirconium content. This I find is required in the amount 
of at least about 0.10% or even 0.15% and for best 
results, at least about 0.20%. The zirconium content, 
however, should not exceed about 0.40%, particularly 
with air melting and/or teeming, for otherwise a streaked 
surface results. I find that where the molten metal is per 
mitted to come in contact with the air, objectionable 
stringers are formed, these being composed of zirconium 
oxides and/or zirconium nitrides. These oxides not only 
mar the surface of the converted steel products but, in 
addition, cause a loss in machinability and tool life. To 
achieve a best surface, the metal is teemed in a protective 
atmosphere so as to preclude a pick-up of oxygen or nitro 
gen from the air. Where air melting nevertheless is em 
ployed, the zirconium content should not exceed about 
0.25%. In general, the zirconium content amounts to 
from 0.15% to about 0.30% and teeming is had in a 
protective atmosphere of argon. 
The sulphur content of my steel is at least in the amount 

of about 0.20% in order to achieve good machinability; 
even better properties are had with sulphur in the amount 
of at least 0.35%. The sulphur content, however, should 
not exceed about 0.50%, for otherwise the hot-work 
ability of the metal is inclined to suffer. For best results 
the sulphur content amounts to some 0.35% to 0.50%. 
I feel that the zirconium and sulphur present form a 
zirconium sulphide which is dispersed throughout the 
metal in the form of big, fat discontinuities which in a 
measure lubricate the cutting tool in a machining opera 
tion. 
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The ingredient phosphorus is employed in the amount 
of at least about 0.04% and for best results at least 
about 0.07% or 0.08% on up to about 0.12%. Phos 
phorus in amounts less than 0.07% and certainly in the 
amount less than 0.04% are inadequate. In my view, at 
least 0.07% phosphorus and certainly at least 0.04% is 
required in order to effect proper segregation and growth 
of the zirconium sulphides present, the zirconium sul 
phides appearing as big, fat bodies which are readily seen 
under the microscope. The zirconium sulphides particu 
larly contribute to the free-machining qualities of the 
metal. Without the critical phosphorus content, I find 
that the zirconium sulphides are of inconsequential size 
and contribute little to machinability. 
Any selenium employed in my steel is in amounts up to 

about 0.12%. Selenium, too, aids in the growth of the 
larger sulphides, notably zirconium sulphides and man 
ganese sulphides, as well as to further improve machin 
ability. Moreover, with the selenium addition, there is 
had some slight improvement in the surface appearance 
of the machined metal. 
The chromium content of my steel is in the amount 

of at least about 11.5% for with a lesser chromium con 
tent, there is inadequate corrosion resistance. The chro 
mium content, however, should not exceed about 18% 
for otherwise the metal becomes unnecessarily costly. 
Moreover, machinability begins to suffer with the higher 
chromium content. 
The carbon content usually is not over about 0.15%. 

For many applications, carbon is employed in amounts 
not exceeding about 0.07%. With a carbon content ex 
ceeding 0.15%, I find a loss in corrosion resistance. More 
over, an excessive carbon content is inclined to the forma 
tion of carbides, which segregate toward the surface of 
the ingot during solidification, in a measure competing 
with the zirconium sulphides and causing some loss in 
machinability. For a best combination of properties, then, 
there is desired a carbon content not exceeding about 
0.07%. 
Manganese, as noted above, may be employed in 

amounts up to about 1.25%, preferably in amounts not 
exceeding about 1%. An excessive manganese content 
results in a loss of corrosion resistance without any con 
pensating benefits. And silicon is employed in amounts 
up to about 1%, an excessive silicon content tends to 
produce glassy silicates in the steel which are known to 
shorten tool life. 
As more particularly illustrative of the steel of my 

invention, I give below in Tables I(a) and I(b) eight 
examples, along with nine of the known Types 416 and 
430F. The chemical composition of the various samples 
is given in Table I(a). 

