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To all whon it ey concern s, |
- - Be it known that I, HEXRY BESSEMER, of

- UNITED STATES

PATENT OFFICE.

L/

- HENRY. BESSEMER, OF LONDON, ENGLAND.

IMEPR’_‘CT)}IEMENT IN THE MANUFACTURE OF IRON AND STEEL.

o Specification ﬂirming jrart of Lettors Patent No. 16,082, dated Nm*i"rmlu-r 11, 1856,

F o

Queen Street I’lace, New Cannon Street, inthe
city of London, civil engineer, a subject of the

- Queen of Great Britain, bave invented or dis-

-,

covered new and useful Improvements in the
Manufacture of Malleable or Bar Iron and

Steel; and I, the said HENrRY BESSEMER, do |

hereby declare the natare of the said inven-
tion and in what manner the same is to be

“performed to be particularly desecribed and

ascertained in and by the following statement
thereof—that is to say: -

My invention consists in the decarbonization
or partial decarbonization and refinement of

the crude iron which is obtained in 2 fluid state
from the blast-furnaces in which the iron ore
18 usually smelted, or the deearbonization and

refinement f crude pig-iron or finery iron,

- 'by first smelting the pigs of ecrude iron or the
~ Plates of finery jron in any suitable furnace,
- 80 as'to obtain flnid metal for the purpose of
‘being treated by my improved means: and

“which consists, first, in running the fluid iron

. .-inta’a closé or nearly close vessel or chamber,
- Tormedib¥ preference of iron, and lined with
- fire-bricks or other slow .conductor of heat.

. When the chamber or vessel is about filled, I
- “blow-or foree into and among the fluid metal
- namerous’small jets of atmospheric air in a
. ‘coldiorin a previously-heated state, or I use
‘agy-other gascous fluid or matter confaining
- or-capable of ‘evolving sufficient oxyeen to
.. cause the combustion of the carbon contained.
-~ in the iron, and thereby to keep up the re-

quired témperature during the process. The

~ size or number of the jets or tuyere-pipes by |

which the air or other gaseous matters are

- conducted into the molten metal should be

proportioned to the guantity of fluid metal

“operated upon at a time, and may also vary

with the condition or quality of the metal.

Thus forged pig or refined plate metal will not
require so much oxygen to complete its deear-

bonization and conversion into steel or malle-

~ able iron as is required for the conversion of

crude iron of the qualities known as ¢ No. 17’

Lor **No. 2% foundry-iron, to which last-named
- qualities of iron I prefer to use tuyeres hav-,

- ing an outlet of about twenty per eent. more

- in.area than those which are used for the white
‘qualities of iron. It is, however, difficnlt to

give a precise or fixad rule for the size of the
Jets or tuyere-pipes, because the quantity of
alr passing through them depends so much on
the force or pressure of the blast.. The quan-

tity should depend also on the quality of the

iron and the heat of the air or other gaseous

Iuatters used with the air, or in lieu thereof; -
but as a guide to the workman, I will give an

example which I have found in practice to
answer well: When using foundry-iron of the
quality knewn as ‘‘No. 2,”” I.run one ton of |
it Into the converting-vessel, in which it rises
to a.height of about one foot above the orifices
of the tuyere-pipes.- Ithen foree into the fluid -
metal atmospherig air, in its -natural or un-

‘heated state, under a pressure of about ten

pounds per square inch, and I employ from
six to twelve tuyere-pipes forthe distribution
of the air, the united arca of the tuyeres be-
ing equal to two squave inches. - The.quantity
of blast admitted by this area of inlet will in
general be found suflicient to effect the con-
version of the crude iron into a malleable con-
dition in about thifty minutes; but shoald it
be preferred to use 2 mixture of oxygen gas

with atmospherie air or steam, or fo usesteam

alone or any other gaseous flinid capable of

evolving' oxygen in lien of atmospheric air,

‘then the size of the tuyere-pipes should be
Tregulated according to the quantity of oxygen

contained in such gaseous fluids. Any excess
of oxygen over that usnally contained in at-
mospheric air will admit of a diminution of
tne tuyere-pipes, while a deficieney of oxygen
will render.necessary acorresponding increase

1n the size of -the tuyeres.

