5 of New Jersey, have invented n cortain now bloomy or blank is sufficiently thin to be
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peratures under certain conditions, and sul)-
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To all whom it may concern.: the steel, the form of the ingot dr bloom, or

""

Be it known that I, Wixriun S Porrer, | the character of the rolls. or example, if

86

nocttizen of the United States. residine at | the mmgot, bloom or other body of metal is

Mahwal, in the county of Bergen and State | thin it is hented slowly and evenly, or if the

and useful Process of Rolling Manganese | heated uniformly throughont it may be heat-
Steel, of which the iollowing 1s a specifica- | ed in loss time but at _uﬁout the same rate in
tion. proportion to its thickness, to a tenperature

The ol?'ct':t of this invention is to f:m(lm:e varving preferably from 1300° C., to 1250

finished shapes from manganese steel by rapid | C.. for Instance, to ahout 1130° C., provided

~reductions through machines of ordinary | the shulw to be formed does not require con-

construction and without impairing the char- | siderablo Yla:-;ticity of the metal, and there-

ncteristic quality of the material. Upon the =kin or outer portion is coojed until
- Heretofore it has heen extremely difficult | at or below the teruperature of the interior.
to roll or work even small plain shapes of In case the ingot or bloom is of ordinary

straction. I have discoveved, however, that | the upper eritical point is raised slowly or
by rolling the ingot, bloom, billet, blank, or

muanganese steel with rolls of ordinary Ctm-l shape ail thickness, the temperature above
mass of metal to be shaped at certain ten-

evenly to prevent cracking, until the ingot
or bloom is soft’ whil plastic and s symn-

from 1150° C., to 1250° (., for instance, to
itbout 1230° (., and thereupon the tempera-
able area in eross s ction, such as rajlrond | tyre of the skin or outer portion is cooled
viils, may be rolled with machines now in | until it is at or below the temperature of

Jeting the same to certain steps 1 the proc- ;
use for mlling‘-Bes'-semer steel rails, and / the interior.  In case, however, the ingot 15
1

ess, that irregular shapes having a consider-

without destroying or impairing the char- brought from the mold with its interior por-
acteristics and quality. of the manganese | tion at a temperature from the heat of cast.
steel. ' g considerably above the upper critical

The ingot or bloom, if cold and in the or- point, for instance, about 1330° ., and with
dinury east condition, is first heated slowly | its outer portion having an unéven or Irregi-
to a temperature above 430° C.. preferal\'v Inr, but high temperature, as for 1nstance,
to about 535° C., but under other conditions

: varving from 950° C,, to 1150° C., then the
the temperature may be raised more ra pidly

, Y [ outer portion is brought m'enlév to u tem-
to. about 430° C., as for example, when the perature preferal.ly above 1010° C., but be-
iIngut or bloom has been so trented ys to be | low the tempernture of the mterior, which
tough and free from strains If, however, | interior temperature will, at the same time,
the Ingot or bloom is at a red hent, or is still | of course, be somewhat reduced, say from
hot from the heat of casting. a préliminary | 13300 (., to about 1230° ', But if the body
heating is of course unnecessary.  The tem- | of metal o brought from the mold with ifs
perature of the ingot or Dloom is then rajued interior temperatnre shightly above the up-
as desn;ed to a point, hereina ftor osiornated i per criticeal point, for instmu'c, 11007 €., and
ns the upper critical point, nnd w hicl) ustually 1 ats outer portion having an uneven or Irrepn-
occurs at a temperature varving from [ (- Iar but high temperature, for instance, vary-
g from 7000 ., to MOV C., then the body
of wetal is hented evenly until in a soft nnd
plastic condition, and to a teraperature for

weak and tender, and above which pomnt the
nelal is easily ruptured under tension. or 1
consequence of rapid or unequal CXPahsion
in the heating furnace. The temperature is
then raised evenly to below the niclting

