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This - invention relates to alloy steels and &
method of making the same: L '
* According to one aspect of my invention I pro-
-pose & general purpose steel of improved proper-.
ties and characteristics. and which is simple and
- to manufacture and effects additional-
savings by the simplification of the manufacture:
into the finished product which it makes possi-
ble in some instances. . = - i .

The nature, objects and advantages of my in-
vention will be best appreciated from the follow-

- What I mean by “general purpose steel” may

be illustrated by reference to the automobile. .

My steel, for example, is suitable for axles, ‘crank-
shafts, connecting rods, torsion members such as
shafts, transmission gears, pinions and ring

" gears, valves, and springs, coiled or flat. My steel

20

1s-also useful for large pieces, such as die blocks,
- piston rods for hammers and locomotives, and
the like. My steel is also useful for parts formed
from sheet and strip steel, such as braces, brack-.
ets and frame members for automobiles, railroad
rolling equipment and gexeral structural work.
Also for plates, shipplates and deck plates; for
I-beams, channels and similar-structural mem-
‘bers; for rail and angle bars. It is useful for

- 'stampings such as kitchen utensils, sinks, lava~

30

‘tories, bath tubs etc., éspecially when coated with
ceramic enamel. ' -

My steel i3 useful for tubes for ‘various pur-.

" poses such as axles, bearings and  structural
* - members. '

85,

.

" My steel may be effectively heat treated and by
heat treatment. I include not only quenching and
drawing operations but also annealing and nor-

" malizing or air blast or other cooling. -

40
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. The steel of my invention has very much in-
creaseéd ductility and toughness and resistance to
shock and fatigue above average steels of specific
analysis, employed for parts such as above set
forth; and these characteristics can be obtained

“7" by the regular prosessing operations of heat:

treatment such as quenching and drawing, nor-
malizing, etc., withouli special equipment other
than that ordinarily used. - o
In carrying out my' invention I deliberately
make the steel abnormal, the extent of the de-

" parture -from normality being dependent upon
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the particular use to which the finished piece is
to be put. In no case, however, should the ab-
_normality be carried to the point where the ends

of my invention-are defeajedsas. will further -
. .appear. - g D T

I am fully aware that abnormality in steels is
known as are many of the factors.or conditions.
which will produce abnormality.- Heretofore,
however, abnormality has been generally avoided
as rendering the steel unfit. Some of the reaso
therefor are that abnormality has a markx

. range in the.
takes place in'such a manner that the steel ten

_cementite of greater-or less ,
onstituents will be generally, pearlite, cementite - .
- and ferrite, the:Iatter two more or less occurring: -

tendency.to decrease the extent of depth hard-
ening, produces soft spots in quenching, lowgrs

‘the ability to carburize readily, ete.

I have. discovered that abnormaliti t_ogéther
with ‘molybdenum plays a very important part

_in securing the improved results obtained in my

steel. T believe that this is due to the fact that

‘during the transition period through the critical
enching operation, the transition .

to pass from austénite to a mild martensite o

- poisibly- even .directly to troostite, without ' the
‘production of the very hard and large amounts. .

10

of brittle martensite present when™ ordinary or -

regular steel of the normal condition is quenched, -
and which, in the normal steel, has the effect of
causing, or the tendency to cause, martensitic.

fracture . or overstrain, ‘which cannot be suffi-
clently removed by the subsequent drawing op-
erations., In my- steel, therefore, martensitic.
fracture or over-strain, if not entirely eliminated,
is at least. minimized to the point where the im-
proved properties of increased ductility, tough-
ness . and resistance ‘to. shock and fatigue . are
obtained. . . - - R ‘ '
Another contributing factor is fine grain size,
say from #5 to #8 or finer, of the A. 8. T. M.
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standard chart. I prefer a grain size. of from 6

to 8. PFine grain size, as does the abnormalify,
tends to decrease the depth of penetration of
hardening. This otherwise objectionable char-
acteristic, I overcome as will later be described.

