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©ain, resﬂmﬂ' at Sheffield, county of York,

Eng 1&1161 hewe invented an Improvement in

- Pr ocesses of Making Chromium-Nickel Steel,
~ of which the followmﬂ* description i 1S & speel-

o f_ﬁcatlon

~ foruse in the production of articles of com-
- paratively large sectional area that require
to be hardened in the mass—that is to say,

20
s | p1 actically throughout their section.

This mvenuon relates to the m&nufacture
at a comparatwely low cost of hard steel

,:possebsmg superior quahtws and which can

. be cast, rolled, and forged like other hard

I steel hamnﬂ' spemal suseeptlblhty to harden-

. .ing with less liability to water-cracking than
15

- with mdmary steel—-mthe steel to be herein-

11811&1-*&8 for "instance, frequently occurs

after described being particularly suitable

-One exceedingly useful employment of ny

j_novel steel is in the production of projectiles

possessing great strength  and penetlatwe

powers and specially sultable for armor- p1ere-—-.
_:j_1n0' and like purposes.

In carrying out my mventlon I add to a

:  “; 'I"'}:smtable basis of iron, say, about 0.75 per cent.

to one per cent. of’ embon two per cent. of
chromium, and two per b@l’lt of nickel, care
S bemﬂ* taken to keep the amount of manga-

~ nese th&t may be plesent at least undel 0 o
R ~ per cent. and preferably as much lower as
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‘possible, as I have found in my eXperlments
‘that the presence of manganese much in ex-.
cess of the quantity. mentl_oned causes water-

cm,ckmﬂ' when the steel is hardened. The

o j'.percenta ges of carbon, chromium; and nickel

o ‘may be varied to some extent from those

- 40’

- ing productis nearly free from orlow in man-
‘ganese and capable of bemg readily hardened.
, Thus the carbon might vary from 0.60 per
~ ¢ent. up to 1.75 per eent , the chromium from
~about 0.25 per cent. up. 130 five per cent., and
~ the nickel from about 0.25 per cent. up to

herembefore mentioned, provided the result-

- seven per cent. I have, however obtained
. the best results for articles of compamtwely
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~ inthe resultcmt product. - Asolidifying agent;

| large mass with the proportions first men-
tioned, manganese being practically absent

-_ ma,y -be wdded to the steel pleferably in a

| molten condition, for the purpose of obtain-

ing soundness and freedom from blow-holes.

Silicon or aluminium, either or both, may be 5s
used as the solldlfylnﬂ' agent, and when used .
the silicon may vary in quanmty up to about

12.50 per cent., though preferably for most

purposes smaller quantltles—-sa,yof about0.30 .
per cent. are sufficient—while the aluminium 6o
‘may vary up to about 0.20 per cent., but pref-
erably for most purposes 11013 more tha,n 0 10, -
per cent. will be necessary. |

A suitable basis of iron for making my im-
proved steel is decarbonized iron, produced 65
by any suitable steel-making process and as
free as possible from manganese. The car-
bon, chromium, nickel, and the solidifying
awent may be a,dded 1n various forms. For
_example the carbonizing physic may be in 4o
‘the form of a suitable carbonaceous mate-
rial—as, for instance, white iron of good pure

| jqu&hty, low in sulful and phosphm us, and

I-pla,ctwally free from manganese. The Chl 0~
mium or nickel may be added in the metallic 75

form or in the form of ferrochromium and

ferronickel, respectively. Aluminium may
be added in the matallic state or in the form
of ferroaluminium and the silicon in the
form of ferrosilicon. I prefer to add the 8o
carbonaceous material and chromium and
nickel either as metals or alloys in a melted
state to the molten iron in order to facilitate
‘thorough admixture therewith, and so, too,
the solidifying agent should be added m a 85
melted state. -
In car Iying out my mventwn I take iron—
such, for instance, as is now used in the pro-
duetwn. of acid - steel—and decarbonize it,
preferably by the pneumatic method, in a go
sultable vessel or converter, though it may be
by treatment in the or dmmy way in an open- -
hearth furnace, care being taken in either
case 10 _ehmm&te pra,(,tlcally the whole _,of the
carbon, manganese, and silicon it may con- 95
tain. To the molten iron thus obtained T
| add the carbonizing physie, chromium, and |
nickel, as ]1616111bef01e described, and pref-
embly also the solidifying ag ent——»that 1is,
aluminium and silicon, either or both. The 100
manner of making these additions is of the L
greatest importance in producing steel. of

| special high quality, and I proceed as follows,
[ viz: The carbonizing physicis melted in. cru-
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~cibles or in a furnaec which is not subject to