- . . - _'_‘_

or outer portion is evenly cooled to a tem-
perature at or below the temperature of the

e Se— -y

istance about 12507 (.. wherenpon the skin
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metrically heated to temperatures preferably |
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point, which is about 1330 C., preferably Lo Interior. I ease. however, the body of metal

a tempernture below 1250° C., where the - 1s hot Trom the heat of casting, but the in-
metal becomes extremely fragile op brittie, |, ferjor teiperatuee is below the upper eritj-
for instance, to about 1230 Cay the highest | eal potit, as for instance, 950° C., and the
lemperature depending upon the aualysis of * oyfep portion for instance at, 500° C., to 700°¢

105



C., then the body of metal as a whole TR

evenly brought to the highest predetermined

temperature, for instunce, 1250° C., and the
skin or outer poction is thereupon cooled
refernbly to a tensperature the sanie as, op
low, the interior temperature to thereby
render the sate strong and tough, as nlrcady
described in the case of the ingot or bloon:
of ordinury thape and thickness.

Whan the
with & temperature throughout ubove 700°
C., as before described, anﬁ which is a tem-
peruture above the recrystallization poit,
the metal is 1 what may be termed nnoamor-
16 phous plastic state, by which [ mean, a

state wherein the metal 13 free fron; crysials,
and which state or condition js hereimnaftoer
referred to as the amorphous condition.

Alsu when the ingot is tuken from the inol|
20 &t u temperature above 700 (. throaghout,

ot when the ingot has been rehented to the
highest predetermined ter - ernture, as be-

!

10

fore stated, for example w 1250 (., and .

when neither crucks, crystals nor crystalhine
25 formns are ‘present in the mgot or body of
metal, anid ingot may be deseribid as being
M an ukinterrupted op CONLINNOUS  wInoL-
phous condition.  ‘f'he Imgot, or mass of
metal to be workel,
the blooming mill, roughing 1olis, cogamg
rolls, or subjected to
of press, as desired.
imgot through (he

He

The atial passes of the
bloowing nill, roughing
or coggrng rolls, aye preferably  compuara-
tively wlight. especinlly so when the skin
temperntine 15 at or above the upper erilicenl
potut, and in that case, the first passes should
preferably be executed in a bhox or Gothie
pass, or some pass which wiil conmpress the
metal of the invot toward (lie center from
all pointy at the s time, and excrt g sul)-
stantially uniform pressure Upon  opposite
sides of the ingot or hloon whereby the skin
will be converted into wronghit condition
prior to any substantial reduction of the in-
got or bloom. . -

In case n hamnier or press = nsed, the jin-
8ol is preferably reduced slowly at first in
order (o compress aned set the surface of the |
metal comprising the saane without stitbstan.
tial reduction of the ingot or bloom. The
ingot or bloom is then mitjet:md to the netron
of rolls, hammer or ressy and 1f the finished
shape desired is HIILHI!H“:I”V the same ag
that of the bloom or Ingot, or if the tempers . |
ture thereof has bLeen only shightly l'l.!llll('(!il |

40

45

b0

0%

by the initial treatment in the rolls or under

the hinmmer, then the Ingot may be passed
dircetly to the buishing mill.  In case, how-
ever, the linished shape to be produced dif-
fers considerably i (l

Ingot or bloom, or if the pereentage of re-

80

1

ingot is taken from the mold ' rior portion of the bloom, which is then

| subjected to the actios of t‘le finishin
' AN

- when undder
I$ then passed through

the action of n hammor |
~the working of the motal,

- bloom is raised very gradunlly and
o much higher temperature i«
" than when

“equnlities of tem

“shall he at

~the onter portion o skin tends to comnpress

duction from any one pass to the sUccei'ding
ass 1n the finishine mill is lurge, and the |
G5 temperature hos so fallen that (he necessary |

038,003

ductility no lovager sxists, the ingot or bloom,
ufter leaving the roughing rolls, is placed in
i furnace of any anitable type and carefuliv
Al evenly rcheated, to such s tem ture
a8 will impart the necessary dueti ity, for -,
exnmple, to temperntures uwbove 1150° C. in
its interior portion. The skin of oater por-
tion of the {;Imnn is then preferably cooled
blightly Lelow the temperature of inte-