TABLE ICa) 
Chemical composition of 17 examples of free-machining stainless steels 
Heat 
number C Mn P S S Cr Ni Se Zr 

310306------ .14 .54 .028 .35 .50 12.40 .50 ------------ 
310219.------ 12 .50 .027 .33 .39 12.54 .20 
30215 ... 2 .50 .025 .35 .44 12.69 .23 
500120 10 60 .018 .32 .79 3.18 .46 
390649 1 .66 ... 020 .31 . 69 13.40 .32 -- 
57.161.------ 10 79 .017 .36 . 61 12.84 .18 ------------ 
48018------- ... 10 .52 .018 .35 .. 61 13.40 .34 - 
480435------ .097 .72 .015 .33 .. 64 12.94 .36 -- 
5298. .065 .73 .011 .27 .41 16.56 .65 ------------ 
R59421 .036 .30 . 072 . 40 .27 16.41 .24 .08 22 
R5869 1 .033 .74 .083 .38 .51 13.03 .24 .08 .22 
R58711----- .038 .54 .088 .39 , 69 13.08 .21 .08 32 
R58421----- .042 .32 .079 .42 .26 12.87 .5 .08 ... 7 
R58391----- .031 .26 .075 .42 .33 12.77 .19 .06 .13 
R54351----- .033 .84 .2 .34 .40 13.12 .22 ------ 5 
R5844----- .038 .35 .079 .41 .47 13.00 .16 .02 20 
R5841 ----- .043 .31 .087 .42 .36 2.63 .16 ------ 6 

1 Steels of the invention. 

The properties of the steels of Table I(a), that is 
hardness, tool life and required cutting force, are given 
in Table I(b). The hardness is given in Brinell. The 
tool life is given in terms of surface feet per minute for 
a five-hour life period. And the required cutting force is 
given in pounds. All samples are in the form of bar 
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6 
stock and are in the condition following heating at 1200 
F. for four hours and air cooling. 

TABLE I(b) 
Hardness, tool life and required cutting force of the steels of Table I(a) 

Cutting 
Brinell T001 force in 

hardness life pounds 

Heat number: 
310806------------ 228 205 327 
30219. 212 210 316 
3025. 207 200 344 
500.20 223 80 340 
390649. 212 20 344. 
576. 235 20 320 
4808----- 235 185 345 
480435 228 210 344 

ves 52198. 163---------- 400 
R59421- 156 250 237 
R58691 67 258 243/234 
R5871 167 250 236/235 
R58421---- 156 275 215/211 
R58391--- 63 265 225/224 
R5434. 183 252 234 
R58441 53 262 224/228 
R584 i. 59 262 226/224 

Steels of the invention. 

Careful review of the test results presented above rather 
forcefully reveals that while the AISI Type 416 stain 
less steel (carbon 0.15% max., manganese 1.25% max..., 
phosphorus 0.060% max., sulphur 0.15% min., silicon 
1.00% max., chromium 12% to 14%, and remainder 
iron, as noted above) is characterized by a Brinell Hard 
ness of some 207 to 235, the steel according to the pres 
ent invention (Heat Numbers R5942, R5869, R5871, 
R5842, R5839, R5435, R5844, and R5841) reveals Brinell 
Hardness Numbers running from 153 for Heat R5844 
to 183 for Heat R5435; much lower hardness is had in 
the steel of interest. 
The required cutting force for the standard Type 416 

is on the order of some 316 pounds as a low (Heat No. 
310219) to a high of 345 (Heat No. 48018). Five of the 
examples are shown to require a cutting force on the 
order of 340 pounds. As contrasted with the figures given 
for the standard Type 416, the steel of my invention 
of like chromium content only requires a cutting force 
on the order of some 215/211 pounds for the Heat No. 
R5842 to a high of 243/234 for the Heat No. R5869, 
figures significantly below that required for the standard 
Type 416. And of special significance, the tool life en 
joyed by the steel of the present interest is on the order 
of some 250 to 275 surface feet per minute as against 
a figure of 180 to 210 surface feet per minute for the 
standard Type 416. 

