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11 Claims, (ClL 75—1)

This invention relates g‘enerally to ferrous prod- accompanied >by other alloying elements. A few
ucts adapted for use in the manufacture of ma- representative nickel steels are:
chined articles having relatively free machining -

quality imparted thereto by a selenium-tellurium . Percent
_________ d. .

5 content, as fully set forth in my copending appli- 5 A B-210. . A — 15 ois: 5
cation Sgr No. 586,697 filed January 14, 1932; the S A . 9512 ’ Carbon_ ... .17 maximum.,
present improvement forming a division of the 5 2 ™ @--rmmmmomooeooes Nickel.-__22212 4.75t0 5.25.
aforesaid application, and relating particularly to ' Oarbon. __ . _eeeee Agdesired.

10 the so-called “structural alloy” class described S-4 F-320--ooceoeeoeoe {gﬁ%ﬂl}aﬁ:::: ot rm 10
therein. : GCarb 5
In said original application I pomted out that S A B. 4615 ooooeeeeenn {N?gkgx’f'_'.::lliii 1.50t0 2.00.
the ferrous alloys referred to might conveniently Molybdepum. ... 20to.50.

be divided into four general classes designated as : : :
15 “straight carbon” steels, “structural alloy” steels, .’Ik;h;e“agoov% exla n;lp lef ?rel 111ust];'at1ve onlydsg 15
“tool steels” and “special alloy” steels as fully de- fucke? structural a0y “siee s can he compoun

p . . A in many ways and even containing aluminum for
scribed therein. The present invention relates to s, as : M
; g S : may be
the second of the before mentioned groups— nitriding purposes so that my nickel group may

Py M, ; defined as alloys containing less than .50% car-
namely, “struetural alloys”, which may be defined bon, 1% to 6% nickel, with or without alloys gq
as ferrous alloys containing less than .50% car-

4 N of the group manganese-silicon-phosphorus-chro- .
bon, between 90% and 98% iron, with the balance miym-tungsten-vanadium - aluminum - molybde-

non-ferrous elements ordinarily used in “struc- pum, ete. which last named group may total from
» tural alloy” steels. 259 to 5.00%.

Though such “structural alloy” steels find their  “Structural alloy” steels of the “chromium” 25
25 principal use as heat treated parts in the con- Sub-group may contain .25% teo 4.00% chromium,
struction of automobiles, machine tools, aircraft, With or without other alloying elements. For
ordnance, and many other machines and ap- €Xample
pliances, it is commonly known that some of these

2

(=3

35

compositions are used for other than structural Carbon g poTCE 80
¢ 8. A B, B100coococoanan e g
purposes, and my use of the term ‘“‘structural : {Chrommm ........ .80 to 1.10.
alloy” is not intended to limit the scope of my in- = . Carbon___-—ooonon As desired.
vention in terms of use or application of the 8. A.E. 4100.... {&lglmggg'um '?2 %8 12%0-
finished parts. Within the chemical boundaries yRaeHin. - e
35 adopted for this particular group, my invention S. A. E. 6100 e {
provides free machining and non-galling pro- :
perties, the novelty and value of which is inde- - {g%rbon__.' ________ %39“1"&‘1'
i i CAVE. 7200 ... - romium — 01.00. -
pendent of the ultimate use of the finished article. , v Do a0,
In avoiding a low limit for carbon, I do so in Carbon ps desred 40
40 conformity to the standard specifications for SUcCh  valve steel(U. 5. Pat. 1,707,364) {Ch}‘omﬁﬁﬁ::::: .
“structural alloy” steels as S. A.E. 2512 and S.A. E. Silicon...o-oooeeoe 200.
3312 in which the carbon is specified “.17% max”. Carbon. ._.oeon--- As desired.
. The lower carbon types are frequently case hard- Nitridingsteel............. s i
45 ened, and the higher carbon types are usually, : .