- The interior of the vessel may in some cases
be heated by the waste gases of the blast-fur-
nace or by.any other convenient means, pre-
vious to the crude iron being poured or ran
thercin; but this heating up of the vessel
will only be necessary at such times a§ the
vessel Is used with a new lining, which should
be well dried, or at such other times as the .

vessel may be used after the process has for. o

several hours been discontinued, in which case -
1 prefer to reheat the vessel, although the
process mny- e conducted successfully in a
vessel that i3 perfectly cold previous to the .
running in of the molten iron. Now, it is
well knowy that molten erude iron, under or-
dinary. cirenmstances, will soon become solidi-



fded unless a powerful five is kept up and is ap-
plied direct to the firid metal or to the exte-
‘rior of the vessel containingit. Itisalso well
known that if the qmnbltv of carbon which
1S usually associated with crude iron is di-
~ minished, the temperature necessary to main-
- tain 1ts fuidity also rises i like manner, so
that when the iron has lost the whole or the
greater part of its combined carbon, such

metal can only be kept in a fluid state hy the

~heat of- the most powerfulsfurnaces; but ]
have discoverced that 1f atmospherie air o1
oxvgen:is thus introduaced into the metal 1n
sufficient quantities, 1t will produce a vivid
combustion among the particles of fluid metal,
and retain or incxe ase 1ts temperature to 511(311
a degree that the mectal will continue fluid
dmmﬂ' its transition from the state of crude
iron to that of cast-steel or malleable iron

- without theapplication of any fuel; the requis-

~ ite high temperature of the metal by such mode

" of action being obtained Ly the oxygen unit-
ing with and causing a combustion of the car-

hon contained in the crude iron, and aulso by
 the combustion of a small portion of the iron
itself. In carrying my invention into practi-
cal operation, I prefer to mount the refining
“vessel or chamber on axes not situated at or
~ near the center of gravity of the said. cham-
‘ber, by which means the pouring ount of its
contult will be facilitated, find the spout kept
in a propcer position in 1ete1ence to the mold

during the time of pouring the fluid. metal

‘therein. The air may be introduced at the
sides or euds of the vessel through small holes
formed in pleces of well-burned fire-clay, so
- that by moving the chamber or vessel on its
axes the holes in the fire-clay may be made to
“descend beneath the surface of the metal or

be raised above it, as desired It must be ob-.

served that the ﬂ,ir or other gaseouns 'matters

- must be compressed with a force greater than
will balance the weight of a column of fluid |
‘etal of a height un‘ﬂ to the depth of 1m-

mersion of the Jjets below the surface of the
- fluid met‘tl ~
"~ In order that this paltlcular form of appa-
~ratusmay be fully understood, I have hereunto
annexed a sheet of dm.wmgs (marked A) on
- whieh’ the same isrepresented, Flgure 1 being
" an end elevation thereof; Fig. 2, a lonwltudl
nal elevation, and Fig. 3a lengltudmal sec-

- tion, of the vessel or chamber; and Figs. 4, 5,
- gnd 6 are cross-sections of the same in dlﬁ'er-

enfpositions. Thetuyere-pipesare alsoshown
in detail on & larger scale at Figs. 7, 8, 9, 10,

- 11, and 12. Thecylmdrmal vessel als formed.
of stout plate-iron, secured by angle iron
flanges to the cast-iron end plates, «’, on which
ribs or webs are formed for the purpose of

civing tothemthe requisite degree of strength.

At one side of the-plates «', and at a i)mnb be-

yond their outer.cdges the bosses ¢’ are formed.

- They are bhored out tmlv, and fitted and keyed

to the axes b and &', on which the converting-

1

sonry or foundation on w hich the w hole ap-

paratus rests. The frame ¢ rises higher than
-the others, and has plummer-blocks. eebolted
to it, in which the shaft f revolves. A worm-
wheel, 7, is keyed firmly onto the axis b and
receives motion from the worm & whenever
the handle ¢ and shaft’ f are moved round.

I"The interior of the vessel ¢ is lined with- fire-

bricks or fire-stone, as shown at m; or it may
be lined with any other slow conductor of heat
capable of withstanding the high temperature
and solvent action’ of the slags to which, the
hning 18 exposed when the vessel is in use.

The bricks or fire‘stone may, however, be pro- |

tected and mended or patched from tlme to

| time by a coating of loam, road drift, iron-ore

slags, orsuch other maftters as are commonly

| 61111)10) ed for mending and protecting the walls

of furnaces used in .the manufacture of iron.
The lining may be renewed from time to time,

‘when \'r"mn out, by removing either of the end
plates, o/, w hich nay again be bolted onto the .

vessel as soon as the new lining is completed;
or a man-hole (not shown in the drawings)
may be made in one side of the vessel,throngh
which the lining or repairs may be effected
without removing the. end of the vessel. At
n there is formed a projecting. spout or lip for
the purpose of running, out the fluid metal.

