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My invention relates generally to chromium-nickel 
stainless steels, and more particularly concerns the pro 
duction of stainless steels displaying free-machining 
qualities. 
An object of my invention is to provide an austenitic 

chromium-nickel stainless steel which not only possesses 
all the advantageous properties characteristic thereof, 
but at the same time displays vastly improved machining 
qualities, responding favorably to standard tests, includ 
ing tool life tests and drill tests, which qualities are im 
parted to the steel at minimum cost, in ready and simple 
ac. 
Yet another object is to provide an austenitic chro 

mium-nickel stainless steel displaying exceptional free 
machining properties, with appreciably reduced work 
hardening characteristics, together with reduced tend 
ency to abrade the cutting tools, and with ready sep 
aration of chips from the metal. 
A further object is to provide a free-machining stain 

less steel demanding only reduced power requirements 
on drilling tests, displaying high cutting speeds with 
minimum necessity of regrinding and resharpening the 
tools, and this together with reduced burning of the 
cutting tools, more time for useful work on the part 
of the operator, and longer tool life, all with reduced 
investment in tools and in sharpening equipment. 

Other objects and advantages in part will be obvious 
and in part pointed out hereinafter during the course of 
the following description, taken in the light of the ac 
companying drawings. 

Accordingly, my invention may be seen to reside in 
the composition of ingredients and combination of ele 
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erated at such surface speeds that the cutting tools will 
retain a proper cutting edge throughout a five hour life 
period, and will not require refinishing or regrinding 
until the completion of the work shift. 

For a particular metal upon which the cutting op 
eration is to be performed, therefore, it is essential that 
a surface speed, or cutting speed, be selected for that 
particular metal such that the wear of the cutting tool 

- will be at such rate that the tool can be kept effectively 
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ments, and in the art of producing the same, as well as 
in the combination of steps employed, the scope of the 
application of all of which is more fully set forth in th 
claims at the end of this specification. 

In the drawing, I disclose a chart wherein the cutting 
speed in surface feet per minute is plotted against the 
tool life in minutes for the various types and grades of 
metal undergoing cutting tests. 
As conducive to a more thorough understanding of 

certain features of my invention, it may be noted at 
this time that many of the highly advantageous quali 
ties of chrome-nickel stainless steel alloys cannot present 
ly be availed of, at least not readily, due to the high 
rate at which these steels work-harden during process 
ing. Tool wear at high rate is observed, and necessity 
arises for frequent regrinding the tool or replacement. 
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Both the duration of processing is prolonged, with at 
tendant appreciably increased labor costs, and plant in 
vestment is increased. Particularly is the use curtailed 
where appreciable machining is required. Rapid tool 
wear is observed, and the metals must be operated 
at low surface speeds. 
Now for economic utilization of labor, particularly at 

the high wage standards prevailing today, it has long been 
recognized that tools should be reground and resharp 
ened only once for each working shift, this at the 
beginning of the shift. Again, it is found that the total 
time during which the tools are actually in use on an 
eight-hour shift averages about five hours. That means, 
of course, that given tools of standard composition, then 
for best results the metal to be machined must be op 
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its composition. 

in use throughout the five hour cutting period. As a 
matter of fact, these standards are employed in measur 
ing free-machining qualities in standard testing prac 
tice, known as the five hour form tool life. 
Another measure of the machining qualities of a metal 

is the time required to drill through a test specimen 
of the metal of a standard thickness with a test drill of 
standard composition and standard diameter under stand 
ard constant loading. 

Heretofore it has been observed that the austenitic 
chromium-nickel stainless steels, with their high work 
hardening rate, can be used only infrequently where 
subjected to considerable machining. Accordingly, much 
effort has been expended towards improving the free 
machining qualities of these metals, while retaining 
the characteristic advantages thereof, including smooth 
lustrous finish, resistance to corrosion, non-magnetic 
qualities and the like. 

It heretofore has been suggested to include an ap 
preciable quantity of sulfur in the metal, thereby im 
proving, in well-known manner, the chipping qualities 
of the metal, while also reducing somewhat the abrasive 
qualities of the metal against the tools. Expressed in 
other terms, under cold-operating conditions, some im 
provement in machining qualities is observed, as well 
as an improvement in drilling time, when sulfur is added 
to the stainless steels. Where desired, the sulfur may 
be substituted in whole or in part by selenium. 
An important object of my invention, therefore, is to 

remove or diminish in appreciable respect the many dis 
advantages of prior practices, and at the same time 
produce an austenitic chromium-nickel stainless steel dis 
playing free-machining qualities, which steel can be 
produced in ready, simple and direct manner, and 
which once produced, can be machined with minimum 
wear on the cutting tools, with high cutting speeds, and 
with improved rate of drilling and with the formation of 
small chips, the use of steel permitting more ready and 
complete - utilization of the operator's time during the 
standard work shift. 

