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"UNTTED STATES

-

PaTent OFFICE.

HENRY BESSEMER, OF LONDON, ENGLAND.

- IMPROVEMENT IN THE MANUFACTURE OF IRON AND STEEL.

Specificavion forming part of Letters Patent No. 51,397, dated December 5, 1865. A

To .all whom it may concern: '

Be it known that I, HENRY BHSSEMER, of
Queen Street Place, New Cannon Street, in the
city of London, in the Kingilom of Great Brit-

ain, have invented certain new and useful Im- |

provements ini the Manufacture of ‘Malleable
Iron and Steel, and in the Machinery or Appa-
ratus Employed in such-Manufacture ; and 1do

hereby declare the following to be a full and"

exact description of the same, reference being
had to the aceompanying drawings. e
- In the manafdcture of malleable iron and
steel by foreing atmospheric air beneath the

surface of molten erude or pigiron it has been’.

found that the powertul heat generated at or
near to the orifices of the tuyeres, together with
the chemical action of the slags or oxides of
iron and silicam, has the. effect of enlarging
these orifices,and in a short time rendering the
tuyeres unfitforfurther use. Thetuyeres when
thus worn have to be replaced by new ones.

The fitting in of these new tuyeres by the plan-

at present practiced renders it necessary. first
to knock out the old ones, and then to cool
down the converting-vessel, after which the
- new tuyeres may be inserted in ‘their places,
‘and the spaces around them filled up with a
plastic matter or ¢ grout,” which is generally
composed of powdered ¢ ganister” mixed with
water: ~ After this is done-a fire is lighted in
the converting-vessel, and the wet parts there-
by properly dried, and the interior of the vessel
again highly heated before the process of con-
version can be repeated, the change.of tuyeres
thus rendering the apparatus incapable of be-
ing used for several hours. '
- Now, my invention consists, first, in. con-

structing tuyeres independent of the vessel;

. second,in puttingin and removing such tuyeres

from the converting-vessel by hydraulic appa-

. ratus; third, in the employment and arrange-

" ment of retorts or chambers for heating and
retaining the heat of said tuyeres.

My improvement further consists i giving

w rotary orsemi-rotary motion to a converting-

vessel by a hydraulic plunger and its counter-.

weight; also, in constructing and using a cast-
ing-ladle with an elongated tubular spout. made
~ to descend into the ingot-mold.

: To enable others skilled in the art. to more
fully understand and construct and use my in-
‘vention, I'will proceed to describe the same,

. On the sheet of drawings hereto annexed,

| Figurel is a plan, on an eunlarged scale, of one

of the circular bricks forming the tuyere; Fig. -
2, a section through the center of the same;
Fig. 3, a cross-section on the line A B of Fig.
4, Fig. 4 being an elevation of the tuyere when -

built ap, and Fig, 5 a vertical section of the

same. Fig. 6 is also a vertical section of an-

- other modification of the improved tuyere, in

which the air-passage is formed by a wrought-
iron pipe passing down the center of the tuyere.
Figs. 7 and 8 also show the lower portion of
twoother modificationsof my improved tuyere,
which consists of a number of rings or disks of
fire-clay, Cornish clay, plumbago and fire-clay,
‘esilica clay,”silicate of magnesia, or other suit:
able refractory substance. Theseringsa have
a central hole in them, through which a stout
steel or iron rod, b, passes. There are also sev-
eral other holes, ¢, made through them at a
small distance from the centralone, which holes
are for the purpose of allowing air to pass
through. Each ring or circular brick is put
onto the iron rod b, and some fire-¢lay or other
‘-lute ” or plastic matter is put between them,
80 as to make a tight joint, . '
The surfaces of each disk may be ground flat,

or they may be:molded with concentric grooves

“and with corresponding raised rings or ridges

alternating, as shown at a*, Figs. 1 and 2, so
as to fit closely and assist in holding each other
together. A long column or tuyere is thus to
be built up upon the rod, the air-passages.in

-each piece being so placed as to form continu- -

ous tubes throughout the whole length of the
column or tuyere. At the lower end a larger
ring, ¢/, is put on, having other holes, a?, daround
its periphery communicating with those before .
mentioned, the upper part of the column or
tuyere being.surmounted with a disk, a3, larger
in diameter than the rest of the cirenlarpieces,
for the purpose of filling up the orifice in the
vessel throngh which the tuyere is inserted.

The upper .end of the iron rod b, on which
the tuyere is built, passes into a metal cap, f,
so made as-to be readily fixed to and form a
close joint with the blast-pipe.

