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To all whom it may conecern : o
‘Be 1t known that I, Rorrrr A. Havrieiy,
a subject of the King of Great Britain, resid-
ing at Shefhield, county of York, England,
have invented an Improvement in Processes
of Hardening Steel, of which.the following

1s & specification. ' S

- In the resistance to compression offered by
a number of different kinds of hard:steel 1
have found by experiment that there arc

comparatively small differencesup to a cer-

tain load per square inch; but this difference

~changes greatly when the compression. is fur-

z
ther increased. S .

-~ This invention has for its object the pro-

duction of a method or process of treatment
for steel whereby the resistance thereof to

compression when subjected to considerable

pressure is very greatly increased:

The steel to be treated, whether in cast or |
forged form, is heated, either directly or after

being annealed, in any desired manner to a

temperature of not less than about 850° cen-

tigrade, and it may bé up to from 1,000° cen-

tigrade to 1,150° centigrade, depending upon

the amount of carbon in the steel and the de-

gree of hardness or stiffness [t is desired to

impart thereto. For hard. steel containing,
- say, about 0.8 per cent. carbon the steel is
“heated to a.tempersture of not less than 850°
centigrade and it may be ipward t0 a tem-
perature of from 975° centigrade to 1,000° |

centigrade, the harder the steel required the
higher the temperature to which it is heated,
the heating being conducted in any suitable
furnace. * The heated steel'is then allowed to
cool down either completely to about the tem-
perature of the externalairoronly partially—

say to about 300° centigrade to 4009 centi--

grade.” The.cooling mav be effected in the
heating-furnace, but preferably in the open
air, whether the cooling he complete or only
partial, and i it is desired to secure oreafer
toughness in the resultant product compiete
cooling may be conducted in sand or other
suttable non-conducting material. After -the
preliminary heating hcreinbefore described
and the subsequent cooling the steel is re-
heated to a tempersture of from about, 500°
centigrade up to about 720° centigrade and
then allowed to cool. The harder the steel is
required thie lower should be the teheating
temperature, and the tougher the steel is re-
quired the higher should be the recheating
temperature.  For example, to obtain a

o 'S‘PéCiﬂca‘r—iqn" of Letters Patent,
& -Application filed February 18,1908, Serial No. 143,097,
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| harder steel the rehedating mav be carried to

about 600° centigrade, whereas if a. tougher
steel 1s required the reheiting mav be car-
ried up to about 680° centigrade. 1 have
tound, however, that a temperature of about
7207 centigrade should not be exceeded, as in
such case the steel will become too soft-and
lose its stiffness or resistance to high com-
pression stress. In the rebeating, therefore,
temperatures above 720° centigrade should
be avoided.  When only a partial cooling of

the steel is effected after the” preliminary
- heating, either in the furnace or the open air,

the latter being preferred, the steel is reheat-
ed after 1ts temperature is lowered to from
3007 centigrade to 400° centigrade. ‘The

final cooling after reheating may be effected.

In any convenient manner—as, for instance,
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tn one-or other of the ways hereinbefore men-

tioned for the cooling after preliminary heat-

Ing.. 7
By the process described steel can be ob-

‘tained whose resistance to compression is as

lugh, if not higher, than that of vater-har-

-,

dened steel, but which is less brittle,-so that

by the process described it is possible to ob-

tain without dncurring the stresses set 1.(11p by
Water-quenémng 1. steel of great hardness

and of greater strength than water-hardened

steel. The difficulty of watér - quenching

steel 1s mtensified by the factthat it is nct
practicable to querch beyond a certain tem-
perature, as steel 1s lable to crack in hard-
ening when leated beyond from 750° to 850°
centigrade, according tothe size of the article,
whereas in conformity ‘with my present in-
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vention there is no suddeén cooling, and the

steel ¢an be beated 1o the high temperatures |
referred to without damage. .-

- - -

My invéntion is applicable to steel of vari-
ous grades, the stiffening temperdtures being
higher the lower the percentage of éarbon.
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The softuess Liereinbeéfore referred to in va-

rious steels is probably.due to the carbon pres-
ent m the steel being m the forin known as
“earbid carbon” and the- steel while very

tough is coniparatively weak in its resistance

to high compression stresses. T
- By treatment of the steel us hereinbetore de-

scribed the carbon 1s transformed or changed

again into the hardening form to a greater or

less degree, according to the heating temper-

acure employed. The higher such temiper-
ature the higher will be the amount of har-
dening-curbon present and the harder will be
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the steel, and its resistance to compression | higher than720° centigrade, andfinally siowly 55

stresses 1s thereby.increased. In treating
steel containing about 0.8 per cent. c:uhou
referred !uhmem the minimum is about 8506
centizrade and the maximum desirable tem-
perature 15 about 1,000° centigrade, while tora
softer steel the mmimuin tompmntuw should
be mereased, sav, to about ‘l()UD"m-mJg rade

