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To ail whom it may concern:
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Be 1t known that I, JAMES HENRY CARP TN~
TER, & c¢itizen of the United States, residing
at Reading, in the county of Berks and State
of Pennsylvania, have invented certain new

and useful Improvmnenm in the Manufacture
of Steel, of w]nch the followmc- IS a speelﬁ-'

cation..

My invention relates to the manufacture of
steel, and has for its object to improve the

processes of manufacturing steel, and more
~especlally what is wenemlly Lnown as “self

or alr hardening steel.”
T'0 these endb my invention consists in the

process of making air-hardening steel, and in

such steel havmu the ehamctemstles substan-—

- tially as heremafter more pmrtwularly de-
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scribed.

1he general ehamctemstlcs of alr or self

har demm steel are well known and need not
“Oally recited, and it is the object of

be spect
my invention to not only improve or increase

the general good qualities of this material,

but to add thereto and to produce a steel
which %11&11 overcome the well-known defects
existing in a steel of this ﬂ‘enerzul ehameter

as heretofore made.

In carrying out my 1nvent1011 I use a com-
position of refined bar-iron, pig-iron, cast-

steel, or ores combining two or more of these

materials in the composition in varying pro-
portions, according to .the results to be ob-

tained. ‘These nmterlals are mixed or com-
- bined with the various ingredients substan-
35

tially as more particularly pointed out herein-
after, and the metal may be melted in cruci-

bles or treated in steel-making furnaces, and |
may be manipulated inthe usual and 01'-d1na1 A

ways of manufacturing steel. |
In treating the metal as above mtlma,ted I

‘make use of the various materials, dependmn_
principally upon the purposes for which the
steel 1s Intended, and depending to a greater

- or less extent upon the character of the iron
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or steel treated. Thus, for instance, when
refined bar-iron is usecl I combine mth it a
certain proportion of chromium, a certain
proportion of manganese, and a certain pro-
portion of rutile. In all instances in treating
refined bar-iron Iuse the chromium and man-

“ganese with rutile.

I use the word ¢ 1‘111.116 ” t0 denote t-he 1‘1113116

ganese, and three per cent. of rutile.

| of commerce, which is a titaniferous iron ore

containing titanic oxid.

In 01‘(161‘ to more clearly deﬁne my inven- 55

tion, I will give some of the relative propor-
ti'ons in. which I have found it useful to com-

bine these materials with refined bar-iron.

Thus in some instances I make use ofF—fon i

per cent. of chromium, one per cent. of man-
ganese, and one per cent. of rutile. In other

cases I have found that three per cent. of

chromium, one per cent. of manganese, and
two per cent. of rutile produce desirable re-
sults. In other instances I have found two

per cent. of chromium, one per cent. of man-

- This
latter composwmn produces a steel ha,vmn
the characteristics of hardness to a ﬂreater
degree than the other proportwns: while when
the chromium is used in larger proportions

the steel has the ,_ehamcteristie. of toughness
to a greater degree, while the other

materials
produce the requisite hardness and other
qualities of the steel.

the chromium and rutile I am enabled to pro-

_ Thus 1t will be seen.
that by varying the relative proportions of
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duce a product having the  distinguishing

characteristic desired 130 a greater or less de- |

gree.
“When T use cast-iron or cast-steel in pro-
ducing my improved product, I have found it

advantageous to combine with the materials

above referred to a certain proportion of

nickel, as this tends to overcome the brittle-
giving to

ness inherent in ordinary cast-iron, g
1t the general properties or ehameteristics of
wrought-iron. T'hus, as an example, in using
cast-iron I combine therewith two per cent.
of chromium, one per cent. of manganese
two per cent. of rutile, and from two tothree
per cent. of nickel. Inother instancesI can
use one per cent. of chromium, one per cent.

of manganese, two per cent. of rutile, and
from two to three per cent. of nickel, the ex-
act percentage of the materials ased in any
composition being regulated according tothe
toughness or hardness of the steel to be pro-
duced. In using these various materials in
combination Wlth the wrought-iron and cast-
iron, while it may be dif

‘the exact action of each material on the metal
it may be said in general that the addition of
| the ehromium Lends to toughen the product

lcult to explain fully

30

» 90

100




1O

20

30

35

40

55

2 559,359

and to assist 1in hardening, while the man-
canese adds to the duetility of the product
and performs the usual functions of acting
as a cement. The rutile tends to produce
hardness and toughness in the product, and
the nickel when added to the cast-iron, as be-
fore intimated, tends to overcome the inher-
ent brittleness of the cast-iron and produces
the qualities of wrought-iron.
these various materials in proper proportions
and in substantially the proportions above
indicated. I am enabled to give to the product
the general characteristics set forth in the
highest degree and produce a steel which is
superior to all others heretofore known.