'~ This lip is made to project from the vessel so

far as to bring it.in_a lin€ with the axis, so

‘that into whatever position the vessel @ may
be moved the extremity of the lip » may re-

tain the same position or nearly so, and thus

ailow the stream of metal flowing over it to

fall into the ingot-mold, which would not be

the case if the axis were placed in a line with

the center of the cylindrical vessel. ._By ref-

erence Lo Fig. 6 it will be seen that at m’ the

lining is formed so as to prevent the metal
from carrying out with.it the slags or other

matters floating on its sarface until after the

metal has ran out.
On.cach side of the spout: n therc isaci:

passage, p, by means of which the flame a:nd_

gaseous products evolved during the process

may escape, but the splashes of metal thrown -

up by the jetsof airare for the most part pre-
vented from escaping from the vessel by the
serpentine form of these outlets.

At 7 there is a pipe which is made to com--

municate with a blast-engine or with a steam:-

boiler; or it may be made to communicate with
a reqervmr containing oxygen gas, or a mix-
“ture of oxygen w1th other gaseous fluids, or

‘with any gaseous matter capable of evolving.
“oxygen, any or all of which gaseous fluids may . .
be used for the purpose of my invention,either

in a cold or heated state, although I prefer to

use atmospherie air at its natural temperature
on account of its cheapness and efliciency.
The pipe # is fitted at one end to the frunnion
or axis &, which is made hollow, aad is pro-

vided w ith a stuffing-box or other joint, so as
to allow the movement of the axis,without in-

‘vessel a is made to muve when required. ¢ ¢ | terfering with the passage of the air or other

“are iron frames, secured by bolts d to the ma- |

mfttters through 1t The pipe s is also con-
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- &%, as
_posutmn the: he,le x in the pipe s* will be closed
while.free access to the tuyere is obtainéd.
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" nected to tha hollow axis b, and Dhas .a ught-

angled elbow or bend at its opposite end, and
then continues along the outside of the vessel
throughout its wholé length. That portion of
the pipeismarked s¥, and 18 turned truly on its
exterior surface, and has fitted upon it several

.small branch pipes, %, each of which hasa T-
- -piece, &, connected to them, which is bored:
oat trnly, and made to fit accurately to the

exterior of the pipe s so as to admit of the

- pipe « being moved on the pipe s* into the
- position shown by dots in Fig. 5. Along one

side of the converting-vessel there 1S & TOW of

'square holes, 1nto which small blocks " of

well-burned fire- -clay are loose]y fitted. They

" are held in position by ramming a little Joam
- well into the joint formed between them and
- the lining m. Af one end of these blocks or
-tuyeres the pipe u is fitted by a simple cone-

- joint. The other ends of the tuyere-blocks have
-several small holes made in thein leading into
one larger passage which communicates with

the pipe %, so that a communication is thus

- estabhs_hed between namerous points of the

interior surface. of the converting-vessel and

- the blast-engine or reservoir of gaseous mat-
ters before referredto and by means of which
numerous small jets or ecurrents of air or other
‘gaseons fluids may be forced into the convert-
‘ing-vessel when reqmred a sluice-cock on the
- pipe r(not shown in the drawings) enabling
- the workman to turn off the supplv of air when
~fequired. In order thatthe way in which the

pipe s* and the pipes « are arranged may be

- .bett.er‘understood I have shown detached
- views.of them at Figs.

7 and 8, where it will
be seen that the pipe s* has a hole .in it at =,
which is ~pposite the orifice -of the pipe .

- Through.this hole the air may pass fréely

when the pipes.« oceupy their ordinary posi-
| _tlons, bit whenever any of the tuyere-blocks
require renewing the pipe « can be turned up

on the joint formed atits union with the pipe
own_by dots in Fig. 5, and in which

.Ibave also shown at Fig.9 an end view, and
Flg 10 a longltudmal section,-of a tuyere-

block where z z ‘'show_ the small apertures

through which the air.eseapes into the metal,:

all of which, in. passages, unite in the hrgerf
. one z¥, the orlhce of which is made conieal,
.80 asto fit the end of the pipes .