‘T have found that a molybdenum steel which 1s

30

made abnormal and which has fine grain size

gives the remarkable results herein set forth. By

control of the degree of abnormality and by main-
taining proper balance of the elements in the

steel, T ind that I can get a steel of the improved .

‘hereinbefore mentioned, which has the
needed for the particular use to which
For example, I cdn, in

properties
properties .
the piece is. to be put.

‘both small and large pieces, obtain uniform hard-.
ness from the surface to the middle; or I can .

40

produce a piece hard at the surface and shading . -

off to a soft but tough cere. - :
An abnormal steel may be readily recognized

suffice. to say that an abnormal steel is one in
which the physical condition, as seen by micro-
scopic examination after carburizing snd cooling
(McQuald-Ehn test) is a condition of divorced
degree. - The three

around the pearlite in such a manner that the
original grain borders are not distinct. This
structure is thus different from the so-¢alled nor-
mal steels which. under the McQuaid-Ehn : test
ghow distinctly formed grains with sharply out-
lined borders. e .

_and. for the purposes of this specification it will

58
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For purposeg of illustration a normal steel is
shown in Figure 1 and a molybdenum containing
abnormal steel of my invention in Flgure 2 of the
accompanying drawings.

I have found that by adding molybdenum X .

can overcome or counteract the tendency of ab-
normality and of small grain size to decrease the

depth of herdness, and secure any extent of depth

hardness desired. I vary the degree of abnormal-

ity and the amount of molybdenum, dependent

upcn the size of the article to be heat treated and

upen the results desired. I also vary the quantity

of the other constituents which are preferably
carbon, manganese and silicon. This, together

with the control of abnormality and of the molyb-.

denum, makes it possibie that manufactured parts
of any size or kind may be produced in the con-
dition desired. ¥For instance, on parts of relatively

. small section, say 1’ or under, in which medium

hardness Is desired by heab treating, the abnor-

mality would be increased to a relatively high:

degree, the manganese and carbon would be rela-

" tively low but kept in & balanced relation, while

the silicon and molybdenum would in general be
kept as usual. If the parts are of large sec-
tion, say §°° or more, then the abnormality would
be decreased, the molybdenum would be increased
and the other hardening elements would be varied
according o the process of heat treatment and
the results desired. In all cases it is the balanced

. condition of sbnormality and molybdenum that is

35
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responsible for the unususl ductility, toughness
and fatigue resistance results obtained, while the
hardness, generally considered, is influenced in
the regular manner by the carbon and manga-
nese and soraetimes silicon.

‘The meolybdenum makes it possible to secure
the desired depth of hardness penetration which,
as previously stated, may vary from uniformity
throughout from surface to middie. or shade off

- irom the surface toward the middle. The man-
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ganese, while tending to increase total bardness,
and while having some slight effect on depth of
hardness, has a tendency to increase outside hard-

ness with inside softness, which means that it.

has a tendency to produce both external and in-
ternal cracking. The carbon has tendency simi-
lar to that of the manganese. Hence there should
be a balance between the molybdenum and the
manganese and carbon so as to get the desired
depth of penetration of the hardness without
surface embrittlement. In large sections it is
ordinarily desirable to increase the molybdenum
and also the manganese and the carbon to get
the hardness throughout.

I have produced heats of medium abnormality

- and- of the following compositmns for various
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| Man- | ge. Molyb- ]
No. [Carbon ganese Silicon dentm Remarks
15 .65, .90 .35 .25 | Pinionsandrings. Siaddi-
tion for hardness
16 .65 LoO|- .35 .25 | Pinions and rings. Siaddi-
' tion for hardness
17 .65 1.19 .35 .25 ). Pinions and rings. Siaddi-
o) tion for hardness
18| .50 .90 .35 .25 . Si additlon for
.ol . ) ardn -
19 .50 |0 L00 .35 .25 Tra_ns. Si addition for
ess
20 50 1.10 .36 .25 'Alsotornormnliu
2l .90 110 .35 .25 | Normalize
22 .90 110 .75 .25 | Normalize
515 . 667 .66 2 .28 | Structural . parts, watar
- quenched
5616 | . .b65 .65 .28 .26 | Structural parts, water
T I quenched
517 .430 | .69 .24 .25 | Structural parts, water
quenched -
518 .370 .67 .24 .25 | Structural parts, water
g _ quenched

" - I have also produced heats with the carbon va-
rying from .40% to .70% and with the manganese
as low as .40% for pieces shading off from a hard
surface to a soft but tough core.