The different pieces constituting the tuyere
are .pressed together by a powerful spiral
spring, %, which allows the necessary expan-

-gion of the rod and its rings, while they are

firmly beld together under a regulated press-
ure. :
Thélowerenlarged ring /,in which the tuyere-

-
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“orifices are formed, may be perforated with na-
merous small holes, or with a less number of
holes of alarger size, or, in lien thereof, the air
may be made to eseape between flat or grooved
disks, as shown in Fig. 7, or from a hollow or
bell-shaped cavity formed -beneath the center
of the tuyere; as shown in Fig. 8; but I prefer
te employ cireular orifices of one-half -inch to
three-fourths of an inch in diameter, more or
less, as shown at a2, Figs. 3, 4, and 5. ,

As a general rule. I prefer, in this form of
tuyere, to direct the jets of air horizontall yor
at a slight angle downward; but the openings
may be so made as to direct the jetsinany other
direction, either upward or downward, or at a
tangentto the axis of the tuyere, so as to cause
a rotation of the metal in the vessel. i

In lien of the several air-passages formed
around the iron rod, one large central hole, d,
may be employed with the rod passing also
down it, as shown in Fig. 7, or several rods
may pass through separate holes in the rings,
instead of one in the center, o

In one form or modification of the impréved
tuyere I employ an iron pipe, 4, as shown in
Fig. 6, in lieu of the solid iron rod.  The pipe
not only serves to hold the varions parts of the
tuyere together, but to convey the air to the
lower part of it, and thereby render unneces-
sary the seyeral air-passages before deseribed.

The pipe ¢ has a plag, k, screwed into its lower -

end. A washer under the head of the plug se-
cures the lower perforated eirenlar brick, J ,in
" its place, and thus holds the several parts of
the tuyere together. The air which passes
down the pipe ¢ passes through slots formed
near ‘the bottom of it, and escapes into the
metal through radial perforations J/ formed in
the lower part, J, of the tuyere. The topend
of the pipe 4, passing through a metal eap, 1,
and spring m, is secured by a screwed nat, n,

and thus the whole may be held together under -

a pressure equal to the force of the spring m.
On reference to Fig. 5, it will also be seen-
~that the central rod, b, has its lower end also
screwed by anutand washer, p, which are con-
tained in a recess formed in the center of the
lower circular brick, a’. After screwing on
this nut the recess is filled with clay or loam,
to prevent the metal from having access to it,
this precantion being talken in every modifica-
tion of these improved tuyeres.

In order to defend the tuyere from the sud-
den action of the heat thereon, I prefer to
“loam up” the outside of it with any suitable
plastic matter, such as fire-clay and sand, or
what is known as “silica clay,” the outside of
tae tuyere-bricks being scored or rou ghened to
facilitate the adhesion of this coating.

The several rings before mentioned may be
made of plastic elay or other material; but I
prefer to make them of dry materials by means
of powerful pressure in suitable molds, in a
manner well understood and practiced in mak-

ing bricks, tiles,and other articles in dry pow-’

dered clay or china-earth, after which they are
to be baked or burned.

Having described the nature of m yimproved
tuyeres, I willnow proceed to show in what man-
ner they are to be employed in the manufac-
ture of malleable iron and steel. For this pur-
pose I have on the sheet of drawings hereunto
annexed shown, at Fig. 9, a vertical section of
the converting apparatus and its appliances,
and at Fig. 10 an elevation of the converting-
vessel and the hydraulic apparatus employed
to give motion to it. - : .

[ prefer to employ a spherical vessel, A,
mounted on axes G, for the conversion of crade
iron with my improved tuyeres, and to make,
in addition to the usual chim ney or outlet D of
the vessel, a circular opening, B, on the top of
it, through which the tuyere a may be lowered
downinto the fluid metal and be againraisedup
vertically from it, whenever it may be deemed
necessary to do so, the metal cap £ on the top
of the tuyere being attached to .thé hollow arm
or jib E of a hydraulic crane, the ram G of
which moves vertically and parallel with the
blast-pipe H leading from the blowing-engine,
the pipe sliding up and down through a sunita-
ble stuffing-box, I, formed on the vertical pipe

- L*, so that the connection of the blast with the

tuyere will not be interrupted by any motion
of the tuyere and crane-arm upward or down-

- ward, nor by the movement of the crane on its

vertical axis. Thus great facility is afforded
for the rapid removal and chan geof the tuyere.
It also admits of the raising or lowering ‘into
or out of the metal, more or less, at different
stages of the process. :
On the npper side of the ‘blast-pipe, and in
a position vertically over the air-passages of
the tuyere, Isometimes fix a small globular ves-
sel provided with two cocks; one communicat-
ing with the blast-pipeand the other with the ex- -
ternalair. Thisvesselisforthe purposeofhold-
ing any fluid, granular, or powdery matter—
such as nitrate of soda, flnor-spar, metallic ox-
ides, or any other'flux or matter intended to be
forced by the blast into the molten metal, either