though not necessarily, heat treated to utilize the Thus the “chromium” sub-group may be modi-

alloy content to best advantage. fied in many ways within this definition: Car- |
There are an almost limitless number of alloy pon less than .509%, chromium .25% to 4.00%,
steels within the scope of my “structural alloy” glloys of the group manganese-silicon-phos- 50
50 group but T find it convenient to assemble them phorus - nickel - tungsten - vanadium-aluminum-
into three principal sub-groups—namely, the molybdenum totalling between .25% and 5%.
“nickel group”, the “chromium group” and the Manganese is of course present in practically’
- “manganese group”. The “nickel group” con- all steels to the extent of about .20% to .50% but
tains nickel between 1% and 6%, either alone or frequently it is added in larger percentages, be- 68
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tween 50% and 3.00%, as an alloy to affect the
properties of the steel, for example

Carb A &p efceazt
: o ‘arbon. - caeeee s desired.
Special 8. A, B. 1300 { Manganese. .- --- 1.60 to 1.90
; ' Carbon_.. .. .---- As desired.
S A B, 9200 e amm e Manganese ... G0to .90
Silicon_ . oaauoooo- 1.80 to 2.20

Carbon. .. _ceeee A45t0 65
Gun barrel steelo.cmoamaaneoo Manganese. 1.00 to 1.25
Vanadium. ......-- 1010 .15

Manganese in excess of .50% may be added
to any alloy steel to secure deeper and more
rapid hardening so that such steels may be de-
fined: Carbon less than .50%, manganese 50%
to 3.009%, alloys of the group silicon-phosphorus-
chromium-nickel-aluminum-vanadian - molybde-
num-tungsten totalling between .25% and 3.00%.

The three sub-groups set forth do not neces-
sarily comprehend all of the compositions that
fall within my broad “structural alloy” group
and they have been so classified not to limit the
scope of my invention but to clarify its presenta-
tion.

All of these “structural alloy” compositions
can, if desired, be annealed softer than 250
Brinell hardness to render them commercially
machinable, although it is.not uncommen for
them to be purchased from the steel maker al-
ready heat treated to some higher physical test.
Although they are inherently machinable in
such condition, it is very desirable that the ma-
chinability be improved if possible-and without
too much detriment to the ultimate use of the
alloys. Sulphur which has heretofore been large-
ly used as a free machining element in carbon
steels is abhorrent in alloy steels because of the
large quantity of non-metallic inclusions that
result from its use. I have discovered that sele-
nium and/or tellurium can be used in percentages
ranging from .03% to 2.00% to improve the ma-
chinability of “structural alloy” steels with a - min-
ijmum of non-metallic inclusions without inter-
fering with the ability of these steels to harden,
and in many cases, without substantial detri-
ment to their use as finished parts.

T find that the machinability of “structural
alloy” steels shows slight but noticeable im-
provement with percentages of selenium and/or
tellurium as low as .05% and that the machin-
ability increases progressively as the content of
these metalloids is increased up to about .25%.
Purther additions up to 2% give further pro-
gressive improvement but at a slower rate so
that I contemplate practically all free machin-
ing “structural alloy” steels can be satisfac-
torily made with between 059 and .259% sele-
nium and/or tellurium. However it is to be un-
derstood that percentages between .25 and 2.00
achieve the purposes of my invention and are
objectionable only because of the cost of the
larger addition, the higher percentage of loss
in making these large additions, and the general
deterioration in the cleanness of the alloy by in-
creasing the amount of non-metallic matter.

Quite small percentages of selenium and/or

. tellurium can also be used to supplement small

70
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percentages of sulphur, the effect on machinabil-
ity apparently being cumulative. For example
many specifications limit sulphur to less than
049% or .06% but when supplemented by as lit-
tle as .03% selenium and/or tellurium, the total
percentage of free machining metalloid may be

2,000,718

as much as .07 to .08 which is sufficient to re-
act favorably on the machining properties of
the alloy. Thus my invention is commercially
usable with selenium and/or tellurium even as
low as .03%.