75

mill
18 rolled or hummered to shape; for ex-
ample, if the interior temperatures are above
1160° C., the outer portion is preferably
bronght to a shghtly lower temperature, a-

for example, 1120° C. If, however, the in-

(erigr temn tures nre between 1200° C.,

und 1300° C,, then the outer portions are
preferably brought to temperatures below

1145 C., say, for example, to 1150° C, one
purpose and result of the lowering of the
temperature of the outer portion of an Ingot.
or bleom being to lend thereto a akin or onter
portion of smﬁn sirength and toughneas that
the interior portion will be caused to flow
without riptnre to any portion of the mnss
pressure while being worked.
temperature of the skin
referably accomplished
v of metal to the action g3

immedintely preceding

81

86
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The reduction of the
or outer portion is.

by subjecting the b
of gas oy vapor. and

When the temperature of the Ingot or
steadily,
permissible
the snme is subjected to the action
of the rolls or hammer with consideruble in.
‘rature in different parts
thereof. T'o produce the best results. it is
necessary that the interior portion of the in-
got or bloow shall be ut, or substunt inlly at,
the smme temperntuge throughont its length
el that the onter portion or surface thereo

the snme or a4 lower temiperature
cooling of

100

108

than the interior portion.  The 110

the metal in the interior of the Ingot or
bloom and to work the skin metal, and slight
redonetions in the fiesg passes  through the
rolls or under the hammer also tend to com.
|-ress and xet the metal, so that it is possible
o ratse the ingot. or bloom to higher tem-
pevature than is otherwise possible without
destroving the characteristics of the metal. -
The henting of the ingot or bloom should 120
prefernbly ﬁo carried on in a non-oxidizing

thiid to mmnintain the skin intact, and to re-
vent the rupture of the ingot or bloom w e

116

- 3n the furnnce, or the cracking of the bloom
~in the process of rolling,
orm from that of (he

If the areatest toughness in the metal be
desired, the finished shape, if at or above ..
red heat. may he qucncmd In water, or if
necessary, may he reheated and quenchod in

the ordinary way. 13¢
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20

-the Interior thercof is at a tem
- the upper critical point.

. plastic interior, a skin of such strength » nd
foughness as will cause the interior portion

{5

H0

37D

H);

‘n strong and tough skin on a body of manga-

- managunese steel which consists in 1mpnrtin§

‘Having fully described my invention, what
I claim as new and desire to secure by Let-
ters Patent, 18— | -

1. The process of forimning shapes from
manganese steel ingots or blooms which con-
gists 1n working the same while the interidr
thereof is in a soft and plastic condition and
at-temperatures above the upper critical
point and the outer portion in a strong and
tough condition.

2. The process of forming sha froin
manganese steel ingots or blooms, which con-
sists In working the same while the interior
thereof is in a soft and plastic condition and
at temperatures above the upper critical
point, and the outer portion in a strong and
tough condition at temperatures not above
those of the interior.

3. The process of forming shapes from
mangunese steel ingots or blooms Wmh con-
sists in giving the interior of the ingot or
bloom a temperature above the upper critical
point and the skin a temperature below the
temperature of the interior, and then re-
ducing the ingot. |

4. The process of forming shapes from
munganese steel which consists in providing

nese steel having a soft and plastic interior,
and reducing snid body of metal. . |

5. The process of forming shapes from
manganese steel which consists in providing
a strong and tongh skin on a body of manga-
nese steel having a soft and plastic interior,
and then reducing said body of metal while
perature above

6. The process of forming shapes from

to a bodyv of said metal having a soft an

of said body to flow while under pressure
and without vupture to said body, and then
reducing sald body of metal, -

7. The process of forming shapes from
manganese steel vhich consists in heating the
body of metal to a substantially uuiform
temperature above the upper critieal point
throughout, then cooling the outer portion
of smid body of metal to tcughen and
strengthen the sume, and then reducing the
said body of metal., o

8. The process of forming shapes from
manganese steel which consists in healing the
hody of metal to temperatures above the up-
per crifical point, maintaining the heat at or
above the upper eritical point until the tem-
perature of the interior of suid body of metal
1s substantially uniform, and subsequently
reducing, ' S