I have al_so
found that a smgle outlet in each tuyere-block

‘will answer well in practice, as represented.in.
end elevation at Fig. 11, and ‘in longitudinal

section at Fig. 12, where a single parallei pas-

sage, ¥, leads direct from the pipe « into the.
metal, as these passages sometimes get ob-

structed. I fit a screw-plug, ¢; at the back of

. the elbow of the pipe u, which plug may be

removed, if required, while the apparatus is

- in use, and a steel rod introduced at the ap-.

, _’_erture which should be thrust entirely through
the tuyere—block and any accidental accumu-
Jation of matter will be thus removed.

By reference-to F]ﬂ' 1 of the annexed dmw;

ings it will be seeh that a boss, ©; is formed at .

‘the point of junetion of two of the webs, which

are formed on the end plates, a’, of the con-"
verting-vessel. Into this boss a stud may be
fixed, to which a chain. or tension-rod may be
a.tta_ched for the purpose of suspending a coua-
terbalande—“weight, the chain passing over a
pulley supported by the roof or other conven-
lent partof the building,so thatthe vessel ¢ may
be more easily nmved on its axi§ by means of
the worm-wheel gearing before described. |
Having thus pointed out the manner in' which
the converti ing- -vessel and the apparatus con-
nected therewith is constructed, I will proceed
to describe in what manner the conversion of

-molten, crude, or finery iron is to be effected

therein. I how ever wish it to be distinectly

understood that although I prefer to use the
.above apparatus for the. purpose of carrying.

out my said invention, other forms or modifi-
cations of the converting.vessel may be used

with more or lessadvantage, and that the same

may either be made movable or it may be fixed.
The apparatus ‘should, by preferencé, be -
placed near to the dlscharge hole of the blast |
or remelting furnace from which the crude fluid-
iron'is ohtained. The interior of the convert-
ng-vessel may be licated by burning gases

‘therein,in a manner well understood; or some . °
wood charcoal or c¢oke may be mtroduced at
‘the passages p, and a blast of air turned on
through the tuyeres, by which the combustion

of these substances may be kept up. = 'Wiien
the fuel is consumed and the vessel dried, the

~air or other gaseous matters may-still (,outmue .
to be forced in daring the time that the crude-

iron is ranoing from the smelting-farnace into
the vessel.

gutter leading from the tap-hole of the smelt-
ing-furnace into the upper end of one of the
passages, p. The charge of metal will vary
according to the size of the apparatus; but I

prefer, as a general rule, that the vessel should
be a little less than half filled with metal. As

| soon as the metal begins to accumulate above

the orifices of the tuyere -blocks, a violent eb-

ullition willbe produced, theair dividing into
globules and diffusing itself among the parti-
cles of fluid iron, and thus coming in contact
at numerous points with the carbon contained "
in the cruade-iron, and producing thereby a

‘vivid combustion, while the flame and gaseous

-produ(,ts"ﬂesultmrr therefrom make their es- ;

cape by the passages p.- If the crude iron
is run into the vessel at a low heat, or only
a little above its fusing temperature 1t will

be found mpldly to increase in temperature
and at the expiration of about fifteen minutes
from the time of.commencing the process large -

frothy slags will begin to be thrown vmlent]y :

out of the passages p, accompanied by a rush
of bright flame. Aftera few minutes’ daration-
this exuptlon of slags entirely -ceases, but &
copious flame still ¢ontinues to escape by the
passages p. The erade metal at this stage of
the process has thrown nﬁ' the bulk of its Hn-

For this purposethe vessel isput
in the position shown in Fig. 4, < movable .
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purifies and in a few minutes more is in the

condition of cast-steel. The exactstate of the

metal may, however, be. ascertained by turn:
ing the handle and shaft /, 80 as to bring the

~vessel on its axis into the position shown in

Fig.6, and thereby dlscharge a small quantity
of metal into an igdgot-mold, which should be
quickly cooled and exammed and if found
to be notsufficiently decarbemzed the handle
should be reversed, the vessel lewered and
the process be centmued until the metalis de-
carbonized and purified to the desired extent.