and the maximum to from about 1 Um cen-

tigrade to 1 ,100° {Gll'[l“'lzldt‘

\h mwutmn s 1mlu(:ulzulv adapted to

- the treatment of hard steel for use in the
| cmmathm Faisine the temperature of the steel

above 975° Celltltfl adde, and helow 1,150° cen-
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manufacture of armor-piercing projectiles to
stillen them and-mcrease thew strength and
ms:amnce to compression; but my imvention
5 also applicable to the treatment of stecl
uwtl for a variety ol other purposes, such as
shoes and dies for ore-crushing apnaratus,
the w caring parts ‘of (*lmluntr machinery,
rotls of various kinds, car-w lleols,mld cutting-
tools of variousdkinds.

[l.nwtr {l{'HLIIbEd my mvention, what I

claliu, vl desire to secure by Lt?*..l(‘lb Patent,

1-~-—-—

T m oEma  ag

The uwthud of hardening steel which
Cand -,l<m|\ cooling the steel from au('h Fast -

(um:ahm raising the temper ature of the steel
to about 975H° wntwuulv' nermitting it to
cool stow]y: !Ght‘:ltlll"‘ the cooled steel to a
temperature. of about 300° centigrade : and
permitting the steel to cool slow h arter such
lvheatmfr

The method of hardening steel and in-
pdlllll“‘ thereto high resistance to compres-
sion, which consists in r alsing the tempera-
ture of the steel to above 850 ¢ centigrade and
not over 1,150° centigrade; penmttm r it to
wlmmn!r the cooled steel to a
tempel rature of or over 680° centigrade, and
permitting the steel to cool .sluwlv' imniedi-
dtvh after such reheating.

The method of lmulemng steel and im-
punmu thereto-high resistance to compres-
s1o. u tieh consists 1n ralsing the tempera-
ture ol
and 1,000 centigrade; pernntting the btee] to
caol slowly whcntmw the cooled steel to a
temperature of or over 300° centigrade, and
ﬁlt*\‘»l\ cooling the steel after such wheutmg

The method of hardening steel, which
(H!IHhIH N rasing the tvmpuiatuleof the steel
SH()7° wntnr; ade and not qver 1,150°

conligracde:; [}(‘I‘IIIJLUH“ it to cool s](m]y to

ahuul the tewperatute ot the external air; ve
neating the ggoled steel to a temperdture nut,

“the steel to between 945" centigrade

mu]m*r the steel after rehe: i, |
The method of harde ‘it steel, which
('(m:sist.ss in raising the temperature of the steel
to not less than 850° centigrade and not more
than 1,150° centigrade; permitting the steel
to cool; rehes mmr the cooled steel to a tem-
perature not higher than 720° ceniigrade, and
immediately thereafter permitting the steel
to cool slowly from the reheating tempera

tule
The method of h:mlmumr steel whieh

tigrade, pvnmttm'r it to cool HIL}\‘.I\ reheat-

Ing the cooled steel to. a lmnpm‘atum of or
over r 500° ceutltrnule and finally slowly {U:}L
ing the steel *lfter QL h reheating.

7. The method of hardening steel and -

parting thereto high resistance to compres-
sion, which consists in raisitiy the tempera-
ture of the steel to about 9757 centigrade,

permitting the steel to cool slowly, reheating

the cooled steel to a temperature of or over
HS80° (,untltrlzulc and below 7207 centierade,

named temper rature.

8. The method of hardenimg steel, which
consistsin rasing the temneratureof the steel
from about hoU"‘"‘ centigrade upward, and not
higher than 1,150° U{‘Jltlirl:ltlt" cooling the
steel to not more than 400° {‘t‘lltl”l‘dtl(" re-
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heating the partially-cooled steel “to about

500° cellturl ade and upward, and {inally per-
mlttuw the reheated steel to cool.

Ilw n:ethod of hardening steel which
mm:mls in raising the t {‘-mpemtuw of the steel
to from about ba()"} centigrade upward to but

‘not higher than 1, 150° contltrm(le according

O the amotunt of carbon in t,he *’stvel ('Uulmtr
the steel SIde to not more than 4000 centl-
grade, reheating the cooled steel to a temper-

ature of about 5007 centigrade and upward

——— ErEE——— . - . -
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m'vm(hmr to the }mnlneas ot toughness re-
quired; a i nnpmediately and sfowl ly cooling
the reheated &,teel 1 om the Iehozltuw tunpu’-
ature,

In t(‘btllll()IIV whereof I have signed my
name to this. Sptmtmmmn in the presence: oi
two subscribing, withesses.

o ROBEHT A HADI*IELD

- Witnesses: -

BaIn 1. CAMPBELL
LUTHER J PARR
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