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To all whom it may concern:

Be it known that we, Epwin Corning,
a citizen of the United States, and a resi-
dent of Kenwood, county of Albany, and

5 State of New York, and %mxcr A. E. Apm-
STRONG, a subject of the King of Great
Britain, and a resident of Loudenville,
county of Albany, and State of New York,
have invented a2 new and useful Improve-

10 ment in Alloy Steel for
Tools, of which the following is a ‘spéei-
fication. o : o

This invention relates to alloy steel for
metal cutting tools, having properties gen-

15 erally intermediate between . carbon steel
and high-speed stesl. .

The present application is a continuation
of our co-pending. ‘application Serial No.
420,432, alloy steel for metal cutting tools,

" 20 filed Oct. 29, 1920.

" For small metal cutting tools, such as -

drills, taps, reamers and the like, carbon
steel answers sufficiently well, takes a keen
cutting edge and produces smooth finished
.26 work, but is limited in its application, be-
cause under heat it softens and dulls rap-

idly.
ﬁigh speed steel, which is commonly used
for somewhat larger drills and similar tools
30 which have to withstand greater heat, is
not, of course, rapidly softened by frictional
heat, but, in addition to its high price, has
the objection that the work produced is not
, so smooth and well finished as can be ob-
35 tained by sharp edge carbon steel tools, for

.example, and a subsequent separate finish-
ing operation is usually required. For ex-:

ample, drilled holes require finish reaming
to produce satisfactory work. Further-
40 more, in the case of taps, for example, the
. teeth of the tap are often injured by the
high temperatures required for heat treat-
ment of high speed steel. '
The present inventi

able. properties of both carbon steel and

“high speed steel, that is, which will re-.
’imrd, keen cutting edge and which.
't%e same time will

“taln a
. is very strong, and at’ ne |
80 not soften when drawn to medium tem-

etal-Cutting .

‘and

, on relates to the pro---
45 vision of an alloy steel having the desir--

-peratures, such as 500—700° F. The steel of

the present invention contains chromium,
vanadium and molybdenum, and also con-
tains silicon considerably in excess of the
usual silicon content of steel, silicon being 55
present in our improved alloy steel prefer- -
ably to_the extent of from about .5% to
2.5%. When made into tools for cutting
metal, such as drills, taps, reamers and the -
like, it can be used for the production of 60
smooth, finished work without the necessity
for separate finishing operations, and does
not require heat treatment at such high tem-

-peratures as in the case of high speed steel,

so that there is ﬁpractically no tendency for 65
any burning off of the tips of the teeth -
of taps and similar tools during heat treat-
ment. This steel has other features of ad-
vantage as will appear from the following
description. .

An important feature of the invention
relates to the employment of silicon as one
of the components of the alloy. The silicon
appears to serve as a sort. of solvent for
other components, and.causes them to form 75
a chemical combination with one another
roduces an alloy steel having im-
proved properties. A second ’function of
the silicon is to raise the transformation
point of the resulting alloy, thus imparting
to the alloy steel the very valuable prop-
erty of hardening at relatively high tem-
peratures. A third function of the silicon
i1s to enhance the air hardening properties
of the alloy. Silicon enables the chromium
and molybdenum in combination with the
carbon and iron to take on a tremendously

70

‘enhanced air hardening property. It also

prevents the breaking down of this hard
state ‘when being drawn at temperatures

‘which would cause a straight chromium,

carbon or chromium-molybdenum-carbon
steel to soften. ' B

" According_ to another feature, an alloy -
steel is provided having as one of its com- o8
ponents a predetermined proportion of va-
nadium. This alloy steel has an increased
red hard property. The use of vanadium
also creates a lag to transformation, that

is to say, when the steel is reheated for a 100



~hardening, it is given
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very short period after being -quenched for
a lag to the breaking down of the solid
solution produced in quenching. Conse-
quently, cutting tools made of the alloy
so made can withstand overheating of their
cutting edges for limited times without de-
struction of their cutting ability.

According to_another feature, an alloy
steel is provided having as one of its com-

ponents i predetermined proportion of co-.

balt. This alloy steel has qualities of the
same general character as the vanadium al-
loy steel just described, to 2 different degree.