I have found that steel thus made is suit-
able for castings and forgings, has a high de-
gree of ductility and increased physical con-
ditions—such as tensile strength, elongation,
&c.—standing tests of this character to an
exceedingly high degree. It is capable of
ndraening in air whether applied by pressure
or otherwise, and it can be hardened to a
greater depth than other steels. The metal
18 also capable of being forged, rolled, or ma-
chined and is suitable for plates, bars, rods,
blocks, and shapes which may be used for
machinery. It isespecially applicable tothe
manutacture of tools, knives, drills, reamers,
and the like, and 1 have found that tools
made from this material have greater endur-
ance with increased speed and depth of cut-
ting than anything heretofore known and
this without heating or losing its hardening
ortempering qualities. These and other quali-
ties render the material exceedingly valuable
for use in projectiles, especially for the pur-
pose of plercing and destroying armor-plates
and protective forgings, as on war vessels and
batteries, its hardening qualities and tough-
ness enabling a projectile made from this ma-
terial to penetrate deeper and with more de-
structive effect the hardest and strongest ar-
mor-plates known. Moreover this steel hav-
ing these general qualities produces a great
saving over the ordinary methods and means
practiced in attempting to attain these gen-
eral results, as it hardens quickly and with-
out loss of material in air, and it may be
hardened 1n cooling liquids when other steels
will fail and crack and become otherwise in-
jured. 1t 18 evident also that these general
characteristics make the steel a desirable ma-
terial for use as a protection for safes and
other articles where it is desired to resist the
action of drills and other cutting-tools and
the effects of concussions or blows.

I am aware that heretofore chromium has

By combining.

been combined with wrought-iron in making
steel, but it has been combined 1n compara-
tively large quantities and with steel having
a high percentage of carbon, and while it pro-
duces beneficial results 1t does not produce a
steel which is practically forgeable under or-
dinary conditions. |

I am also aware that steel has been made
in which there was a comparatively large pro-
portion of carbon, and which has been com-
bined with manganese, woliram, and silicon;
but this composition does not produce a steel
having the qualities of forging under ordinary
conditions and 1t 1s not as tough as the steel
produced in the manner above set forth, nor
hags this steel the quality of hardening in wa-
ter without injury or loss.

I am also aware that it has been proposed
to make steel by combining with the iron or
steel manganese and wolfram or tungstic acid.
The wolfram in this combination renders the
steel exceedingly hard and brittle, so that it
is incapable of forging, while the addition of
rutile or titaniferous iron ore in connection
with other materials has the tendency of soft-
ening the steel and toughening 1f and 1s es-
pecially useful in the so-called ‘‘air-harden-
ing”’ steel, it apparently tending to retard the
hardening and adding to the tonghness, even
when the steel is high in carbon.

What I ¢claim 1s—

1. In the process of making air-hardening
steel, adding to the moltern iron two to four
per cent. of chromium, one per cent. of man-
canese and one to three per cent. of rutile,
substantially as set forth.

2. In the process of making air-hardening
steel, adding to the molten cast-iron one to
two per cent. of chromium, one per cent. of

manganese, two to three per cent. of rutile,

and two to three per cent. of nickel, substan-
tially as set forth.

3. Air-hardening steel, composed of iron
two to four per cent. of chromium, one per
cent. of manganese, and one to three per cent.
of rutile, substantially as set forth.

4. Air-hardening steel, composed of cast
Iron or steel one to two per cent. of chromium,
one per cent. of manganese, two to three per
cent. of rutile, and two to three per cent. of
nickel, substantially as set forth.

In testimony whereof 1 have signed my
name to this specification in the presence of
two subscribing witnesses.

JAMES HENRY CARPENTER.

Witnesses:

If. L. FREEMAN,
ALLE N. DOBSON.
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