- From five to ten minutes’ additional blowing
18 generally found sufficient to bring the metal

from the ¢ondition of cast-steel to that of soft
malleable iron. Whenever it is desired to sus-

- pend the operation of blowing for a shorf

period, the vessel should be broughtinto the

- position shown in Kig. 5, where.it will be seen
- that the upper surface of the metal is below

the orifice of the tuyeres, so that the forcing
in-of the ajr may cease without the tuyeres
becoming stopped up with filuid metal,-which

- would be the case immediately the blast of
alr is stopped, provided tne orifices of the |

tuyere-blocks weie not raised above the sur-

. face of the metal in'the manner deseribed. In.

making malleable iron from crude pig-iron of
No 1 or.2 quality, about thirty to thirty-five
minutésis required for the whole process; but
the exact point to stop the processso as to ob-
tain metal of any degree of hardness between
hard steel and soft malleable iron will soon be
acquired In practice by the workmen, since
the color and volume of the flame 1] 1ssu1ng from

‘the passages p varies withthecondition of the
- metal,and forms a good guide for the workman
to Jutlge by. He.can also take a trial-ingotin.

the manner described at any stage of the pro-
cess,if necessary. Ihave found tha.tsuch anex-

" _cess of heat is produced in the process that |

the metal continues to boil even after the

blast of air has ceased, and eltheughfeduced-
to the condition of ma,]leeble iron is still so

far above the melting- point of that metal that
it is desirable to lower.its temperature before

casting or pouring it into molds. For thif

purpose 1 bunﬂ' the vessel into the position
shown in Fig 5. 1 then stop off the supply
of air and place a fire-tile over the orifice of

- the passages P, SO as to prevent the heat from
escaping too rapidly, and-thus cooling and

solidifying the surface of the metal. ~In this
way the metal may subside and be gradually

lowered in temperature and be brought’ mto,
e proper condition for pouring or casting; or,

n place thereof, it may be allowed to cool

) down and be stlrred or worked and taken out

of the vessel in masses.
I would here state that I. am aware that it

has before been proposed to subject crude

melted iron to the action of streams.of air or

steam when flowing in a trough from a blast-
furnace or from a refinery- furmee also when’
in pig-beds; and it has been further proposed
to apply streams of air and steam when pud-

dling II’(_)II, heated and kept heated in a pud-

| -dling-turnace; but in all cases heretofere the

rendering of crude melted iron into malleable
iron or steel the iron has required to be heat:

‘ed. in a snitable furnace by the continuéd com-
bustion of fuel, whereas in the process above
{ deseribed the heat contained .in the crude

melted iron is increased and rendered suffi-
cient for obtaining or producing.the conver-

sion of the iron into steel or malleable iron by .

the simple application-of streams of exygen
applied to such a mass of melted iron; and I

mention these facts in order the more '-fully to

ascertain and define the peculiarity of.this my
invention, which I declare to consist in acting

on a mass ef melted, crude, or cast iron, (when
in a suitable vessel ,) by streains of oxygen,
(contained in a.tm()Spherle air or otherwise,)
and without the further consumption of fuel
for heating the vessel or the iron, to.couvert -

such fluid erude or cast iron into steel or mal-
leable iron. During the interval oecupied in

‘cooling down the boiling metal the workman
sbould get his ingot-molds, when they are to

be used, in a position to receive the still finid"

metal. A, convenient way of doing this is fo
placetheminan iron truck mounted on wheéls,
which may be moved under the spout of the

vessel, and pass out'under the arched openings.

left inthe frames ¢ cfor that purpose. I have
not shown a truck with molds in the drawings
hereunto annexed, because the: mode of con-
structing it-and its gize and form may be va-
ried to suit any-particular form of ingot or

moldthat may be used,; and which may be easi-
ly arranged. by anyentelllgent workman. AS

soon as the easting of the ingots is‘completed,

the mold should be removed and. the'vessel

again lowered down into the position shown

1 in Fig. 4, when the blast of air may be again

turned onto the pipes-« and 8, and’ another

charge of crude iron be run mbo the vessel

to be treated in like manner. ‘The process

ef decarbonization and refinement : of- the
metal may thus be carried on until the metal
is reduced to- the condition of hard or soft

steel,orto the condition of steely or soft mallea-
ble iron. In either state, the metal so refined
may be peured from’ the vessel or chamber

into suitable ingot-molds, for the purpose of
being afterward hammered, tilted, or rolled.

