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To all whom it may concern:

UNITED STATES

PATENT OFFICE.

'ROBERT A. HADFIELD, OF SHEFFIELD, ENGLAND.

PROCESS OF HARDENING STEEL.

No. 810,531, Specification of

C Application filed. Fibruary 18,1908, Serial No, 143,997,

‘Be it known that I, Rorrwr A. Havrrswp,
a subject of the King of Great Britain, resid-
ing at Sheflield, county of York, England,
have invented an Improvement in Processes
of Hardening Steel, of which.the following
is a specification. B ’

- In the resistance to compression offered by
a number of different kinds of hard steel T
have found by experiment that there are
comparatively small differencesup to a cer-
tain Joad per square inch; but this difference
changes greatly when the compression.is fur-
ther increased, B

.This invention has for its ohject the pro-
duction of a method or process of treatment
for steel wherehy 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 beé 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 it is desired fo
impart thereto. For hard. steel containing, |

. say, about 0.8 per cent. carbon the steel is
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heated to a.temperature of not less than 850°
centigrade and it may be tipward to a tem- |
peragtre of from 975° centigrade to 1,000°
centigrade, the harder the steel required the
higher the temperature to which it is heated,
the heating heing conducted in any suitable
furnace. ' The heated $teel is then alldwed to
cool down either completely toabout 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 if it is desired to secure greater
toughness in the resultant product compiete
cooling may be conducted in sand or other
suituble non-conducting matesial. After-the
preliminary heating hereinbefore 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 tHe lower should be the reheating
ternperature, and the tougher the steel is re-
quired the higher should be the reheating
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harder steel the reheating may be carried to
about 600° centigrade, whereag if a. tougher
steel is required the reheating may be car-
ried up to about 680° centigrade. 1 have
found, however, that a teinperature of about
720° centigrade should not e exceeded, asin
such case the steel will become too soft-and
lose its stiffness or resistance to high com-
pression stress. In the reheating, therefore,
temperatures above 720° centigrade should
be avoided.  When only a partial cooling of
the steel is effected alter the” preliminary
heating, either in the furnace or the open air,
the latter being preferred, the.steel is reheat-
ed after its temperature is lowered to from
300° centigrade to 400° centigrade. ‘The
final cooling after reheating may be effected
in any convenient manner—as, for instance,
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in one or other of the ways hereinbefore men-

tioned for the cooling affer preliminary heat-
ing.. : ‘
?i3y'th‘e process described steel can be ob-
tained whose resistance to compression is as
high, 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 withoutincurring the stresses set up by
water-quenching a. steel of great hnrdFl)less
and of greater strength than water-hardened
steel. The difficulty of watér - quenching
steel is intensified by the fact'that it is nct
“practicable to querch beyorid a certain tem-
perature, as steel is liable to crack in hard-
ening when heated beyond from 7580° to 850°
centigrade, according tothe size of the article,
whereas in conformity ‘with my present in-
vention there is no sudden coaling, and the

steel cian be heated to the high temperatures _

referred to without damage.
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My invention i$ applicable to steel of vari- g5

ous grades, the stiffening temperatures being

higher the lower the percentage of éarbon,
The softuess Liereinbefore referred to in va-

riots steels is probably.due to the carbon pres-

ent in the steel being in the forma known as roe

“carbid carbon” and the steel while very
tough is comparatively weak in its resistance
to high compression stresses. -

_ By treatment of the steel us hereinbefore de-

scribed the carbon is transformed or changed 105

again into the hardening form to a greater or
less degree, according to the heating temper-
a.ure employed. The higher such temper-
ature the higher will be the amount of har-

temperature.  For example, to obtain a

dening-curbon present and the harder will be 110




- the treatment of hard
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Ceentigrude; pvrnuttmu it to cool 310\\]y to

kS faii, .uul desire to secure by Let lor» Patent,

the steel, and its resistance to compression
stresses 1s thereby .inereased. In treating |
steel containing about 0.8 per cent. earbon, |
referred to herein, the minimum is about 850°
centigrade and the maximum desirable tem-
perature is about 1,000° centigrade, while fora
softer steel the minimum temperature should
be increased, say, o about 900% centigrade
and the maximum to {from about 1,075° cen-
tigrade to 1,100° centigrade.