The use of phosphorus in “structural alloy”
steels is as unpopular as the use of sulphur be-
cause of its embrittling effects on the finished
parts. However I have demonstrated that my
selenium and/or tellurium addition, when sup-
plemented by phosphorus yields even further
improved machinability and this additional im-
provement is available in all cases where the em-
brittling effect of phosphorus does not interfere
with the application of the alloy.

Phosphorus has a noticeable effect at .05%
which increases progressively with further addi-
tions. Excessive brittleness is produced with
phosphorus as high as 50% and I contemplate
that commercially, the phosphorus will seldom be
used in alloy steels in percentages-higher than
about .12%.

“Examples of the application of my invention
to the three sub-groups of “structural alloy” steels
herein before described are given below:

Free muachining “nickel” steels

Carbon - oo 41 41 .49 13 LY
Alapgancse .56 53 43 23 L6
Silicon. ... 23 23 .20 22 18
Phosphorus 011 [UN .010 013 1 .00
Sulphur___. - .018 019 020 021 | .019
Nickel oo 1.39 136 1.73 168 503
Chromium__. N S 67 102 93 e
Selenitm oo e IO 175 20
Telluriume..___...... 06 . 266 LOBT oo
Free machining “chromium” steels
(071 70 s U I LORL 40
Manganese._ . .33 .32
Silicon...- 3.27 .30
Phosphorus L0127 00
Sulphur__. L0191 . 015
ChrOmMIUIM . oo e 131 | L0l
Nickel.____.... 66 oo
MOlYDACIUIN - e e e r e
Selenium. ..._.._...
Tellurium

Chromium .
Selenitim e

Machining tests made on the above examples
confirm all of the other extensive experiments I
have made in demonstrating the free machining
effect of selenium and/or tellurium permitting of
faster cutting speeds with a cleaner finish on the
machined articles. I observe in these free ma-
chining “structural alloy” steels the same anti-
friction and non-galling gualities that have been
characteristic of the presence of selenium and
tellurium throughout my experiments. It is well-
known to the art that the usefulness of many
alloy steel parts sueh as pump shafts, bushings,
bolts and nuts, slides, ete. depends to a consider-
able extent upon freedom of action in service or in
assembly and disassembly. Any anti-friction or
non-galling qualities imparted to the alloy steel
by the use of my invention contributes added value
to the utility of the parts.

Because of the poisonous nature of the fumes
of tellurium emitted during the addition of this
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element to the molten steel bath I prefer to use
selenium whenever possible. The exact quantita-
tive equivalence of selenium and tellurium is not
to be understood as I have frequenily observed
that tellurium is somewhat more potent for my
purpose than selenium apart from other possible
differences. ) :

In the manufacture of my improved steel I have
used elemental” selenium and tellurium both in
powder and stick form but I find it more desir-
able to first make an alloy of iron containing
about 50% iron and 50% of the metalleid, and
use this for additions to the molten bath. The
509, iron-metalloid alloy is heavy and is better
assimilated by the bath with less loss by volatili-
zation. In the manufacture of “structural alloy”
steels in an electric induction furnace, the com-
pounding of the base analysis proceeds as usual
and a few minutes before pouring the heat of the
ferro-selenium or ferro-tellurium are added and
are quickly assimilated.. The loss by volatilization
may range from 109 for .10% metalloid addi-
tion with correspondingly higher losses for larger
additions. In the electric arc furnace, the metal-
loid is best added to the flowing stream during
tapping and the losses will be somewhat greater
than in the induction furnace. In making open
hearth alloy steels the metalloid is best added
during the tapping operation but the losses may
range 50% and higher due to the more oxidized
condition of the metal. I regard tellurium as
dangerous to use in the melting shop without
proper protection for the workmen.

T have tested the machinability and noted the
anti-friction qualities of “structural alloy” steels
both in the cast and rolled condition and find
that my invention applies equally well to cast-
ings and rolled, forged or drawn products.