I0

oxidizing influence, and the molten physic is
run into a ladle., For example, a furnace
may be used with a basic lining, such as dolo-

mite, or magnesite, or magnesia, or mixtures

of these in which the constituent elements ot
the alloy are not oxidized. Upon the physic
the decarbonized iron, as described, is then
poured. The addition of. the physw in the
furnace itself is objectionable because oxi-
dizing influences are at once at work, and
consequently steel of such uniformity as 1
produce cannot be obtained. Itisextremely
important in order to obtain a satisfactory re-
sult that the various additions be made with.
accuracy, and for this reason they (the addi-

tions) should not be made to the molten iron |

... while the latter is in the converting vessel or
- furnace, as by such procedure it is difficult
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- To obviate this difficulty, I prefer to run suc- |
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to insure that the resulting steel shall con-
tain the desired exact proportions of the added
substances and shall be of uniform quality.

cessively into a ladle or vessel carried by a
suitable weighing-machine, such as a Deni-
son Welﬂ'hmn*-maehme or a platform weigh-

1n0'-mach1ne the desired amounts ot carbon—__
. izing physw chromium, nickel, and the sol-
1dlfying agent, each in a Suita,ble form or con- |

dition, such as hereinbefore described, and
in a molten state. The desired welnhts of

the several substances, preferably prewously

- melted 1n crucibles, are thus ascertained in

-~ a ready and very exaet manner.
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Into the
weighed molten contents of the ladle while

the latter is carried by the weighing-machine

is then run, preferably direct from the fur-

. nace, 8o much of the molten iron as will in-
- crease the weight of the contents of the ladle
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to that of the reqmred quantity of my spe-

cial steel, which is then either run off into in- |
-gots, Whmh can be afterward forged into ar-

ticles of desired shape, or it is poured into
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cent. of carbon—I find that the lower the man- |

§5

- -manganese harmful.
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suitable molds to produce castings.
I have found the commonly-accepted idea
that manganese is necessary in steel is to a

large extent erroneous, and,in fact, its pres-
.- ence 18 1n many ways very deleterious.

In
making special high - quality steel—that is,
hard steels containing, say, 0.70 to one per

ganese 18 kept the better the product; but
When the material is not required to possess
hardness primarily—. e., natural hardness or
capacity for subsequent hardening—the ad-
vantage to be gained is not so great, as I be-
lieve that only in the presence of carbon is the
In other words, manga-
nese may not be objectionable in mild _steels———
say under about 0.35 per cent. carbon—be-

cause 1n such cases, and they probably repre-

sent the majority of uses tor which steel is re-
quired, the action of the carbon is so much
weakened that more or less manganese is im-
material.  Manganese isin 1tse1f a very hard

and brittle metal, and while thisin itselfmay
not be an obJ_ectlon, yet I consider that in its

735,865

action as a calbld of manganese when carbon

is present it is most harmful where the special
quahtles of hardness and toughness are req-
uisite, believing that these quahtles cannot
be developed if manganese is presentin quan-
tity, say, over 0.25 per cent., 1t 1s to be borne
in mind, however, that I am not referring to
large percentages, such as in IHadfield man-
ganese - steel alloys-containing over two per

cent. up to twenty per cent. manganese, of
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which I am the inventor and whlch come un-

‘der an entirely different category.

Hitherto, so far as I am aware, it has not

been knowu that sound 1ngots, sound both as

regards freedom from unsoundness—that is,
hon@ycombed—and sound as regards forg-
ing—thatis, free from cracks or othel forging
defeots_eould be obtained without the pres-
ence of manganese, particularly if silicon or
aluminium, orboth be used; but,as hereinbe-
foreset for th I have discovered this fact, and

that with sufficient silicon or aluminium, or

both, no manganese 1s required, while the re-
sultant product can be rolled and forged like
other hard steels and hardened and tempel ed
readily, with the cracking not only no more

8o
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but actually less than with { the most expensive

cruciblesteels. Ifindthatwith practicallyno
manganese the steel, while hardening equally
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as well as heretofore, is much tougher and

shows a better-looking fracture, all of which

goes to show that the absence of manganese

has prevented the formation of the very objec-
tionable brittle carbid of manganese.

