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- UNITED STATES

PATENT OFFICE.

AENRY BESSEMER, OF LONDON, ENGLAND.

IMPROVEMENT IN THE MANUFA‘CTURE_’OF MALLEABLE IRON AND STEEL.

" Specifivation formmg part of Lettors Patent No. 58,399, dated December 5, 1865.

To all whom it may concern: ' ‘
Be it known that I, HENRY BESSEMER, of
Queen Street Place, New Cannon Street, in the

-¢ity of London, in the Kingdom of Great Brit-

ain, have invented a certain new aund useful
Improvementin the Manufacture of Malleable
Iron and Steel, and in Machinery and Appa-
ratus Employed in sich Mannfacture; and I
do bLereby declare the following to be a full
and exact description of the same, reference
being had to the accompanying drawings.
My.invention refers to the manufucture of

malleable iron and steel by forcing currents of

air into molten crude iron, as patented by me
November 11,1856 ; and it consists inimprove-
ments in the structure, movement, arrange-
ment, and situation and repairs of converting-
vessels, and in the method and means of sup-

‘plying air thereto ; also,in the ladles and other

apparatus, and in the methods employed for

weighing and retaining the heat of and mixing

econverted and unconverted metals. - T
To enable this specification to be better un-

. derstood, I have included therein,and in the ac-

companying drawings, varions matters which
periain to the inveutions heretofore made by
me, to which theseimprovements are additions.

_ To enable others skilled in the art to more’

fully nnderstand and construct and use myin-

vention, I will proceed to describe the nature

and operation of the same.

In the manufacture of malleable -iron and
steel direct from fluid crude iron, or from re-
melted pig or refined iron, great facilities are

‘obtained by giving axial motion to the con-

verting-vessel, whereby the tuyeres may be
made toassume such a position that the whole
of the metal may be run into the vessel be-

fore the blast of air is turned on. The pro-,

cess can also be arrested at the desired mo-
ment by a like change of position of the vessel
and tuyeres, so that the blowing need not con-
tinue during the discharge of the converted
metal; but when single masses of cast wal-
Teable iron or steel are required of a weight
varying from twenty to forty tons, more or less,

- the movable converting-vessel, with its neces-

sary appliances, becomes a very costly appa-
ratus, and from its great weight is somewhat
difficnlt to manage. I therefore prefer to uso
for very large charges of metal a fixed vessel
constructed in the manner represented in ver-
tical section at Figure 1, Sheet A, and in ele-
gation at Fig. 2 on Sheet B, of the drawings

lerenntoannexed, Fig.3, Sheet A, being a plan
of the underside of the partition b, shown in
Fig. 1. S Y B

The converting-vessel a consists of an up-

‘right eylindrical vessel, made of strong plate-

iren and lined with ¢ ganister,” or fire-brick, cr
otherrefractory material, as shown at a®.- Itis

‘divided into three parts, attached together by

flatiges and bolts, as shown at ¢’ and % -The
converting-chamber & has a flat east-iron par-
tition, b, having strong ribs b* formed on its
under side, and is provided with numerous
conical openings, as shown at ¢*, Fig. 3, into
which the fire-clay tuyeres ¢ are fitted, the.con-
verting-chamber consisting of a vertical eylin-
der, lined in the usual manner, and having a -
flat bottom or partition and a domed top, ter-
minating in an inclined opening,a®, similar to
the topsof the movable converting-vesselsnow
in use. . » »

_ Below the converting-chamber I form a shal-
low ¢chamber or receiver, d, with an inclined
bottom, d*, terminating in a spout,e.  Thisre-
ceiver, being also lined with brick, loaw, or
ganister, is covered over.by the flat partition
b of the converting-vessel shown atTig. 3, and
which consists of an iron framme having numer-
ous conieal holes, into which the tuyeres are
fitted. The bottom a® of the receiver is pro-
vided with a flange, ¢, by means of which'it
is secured to theiron plates of which the eylin-
drical part of the vessel a is formed.