I have produced 6 ton electric furnace heats for
many purposes in a medium abnormail condition
accompanied with the addition of molybdénum
and with the carbon at .65%, .55%, .50%, .45%
and 40%. Also open hearth heats in these ranges.

I have produced automobile coil springs for
independent suspension of approximately the fol-
lowing analysis: .65% carbon; .80% man-
ganese; .025% each of sulphur and phosphorus;
.25% molybdenum; 25% silicon; 5 to 8 or finer
grain size; and in an intermediate. condition of

. abnormality between what I choose to call slight- -
The point to

ly abnormal and fully abnormal.
which abnormality can be carried can readily be
determined by experiment. It must stop short of
the point where the desired results would not be
obtained. (Generally speaking, - abnormality
‘should  stop short of the disappearance of
pearlite.) From this condition of material I pro-
-duce coil springs which are heated at about 1500°
F., quenched in oil and drawn at 800° F. with a
resultant Rockwell hardness of 42-46 “C”. These
springs Lave an. unususl amount of toughness,
ductility and fatigue resistance.

For purposes of comparison I have here tabu-
lated the properties of this steel with a steel of
comparable analysis in general use for this pur-
pose, the analysis of this latter steel being as
follows

Acid opeﬁ Osoillations of 33
hearth coil springs
—.90% | Max. 300,000 ’
ST % | M 23, 000140 tests
P —035 | Av. 45,000
8 —o4 |
This steel .
— 8% { Dax. 580, 000
ﬁn— Min. 125,001 §
0—. 25 . ),
8i.—25 |- 30 tests
§ —.030 | Av. , 400,000
P — 030 :

I have also produced axle shafts according to
‘my invention. which, at the same torsional
strength as chrome-nickel and chrome-molybde-
num steels, show from two to three times the de-
gree of twist at the breaking point. Comparative

results are given in the following table in which-
the material labeled “Mola” is steel of my inven- ¢

tion and had the following composition: carbon
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" 'Mola and in the other

6
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20

- 80

“jron. 'The other steel was of the following-com-

1,609,905

.65%; manganese .80%; molybdenum .25%; sul-
phur .036% phosphorus .03% and the balance
position: carbon 40%; manganese .T8%; Ni.
1.60%: chrome .80%; sulphur .035% and phos-
phorus .030%. This steel, in one inatatice, was
given the same heat treatment as that given to
instance it was given the
regular heat treatment. : ‘

3

| T also known: that certaln of these condi-

| tions will prodiice fine grain. The use of finely.
_duce a fine grained condition. - It is also known
 that aluminum has & decided effect in producing
| certain conditions of grain size and abnormality.
_ T prefer to produce the desired condition. of
abnormality and grain size through the use of
aluminum and molybdenum added to the heats

" divided mill scale in & bath of metal tends to pro-

10

15

20

30 .

