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PATENT OFFICE.

HENRY BESSEME‘R, OF LONDOYXN, ENGLAND.

IMPROVEMENT IN CONSTRUCTION AND MODES OF WORKING BLAST-FURNAGES.

Si;;:ciﬁcutiuu forming part of Letters Patent No. 117,245, dated July 25, 1571,

To all whom it may concern: ‘

Be it known that I, HEXRY BESSEMER, of
Queen Street Place, Cannon street, in the ity of
Loudon, a subject of the Queen of Great Britain,
have invented or discovered new and usetul Tin-
provements in the construction and mode of

working blast-furnaces employed for smelting

the ores of iron, and in the mode of employing

and utilizing the gaseous products of sugh fur-.

naces, and also in the construction and ode of
working blast-engines employed to foree-atr into
blast and other furnacves; and i, the suid Hexgy
BissEMER, do hereby declare the aature of the
said invention, and in what wanner the sume is
to be perforined, to be particularly deseribed and
ascertained in and by the following statement
thereof-—that is to say: i

The outer shell or case of the furnace, which,
for the purposes of my invention, [ make of very
strong plate-iron or steed, and which extends
“from velow the bottom of the hearth up to the
erown or top of the furnace, there uniting with
the metal ring which forins the mouth of the fur-
nace, and thus incasing the whole of the five-
brick or stone-work which constitutes the fur-
nace, suituble opewgngs being left in the shell for
the purpose heveinatter reterred to, 1 prefer fo
make the shell in separate rings or sectionsunited
by stout Hanges, by meas of which the several
purtions ‘are firmly united, the whole being, us
tax ax necdiul, strengthened by hoops, angle-ribs,

or F-irons sceurely riveted to the platmg, the.

general stracture being turther supported on cast-
“iron or riveted platesiron columns smrounding
. the lower purt, atl the joints of the shell being
well culked and capable of resisting an internal
pressure of fwenty or more pounds per sguare
ineh on the whole internal surtace of the furnace.
Into this turnace 1 foree air by a suitable blast-
‘engine through several tryeres or openings used
in leit o1 tuyeres, employing, by preference, a
pressure varying trom ten to twenty pounds per
squatre ineh: and Lretainin sunch turnaces the gas-
eous pruducts of combastion at a pressure, pret:
erabuy, of about three or four pounds on every
square ineh less than the pressure ot the blast
in each case, thus obtaining an available press-
ure of thres ur four ponunds per square inch to
cause the blast to force its way through the
clurge of materials. The blast-turnace so ar-
rapged I ¢all by way of distinction a high-press-

ure blast-furnace. The method in which I prefer
to confine the gases in the turnace untii sufticient
pressure is attained is hereinafter described. In
consequence of the pressure thus employed the
temperature of the gaseous products of combus-
tion will be greatly increased, and Lam thereby en-
abled to dispense with the whole of stoves, pipes,
-and fwrnaces generally employed for heating the
blast, although the highpressure Llast-firnace
may, if’ desired, be worked with hot instead of
cold blast.  In some cases it may be found de-
sivable to lower the temperatare of the gaseous
products of combustion atier they have left the
blast-furnace. To some extent this may be done,
by causing the hot gascous prodaets to envelop
“ur come in contact with the pipes which couvey
the blast to the furnace, and s acertain amount
of heat may be readily trunsmitted to the air cir-
cnlating threugh them. The mrangements for
feeding in the fuel, ore, and tiuxes at the top of
the furnaces nmst be suehas to effect this object
-without allowing mueh of the gases to escape if
the cup and epne arrangement be employed, or
it a piston be used in lient thereot to close the
farnacé, I, in either case, continue the sides of
the cup vertically upward, foiming thereby a
strong plate-ivon eylinder having a cover iute
whiclt another cone or piston is fitted, thus mak-
ing the cylinder a close chamber. A feeding-
Hoor or stage may be made at a level with the
upper cone or piston-valve. When feeding the
tfurnace I Jower the upper valve and put the re-
quisite ¢charges of ore and fuel'into the cylinder-
and then elose the upper valve, after which 1
open the lower one aud allow the matervial to fall
-into the furnace, thus loosing a eylinde-full of
the compressed gases at every such discharge of
fuel into the furnace. The joints of ‘the vone or
piston-valvée or other joints may be prevented
from leaking gases outwardly by the employment
of air or steam. of greater pressure introduced be-
tween the joints or valvedittings, and the metal-
work constituting all such valves, cones, or valve-
seats may be kept from injury by heat by coring
or otherwise forming therein passages for the eir- -
culation of water. Such parts may also be made
to receive less heat by conduction by using thin
fire-tiles or other slow conducting materiais be-
tween the flanges, which unite them to other
parts, which are unavoidably made very hot. My

mvention also cousists in econumizing fuel in’
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blast-furnaces by preventing 8o large an escape
of carbonic-oxide gas at the npper part of the
furnace as usually %&kes place. Thebulk of the
air entering the furnace should, on meeting the
fmeandescent fuel, be at oite converted into cay-
bonic-acid gas mixed with nitrogen in passing
upward among the fuel.  This earbonic-acid gas
is converted, for the most part,into carbonic-ox- |
ide gas,und in this state is ingpart utilized in the
reduction of the ore; but a Very large quantity
escapes from the furnace still in the condition
of carbonic oxide, thus robbing the furnace of »
large amount of . expensive fuel.  To avoid. this
loss I do not allow all the earbonic-acid gas’
formed to pass up. the furnace, but draw off a
portion of it at aJow level in-the furnace, al-