The space within and above the flange a*is
filled with ganister, with its surface inclined
at an angle downward toward the spout ¢. The
mouth of this spout is formed with a molded
and baked picee of fire-clay, ¢*, through which
the molten metal flows, and is thereby pre-
vented from cowming in contact with the iron
tubular projection f,formed on the side of the
vessel. A capof metal, g, is hinged to the up-

- per part of the tubular piece f, and has its face

accurately fitted to the surface of the piece f,
so as to-form, when pressed down by a suita-
ble lever, a nearly air-tight joing, the cap g be-
ing arranged on a joint, so as to be suddenly
lifted up into the position shown by dots at g%,
and thus allow the metal to flow from the re-
eeiver d into the ladle’h whenever the blowing
operation ceases. Thereceiver 4 islined with
bricks or loam, and is provided with a man-
hole at , by means of which access may be had
forthe purpose of putting in new tuyeres when

‘necessary.
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On the top of each tuyere a flat circular b'ap'

or disk of fire-clay, m, is placed, and the spacés
eft between the tuyeres.are then filled up with
ground ganisterlevel with thetop of the tuyere-
caps m, so thut the interior of the eonvert-
ing-vessel presents no appearance of tuyere-
holes. The orifice of the main blast-pipe com-
municates with the réceiver or chamber d, as
shown at j, the spont ¢, before described, being
closed during the blowing operation.

_ Before the air is turned on the whole of the
chargeof finidiron may be run in through asnit-

able opening made in the side of the vessel for

. that purpose, as shown-at k. The hole is then
stopped with loam, and the valve on the blast-
pipe being opened, the air will fill the receiver
d, and, pressing on the under side of the tuyere-
caps m, will iiniediately displace them -and
pass upward through the metal,and thus clear-
ly define the time of commenecing the process,
which may be as suddenly arrested by the si-
multaneous shutting of a suitable valve on the
air-pipe j and theopening of the orifice or spout
¢ ¢f the receiver. The metal, being no longer
supported by the pressure of air, will rapidly
descend through. the numerous tuyere-boles
into the receiver d, and, passing throughthein-
clined spout, may be received in a large fixed
or movable ladle, &, provided with a valve or
plug in the usual way, as shown at p. . .

Before running the converted metal into the
mold ¢ it wiay be recarbonized by the addition
of a carburet of iron, or it may be alloyed or
stirred or otherwise treated, as may be desired.

The. tuyeres may, it preferred, be iaserted
through the sides of the vessel, instead of

. through the bottom of it, and thus blow in hori-

zontally, or nearly so, in which case the tyuere

should have a bent passage formed init,so that
on ceasing to blow the metal may find its level
by ranning up the tuyeres without doing fur-
therinjury to the apparatus, the metal in such
case being tapped out through a suitable open-
ing at the lowestlevel of the vessel, the orifices
of the horizontal or inclined tuyeres hefore

named being protected from the metal running -

into them by a disk or cap, as before deseribed.

The recarbonization or alloying of the con-
verted metal may take place in the converting-
vessel or in the ladle. .

It will be obvious that converting- vessels
constructed as hereinbefore described may be
employed in the conversion of small charges of
crude molten iron into steel or into malleable
iron,although such vessels are specially adapt-
ed for the conversion of very large charges of
metal. Although I have described such ves-
selsasfixed vessels,in order to distinguish them
from vessels having axial motion, 1 neverthe-
less desire itto be understood that such vessels
- may be made movable.on wheels, so as o be
readily removed to or from the casting-pit; or
the upper part of such vessels may be removed
by a crane, the vessel being divided at a level
somewhatabovethelevel of the charge ofmetal,
ordivided on alevel with the upper ends of the
tuveres. Theupper portion of the vessel may

thus be removed to facilitate the repair of the -
tuyeres; or it may, after the conversion of a -
charge of metal, beat once placed over another
set of tuyeres and thie proeess of conversion be .
repeated. It is obvious that this method of
covering the orifices of the tuyeres may be em-
ployed, when desired, in vessels having axial
mation. SRR -

- The second part of my invention relates to

improvements in the mode of changing and

repairing the tuyeres employed in converting-
vessels. In the drawings I have shown this
mode of changing and repairing tuyeres in ves-
sels having axial motion; butitis obviousthat
it is applicable to converting-vessels which do -

‘not have axial motion. :

In order that this portion of my said inven-
tion may be fully understood, I have hereunto
annexed asheet of drawings (marked B) where-
on-the said apparatus is in part represented.