Hor the purpose of improving or purifying the

metal, or for rendering the slags more fusible
and easily run off. ' . '
“Within the range or sweep of the hydraulic
crane-arm E, I construct a furnace, K, having
several compartments or chambers, each of a
size snitable for holding a tuyere, and thus af-
fording a convenient mode of heating up the
tuyeres gradually, and retaining their heatun.
til they may be required. ' } ,
One of these chambers, 1, isshown in section
in Fig. 9. They may be constructed of fire-
bricks, or of simple eylinders of fire-clay, or in
lieu thereof cast-iron vessels or retorts may be
inserted in a vertical position in the furnace K
to receive and heat the tuyeres, = -
Whenever the apparatus lastly described is
to be'put in operation a tuyere is attached by
the flange r* of the metal cap J toacorrespond-
ing flange, which forms the extreme end of the
tubular crane-arm E. Assoon as it is so fixed
waterunder pressure isallowed to enter the hy-
draulic cylinder N by a suitable valve, and by
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its pressnre raise the ram G and the crane-arm

E, withi the tuycre attached thereto. The armn .

Eis then turned round until the tuyere comes

- vertically over one of the retorts or chambers

L. The ram is then lowered by allowing .the
water to low ont and thie tuyere deposited in

the retort. as shown by dots at P.  This pro-*

cess may be repeated until the retorts are each
filled. A gentle fire is then to be made in the
furnace K, and as soon as the tuyeres acquire
a red heat they will be fit for use, but may re-
main-there in readiness for any counvenient pe-
riod of time. The interior of the converting-
vessel A having been heated by burning fuel
in the interior thereof, will also bein readiness
for use as soon as the whole of the unconsnmed
fuelisdischarged therefrom by turnin gtheves.
sel upside down. A charge of molten erude
iron having been run into the vessel'A, and
oneof the heated tnyeres having been attached
to the erane-arm, the latter is to be raised S0
as to lifs the tuyere from the chamber L. - The
arm isthen to be turnedinto the position shown
by dots at  and-the tuyere lowered vertically
throngh the opening B into vessel A. The
air from the blast-engine is conveyed into the
lower part of the pipe L*, and passes through
the pipe IT into the upper part of- the ram G,
the stufling-box G* allowing the ran to move
freely round the pipe IL so that the tubular
arm 13 may at all times be in connéetion with
the blast L*.  Before lowering the tuyere into
themolten metal the blast-cock must be opened
and the air allowed to pass out of the orifices
of' the tuyeres, which may then be allowed to
descend below the- surface of the metal, and
thus effect its conversion into steel or mallea-
bleironin a manner now well uriderstood. As
soon as the conversion is effected the crane-arm
and tuyercare to be again raised into the por-
tion shown by dotsat Q. The malleable metal

~may then be discharged from the vessel by

turning it round on its axis by means of a
hydraulic apparatus hereinafter described.
While the vessel is still in a highly-heated
state another charge of crude iron may be ran
in" and the toyere again caused to descend
into the flnid metal, as before. When by this
meansthe tuyere becomes too much worn away

" toact properly itmay be withdrawn and placed

down on the fioor and another one inserted in

its place, and so on continuously so lon g asthe

lining of the converting-vessel lasts, thusavoid-
ing the lossof time and the cooling of the ves
sel caused by the insertion of tuyeres into the
body of thelining of the vessel by the ranning

- in of wet ganister,in the manner hereinbefore

deseribed.

My inventiol. also consistsin givin g motion
to theconverting-vessel by means ofabydraulic
ram or plunger moving vertically in a cylinder,
and placed below the axis of the vessel, the
ram or plunger being raised by the pressure of
water from any elevated tank or vessel under
pressure, and again lowered by allowing the
water to escape froin beneath it, I'his motion
of the ram is communieated to the axis of the

converting-vessel by means of a wire rope, R,

attached to the ram U, and passing round and

attached to a grooved pulley, S, keyed on the:
axis of the vessel. A second wire rope, T, sus-

pends a counterbalance-weight, V, on the op-

posite side of the pulley. This weight may be

about equal to one-half of the weight of the.
ram or planger, so that whenever the ram is

‘raised the lowering of the counter-weight will

cause the vessel to turn round, while the low-

ering of the ram will raise the counter-weight

and turn the vessel in the opposite direction.