Similar comparative figures are had for the Type 430F 
examples. While the steel according to my invention 
(Heat No. R5942) is characterized by a Brinell Hardness 
of 156, a cutting force of 237 pounds and a tool life 
figure of 250 surface feet per minute, that of the standard 
Type 430F (Heat No. 52198) has a Brinell Hardness of 
163, and a required cutting force of 400 pounds. No 
tool life figures are given for the standard steel. But 
there is no reason to suppose that they would not signifi 
cantly depart from the figures given for the standard 
Type 416. 

Thus, it will be seen that I provide in my invention a 
stainless steel of the straight chromium grade in which 
there are many practical advantages. The steeel is char 
acterized by a combination of the two properties, free 
machinability and corrosion resistance. It is compara 
tively inexpensive in production even with the novel 
technique employed with protective teeming atmosphere 
and well lends itself to a wide variety of machining opera 
tions to achieve a host of articles of ultimate use. 

Since many embodiments may be made of my inven 
tion and many changes made in the several illustrative 
embodiments set out above, it is to understood that all 
material described herein is to be interpreted as illustra 
tive and not by way of limitation, 
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What is claimed is: 
1. Alloy steel enjoying a combination of free-machin 

ability and corrosion-resistance essentially consisting of 
about 11.5% to about 18% chromium, up to about 
1.25% manganese, up to about 1% silicon, about 0.07% 
to about 0.12% phosphorus, about 0.20% to about 0.50% 
sulfur, about 0.10% to about 0.40% zirconium, up to 
0.12% selenium, not over about 0.15% carbon and re 
mainder substantially all iron. 

2. Alloy steel enjoying a combination of free-machin 
ability and corrosion-resistance essentially consisting of 
about 11.5% to about 18% chromium, about 0.07% to 
about 0.12% phosphorus, about 0.35% to about 0.50% 
sulphur, about 0.15% to about 0.30% zirconium, not over 
about 0.07% carbon and remainder substantially all iron. 

3. Alloy steel enjoying a combination of free-machin 
ability and corrosion-resistance essentially consisting of 
about 12% up to about 14% chromium, up to about 
1.25% manganese, up to about 1% silicon, about 0.07% 
to about 0.12% phosphorus, about 0.20% to about 0.50% 
sulphur, about 0.10% to about 0.40% zirconium, not 
over about 0.15% carbon and remainder substantially all 
O 

4. Alloy steel enjoying a combination of free-machin 
ability and corrosion-resistance essentially consisting of 
about 14% to about 18% chromium, up to about 1% 
manganese, up to about 1% silicon, about 0.07% to 
about 0.12% phosphorus, about 0.20% to about 0.50% 
sulphur, about 0.10% to about 0.40% zirconium, carbon 
not exceeding about 0.07% and remainder substantially 
all iron. 

5. Alloy steel enjoying a combination of free-machin 
ability and corrosion-resistance essentially consisting of 
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about 16% to about 18% chromium, up to about 1% 
manganese, up to about 1% silicon, about 0.07% to 
about 0.12% phosphorus, about 0.20% to about 0.50% 
sulphur, about 0.10% to about 0.40% zirconium, carbon 
not exceeding about 0.07% and remainder Substantially 
all iron. 

6. Alloy steel ingot essentially consisting of about 11.5% 
to about 18% chromium, phosphorus about 0.07% to 
about 0.12%, sulphur about 0.20% to about 0.50%, zir 
conium about 0.10% to about 0.40%, carbon not over 
about 0.15%, and remainder iron, wherein said Zorconium 
is present in the form of comparatively big zirconium sul 
phides largely segregated within said ingot. 

7. Alloy steel bar stock essentially consisting of about 
11.5% to about 18% chromium, phosphorus about 0.07% 
to about 0.12%, sulphur about 0.20% to about 0.40%, 
zirconium about 0.10% to about 0.40%, and remainder 
iron, in which zirconium sulphides are present near the 
surface of said stock. 
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