\I\ mvontmn is p.u'lxculaul\' adapted to
steel for wse in the !

manufactare of armor-piereing projecetiles to
stilfen them and-increase their strength and
le\htanw to compression; but my invention
s also applicable to the treatment of steel
Uscd for a variety of other purposes, such as
shoes and dies for ore-crushing apparatus,
the wearing parts ‘of crushing machinery,
rolls of various kinds, car-wheels, and cutting-
tools of variousikinds.
Having <l(-~u‘1bed my invention,

\\;llat I

Is—

The method of hardening steel which |
consistsin raising the temperature of the steel |
to about 975 ('ontwrzulo. nermitting it to |
coul slowly; lehvntnw the cooled steel to a
temperature of almut 500° centigrade: and |
permitting the steel to cool sluwl\' arter such
l(‘hedlm“‘

The method of hardening steel and im- |
p‘nlm‘g thereto high registance to compres- i
ston, which consists in raising the tempera-
ture of the steel to above $50° ‘centigrade and ¢
not over 1,150° centigrade; pernmtuw it to
vool slowly; reheating the cooled steel to a
temperat ure of or over 680° centigrade, and
perutitting the steel to cool slowlv nnmuh—
at(l\ alter such recheating.

The method of lmulomng steel and tm-
pzulmg thereto-high resistance to compres-
sion. which consists In iaising the tempera-
ture of the steel to between 945° centigrude |
and 1.0007 centigrade; permitting the steel to |
cool slowly: xvhcalm(r the cooled steel to a
tempier: atuie of or over 500° centigrade, and |
slh\\l\ cooling the steel after such Ieheutmg

The method of hardening steel, which
(‘n!l\hl\ i raising the tvmpcmtuwuf the steel
te above 8507 ccntwr ade and not gver 1,150°

about the tetperature ot the external air; ve
heating the ggoled steel to a temperdture not
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higher than 720° centigrade, and finally sfowly
coulm" the steel after rehe: ating.

lhe method of Imnl«-mn;g steol, which
(~onsist,sin raising the temperature of the steel
to not less than 850° centigrade and not more
than 1,150° centigrade; permitting the steel
to cool; rchcw'nw the cooled steel to a tem-
perature not higher than 720° centigrude, and
immediately thereafter permitting the steel
to cool slowly from the reheating tempera-
tuw

The method of hardening steel which

‘ (‘Oll\l\(hln raising the temperature of the steel
i above ¥
tigrade, per unttm'r it to cool xlu\\l\ reheat-
i in«r the cooled steel to. a temperature of or

-

75° centigrade, and below 1,150° ven-

over 500° centigrade, and finally slowly cool-
ing the steel after vuch reheating. . ;

7. The method of h: ardenimg steel and im-
parting thereto high resistance to compres-
sion, which consists in raising the tempera-
ture of the steel to about 975° centigrade,
permitting the steel to cool slowly, reheating
the ('ool(-d steel to a temper ature of or over
630° centigrade and below 720° centigrade,
and slowly cooling the steel from sueh last-
naned temperature,

8. The method of hardening steel, which
consistsin raising the temperatureof the steel
from about 8§50° centigrade upward, and not
higher than 1,150° centigiade; cooling the
steel to not more than 100° centigrade; re-
heating the partially-cooled steel “to about
500° ccntlgl ade and upward, and finally per-
mitting the reheated steel to cool,

9. The'n:ethod of hardening steel which
consistsin raising the temperature of the steel
to from about ba()" centigrade upward to but
not higher than 1,150° contltrm(le, according
to the amount of carbon in the steel; (oolm(r
the steel'slowly to not more than: 400“' centi-
grade, rche: iting the cooled steel to a temper-
ature' of about 500° centigrade and upward
acéording to the hardness or toughness re-
quired; and unpmediately and sfowl ly cooling
the reheated steel from the rehoutuw tunpu—
ature. '

In testimony whereof I have signed my
name to this. spcuhcmmn in the Presence of
two subscribing withesses.

' ROBERT A llADB IELD.

Witnesses: .

‘Baiv L. CAMPBELL
LutHER J. PARR.
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