'into bars; rods, or plates by ‘the precessee al-

‘ready known and practiced in the manufac-

ture of iron and steel, 1 would, however, re-
mark that I have found in some cases thatthe
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ingots -of metal contain cells or cavities. In .

such cases I subject the ingot ata Weldmg-_

heat - to the action of a ‘‘squeezer,’”’ suchasis
used in the shaping of puddle-balls; or Isub-

ject the ingot to repeated blows in a. swage or
‘die under a powerful hammer, so that the

parts are forcibly squeezed, pressed or.driven
together, and the pores closed and the sur-
faces united or welded together prior to sub-

jecting such ingots to the rolling-mill or tilt-

bammer. In carrying into pracbmal opera-
‘tion this part of my said invention, it will be

necessary for the Werkman to brmg up thein-
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forging .surface, the metal, although ‘consid-
erably protected from spreading and giving.

- way laterally, is at liberty to extend itself in

- the direction of its length, and is, therefore,
- liable to be driven out in -that direction, and
- thus escape from much of the force of the blow
- and also to become broken. To obviatethese

16,0820 = s

P .

got or mass of metla'.'l to-such a temperatu tfe as

will soften it sufficiently to allow the cavities

~° Inits interior to close up and unite, 50 as £o-
- form it into a. compact solid body.. When

- using a machine of tlie kind used for squeez-

ing puddle-balls, I prefer to form trinsverse

grooves bothr on the lower and upper jaws of

' the squeezer, as represented at Fig. 1, Sheet
B, of drawings hereunto annexed, which rep-
resent so much of a squeezer as ig necessary.
- to show the peculiarity described, A A being-
- the grooves or hollows, and B an ingot placed

between the jaws. A similar effect on the in-

- got is produced by first hammering it in a
‘“‘swage,’”’ as shown at Figs: 2 and 3, Sheet B,
of the annexed drawings; where C represents -

the lower portion ofa steam-bhammer having

a grooved block or swage, D, fitted to it.. A~
- similar block, Ig, is secured -to a.heavy mass

- of metal, ¥, which forms the bed of the ham--
- mer. The workman, after having heated the
ingot G, will hold it with a pair of tongs in.
.the groove of the lower .block, while the-tp-
per one falls upon it with such force as the
~man who works the hammer may consider
necessary. By the use of these grooved sur-

- faces or swages the cast ingot of metal is less
- -liable to be broken than when hammered be--
tween two parallel flat surfaces, which do not
-afford any support to the sides of the ingot.

~ The workman will move the ingot backward
and. forward, and turn it over on its other
- side, and thus work ‘and ecompress the metal
- until he judges that it issufficiently solidified

to be suitable for the tilting or rolling mill.

- Figs.4andb representasimilararrangement-
Yo the foregoing, the shape of the ingot being

hexagonal in cross-section, instead ofsquare,as

 intheformer case. A more perfectsupport to

the sides of a square bar is, however, obtained

by using a swage of the form shown at Figs. 6
and 7, in which a-square or nearly squarenotch
or groove is formed at H, Fig. 6.. .Inthe loiver

block a corresponding raised projection, J, is
formed on the upper or hammer block, by

- means of which the tendency of the sides of

the ingot to crush ouf is toa great extent pre-
vented. - However, it will be found thatin all
these shapes or modifications of the swage or

disadvantages, I use a die or cavity in which

- the metal is placed, 5o that when an ingot or
‘other mass of metal refined, as hereinbefore.
described in a soft ‘or welding state, is- put-

. into the die, it may receive the most powerful

blows or pressure without its parts being

broken or scattered about; -but it will, on the.
contrary, be retained within the said die cell
or cavity and beccme there consolidated and
- have its pores so closed ‘and united, so as to
Y2 in a condition suitable-for the ordinary

or plunger

fofgi i

spongy malleable metal; whether iron or steel,

be go confined within the said die, cell, or cav-

ity that when a plunger or hammeris foreibly

I'brought in contact with i, it may thereby be
1 prevented from being dispersed or spread out,
‘but will, on the contrary, be so retained in the
said die, cell, or cavity that it will, by the force

thus brought to act upon it, have its various .
parts foreibly squeezed, pressed, or driven to- -
gether, and the pores closed and-the surfaces
united or welded together. In order that the .
means by which this part of my said inven-
‘tion may be carried :into practical operation -

may be understood,.I have shown on Sheet B

~of the drawings heréunto annexed so:much of .

the-apparatus as is required to render the fol-

lowing description thereof intelligible.: -

cavity, in which the metal is pressed. It con-

may be made of chilled cast-iron hooped with:

wrought-iron. It has a.square hole passing
through- it which is parallel;or nearly so.
-Into this hole the anvil-block N-is fitted in-

g'or rolling process. . This effect may be
produced by several difterent modifications of
apparatus, the details of which are not of much
imhportance, provided that the dies are so con-
structed that the ingot or mass of cellularor .