Referring now to the practice of my invention, I find 
that a really noteworthy and marked improvement 
in machining qualities of the austenitic chromium 
nickei stainless steels is achieved, with full retention 
of the usual advantageous characteristics of the steel, 
when an appreciable amount of copper is included in 

I prefer to include copper, preferably 
along with one or more of the ingredients sulfur, 
selenium, tellurium, bismuth, lead and silver in small 
amounts, these conveniently being referred to herein 
after as free-machining elements. Preferably I in 
clude either sulfur or selenium, or both, in broad an 
alysis, substantially as follows: chronium 12% to 20%, 
nickel 6.5% to 15%, copper 1.5% to 5%, sulfur .1% 
to .5%, and/or selenium .1% to .4%, manganese up to 
4%, carbon up to .15%, and remainder iron. Where a 
substantial amount of manganese is used, it is employed 
in a range of 1.75% to 3.75%. If desired, nitrogen 
may be added up to .15% in order to impart improved 
surface. So also phosphorus up to .50% likewise may 
be added to improve the surface. 
Now, as to the broad composition range, I find that 

the addition of copper drastically reduces the work 
hardening rate of the alloy. Moreover, I find that when 
manganese is present some improvement in machin 
ability is had, particularly in the matter of tool life. 

In furtherance of the practice of my invention, I car 
ried out a number of tests on samples of my steel to 





2,697,035 
5 

nom carries over to the drill test, and the more free 
cutting be the steel, the more rapid is the penetration 
of the drill. This is due to he decrease in work-harden 
ing and to the ease with whith the chips are parted from 
the metal stock. With the ordinary 18-8 chromium 
nickel steels, the 1%2 inch drill will not penetrate the steel 
at all under a 90 pound load, while the inclusion of sulfur 
alone, a 4 inch drill will penetrate in 112 seconds. 
With sulfur and 3% copper, the same hole is drilled in 
18 seconds evidencing the reduction in work-hardening. 
The same trend is observed when using a 4 inch drill. 
Thus in accordance with the practice of my invention 

I provide a chromium-nickel stainless steel displaying ex 
cellent free-machining qualities. With this steel improved 
tool life is had. This result, consistently obtained, en 
sures, vastly increased unit output. All these, as well 
as many other highly practical advantages, attend upon 
the practice of my invention. 

It will be seen from the foregoing that once the broad 
aspects of my invention are disclosed, many embodiments 
thereof will readily suggest themselves to those skilled 
in the art, and as well, many modifications of the dis 
closed embodiment will likewise come to mind, all falling 
within the scope of my invention. Accordingly, I intend 
the foregoing description to be considered as merely illus 
trative, and not by limitation. 

claim as my invention: 
1. Chromium-nickel stainless steels displaying free 

machining qualities, together with reduced tool abrasion 
and free-chipping qualities comprising about 18% 
chromium, 8% nickel, 3% copper, a material selected 
from the group consisting of about .3% sulfur or .2% 
selenium, and the remainder iron. 
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2. Free-machining chromium-nickel stainless steels 

comprising about 18% chromium, 13% nickel, 3% 
copper, .2% to .5% sulfur, up to .15% carbon, and re 
mainder iron. 

3. Free-machining chromium-nickel stainless steels 
comprising about 13% chromium, 14% nickel, 3% cop 
per, .3% sulfur, up to .15% carbon, and remainder iron. 

4. A free-machining chromium-nickel stainless steel 
of improved surface finish comprising 12% to 20% 
chromium, 6.5% to 15% nickel, 2.5% to about 5.0% 
copper, and 0.1% to 0.5% material selected from the 
group consisting of sulfur and selenium, up to .5% phos 
phorus, and remainder iron. - 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
1961,777 Palmer ----------------- June 5, 1934 
2,009,713 Palmer --------------- July 30, 1935 
2,523,000 DefranouX ------------ Sept. 19, 1950 

FOREIGN PATENTS 
Number Country Date 

437,592 Great Britain ----------- Oct. 23, 1935 

OTHER REFERENCES 
Alloys of Iron and Chromium, vol. II, High Chromium, 

pages 431, and 432. Edited by Kinzel et al. Published 
in 1940 by the McGraw-Hill Book Co. 