Rear azxle shaft test—Model T6 truck -
M. 8, 512 same M. 8, 512, Reg. )
Material Mols “H.T.as Mola o Al Sredite
1 2 3 1 3 1 3
Dia. near fracture.. 1.362° 1. 865" 1,335 1. 847°] 1,335° 1: 845" 1.343°) 1.375-1.32
Smallest dia. : 1.342° 1.8345" 1.335°]  1.347" 1.335" 1, 345" 1,342
E. L. inch (actual) ... _..... 63,700 | 60,700 50,000 | 63,200] 53,200 52,000 § 50,000 “ﬂ?ﬁ,
Figured at 1.365". 63, 7200 00, 700 53,500 | . 64,000 58, 500 54,000 532,250
Max. inch (actusl) 88,200 80,150 75,100 %.soo 70, 900 70, 000 60, 000 .
Figured at 1.365" 88,300 | 80,130 | 80,400 | 82,000 75,500 | 72,600 | 71,000
- Angle of twist mex. 526° ; o g7 - 1720 320°! 500° 372
. Angle of twist E. L. ' 31° 229 31° 28° 28°) 25°
Hardness: . . . ;
Brinell— : . ) .
Outside. ... 448 444 387 | 429 402 - 876 378 341-387
Halfway..- . . 429 375 420 375 - 363 363 .
Center. 418 - 363 M| 49 /2 . M 363
“0* Rockwell— . : . . .
. Outside 4746 47406 41 42 “uy 41 41 39 39 38 39
’ 47 37 46 46 41 42 W) 442 40 39 38 39
47 47 46 46 39 41 44 46 39 41 39 40 aBI|
47 40 4 45 38 3 44 45 38 41 -+ 38 39 3040
- 46 48 24| 3738 44 A6 37 40 37 39 -89 40
i “g 41 48 36 36 445 36 38 36 37 38 39
-Middle.. “an| 40 35 38 44 45 3687 | " 3638 a8
D 46.3 40 3535 4445 3887 36 38 as 39
47 3040| 3638 45 45 36 37 . 368 37 39 39
o ﬂl;u - 41 4 37 37 :245 313 3737 39 %
A7 4 4244 - 3838 45 40 38 38 88 0 3%
Outside 847 4648] @] “Mu4| 28] NN N0

85
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method and the practice principally variés in
.that I produce the abnormal steel in. cambina-
tion with molybdenum and a controlled balance.
_of other elements, instead of the normal steel that
is commonly accepted. gs that desired. ‘The raw’

70

75

"1 am also a,pxil&inz the combination of varying
abnormality and molybdenum content, togetheér

with manganese and silicon to large work, such .

as hammer rods, die blocks and other latge sec-

tions for both heat treating and normalizing, so"
. that I may use in'‘combination with this abnormal

structure, molybdenum up to about 1.50%, ac-

companied by varying amiounts of manganese, not.
much over 2.50% to 3.0%; silicon not aboye about’

2.50% and carbon up to about 126%.  For certain

special conditions these ranges may go somewhat

higher. . B :
I also can control, by the proper balance of

“ubnormality anhd molybdenum with variation in
the other constituents, the depth of hardening to "
such an extent that I ¢an produce very shallow
hardening, ‘thorough or camplete hardening. or

any degree of depth hardening between these
extremes. . - S

I produce the steel in electric or .open hearth
furnaces or by the cricible or any other standard

materials used and the alloy additions are made
in the same way as general practice has dictated.
" 'With respect to abnormality .it°is known that
there are several ways in which it has been pro-
duced, although it has been the general intention

in steel manufactureé to produce.only normal
steels for consumption. For example, it:is known

that. if -the amount-of the deoxidiser (usually

ferro-silicon) is not sufficient the steel may be
 -abnormal.
the addition of
-sten may produce abnormality. ; :

Also that under certain conditions,
nadium and sometimes of tung-

tions, This is particularly true of the aluminiun
which I generally add at the end of, or towsard
the énd of the heat, I produce the bath of metal
th the regular manner, adding the various ele-
menty as they are generally. added, slagging in
the usual way, and in the.case of electric fur-
_naces’ I prefer to add the aluminum to the bath
while in the furnace after the heat has been

at the proper time and under the proper condi~

40

killed tby ferro-silicon) and about thirty minutes B

-bef

and vnder conditions of temperature and deoxida-

tion of the heat, to produce the abniormality that
- ¥ desire. I have found that the best temperature
for the- time of the addition of the-aluminum is
About: 3800° F., _
m'gométimeé. may be varfed 100 to 150° F. up
or dewn
ohserved that : ,
after the deoxidation of the heat is complete. -It

sre the heat is poured, and in sufficient amount

without objectionable results. It will be
the addition is to be usually made

in order to get the best results.