- lowing the remainder only to pass up the fur-
nace to become converted into carbonic oxide
to reduce the ore. When working in this way
with a high-pressure blust-furnace, I inake open-.
ings in the outer wall of the furnace leading
into an annular flue or other flues. The open-
ing from the furnace into the flue, by means of

.“which a portion of the escape from the furnace
takes place, should be of considerable size, so
that there may be a comparatively gentle current
out of the furnace. The escape from the iue may
be by an aperture so contracted as to allow only
a portion of the gases of the furnace to pass.off
through this flué. I make the openings at such

“a height as I find best adapted to lét out the first
products of combustion in the form of carbonic- -
acid gas. Now, if we suppose a furnace working
80 that no earbonic-acid gas escaped from the
mouth of it, the whole having been converted
into carbonic oxide, it will be understood that in
such a case all the carbonic-acid gas that may be

-let out at the lower part of the furnace will pre-
ventthedestruction of asmuch fuel as would have
been absorbed by its conversion into carbonie
oxide on its passage up;through the mass of fuel.
By.thus Jetting out a portion of the.gas below,
that portion traversing the fuel in the upper part

of the furnace will have a much larger surtace }

of carbon to act upon in proportion toits volume
than it would haye if the whole of the gases had
been passed npward, whilé the high temperature
consequent on the pressure of the gases should
not ounly facilitate the rapid conversion of the
reduced quantity of carbonic acid into carbonie
oxide, but should also effect a rapid deoxidation
of the porous oxides of iron so subjected to heat
and pressure. The tap-hole and tymp may be
inclosed in an aif-tight chumber into which air
under pressure is adnitted in such guantities as
to render the pressure of the-air in the chamber
80 nearly in, equilibriumn.-with the gases in the
furnace as to prevent any violent outfow of gases
at the tymp, although the runniug of the ¢inder
may be allowed to go continuously. - When the
workmen require to clesr o passage for the cin--
der, ur approach the tap-hole for other purposes,
the pressure in the chammber may be so far in-
vreased for the time ag to cause the air from the
rhamber to enter the fumace and thins entirely
crevent the escape of any tlame or guses by this
opening,  Small chambers may in some ¢ases be

‘allow the carbonic-acid

made to inclose each tnyere, or the whole of the
lower part of the furnace may be incloged:in one
large chamber, tnto whichthe blnstmay be foreed,
and from which siniple wpenings, mueh -Jarger -
than ordinary tuyeres, niny enterthe farnace, and

‘the tuyeres and pipeabe thus dispensed with. The

openings nsed in len of tuyeres will ‘be. thus
always accessible to the workmen, who may pass
in and ont of the chumber throngh closely-fitting
doors. The chamber or chambers may be lighted;
and the dir may be cooled before entering them,.
in the wamer described in-n specification bem-
ing even date herewith for improvements in the
conatruction and mode of working furiaces ahd
apparatus employed in fusing melleable or
wronght-iron and. steel, ‘and pig or ‘other car-
burets of iron, and obtaining cast-steel or homo-
geneous malleable iron theretrom, and numbered,:
in England; 1,432, - The cinder flowing-from the-
furpace may degcend throngh an opening in the
floor. of the chamber into a wagori inclosed in
another amall . chamber below the firstnamed

"one, A small quantity of air iitay be allowed to

escape from the slag-chamber, and thus a current
of air will flow through the hole with:the slag
and prevent it from heating the upper chamber:
In some cases it may be found desirable to place
the tuyeres, or the openings used in lieu thereof, -
at a higher.level than usnal, and in that case
8 to escape at.suitable -
openings below the level of the tuyeres; such as
at the tymp, which raay form one outlet, a simi.