9. The process of forming shapes from
manganese steel which consists in heating the
body of metal throughout to temperatures
below the upper eritical point, then heating

the body of metal evenly to temgerntum
above the upper critical point, and below the
melting point, maintaining the heat until
the temperature of the interior of suid body
of metal is substantinlly uniform, and sub-
se(pmntlﬁ' reducing, _ '

10. The process of forming shapes from
manganese steel which consists in heating the
ingot or bloom slowly und evenly from tem-
peratures at or above 1010° C. to tempera-
tures above 1100° C. and below 1300° C,,
and subsequently reducing. -
11. The process of forming shupes from
manganese steel, which consists in evenly
heating the body of metal from tempera-
tures at or above the upper critical point,
until soft and plastic, and subsequently re-
ducing the body of metal.

12. The process of 'working manganese
steel which consists in slowly and evenly
heating a body of mangunese steel from
temperntures at or above the ufpper crifical
yoint until the interior thereof 1s soft and
plastic, then providing the same with «
rough skin having a temperature lower than
the temperature of the interior, and subse-
quently reducing the body of metal.

13. The process of forming shapes from
manganese steel which consists in evenly

heating the body of metal in a non-oxidizing
fluid fromn temperatures at or above the up-
per critical point; until foft and plastie, and
subsequently reducing the body of metal.
14. The process of forming shapes from
a bodv of mangaunese steel which consists n
heating the metal to temperatures above
the upper critical point, subjecting said body
of metal to the action of a non-oxidizing
fluid while the interior portioi of said body
is at such temperatures, and while soft and
plastic, and sng;«]nentl}f reducing said body
of metal. ' . _

15. I'he process of forming shapes from
1 body of mangunese steel which consists in
heating said body to. temperatures above
the upper critical point in a non-oxidizing
fluid. Aum cooling with gas the outer por-
tion of said body to a temperature below
that of the interior, and subsequently re-
ducing said body of metal. |
16. The process of forming

nous amorphous condition throughout, and

and tongh outer portion of skin, whereby
said body -of metal may he worked without
rupture, and then reuuciig said body of
metal. R |

imorphous condition from the heat of cast-
ing until the same is symmetrically heated
and

shapes from
mangunese steel which consists in 1mparting
to a body of said”metal while in & contin-

at temperatures above 10560° C., a strong

17. The process of forming shapes from
manganese steel which consists in heating
a bodv of said metal while in a continuous
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subsequently reducing said body of 1su




4

motal whiic it- an lw temnperature above

1% The process of forming shepes from
uinuganoee steel which cm’!its b

the while in a continuous amorphous
w:ulm from the heat of casting uutil the

interor lous have an average tempera-
. ture alm':':dlw()“ G. and below lmrl(?.,
hl‘illgiug the tﬂnpﬁ!‘lt!ll?l of the wterbsor-

10 ion nhove the upper eritical point but
] C.. und susequently reducing said

ing shapes from
Inan _ h consists in subjecting
to helit an ingot having interior tempera-
tres approximating the melting point from
the heat of msti.nf until 1he outer portio
‘of said ingut is wought to temperatures
tween the upper eritieal point and 1150°
C. wnd until symmetrically
redacing said ingut.

20. The process

2 body of manguncee sateel in s continuons
condition, which consists in
the outer portion thereof to
ure, und then working the same
tantial reduction, then re.
l%"t’he body of metal, |
. 1he process of formin
inaugatiese steel ingots or blooms, which
consists in converting the skin of the same
without substantial rednction into a wronght
Svondition while the interior thercof ix iy
tosoft and plastic condition, and at n ten)-
peralure above iiv: upper eritical point. and
then reducing the ingot or bloon .