is also to be noted that it is best to employ the .. E

“usual amount of deoxidizer (ferro-silicon). In
fact X prefer to go a little bit-toward the high
side in the amount of ferro-silicon -erhployed and
produce a normal steel, which I then change to
a controlled condition of abnormality by adding
alutinum.. -The aluminum is
not ‘only. produces the abnormality but also the

fine grain structure. For the open hearth, I add-
aluminum in the amount of about 1% lbs. per:

‘addition and

ton. This will produce what I term & medium "

.abnormality, 1. e., about half-way between slight’
abnormality snd the maximum which 1 have
thus far found to be pemnissible. To decrease

or increase the abnormality, the. quantity of

70‘ K

aluminum is reduced or increased: -Fhus far I.

have found that the aluminum should not be
decreased much below 1 1b. per‘ton, or increased

W
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above 2 Ibs. per ton in.order to get the best
results. ) . :

The aluminum may be added in the Iable and
this is particularly true in the case of open
hearth practice, where I generally add about one-
third of the ferro-silicon first, followed by the
aluminum and then by the remainder of the

. ferro-silicon. In this connection it is to be ob-

10

20

served that the quantity of ferro-silicon employed
is that required for deoxidation plus the addi-

tional amount needed to give the desired silicon
content in the finished steel.

For the electric furnace I find that less alu-

minum is needed and for medium abnormality X
usually add about one pound of aluminum per ton,

the addition being made about thirty minutes

before pouring. : o :

Of course, for different furnace characteristics,
it will be found desirable to vary the procedure
and the amounts somewhat, in order to get the

© best results.

3¢
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The outstanding uniformity of the character-
istics of my steel is well illustrated in the follow-

ing impact tests. A standard Izod machine was g

changed in the following manner: The upper part
of the machine was raised approximately 1+%’"
so that the edge of tie impact blade hits 2’ abhove
the top of the anvil v hich grips the test piece.
The test pieces were made from the. original size
of the spring steel rods (.689 plus or minus .004

.dia.) which were heat treated the same as the
* springs, i. e., heated to 1600° F., cooled in air for

approximately 30 seconds, transferred to a fur-
hace at 1506° F., heated at this temperature for
thirty minutes, then quenched in oil followed by
an 800° F. draw, The pieces were then ground
with a grinding wheel %'’ wide.. The diameter
across the groove was .650’. -

1,802,805

out. In these pieces there was no change in
hardness from 500° F. to 1000° F. draw.

To illustrate the extremely wide range of heat
treatment possible with my steel, without detri-
mental effect on the properties, I have made nu-
merous tests with both water and oil gquenching
from 1400° F. up to 1800° F. with no apprecizble
effect on the properties of the steel. This is rz-
markable, - particularly with respect %o water
quenching, as one would normally expect that
the range in which detrimental effects are avoid-
ed, would be very much less.

In Figure 5 I have reproduced & graph showing
the effect onfour different but comparable steels,
of temperature on grain growth. 'The-first steel
was a standard 1095; the second was & molyb-
denum steel, normal; the third was a chromg-

vanadium steel; and the fourth is a molybdenum

steel of my invention, abnormal. It will be ob-
served that the grain steadily grew in size in the
first three steels, whereas in my steel the grain
size remained substantially the same from 1400°
to about 1700°. ‘ L

_'To illustrate how the molybdenum carries in
the depth of hardening and how slightly, in iy
steel, this condition is affected by temperature,
I have reproduced in Figure 6 a graph of the

10

20

depth hardness curves of the fourth steel of Fig- .

ure 5. This graph needs no -explanation. By

way of comparison, in Figure 7 I have reproduced- 30

a graph of depth hardness curves of a standard
SAE #1095 electric steel. It will be observed how
at 1400° the hardness toward the center drops.

. To be a little more specific as to the control of

abnormality and grain size in the electric furnace. .