Tig. 2, Sheet A, is a vertical section of the
converting-vessel and of the hydraulic appa-
ratus employed for lowering the bottom of the
converfing-vessel when the tnyeres require to
be changed. Thisfigure shows the tuyere-box
and bottom of the vessel removed. - Tig. 2,
Sheet C, is a vertieal section taken through
thé hydraulicapparatusemployed to give axial
motion to the vessel, the latter being shown in
elevation.- This figure also shows in section
the standard or support on-which the axis of
the vessel rests. Fig. 3, Sheet C, is ‘a front
elevation of the converting-vessel and both of
the standards or supports on which it rests; -
and Fig. 4, Sheet C, is a horizontal cross-sec-
tion through the hydraulic cylinder shown in
TFigs. 2, Sheet A, and 2, Sheet C. This con-
verting-vessel is also shown in vertical section
at Tig. 5, Sheet B, with the bottom of the ves-
sel and tuyere-box fastened thereto. A see--
tional plan of the converting-vessel -is also
shown at Tig. 6, Sheet B, and at I'ig.1 on
Sheet D I have also shown, on a larger scale,
a vertical section through'the axis and air-
valves, and at Fig. 2 on the same sheet a
cross-seetion through the axis of the vessel.

The same letters are eraployed on Sheets A,

B, C,and D to denote a repetition of the parts
in the several figures in which this apparatus

is shown. , o o
. In carrying this part of my invention into
practical operation, I maketheconverting-ves-
sel @ with & movable bottom, a*, the lining of
the vessel of being supported during the re-
moval of the bottom by a ring of iron or steel,
b, bolted to a stout hoop, ¢, riveted around the
lower part of the vessel «. The tuyere-box d
is bolted to the movable bottom «*, and is pro-
vided with three wheels, ¢, by which it is-
wheeled away in conjunction with the bottom
of the vessel, and is repiaced by another bot-
tom of precisely similar construction whenever
the tuyeres require to be repaired. Several
tuyeres are employed, one of which is shown
in vertical section at fin Fig. 2, Sheet A.
‘When making vessels according to my pres-
entinvention several movable bottoms are pro- .



—~

51,399 ' — 3

vided, and tuyeres are set in them while they
are away from the vessel; and I employ a
proper stove or oven for drying the mass of
ganister in which the tuyeres are embedded,
and which forms the bottow lining of the ves-
sel, and alse for imparting to the movable bot-
tom and tuyeres tlre requisite amount of heat
preparatory to commenecing the converting
process. The movable bottom. and tuyeres
thus prepared may be employed’ for. the con-
version of 4 ¢harge of metal as soon as they

“are fastened to the underside of the vessel by
."means of the cotters and bolts ¢ provided for
- that purpose, and thus a saceession of charges

of metal may rapidly follow after.each other
without the delay heretofore occasiouned- by

setting a fresh set of tuyeres with wet ganis-

terin the vessel, and cousequently withoutthe

employment of the fuelin the vessel now used .

to dry them and beat theém before they are

- used.

- A hydraalic 'r_ézm', i, placed below the center
of the vessel, is employéd -to lower and raise

" "the bottom of the vessel and tuyere-box when-

ever it requires to be changed. The ram or

planger % is formed into a-hemisphers at its

upper end at *, which fitsinto a socket formed
on the nnder side-of the strong ribbed platei.
The lower end of the ram is fitted into. & hy-
draulie eylivder, j, the joint being formed by
a leatheér ring or cup in the usual way. A
pipe, k, conveys water -into the cylinder, by
which means the movement of the ram iscon-

- trolled, :

The large opening formed by the removal of

the bottom. of the-vessel will allow the lining

(when too much worn) to be removed through
it withoat the necessity of taking off thetp-

.per part of the vessel, as heretofore practiced.