Tn the sub-joined claims, the term “balance sub-
stantially iron” is used with the understanding
that the ferrous balance may contain appreciable
percentages of extraneous elements of such na-
ture and proportion that they do not alter the
properties of the alloy for the purpose of my in-
vention. For example, the presence of copper in
a chrome-nickel steel would not-alter the fact that
it was in need of improved machinability and that
the addition of my selenium and/or tellurium ele-
ments provide such improvement. HHence such

copper would be comprehended by my statement.

“balance substantially iron”.

What I claim is:— .

1. The combination of .03% to 2% metalloid of
the group selenium-tellurium with an inherently

machinable “structural alloy” base; said base .
comprising 90% to 98% iron, carbon in an amount

less than .50%, and the balance alloying elements,
and being capable of annealing softer than

150,000 pounds pér square inch ultimate fensile -

strength with more than 3% elongation in two

inches; and the combination of said metalloid with .

said base imparting materially improved machin-
ability to the resulting alloy.

2. The combination of .03% to 2% metalloid of
the group selenium-tellurium with an inherently
machinable “structural alloy” base; said base
comprising 90% to 98% iron, carbon in an amount
less than..50%, and the balance alloying elements,
and being capable of annealing softer than 250
Brinell hardness; the combination of said metal-
loid with said base imparting materially im-
proved machinability to the resulting alloy.

3. An alloy containing nickel 1% to 6%, carbon
in an amount less than .50%, metalloid of the
group selenium-tellurium .03% to 2%, other al-
loying elements .25% to 5.00%, the total of non-

‘ferrous elements being between 2% and 9% and

the balance being iron. _ )
4. An alloy containing nickel 1% to 4.50%,
chromium .25% to 1.75%, carbon in an amount

1ess than .50%, metalloid of the group selenium-
tellurium .05% to .50%, balance substantially -

iron with iron not exceeding 98%. -
5. An alloy containing nickel 1% to 4.50%,

chromium .25% to 1.75%, ‘carbon in an amount

less than .50%, metalloid of the group selenium-
tellurium .05% to .50%, phosphorus .05% to .20%,
balance substantially iron with iron not exceeding
98%. ’

6. An alloy containing chromium .25% to 4.00%,
carbon in an amount less than .50%, metalloid of
the group selenium-tellurium .03% to 2.00%, other
alloying elements .25% to 5.00%, the total of non-
ferrous elements being between 2% and 9% and
the balance being iron. :

. 7. An alloy containing chromium .50% to 2.00%,
carbon in an amount less than .50%, metalloid of
the group selenium-tellurium .05 to .50%, alloys
of the. group molybdenum-vanadium .10% to
509, balance substantially iron with iron not
exceeding 98%.

8. An alloy containing chromium .50% t0 2.00%,
carbon in an amount less than .50%, metalloid of
the group selenium-tellurium .05 to .50%, phos_'-
phorus .05% to .20%, alloys of the group molyb-
denum-vanadium .10% to .50% balance substan-

" tially iron with iron not exceeding 98%.

9. An alloy containing manganese .50% to
3.00%, carbon in an amount less than .50%, metal-
loid of the group selenium-tellurium .03% to
2.00%, other alloying elements .25% to 3.00%,
balance iron with iron not exceeding 98%.

10. An alloy containing manganese .50% to
2.00%, silicon .50% to 2.50%, carbon in an amount
less than .509%, metalloid of the group seleni-
um-tellurium .05% to .50%, balance substantially
iron with iron not exceeding 98%.

11. 'An alloy containing manganese .50% to
2.009%, silicon .50% to 2.50%, carbon in an amount
jess than .50%, metalloid of the group selenium-

" tellurium .05% to .50%, phosphorus .05% to .20%,

balance substantially iron with iron not exceed-
ing 98%. :
) FRANK R. PALMER.
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