35

The steel is produced in the regular manner with

the exception that I reduce the.ferrous oxide—
which is judged either by the appearance and

4

R

. .. | % Variation from

T 2

Max. iHardness| Brinell |- Min. |Hardness Brinell | Average. :
HoatNo.| { Ibs. | surface | conter | fi.1bs. | suriaes”| oemier | 4roms

: Low ‘| High

268450 12 461 444 - 98 444 444 111 12 14
71697 100 444 444 102 444 444 108 4 3

26469 118 444 444 - 95 444 444 106 11 10

26474 129 44 444 103 . 444 © 444 113 8 4
20457 120 444 444 90 . 444 429 101 12 '

26580 100 444 444. .92 444 . 444 100 8 4

28455 109 444 444 87 | 444 444 97 m 12
26378 . 104 444 444 87 444 444 92 [} 13-

36505 115 444 444 95 444 444 105 9 10

71645 120 444 | 444 104 444 444 112 8 7

36394 157 444 444 118 444 444 130 9 21
36350 115 444 444 84 444 444 2% 12 2 -

71785 109 T 444 C 44 90 44 4“4 97 7 13

AY

Average—99, 13%. -

The uniformity of results it will be seen are
outstanding. With ordinary steels one expects
variations of as high as 100% or more. The
analysis of the steels tested was carbon about
-60% to about .65%; manganese about .75% to
about .82%; molybdenum about 23%: to about
-26%; silicon about .22% to about .27%; and the
balance iron, with the usual traces of phosphorus
and sulphur. -

To illustrate the ability to obtain uniformity
of hardness throughout attention is directed to

Figures 3 and 4 showing two pieces of spring steel
“analysis, the composition of which was carbon

-65%; manganese .80%; molybdenum .25% ; sili-
con .25%; and the balance iron with the usual
traces of sulphur and phosphorus. These pieces
were 3’ square. One was normalized at 1550° F.
-and the other at 1650° F. It will be seen that in
both pieces the hardness was uniform through-

|

~

action of the sampled slag, or by a quantitative.

40
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estimation of the ferrous oxide in the bath—by .

.the addition to the bath of first, ferro-manganese,

followed by ferro-silicon, atter which I add about
1 pound to 1% pounds of aluminum per ton of
steel which hould he approximately 2800° F.
when poured. In the case of electric furnace
heats, the aluminum is added to the bath about
thirty minutes before pouring, by attaching pig
or cast aluminum in forms to a bar and pushing
it through the slag and below the surface of the
steel until the aluminum is completely melted.
The reaction that occurs is between the alumi-
num and any ferrous oxide that remains and also
with the other oxides that are present wherrin
the affinity of the metal for oxygen is less than
that of aluminum for the same oxygen, and this
reaction that occurs I believe to be the formation

of alumina undér a condition that affords ex--

60
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. treme dispersion as against any.other condition

1,992,005 . _
molybdenum from sbout 20% to sbout 1.50%;

or larger amounts of aluminum wherein solution
of aluminum instead of dispersion of alumina
would be effected.

5. I can also produce similar results f_rom electric

‘furnace heats by adding the aluminum in the

ladle,
harder to control.

although the conditions are somewhat

- Jows: The electric furnace heat is carried through
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the regular slagging and the addition of ferro-
manganese is made and sometimes but not al-

ways, enough ferro-silicon is added to the bath '

sufficient to kill or deoxidize the heat, but no
excess is used. In general it would be betler.to
‘leave the heat under-killed. ' The analyses, ex-
cept for silicon, are balanced, and the heat poured
at about 2800° F. As the first. metal hits the

ladle a part of the ferro-silicon necessary to bring

the heat to the desired silicon analysis and the -

oxidation condition is added and then from 1 to
134 pounds of aluminum per ton is added, after

" which the remainder of the ferro-silicon is. gdded'

and the pouring of the heat finished.
With. respect to open hearth furnace, I have
only added the aluminum to the steel in the ladle,

.although I can use another method of adding the -

aluminum as hereinafter shown. After the heat
has been properly melted and carried through as
any regular heat of open hearth steel, the analy-
ses, with the exception of silicon, are balanced
and the heat adjusted to a temperature of ap-
proximately 2800° F. The heat is then poured.
After the pouring starts, I add part of the ferro-
silicon necessary to balance the silicon analysis
and then add the aluminum, about: 1Y% pounds
per ton, then the remainder of the ferro-silicon
and continue the pouring to the end.