No upper joint in the vessel is therefore made.
" A sound joint is made at the junpction of the
movable bottom with the vessel by a litile lute,

as shown at Q, Fig. 2, Sheet A.. It may be-

formed of' fire-clay and ganister or other suit-
able fire-resisting plastic material. This lute

18 laid in a circle around The group of tuyeres,

and at such a distance beyond them that 1t will

e pressed between the under side of the lining

of the vessel and the upper surface of the mov-

.-able bottom. This lute is firmly compresseil

by the hydraulic ram before referred to, afier

which the. cotters are driven home.  The lnte
- employed is so small in gquantity as to be rap-

idly dried on its surface when exposed to the

- heated interior of the vessel.

- It will be observed that in this foria of con-

. verting-vessel the tuyeres may be spread over

the entire area of the bottom of the vessel, at
small distancesapartfrom each other, as shown
at f, Fig. 6, Sheet B, and thus distribute the
blast more perfectly throughout the metal.
Inorderthatfreeaccess may behad to the ves-
sel, I prefer to suspend from the roof or walls
by suitable framing a large opei-mouthed iron

. pipe lined with fire-brick or loam, inlien of the
‘brick chimney heretofore used' to. convey the

heated vapors and flame issning from the ves-

sel. One method of suspending a chimney is
shown on Fig. 5, Sheet B, of the accompany-
ing drawings, where ‘A is the converting-ves- .
sel, B.a wall of the building, C the roof,and D
the chimney, suspended by therods EE; or the
chimuey may rest on one or more girders run-
ning from wall to wall, in which case the chim-
ney may be wholly of brick. -Another advan-

“tage dune to omitting the bottom part of the

ordinary ghimney is that a crane, F, Iig. 5,

- Sheet B, can swing entirely arvound over-the

converting-vessel and under the chimney.
The motion of the vessel on-its axis I prefer
to effect by means of a hydraulic eylinderand
piston acting vertically direct. upon a spor-
wheel on the axis of the vessel, (in lieu of the
horizontal hydrautic apparatas hieretofore em-
ployed;) such piston being actnated by water
under pressure in a manner well understood.
In carrying into practice this part of my said

‘invention, I constiuct a support for the vessel
of'a hollow pyramidalform, asshownat l.. The

apper part projects forward, and is formd into
a double phunber-bloek, I* I*, which supports
the axis of the vessel,on which a spur:wheel,
m, is keyed.  The support ! also projects fo: -

.ward at foot-and supports the upper lange, n*,
.of. the hydrauaiie cylinder n. In this cylinder
is titted a piston, o, having a double set of
‘leathers, s0 as to form a water-tight joint in

both directions. The piston-rod pisformed in- -
to a rack at p*, gearing into the wheel m, so
that whein water under sufficient pressure is
admitted by the pipe ¢ béneath the piston the
movenient of it upward will lower the mouth
of the converting-vassel, while a reversal of the
valves will allow the water to escape {rom be-
neath the piston and admit the water under
pressure above the piston, amd produce a mo-
tion of the vessel in an opposite direction. The

other axis of the vessel is also supported oua

hollow pyramidal casting, the upper part being

formed into a plumber-block, aud the foot of”
the casting forming a support for the piper and

equilibrium-valve s, (shown on a larger scale

in Nection at Fig. 1, Sheet D.) .