22, The process of forming shapes fron:
angunese steel ingots or blooms, which ror-
~ts i giving the interior portion of the in-

g0 &t or bloom temperatures above the npper
ertiieal point, and the outer portion tem-
peratares lelow those of the mterior, work-
hyr the ingot or bloom without sutmtantinl
rwluction, and then raducing the ingot ar
bloom. |

23. The process of forming shapes from
n hody of manganese steel wherein the in-
terior temperature is aboy upper crit-

1y

20

30

38

$9

‘e the
ival point, which consists in subjecting suid
Inuly of metal to reduction by & <ubstantially
nniform peripheral pressure while the i
terior 18 soft and plastie, aned (hen reducing
the body of mets)l, . |
24. 1he process of forming shapes from.
a lmnganeee steel ingot or hloon, having its
interior at temperatires ubove the upper
critical point, which cousists in treating the
ingot or blbota so that the onter portion or
rkin thereof shall be tough and of uniforn
temperuture, and then subjecting the mgot
to reduction by substantinlly uniform -
riphecal pressure. | | .
3. ‘the process of forming shapes from
X body of inangancse steel having its interior

80

65 portion al temperatures approxunating the

o

in heating

eated, and then |
of forming shapes from ‘

shapes fronf

| the
to a substantially uniforn teml:‘t;lintum, cool-

900,000

poiutlhdihuteriér

P temperatures, which consists in

the. temperature of the outer
~ on= tmpenz:: above the upper g:::
point but below the temperature of the

‘iml
,intormr, and thea reducing the body of

.nﬁLTI f forming aha
)¢ proceas o mi pes

A budy of mangunese steel hul;gl&:n
temperature approximating .
point and an exterior teinperature
upper critieal point, which
heating the bLox
tioh has a temperature sbove the upper crit-
ical point bat below the inferior tetpers
ture, and then reducing the budy of mets).
S i
mnagmnese steel which consists in deating
| the ﬂ:ly of metal xo that the interior tem.
i perature throughout is subntuntially uni-
i form, tonghening the skin of said hady of
metal, rolling said body of wetal to a bloom,
then re-heating i bloom to impart duc-
tility, and then sibjecting the bloom to the
netion of finishing rolls. |

28, The process of formiug shapes from
mangunese stoeel which consists in heating
the bedy of metal to a sulwtantially uniform
temperature throughout, cooling the outer
portion thervof,
to rolls to praduce a bloom, reheatin
bloow, cooling the outer portion thereo
- then subjecting the same to the action o
' i-illillg rolis. ' |

from

below the
consista in alowly

sibjecting the body of metl::
t

and

¢

i 2 The process of fotming shapes from

L nanganese steel which consists in evenly
heating the Iuudy of metal to a substantially
L uniforu lemperature, cooling the outer por-
L tion thereof, subjecting the body of metal to

b substantinlly uniforn: poripheral pressure,

of metal until its outer por-

portion at

0

interior.
melting

79

' 1H

The process of forming shapes from

8

90

100

105

rehenting the hody of metal, then cooling -

the outer portion thercof
same to it finished shape.
#. The provess of forming shapes from
I-higanese steel which consists in heating
nuly of metal in a non-oxidizing ﬂui:'i

ing the outer porfion of the r of metal
(o a temperature below that of the interior
portion thereof, subjecting the body of metal
L to reductions, rehienting

fumm*;“t’he stine to finished sha
- 31.  process of rolling rails 1)
gunese steel which consists 1n heating an in-
got of suid metal to temperatures above
10i°°C. throughout, cooling the outer por-
tion of the. ingot, subjecting the same to
the action of blooming rulls to
reheating the bloowm, and

blonia to its Anished shape.
- 32. The process of forming shapes from
manyganese steel. which consists in heating
the body of metal until the Interior ion
thereof becomes soft and plastic, then re-

}:;lm mnan-

‘;
M

and forming the

form a bloom, _

40

115

the bod -
covling the outer portion tlu'nc’, und then
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Aducing srid body of metal to its finished | to finished ahape, znd thffl_ilmlil‘di“ﬁl}'
shape, and then quenching aatd  fintshed ‘ gquenching said finished shape 1n water. 1€
shuape in water to toughen the same withont | In testimonv whereof. I aflix my signa-

rehicating. - . ture. in the presence of two withesses.

33. The process of forming shapes {ron - WINFIELD S: POTTER.
inanganese steel which consists. in giving Witnes<ex: S
the body of metal temperatures above 11000 M. VAN NorTtwick,
Cosubsegquently eolling said hody of metal | Janx By Wk,

K
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