1If the. steel is in such-a condition at the time
of the addition of the aluminum, or the amount

of aluminum is not in the right amount so that -

the solution occurs instead of thorough alumina
dispersion, then the proper grain size will not be
produced and the steel may not be abnormal but
normal, which latter is the condition I wish to
avoid. If solution occurs instead of dispersion,
then there is a tendency toward normality and
large grain. - - )

As an alternative method for adding the alumi-

" num to the open hearth furnace, I can embody a
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method similar to what I use in the electric fur-

. nace, namely, adding the ferro-silicon following
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the addition of ferro-manganese until the heat is
killed to the right degree for adding aluminum,
about 1% to 11% pounds per ton, to the bath by
attaching a pig or casting of aluminum to a heavy
rod and pushing one or more of such castings
quickly through the slag and down through and
nearly to the bottom of the bath. - This operation
may either be performed by hand or by a me-
chanical device made to operate through the
doors or through the top of the furnace. It is
sometimes necessary to add in the ladle some
ferro-silicon to complete the required silicon an-
alysis. .

I find that very satisfactory steel can be pro-
duced with the following analysis: carbon. from
about .60% to about .70% ; manganese from about
0% to about .90%; silicon from about .20% to
about .30%; molybdenum from about 20% to
30% and the balance iron with the usual traces
of sulphur and phosphorus.

T have also found it useful to operate at about
the following range: carbon from about 15%
to about. 2.0%; -manganese from about .30% to
about 3.0%; silicon from about .15% to 2.50%;

The method then is as fol-.

5

and the balance iron with the usual traces of

sulphur and phosphorus. . : .
I have also made heats with other elgments in
addition to the molybdenum. For example:
Percgnt _Peroér_xt Percent
Carbon .53 .53 .53
Manganese. T .78 .78
gilicon .27 . 25¢ 2%
Molybd .25 .25 .25
Chromium ..« ccoccannimenemmenmne=s .87 57 .80
Grain-size—AVerage. - c-mme-eoeaaea- 6 [ 7
© Again:—
Manga- - { Molyb- Chro-
Carbon | ' pecee | Silicon Pt Nlck§l miom
. 562 .86 2l . 3.62 .038
542 .84 27 .26 1.87 .038
518 .83 2 2 141 .65
L492. .90 .52 .25 .08 042
.498 .79 .49 .22 .08 .032
.43 - 49 27
" .630 .79 .25 .25 .08 .032

Made with‘ alaminum, silicon, iron alloy instead of ferro-silicon
and aluminom.

1t is to be understoed that I do not limit my-
self strictly to the elements and percentages given
and that the claims are not to be construed as
excluding the range of equivalents for obtaining
the same results to which I may be entitled. The
degree of abnormality should be at least suffi-
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cient to give pronounced increase in properties -

as compared with a normal steel of comparable
analysis.
any given alloy by experiment. The upper limit
of degree of abnormality has been elsewhere
given..

This is a continuation in part of my applications
Serial Nos. 704,517, filed December 28, 1933 and
715,492, filed March 14, 1934.