- Iustead of forming the axis W of the vessel '
hollow, for *‘te-air to pass through in the ordi-

pary. -manner, I prefer tofit upon the axis a

tube, t, having ribs ¢* formed along the inside

.thereof, which fit tightly against the axis of

the vessel; while the spaces between these ribs
form chaunels, along which the air passes to w
cliamber, 2, into which the pipew isfitted. The
exterior of the tube ¢ is fitted to the plumber-
block, aud is provided with a stuffing-box at v,
s0 as to keep an air-tight joint with the pipe
w, which communicates direct with the equi-
librium-valve. On the flange of rhe staffing-
box v a disk or cam, 2, is fitted, which moves
round with tue axis ot the vesse!, and by the
inelines formed on its periphéry iv moves ap
and down the lever z,and thus raises or lowers
the valve s a% the proper time. " One end of the
Jever 2 is jointed to the top of the pluwber-
block eap and the other end passes through a
slot in'the valve-tod, which is gnided by the
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arched castingy. The valve is retained in its | arm H, and is empable of being raised or low-

seat by the. bdll 2, which is secured to the top
valve-rod,

Inordertofacilitate theremovalofthe tuyere-
'box when required, the pipe %, Fig, 3, Sheet C,
is provided with a sliding plece, A ha,vmg a
stuffing-bex formed at its upper edge and a
stud, B, formed at each side.  The tuyere-box
d h‘ls a pl ojecting pipe, d*, formed on it on one
side, its end terminating in an elbow, the up-
per surface of which is ‘rru]v faced and made
.to fit againstthe loweredgeof thesliding piece
A, so that whenever the tuyere-box has to be
removed it isonly necessary toloosen the screw

Cand removethe bridle-piece D from the studs | w

B, and the joint is undone. The jointisbetter
kept if. a ring of india-rubber be placed be-
tween the surfaces.

It will be observed that in the ,u'mnoement‘,
of apparatus here shown the converting-vessel
is placed high enough to admitof the removal

of the bottom of the vessel ou the floor-level

of the building.
‘of the vessel the wheels¢ will rest on the floor,
. as shown at F, Tig. 2, Sheet A.

‘When a charoe of metal has been con verted,

into ‘malleable iron or steel by the forcing of
atmospheric air below its surface, an addition
thereto of molten pig-iron in small quantities
is generally made when treating iron that has

been melted with mineral fuel, a carburet of-

iron eontaining silicaand manganese in astate
of alloy being preferred for that purpose. Now,
itis very necessary that this mixture of metala,
" if made, should be as complete as possible.
It is also desirable that the metal, after such
addition of carburet of iron.has been made,
_should be-exposed as little as possible to the
action of atmospherie air until after the mass
has become solidified in the molds.
to effect a thorough mechanical mixture of the
converied and unconverted metal, I fix up a
vertical-revolving shaft, by means of brackets
projecting from the wall of the converting-
house, in such & position that the casting-ladle
may be brought directly underit. On this
. shaft I fix cross-arms, paddles,or screw-blades
“of iron, coated - with loam, fire-clay, or other
suitable slow conduetor of heat, and by engine-
power 1 put the shatt and pd(ldles in motion.
This arrangement is shown on Sheet I of the
_annexed drawmg.s, where Fig. 4 is an eleva-
tion of the mixing apparatus, with the casting-
ladle beneath-it in vertieal section.
A frame, A, is bolted to the wall of the build-
. ing,and serves to support the verticalshaft B,
- which receives rotatory motion from the bev
eled wheels O and D.
At Eisasocket, into which the axis I of the
paddle or ammtor G'is keyed.  Thisaxis and

the p’addles are roughened or perforated inor-

der the better to retain a coating of loam or
fire-clay employed as a means of protecting the
apparatus from direct contact with the molten
metal.

Theladle issupportedat the end of the crane-

When lowering the bottom |

In order |

ered when requirved.

The alloying metal may be put into the cast-
ing-ladle before or after or during the pouring
in of theconverted metal, orthe metals may be
put together into the convertmg vessel before
the converted metal is poured out of it. As
soon as the whdle of the metal is in the ladle
the crane is to be moved round until the ladle
is-beneath the paddle-shaft.

crane-ram.
ally up and down, or the paddle-shaft may, if
debned be made t,o move upward and down-

ward in addition to- its rotatory motion, or it
may turn first one way round and then the re-

verse, ora simple reciprocating motion may be
glveu to the paddle or agitator, the object in

either case being to dmtd te and mechanically .