These movements will be under the coutrol of
the workman,who admits or discharges the wa- -
ter from the apparatus by a'siaitable valve and

handle.. The converthig-vessel may thus at

any time be made to discharge its contents or

be put hito a position suitable for ranning in

a charge of crude metal. : o

In pouring out the fAuid iron or steel from
the converting-vessel the spout or .opening
from whiclr the metal flows is moved (as the
pouring proceeds) away from the spot where .
the pouring tirst commenced. I therefore find
it advantageous to provide the hydraulic cast-
ing-crane with a suitablesliding motion,where-
by thecasting-ladle may be moved horizontall y
in a straight line farther from- the ram or axis
of the crane as the pouring proceeds, and thus
insure the ladle being at all times beneath the
opening from which the metal dows,

When large armor-plates or other large flat
masses of malleable iron or steel are required
I prefer to cast sueh masses in shallow ingot- -
malds, s0 proportioned that.the top surface of -
the ingot shall form one of the large planes or
surfaces of the plate or slab after it is hani-
mered or relled, and, when desirable, I make
sueh ingots of distinet layers of steel of dif-
ferent qualities, or of steel and walleable ivon,
by pouring into the mold molten steel or moiten
malleable iron, one after the other, so that n
union of the different qualities of metal may
be effected at or near their point of Janetlon,
but, nevertheless, so that the different qui}i-
ties of metal shall for the wmost part be dis-
tinct from each other, forming layers or strata
of hard and soft metal.

The action of the air upon the upper exposed’
‘surface of the ingot may be lessened or en-
tirely prevented by strewing thereon powdered

| glass of borax or other readily-fasible flnx,
silicate, or saline matter, *= . e

In making ingots or castings in large shal-
low molds I find ‘it advantageous to elongate
the tubular fire-clay orifice through which the
molten metal flows from the casting-ladle, so
.that theclay tube may dip into the fluid metal
in the mold, and thus prevent the flowing
stream of metal from taking down air with it
into the fluid mass below. Thisimprovement
in the casting-ladie, and in the mode of casting
_ingots, is shown at TFig, 11 on the aunexed
sheet of drawings. Tig. 1L is a vertical sec-
tion of the lower part of the casting-ladle, and
the mold into which the fluid malleable iron

is being run, 'The iron ladle 1 is lined with
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loam, as shown at 2. A conical metal tube, 3,
is secured by a flange to the under side of the
ladle, a piece of well-haked tube of fire-clay,

or of fire-clay and plumbago, 4, is inserted in |

the lower end of the iron tube 3, soas to pro-
_jeet therefrom, as shown. Therest of the tube
3 may be lined with loam, and the upper part
of' the tube may be formed into a valve-seat-
ing, as already practiced in ladles employed
for casting steel, so that the fluid metal is ad-
mitted to the vertical tube only at such times
and in such quantities as may be desired.

When casting with this improved ladle the
nozzle 4 should be made red-hot over the fire,
and then be lowered nearly to the bottom of
the mold 5. The valve may then be raised and
- the fluid metal beallowed to low our. It will
soon riseé above the orifice of the nozzle 4, and

thus preventtheairfrom being taken down into |
the metal. Airso introduced acts'both chemi--

cally and -mechanically in prodacing the cel-
lular condition. 8o common in cast-steel. As
-the metal rises in the mold the ladle should
also be steadily raised, so as to keep the nozzle
only a small distance below the surface of the
fluid metal independently of the bubbles pro-
duced in pouring.

Having described my. invention, and the
manner in whic¢h the same may be carried into
effect, I desjre it to be understood that I do

not confine inyself to the precise details here- .

in'described, so long as the peculiar features
of the several parts of my said invention are
retained; bat, )

What I do claim is— _

1. Thearrangement and construction of con-
verting apparatus, substautially as and for the
puarposes'shown. - ‘ '

2. Tuyeres whicl passinto the fluid metal in

a converting-vessel through the upper surface
of said metal, in combination with a convert-
ing-vessel mounted on axes. Lo

3. The employment, in the conversion of
molten crude or refined pig-iron into steel or

into malleable iron, of tuyeres built up or con.’

strueted as herein described.

4. Introducing one or more tuyeres into the
converting-vessel, and removing the same
therefrom through suitable openings made in

-said vessel, in the manner herein described.

5. Heating the tuyeres in a retort or cham-
ber previous to introdncing them into a con-

verting-vessel., -

6. A tuyere used in.a converting-vessel, in
combination with any suitabte apparatus capa-
ble of conveniently varying the speed .of the
tuyere, orof instantly stoppingit when desired.

7. A casting ladle or receptacle for casting
malleable iron. or steel or other suitable mate-
rial, provided with a tubular spout adapted to

descend into the ingot-mold, substantially as

herein described. .

8. In the casting of ingots of malleable iron
or steel, the immersion below the surface of
the fluid metal of the oritice from which the
metal flows into the mold. :

9. Moving said orifice gradually upward as
the level of the metal rises in the mold.

10."A converting-vessel capable of rotary
motion upon its own axis, in combination with
a rope, or any ‘equivalent meaus, operated by

hydraulic pressure in a cylinder, for the pur-

pose of giving to such vessel a rotary or semi-
rotary movement. - .
HENRY BESSEMER.
Witnesses : :
‘ A, L. HorLEY,
DAvID LoNGSDON.
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