According to still another feature, an al-
loy steel is provided having neither vana-
dium or cobalt, but in which there is em-
ployed carbon, molybdenum, chromium,
silicon and other components. The carbon
gives desirable mineral hardness to the al-
loy, which mey be enhanced by other com-
ponents. The molybdenum in combination

" with the carbon and iron adds to the hard-
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ness and improves other desirable physical
qualities. Chromiumin combination with the
molybdenum and carbon adds materially to
the air hardening effect of such combina-
tion. S

One example of a composition for an
alloy steel in accordence with the present
invention is as follows:

Per cent.
Coarbon -c-wemommmmmmmmmmn 50
Chromilil — e eemm—mmemmm 1.50
Molybdenum --—i-oe-memmmm s 1
Manganese ——o-—-emm--m---m= . A0
Sﬂiwn e e e o o o o e o 1.50
Vanadim —cmeememmmom 5
Cobalt approzimately ------- 1
 Balance irom with small amounts of
phosphorus and sulfur. '

Tn order to harden this alloy it is heated
as quickly as possible to substantially 1900°
F., without quenching in oil or water.
riations in manganese in this alloy will re-
quire inverse variations in the temperature
to which the alloy is
if the manganese is increased t0.1% the tem-
perature should be changed to substantially
1500° F., while if the manganese 18 in-
creased to 1.5% the temperature should be
reduced to substantially 1450° F.

‘Another example of an alloy made in ac-
cordence with the present invention is of
about the following composition :

. Per cent.
Carbon —ceeeee—mmmmm e mmm 1
Chromill —eecoemm—mem—m== 2
Molybdenum -:cocmmoemmmmmn 2 .
Manganese ———s-me-msmmme=-= 40
SiBEOn, —cmsmmmmmmmmmmmm === 1
Vanaditm - -oae—eeemmmm=mn 1
Cobelt ——cmmmemmm————e R |

Balance iron with small emounts of phos-

‘phorug ond sulfur.

the quality of having

Va-.

heated ; for example,

phorus and gulfur.’ . ) .
’ about the outside limits, ¢

1,406,070

In order to harden this alloy it should be
heated as quickly as possible to substantial-
ly 1800° F., and quenched in oil or water.
Variations in manganese require variations
in the heat treatment temperature as in the
preceding example.

A third example of an alloy made in ac-
cordance with the present invention is of
about the following composition:

Per cent.

Carbonl oo 1.50
Chromium - ceccemec o mmmeem 2
Molybdenum -ovoocemmmemem- 2
Manganese ——.----———-—=--—- 40
SHICON o 2
Vanadium  —ccoomemmmmmem e 50
Cobalt ool 2

Balance iron with small amounts of phos-
phorus and sulfur. S

The heat treatment of this alloy consists
of heating to substantially 1800° -F., as
quickly. as possible and quenching in oil or
water. -Selection of the heat treatment tem-
perature is made in accordance with varia-
tions in percentage of manganese as in the
preceding examples.

Another example of alloy made in accord-
ance with the present invention is of about
the following composition: - '

Per cent.
Carbon o~ m e e 50
Chromitum oo 10
Molybdenum ————-—eeeo—- 5.75
Manganese ———---—-m—m=s-- 40
Si1CON w e 2.5
Vanadium - cceeem e 2
. Cobald oo 2

. Balance iron with small amounts of phos-
phorus and sulfur. '

Tn the heat treatment of this alloy heat
should be applied until the alloy has a tem-
perature of substantially 2100° F. The al-
loy should then be cooled in-the air. This
alloy may be cast for use in forming cut-
ting tools. . :

More or less variation is possible without
any substantial detriment to the desirable

qualities of the material and good results

obtained with varying quantities of the

are

_seversl components within substzntially the
“following range: :

Per-cent.

Carbon —c-ceeocmmmeemm 25— 2
Molybdenum - ——--w-m- 50— 5.75
 SHlieon —meeeme e 50—~ 2.5
Chromium —-—-------> - 50-10
Vanadivm —-ecoeeem-mm- 62
Manganese —-.-—------- 0- 1.5 .
Cobalt -—coeememmmemm 0-2 -

Balance iron with émall

~ This représents ] I
but good results may be obtained with

smaller proportions of some of the alloy com-
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* ponents, with composition about as follows:

carbon .25—2%, molybdenum .50—2%, sili-
con .50—2%, chromium .50—29%, vana-
dium up to 1%, manganese up to 1%, cobalt
up to 1%, and the balance principally iron.

We have found that good results are ob-

- tained with heat treatment of alloys made
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- are increased, The gtee] wil

in accordance with the present invention,
which consists of hedting the alloy to a tem-
perature of approximately 1800° F., in as
short a time as possible, after which the

' alloy may be air hardened or quenched in

oil or water. It is preferably not held at

this temperature more than a half-minute
or so longer than necessary to heat the piece .

throughout.