mix the flaid pzut,lcle§ as-completely as possi-
ble, and thus produce therefrom a homogene-
ous mass of metal. Other modes of actuating

the paddle will readily ‘snggest themselves to

mechanics. The surface of the metal under
treatment may be covered with charcoal, sand,
clay powder, hme, orauny other slow conduct;or
of heat that will exclude the atmosphere and
assist in retaining the heat of the metal with-
outf injuring its quality. -

It will be understood that this mode of me-
chanically agitating and mixing the metal may
al=o be emplm ed in all cases where alloys of
any metal are intended to be mixed with-mal-

leable iron or steel produced from crudeorcast .

iron by the forcing of atmospheric air into and
among the particles of molten iron, whether

-such alloying metal be added thereto in a

molten, granular, or solid state.

When the degreeof carburation of converted
metal is to be regulated by theaddition there-
to of a carburet of iron after the converting
process has ceased, and also when any definite
alloy isto be made with such cony erted metal
and some other metal, it isof greatimportance
that the actual wewht of metal to be carbu-

reted or alloyed should be first ascertained, in

order that the weight of metal to be added
thereto may be determined on. To effect this
object with aceuraey, and toinsure tlie desired

temper or ouality of each charge of metal, 1

sapport the casting-ladle on a series of levers
attached to tiecastin g-crane, such levers being

made and worked in a similar manner to those
employed in ordinary weighing-machires, and
which are well understood.. The empty ladle
having its counterbalance-weightadjusted, the
metal may Le ran into it from the converting-
vessel and the weight taken.

the desired proportion is indicated by the ac-

tion of the.apparatus, when.the whole may be.
agitated and mixed in the maunner hereinbe--

fore describedy or, in lieu of constructing the
crane in snchi manner as to weigh the fluid
metal, I prefer that a suitable weighing-ma-

chine may be fixed in the casting-pit in such

The paddles are -
then put in motion and the ladle raised by the
The ladle may be moved gradu- -

The carburet of -
iron or other alloy may be slowly added until -
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- g position that the casting-crane may pass over

it, the arrangement for holding the ladle-onto
the erane being such that the ladle of metal
may be lowered onto the platform of the said
weighing-machine and again lifted up with as
little delay as possible. . S

. And inorder that the-arrangement whieh I
prefer of detaching the casting-ladle from the
crane and placing it on the weighing-machine

may be fully understood, 1 haveshown the case-

ing-ladle in elevation at Fig. 1 and in plan ab

Fig. 2, andalso in elevation, detached from the |

crane and resting on the weighing-machine,in
Fig. 3, Sheet I of the annexed drawings. The

axis I of theladle has keyed upon it & T-piece,.

N, the upper part of which réceives two-coni-
cal-ended pins, P P. These pins are fixed

firmly into the hoop @, which embraces the up--

-perpartof theladle. A similar hoop, R, passes
round the lower part of the ladle, dand is pro-

vided with lugs R*, between which the lower |
limb, N*, of the T-piece is fitted. A hole is

made through-ihese lugs, in ordertosecure the
ladle in place while turning the ladle round on
its axis. When thecrane-armis turned round

"so as to bring the ladle over the weighing-ma- -

chine the crane is to be lowered until the ladle
~ is made to rest its three feet S S S onto the

‘table Z of the weighing-machine. Thefurther |

movement downward of the crane-arm will
withdraw the pins P P from the T-piece, and
_thus allow the ladle fo rest its entire weight

" fraely on the weighing-machine. -The upward |

movemernt of the erane-arm will reattach the
laidile as before. R
e And, further, Idesire it tobe nunderstood that
although the tuyeres hereinbefore mentioned
may be made of the ordinary form—that is, a
truncated coue with.a group of circular holes
passing longitudinally through them—such
tuyeres may have a long narrow slit or a series
of narrow longitudinal openings made therein,
in lien of round holes, for the purpose of more
perfectly distributing the air throughout . the
metal; or the orifice of the tuyeres may con-
sist of anarrow anpularopening formed by the
insertion of a plug or central piece into a cy-

lindrical opening of somewhat larger diameter .

made in the tuyerc or passage conducting air
into the metal.  The shape of the tuyere-ori-
fices and the position they bear with reference
to each other will be fully understood by ref-

‘erence to Figs. 7,8,9,10,11, and 12 on Sheet .

