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This invention relates to a method of adding 
lead to steel. It has to do primarily with that 
class of steel which is generally referred to as 
“free cutting,” “free machining' or "screw-stock' 
steel. However, it is not necessarily limited to 
this class of steel and has to do with any type 
of steel which is to be subjected to machining 
operations. . 
As disclosed in my Patent No. 2,182,758, issued 

December 5, 1939, I have found that the intro 
duction of lead into steel and the retention there 
of in percentages ranging from .03 to 1.0 per 
cent greatly improves the machinability of the 
steel. This is particularly true when more than 
.10 per cent lead is retained in the steel. This is 
true whether or not the lead be introduced into 
the so called “free cutting' steels or whether it 
be used in other types of steels. When intro 
duced into the free cutting steels in proper per 
centages, it results in an improved machinability 
over and above the free cutting characteristics 
imparted to the steel by the sulfur and, in addi 
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settles to the bottom of the container. 
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tion, does not impair the mechanical character- . 
istics of the steel. When used, in adequate per 
centages, with steels of relatively low sulfur con 
tent as, for instance, in steels containing less 
than .05 per cent sulfur, it imparts improved 
machinability characteristics and, in some in 
stances, gives free cutting characteristics which 
compare favorably with machinability character 
istics of some of the present commercial "free 
cutting' steels. 
This application is a continuation in part of 

my copending applications Serial No. 205,364, 
filed April 30, 1938, and Serial No. 177,292, filed 
November 30, 1937. 

In the pursuance of my development, lead has 
been added to steel by a number of methods and 
some of these will be discussed hereinafter. It 
has been found that certain methods of introduc 
tion are so much more effective that they con 
stitute a marked advance over any prior art 
methods of introduction. The exact form in 
which the lead exists in the finished steel, when 
introduced in accordance with my invention, is 
not definitely known at this time. It is known, 
however, that the lead containing steels, pro 
duced in accordance with my invention, have 
certain micro-structures which can be brought, 
out by metallographic technique and that these 
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structures are characteristic of these lead-bear 
ing steels of improved machinability. 

In introducing lead into molten steel, it has 
been found that when lead is introduced on top 
of a bath of molten steel, in blocks of substantial 
size, the lead frequently settles directly to the 
bottom of the bath so that only a very small pro 
portion thereof is dispersed throughout the bath 
and the major portion of the introduced lead is 
ultimately found on the bottom of the container. 
Likewise, if the lead is introduced in the form of 

' or particles which are unduly large, 
these chunks or particles either settle individual 
ly to the bottom of the container or they combine 
to form a more or less single mass which also 

Similar 
ly, if the lead is placed in a container, even 
though the lead is in particle form, and dropped. 
into a molten bath of steel, it will immediately 
agglomerate and sink to the bottom of the con 
tainer. Apparently, the lead, once having settled 
to the bottom of the container, remains there as 
a separate metal layer and is not materially dis 
tributed throughout the bath. As a result the 
steel ingot which is eventually formed from the 
bath shows such a slight recovery of lead dis 
persed therethrough as not to show favorable ef 
fects on machinability. Even if metallic lead is 
introduced in subdivided form into the molten 
bath of steel, it has been found that under some 
conditions, it is difficult to obtain adequate dis 
persion of the lead. 
Because of these drawbacks, I have devised 

other methods of introducing lead into steel for 
the purpose of improving the machinability 
thereof. and have found such methods to be 
highly advantageous. I have found that it is 
desirable to introduce the lead into the molten 
steel in the form of a lead compound or lead 
alloy in order to obtain adequate dispersion of 
the lead in the steel. The lead compound or 
alloy should consist of lead and at least one ad 
ditional element, which will volatilize or go into 
solution in the steel. Consequently, the addi 

45 tional element or elements should be either solu 
ble in the steel or have a lower boiling point than 
the lead or both. I have found that with a com 
pound or an alloy of the type indicated, higher 
initial dispersion of the lead is obtained than 
with metallic lead of a similar particle size and 
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tained in the steel or in the relative amount 
recovered. It was found that the addition of lead 
to steels containing either a low percentage or 
a high percentage of sulfur definitely improved 
the machinability. 
Lead has been added to steels of 0.80 and 1.35 

per cent manganese contents and essentially the 
same recoveries and the same improvements in 
machinability obtained. Likewise, lead has been 
added to steels of 0.05 and 0.25 per cent silicon 
contents with no apparent differences in the 
amount of lead recovered or in its effect on ma 
chinability. 
My researches have shown that the lead may 

be added at different stages in the making of 
the steel. . 

Lead in compound or alloy form has been add 
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The use of galena is very advantageous inas 

much as it results in getting both lead and 
sulfur in the steel simultaneously. This is par 
ticularly desirable when using electric furnaces 
of the induction type or other electric furnaces 
when small ingots are being produced since it 
would be difficult to add the lead and sulfur in 

- the small ingot mold. Also it is desirable to use 
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ed to the molten charge in a high frequency 
induction furnace which results in Some agita 
tion of the bath. It has also been added to the 

or from a larger ladle. While the lead might 
be added with the charge to the open hearth 
furnace, for example, it is not preferred to add 
it in this way because of the danger of the lead 
melting early and attacking the refractory ma 
terials of the furnace. After the steel is melted, 
the lead may be added with less danger of at 
tacking the refractories of the furnace. 

Preferred methods of adding the lead are: 
To add a compound of lead or a lead alloy to. 

the molten steel charge just before tapping, or 
To add a compound of lead or a lead alloy in 

the ladle as the molten steel is tapped into the 
ladle. 

It will be apparent from the above description 
that I have devised a method of introducing lead 
into steel which has many advantages. w 

It has been shown that it is particularly ad 
vantageous to use lead compounds or lead alloys 
in introducing the lead into the steel... It is 
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ladle as the steel was tapped from the furnace 
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other lead compounds and/or lead alloys when 
producing steel with an electric furnace and in 
other instances. 

. . Various other advantages will be apparent from 
the preceding description and the following 
claims. 
Having thus described my invention, what I 

claim is: . 
1. A method of introducing lead into steel so. 

that it will be retained therein in a dispersed 
condition which comprises introducing into a 
molten bath of the steel, a material in finely di 
vided particle form, the particles of which con 
sist of lead and at least one element which will 
separate from the lead upon addition to the 
molten steel so as to free the lead from the 
particles to facilitate, dispersion thereof. 

2. A method of introducing lead into steel, so 
that it will be retained therein in a dispersed 
condition which comprises introducing into a 
molten bath of the steel a lead alloy in finely 
divided particle form, the particles of which con 
sist of lead and at least one element which will 
separate from the lead upon addition to the 
molten steel so as to free the lead from the par 
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merely necessary that the lead alloy or the lead 
compound be of such a nature that the element 
or elements in addition to the lead will vola 
tilize or will go into solution in the molten steel 
or both, W 

thereof, 
45 

ticles to facilitate dispersion thereof. 
3. A method of introducing lead into steel so 

that it will be retained therein in a dispersed 
Condition which comprises introducing into a 
molten bath of the steel a chemical compound 
of lead in finely divided particle form, the par 
ticles of which consist of lead and at least one 
element which will separate from the lead upon 
addition to the molten steel so as to free the 
lead from the particles to facilitate dispersion 

OSCAR, E. HARDER. 