What I claim is:— ,
1. An alloy steel which is abnormal or char-
acterized by a condition of appreciable dispersion

This can be readily determined for
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or divorcement of cementite and includes the fol- -

lowing ingredients substantially in the amounts’

specified: . .
‘ i Per cent
Carhbon from 15t0 2.00
Manganese from 30to 3.00
Molybdenum from 20to 1.50
Iron from 99.20 to 91.00

said steel being characterized by a high degree
of ductility, toughness and resistance to shock
and fatigue. ] : :

2. An alloy steel which is abnormal or char-
acterized by a condition of appreciable dispersion
or divorcement of cementite and includes the fol-
lowing ingredients substantially in the amounts
specified: . :

: Per cent
Carbon from 15t0 2.00
Manganese from 3o0to 3.00
Silicon from 15t0 250
Molybdenum from.. .20 to- 1.50
Iron - from 99.20 t0 91.00

said steel being characterized by a high degree of
ductility, toughness and resistance to shock and
fatigue. .

3. An alloy steel which is abnormal or char-
acterized by a condition of appreciable dispersion
or-divorcement of cementite and includes the fol-
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lowing ingredients substantially in the amounts
speciflied:

Per cent
Carbon from B0to. .70
Manganese from Jq0to 80
Molybdenum from 20t0 30
Iron from 958.60 t0 97.80

said steel being characterized by & high degree of
ductility, toughness and resistance to shock and
fatigue. -

4. An alloy steel which is abnormal or char-
acterized by a condition of appreciable dispersion
or divorcement of cementite and includes the fol-
lowing ingredients substantially in the amounts
specified:

. : Per cent
Carbon from. .l © 60to .70
Manganese from.. . oo Jq0to 90
Silicon from ... 20to .30
Molybdenum from 20t 30

- 98.60 t097.80

said steel being characterized by & high degree-of
ductmty, toughness and resistance to shock and
fatigue.

5. An alloy steel which is sbnormal or char~

acterized by a condition of appreciable dispersion
or divorcement of cementite and comprises the

- - following ingredients substantially in the amounts

~ 30
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specified:
: Per cent
_Carhon 65
Manganese .80
Molyhdenum 25

Iron with traces of impurities___ - ____ 98.30

1,992,005

said steel being characterized by a high degree of
ductility, toughness and resista.nce to shock-an
fatigue.

6. An alloy steél which is abnormal  or char
acterized by a condition of appreciable dispersion
or divorcement of cementite and comprises the
following ingredients substantially in the amounts
speciﬁed'

- Per cent
Carbnn 65
Manganese 80
Silicon 25
Molybdenum 25
Iron with {races of impunties ____________ 98.05

sald steel being characterized by & high degree of
ductility, toughness and"resistance to shock and
fatigue.

‘7. An alloy steel whxch is abnormal or char-
acterized by a condition of appreciable dispersion
or divorcement of cementite; which is also char-
acterized by a grain size at least as fine as from
#5 to #8 of the A. S. T. M. chart; and includes the

‘following ingredients substantislly in the amounts

specified:

Per cent
Carbon from -.J15t0 2.00
Manganese from 30to 3.00
Molybdenum ‘from 20to .1.50
Iron from 99.20 to 81.00

sa.1d steel being cha.ractenZed by a high degree of
ductility, tqughness and resistance to shock and

fatigue
CE]LD HAROLD WILLS.

[24]
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_  Certificate of Correction - ,
Patent No: 1,992,905, February 26, 1935

CHILD HAROLD WILLS

TItis hereby certified that errors appear in the printed speciﬁcatidn of the above- =

numbered patent requiring correction as follows: Page 2, second column, line 28, for
‘409" read .40%; and line 33, after the semicolon, for “25%, " read .25%/; page.3,
first column, in the table under the boxed heading “Material 7 the third entry should
read E. L. inch# (actual) and the fifth entry Max. inch# (actual) instead of as shown;
same table, under the heading ‘‘Specification ” first entry, read 1.375 F 1/32 instead of
#1.375—1.32”"; page 4, first column, line 3, for “lable ” read ladle; and page 5, second
column, line 26, the printed mattef in small type relates only to the last mentioned
steel of the table; and that the said Letters Patent should be read with these correc-
tions therein that the same may conform to the record of the case in the Patent Office.
-Signed and sealed this 23d day of April, A. D. 1935. ’ .

[sman} - . _ LESLIE FRAZER,-
Acting Commissioner of Palents.