D, each figure representing that end of the

tuyere from which the air passes into the metal.

Having described the several parts of my
. invention and the manner in which the same
may be carried into practical operation, I de-

-sire it to be nnderstood that I do not confine

myself to the precise details herein given, pro-
vided the essential parts of my said improve-
ments be retained; but :

~ What I claim in the manufacture of malle-
able iron and steel is— :

the air is forced betors- entering the tuyeres.
and into which the converted metal is received
when the forcing in of the air ceases.

2. Covering orifices of tuyeres in converting-
vessels o as to prevent the access of metal or

1 other matters thereto until the blast of air is

applied beneath such covering. S
3."Making the joint between the upper and

‘lower divisions of a converting-vessel above
the level of the charge of fluid metal, substan-

tially as shown.

4. Constructing theconverting-vessel insuch
a manner that the contained fluid metal, when
not supported by the pressure of the air, may -
descend throngl the tuyere-holes, when such

-vessel is provided with any suitable means for

condueting the metal into a ladle or moid.

5. Mounting converting-vessels on wheels,
so that they may be movable to or from- the
casting-pit. substantially as described. -

6. Employmng the upper part of one convert-
ing-vessel over the lower part of another con-
verting-vessel, so as to hasten or facilitate'a
repetition of the converting process, substan-
tially as set forth. =~ : :

7. The'employment in converting-vessels of

-2, movable bottom, to which the tuyere-box is

attached. ) .

8. Providing several movable bottoms con-
taining tuyeres and capable of being attached
to a converting-vessel, substantially as and for
the purposes. described. _

9. Setting tuyeres in a detached portion of a
converting-vessel, substantially as'and for the

purposes deseribed. -

18, Drying or baking the detached portion
of a converting-vessel, together with the tuy-
eres therein contained, prior to connecting sai

1 .rtion.to the vessel.. i

 11. Heating the movable bottom and the’
iuyereés therein contained preparatory to com-
merneing the converting process, substantially
as and for the purposes set forth.

12. Substituting a tunnel or chimney of suit-
able material suspended from the roof, or se:
cuied in such a manner as to afford a free open
space around the converting-vessel, in lieu of
thée chimueys hieretofore used opposite to the
mouth of each converting-vessel, substantially
as and for the purposes described. »

13, The combination of a converting-vessel
mounted on an axis with a piston and rack

‘placed in a vertical position for giving motion

to sach converting-vessel, substantially as de-
seribed. - _

14. Conveyingthe blast through a tube sur-
rounding the axis of couverting-vessels,in lien
of passing it through the axis, as heretofore
practiced, substantially as deseribed.

15. Constructing tuyeres the orificesof which
are formed or arranged substantially in the
manner represented in Figs. 7, 8, 9,10, 11, and”
12 on Sheet D of the drawings annexed.

16. The employment of a rotary, semi-rotary,

1. The employment of a converting-vessel or reciprocating paddle or agitator, for the pur-

having a receiver formed beneathit, into which

| pose of facilitating the mixing,

carbonizing,



or alloying of converted with unconverted
metal, - :

17. Covering the surface of the metal while
in the ladle, substantially in the manner de-
scribed, in order to lessen the escape of heat
therefrom. )

18. Coating the paddle or agitator with loam
or other slow conductor of heat, substantially
as and for the purposes described.
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portea by any suitable means that will enable
the contents of the ladle to be weighed, suh-
stantially as and for the purposes deseribed. -

20. The mode of attaching the casting-ladlv
to and detaching it from -the cranc-arm -or lift-
ing apparatus, substantially as deseribed.

OENRY BESSEMER.

Witnesses:

19. Conneeting the ladle with the erane-nrm
or other mechanism by which such'fadle is sup- |

AL HOLLEY,
DAVTD LONGSDON.

-