Another alloy steel may comprise, for ex-
ample, components within substantially the
following range:

. ’ Per cent.
-Carbon —____ e .95— 9
Molybdenum __________ .50- 5.75
Silicon oo ___ L50- 2.5
Chromium —_—_______ . 50-10
Vanadium .. ________._ .25~ 2
Menganese . _______ 0 1.5

Belance iron with small amounts 6f phos-
phorus and sulfur. :
. Heat treatment substantially as given for
previously described alloy steels. _
~.The cobalt steel magr comprise, for ex-
am{»le, components within substantially the
following range: ' :

: . Per cent.

Carbono o .25—.9
Molybdenum___________ .50~ 5.75
Silieon_—______________ .50- 2.5
Chromium_..._____ ———— {B0-10
‘Manganese_____________ 0- 1.5
Cobalt e 25— 2

Balance iron with sma;l‘l amounts of
phosphorus and sulfur. «

Another modification comprises com-

ponents ‘within substantially the following
range: » : T

; o Per cent. -’
Carbon____..___________ .25-2
Molybdenum___________.50- 5.75
Silicon e — .50~ 2.5
-+ Chromium._..._____._.__".50-10
Manganese._»____.____ 0-1.5

Balance iron with small amounts of
phosphorus and sulfur, - ' :
' The steel works well' in the mill, is sub-
stantially free from seams, and can be cast
into very smooth ingots. In rolling the
temperature should. not be carried unduly
high and should preferably be kept under
2100° F. After rolling the steeli) ‘should
preferably be cooled slowly. as, for example,
1n lime, thereby removing strains which may
result from rapid cooling. - This becomes
more important as the alloyin% constituents

I apnesl and

becomes quite easy to machine when prop- .

erly annealed. There is very little tend-
ency for this alloy combination to move,
that is to say, to exhibit tendency to warp-
ing, or other malformation upon heating up
and quenching, which is a feature of great
advantage in heat treatment of tools. The
characteristic grinding spark given off in
grinding articles made of our improved
alloy steel, which does not contain tungsten,
is markedly different from the tungsten col-
ored spark. This is a feature of marked
advantage both in manufacture and use, as
this alloy steel can be readily distinguished
from high speed steels by observation of the
spark produced upon grinding. The fore-.
going applies whether the alloy steel is in
the annealed or hardened state. ’

We claim:

1. As a new composition of matter, an
alloy steel of analysis having substantially
the following range: carbon .25-2%, chro-

‘mium .50-10%, molybdenum .50-5.75%,

silicon .50-2.5%, vanadium 0-2%, manga-

‘nese 0-1.5%, cobalt 0-2%, and the principal

part of the remainder iron.

2. Metal cutting tools made from slloy
steel as claimed in claim 1.

3. Drills for drilling metal made from al-
loy steel as claimed in claim 1. :

4. As a new composition of matter, an

alloy steel of analysis having substantially

the following range: carbon .25-2%, molyb-
denum .50-5.76%, silicon .50-2.5%, chro-
mium .50-10%, vanadium .25-2%, manga-
nese 0-1.5%, and the principal part of the
remainder iron. v -

5. Metal cutting tools made from slloy
steel as claimed in claim 4. :

6. Drills for drilling metal made from
alloy steel as claimed in claim 4.

7. As a new composition of matter, an

alloy steel of analysis having substantially -

the following range: carbon .25-2%, molyb-
denum .50—5.75%, silicon .50—2.5%, chro-
mium .50-10%, manganese 0-1.5%, cobalt

 .25-2%, and the principal part of the re-

mainder iron. ‘
8. Metal cutting tools made from alloy

‘steel as claimed in claim 7.

9. Drills for drilling metal made from
alloy steel as claimed in claim 7.

10. As a new composition of matter, an
alloy steel of analysis having substantially
the following range: carbon .25-2%, molyb-
denum .50-5.75%, silicon .50-2.5%, chro-
mium .50-10%, manganese 0-1.5%, and the
principal part of the rémainder iron. -

11. Metal cutting tools made from alloy
steel as claimed in claim 10.

12. Drills for drilling metal made from
alloy steel as claimed ‘in claim 10. -

13. An’air hardening alloy steel adapted
to withstand temperatures of about 500-700°

F., without material softening, of analysis’
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within substantielly the following mn%fle: 15. Drills for drilling metel made from
carbon .25-2%, chromium .50-2%, molybde- alloy steel as clzimed in claim 13.
pum .50-2%, silicon .50-2%, vanadium up In witness whereof, we have signed our 10 .
to 1%, manganese up to 1%, cobalt up to names hereto. :

G 1%, and the balance principally iron.
**14., Metal cutting tools made from alloy
steel as claimed in claim 13.

PERCY A. E. ARMSTRONG.
EDWIN CORNING. '