I1CO

In the production of high-power projectiles -

from :ry improved steel the latter is either
cast or forged into suitable shape, and in the
former case the steel is run off from the ladle
into molds, preferably iron or partlyiron and

partly sand and provided with suitable cores

when the projectiles are to be formed with a
bursting-chamber.
cast elther point or base upward; but in

“casting chambered projectiles I prefer to cast
the lower or ogival part of the projectile in
an iron mold, it being possible to thereby cast

thinner-walled shells than could be so suc-
cesstully accomplished if cast entirely in sand
or entirely in iron molds. After removal

Solid projectiles may be
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from .the mold the projectile is preferably

annealed by heating to a suitable annealing
temperature—say about ] 1,600° Fahrenheit in
a furnace—and then pelmltt_mﬂ' it to cool
slowly. 'The sinking or feeding head is cut
from the casting in any Sllltd;ble manner, and
any necessary maehmmw of the progectlle
can be performed. The projectile is then

hardened, preferably at its point and shoul-

der portions, and for this purpose these por-
tions are heated to a suitable temperature—

I20
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say from about 1,500° to 1,700° Fahrenheit—

and then qmckly dlpped point downward
into a cooling medium-—such as oil or water,

or both—at the ordinary temperature, and
simultaneouslya cooling medium such asindi-
cated is circulated in contact with the inte-
rior por tion of the projectile. If the project-
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o tive 130 cast projectiles.

'As before stated, the presenee of manga-

_-":nese in hard steel tends to render the steel

10

 j '-jbmttle when it is hardened in a similar man-
ner to. but to a less degree than phosphorus,

- and for this reason I regard manganese as a
. deleterious element in Thard steel as sulfur
. ‘and phosphorus are regarded deleterious in

e .avmded as much as possible.

“Having fully described my mventlon Wha,t

I claim, and desire. to seeure by Lettels' Pat-

ent, 18—

:I.;_': 20

1. The process of makmn steel free ft-om or

low in manganese, which cons1sts in decar-
bonizing and demanganizingiron, and adding
“thereto a G&I‘bOHIZlIW‘ AL ent ehrommm Emd
‘nickel, and a sohdlfym ag ent.

2. The process of makmﬂ' chromium-nickel
steel which consists in brmn'mc-* together and

"_"mlmm' molten deearbomzed dem@nﬂanlzed
- and desiliconized iron, a carbomzmg agent
~in a molten state, and molten chrommm
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nickel, and a solidifying agent.

3. The process of makmﬂ ehromium nlckel

B _steel whwh consists in brmﬂ ing together and

- 735,365

.ille is to Dbe forged an ingot of the steel is |
forged appmmmately 110} shape and then an-
:nealed machined, bored out, if necessary,
and hctrdened the anneéaling a,nd hardening
being eﬁected in the'manner dF"SGl ibed rela-

‘iron and. steel, and manganese therefore is |
~an element the presence of which should be

mixing molten decarbonized, demanoamzed

in a molten state, and mo]ten (3111*0111111111 and
nickel.

4. The process of making chromium-nickel
steel, which consists in brmgmg together and
mixing in a molten state deearbomzed de-
manoamzed and desiliconized iron, acarbon-

1zing agent, chromium, nickel and a solidify-

ing awent in a ladle or other vessel, and
wewhmﬂ' each element in its molten condl-
tlon Whereby the weight and proportion of
each can bereadily ancl accurately controlled.

9. In the process of manufacturing chro-

‘mium-nickel steel, successively introducing
in a molten state a carbonizing agent, e,]hm-_

mium, nickel, a solidifying ag ent and deear-
bommd demanwamzed and deqﬂlcomzed 1ron

‘into a smtable Vessel the several ingredients
‘being weighed in 1311611‘ molten condition, as

they are suecesswely introduced to the ves-
sel, whereby the exact weight and proportion

of eaeh in n'rechenb may be accurately deter-
mined.

In testimony whereof I have Slﬂ‘ned my
‘name to this specification in the presence of

two subscribing witnesses.

ROBERT ABBOTT IIADFIELD

W itnesses:
GEORGE H. HEMSOLL,
HowARD MARTIN.
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and desﬂleomzed iron, a e&rbomzmﬂ* agent
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