!
, .

- Fig. 8 represents an elevation of the die or

sists of ‘a- massive ring or-hoop, M, made of
wrought - iron, .with a lining .of steel; or it

such a way that the hoop.M may slide freely

up or-down. “0 ‘reprecsents a portion- of the
‘bed or foundation plate of a jteam-hammer, -
to which the anvil-block.N is secured. The

{ hammer-block P has attached to it a hammer

, fitted also to the hoop M. =~

. At Fig. 10, a section of the die is shown

having a block of metal, R, placed within it, -
ready to receive a blow from the -hammern.-
By reference to the drawings it will be seca
that the hoop M is supportef by two guide- .
rods, S, which.are bolted to it, and which pass
down freely through holes formed in the bed

O, and by means of which the hoop may be

| raised or lowered, as required. In using the
die under a steam or other suitably worked

hammer, the hoop is raised by alever attached

to the rods S, s0 as {o keep it in the position
shown in -Fig, 10, .- The heated ingot or mass .
|-of metal B is then placed on the-di¢, and the
‘phanger.or block @ -is ‘brought down with

great force. Several powerfal blows having

been given to the metal in rapid succession,.
the hoop M is to be lowered -down by means
of the lever before named until it reaches the

position shown in Fig. 11,when the ingot may

be turned over by the workman and the hoop
M again raised and the hammering of the in-
gotb be repeated, after which the hoop may be -
again lowered and the highly-compressed in-
got removed, in order that the apparatus may

be made tooperate in like manner upon other

ingots. The upper ends of the: ingois are
sometimes too unsound {e form a perfect bar,

in which case I cut or break them off -and re-

turn such serap or waste pieces to the decar-
‘bonizing-chamber at the time of refilling it

i
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- fore described,

for another operation; and so, in like manner,

other scrap metal resulting from the spilling
or splashing of the fluid metal, and also the
bar or crop ends and shearings from the

plates or bars -of rolled metal may thus be
brought into use by remelting them in the fluid

- metal contained in the convertmg-vessel with-
“‘out the use of any fuel for that purpose. I
have herein described how malleable ingots of
iron qr steel are to be .made by a dlrecb pro-
c¢ess of refinement from crude iron without
. the application of heat-or fuel fo the irondur-

ing the process, except such heat as is gene-
rated by the introduction of oxygen into the
metal; and I will.now deseribe a modification
of tlle process by which I prepare the iron
for conversion into steel of asuperior quality.

- For this purpose I proceed in the first place to

refine the crude iron in the manner hereinbe-

the iron is as-nearly pure as may be. 1then

~pour the fluid iron into water, by which it
‘becomes granulated, and the grains or shois

50 produceﬂ are afterward to be converted info
steel by the process of cementation with char-

. coal in upfightretorts,in the manner described
in a patent granted to me in Great Biitain for |
'11nprovmuents inthe manufacture of cast-steel,

and mixtures of steel and cast-iron, and bear-f
ing date the 18th day of June, 1855. The

hhqter-qteol so produ(}ed may be. melted in

carrying on the process until
~the most complcte refinement is° effected and

cru(,lbles. as at 111es.~,eut generally pracuﬁed in -
the manufacture of cast- stem,m' by any other
‘suitable means.

Having thus deseribed my nweutlen and the
manner in which the same may be carried into

| practical operation, I desireit tobeunderstood

that I do not confine myself to the precise de-

tails herein specified, provlded that the pe-

culiar character of my said invention be re-
tained. I do not elaim injecting streams of air

or steam into molten iron for the purpose of

refining iron, that beinga process known and

used before' but

What I do claim is—

The conversion of molten uudu iron or ot o

remelted pig or finery iron infto steel or into

malleable iron, without the use of fuel for re-~

Ireating or contmumg to heat the crude molten

meta], “such conversion being effected by fore-
ing into and among the partlcle% of a imass of
;‘molten iron currents of -air or gaseous matter
‘containing or .capable of evolving’ sufficient

oxygen 130 keep-up the combustion of the car-
hon contained in the iron till t]m conv ersmn
is m'oomp]lqheﬂ |

‘Wilnesses:: .

| JNO. ALCOCK |
- ILincoln's I)m, LO’ndOh.
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