‘lar.one being formed at the epposite side; and

although I lhiave dgkeribed simple epenings. for
the escape of gas and for inlet of blast, such’
openings may in. some cases extend so far round
the lower part of the furnace as to form more or:
less completely annular passages communicating
with the interior of the furnace all round.. My
improvements also consist in a mode of prevent-
ing the decarburation of the metal by the. blast
alter fusion, and facilitating its further carbura-
tion after leaving the blast-furnace. . For this
purpose T lessen tlie capacity of the hearth and
fgrm a much smaller passage than is now used
tc conduet the metal to the tap-hole, using in
lieu thereof a small inclined channel or pipe,
through which both the metal and slag may flow
from the furnace continnously and as quickly as
they come down, some portion of the tlame or
heated products of combustion escaping down
the passage through which- the metal tows.. I
collect or receive the metal in a heated vessel
more or less completely filled with incandescent
coke for the purpose ot keeping it fiuid and fur-
ther carburizing it, in the manner described in

“a’ specification, in- England, bearing even date

herewith, for improvements in the treatment of
crude or pig-iron and other-carburets of iron'and
in the apparatus employed for such purposes,
and nambered 1,434, The gaseous products of
dombustion may be conveyed from the top-of the
furnace down to the land-level by o large ver-
tical pipe, on the top of which a closé cistern is
titted, the lower side of the cistern being perfo-
rated with sinall holes, throngh- which a shower
of water, in a finely-divided state, is caused to:




flow by a pump attached to the blast-engine,
whereby the quantity of water injected may
be regulated. By this.means thé highly-heated
gaves may be cooled down and mixed vith steamn
arising from the- evaporation of the injected
shower of water. .

For the purpose of forcing the blast into high-
pressure furnaces when used for smelting iron -
ores, as in the invention herein described, and:
also when employed for forcing blastunder press-
ure into farnaces employed in fusing malleable
or wrought-iron and steel and other carburets of
iron, I employ the gaseous products of such high-
pressure furnaces when cooled down with water
or otherwise, for giving otion to a hot-air-blast
engine, in which the said gaseous products (in
combination with the steam produced in the cool-
ing process) are made to act in a direct-acting
blast apparatus. I prefer to arrange the air-cyl-
jnder and the gas-cylindeér in a‘line with one pis-
ton-rod connected to both pistons. I prefer to use
either piston-valves or double-beat equilibrinm.
valves both for the air and gas-cylinders, each
of which I line with a plain shell of hard metal,
so made and fitted in Detween the covers us to
readily be removed and exchanged for a similar
one when too much worn for wse. The air so
foreeil is conveyed into .a receiver having two
diaphragms dividing it into three compartments
which communicate witheach other by smallopen-
ings and thustend muchto equalize the blast. A
fiy-wheel and crank are employed to regulate the
motion of the engine, and one or more valves are
employed to regulate the pressure of the gases
.and prevent the pressure frum exceeding the
proper limit., It will thus be seen that the high-
pressure furnace, to whatever purpose it is ap-

. plied, may be supplied with blast at the pressure.
desired without employing boiler-power and fuel
for that purpose, the high-pressure furnace itselt
furnishing all the power necessary for this pmr-
pose without burning the gax in other furnaces
to obtain power through the agency of steam.
The escaping carbonic-acid gas-from the lower
part of the furuace may be conducted also to the
blast-engine, orit may be used to work thé wind-
ing-engine, or the heat thus escaping may be enm-
ployed to burn the lime or roast or dry the ore or
fuel employed. ’

And in-order that this moede of constructing
and working blast-furnaces may be fully under-
‘stood, the same is represented in vertical sec-
tion at Fig. 1, and in_elevation at Fig. 2. Tig.
3 ix a cross-section taken at two different heights
on the crooked line A B.  Fig. 4isa vertical see-
tion of the pipe for conveying the furnace-gases
to the blast-engine. : :

The same letters are used in each figure to de-
note a repetition of tliat part.

a is the outer shell or case of the funace, which
incloses the whole of the masoury or brick-work.
This case may be further strengthened by hoops
or angle-flanges of iron or steel so asto render it
capable of withstanding safely internal pressure
from one or two atmespheres in excess of the ex-
tevnul atmospherie pressure. The slope of the
boshes is similarly ineased in a cone of plate-
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metal, a*, the base of the cone being further
strengtheued by the iron band b.— The outer shell
of the furnace slopes down to the ground level
all round the furnace,as shown at a!, and also
beneath ityas shown at ¢ Anannularspace or

' chamber, ¢,"is inclosed around the boshes, the

partitions ¢? dividing this space into two cham-
bers, ¢ and ¢*. A strong box-girder,d, with cen-
tral web, extends entirely around the under side
of the outer wall of the furnaee, and at intervals

rests on strong iron-webbed columns e, which oe-

enpy the chamber ¢, resting below on the bed or
foundation of masonry . Two small unte-cham--
bers, g and h, are made with two doors, each for
the purpose of affording entrance and exit for the |
workmen from and into the chambers ¢ and ¢*

at all times, when requived.  Notwithstauding,
-the air in these chambers is greatly in excess ot
the external atmospherie pressnye, and which -

mode of gaining neeess to and egress from chain-
ber ix fuily deseribed in a patent in England
bearing even date hervewith and nmumbered 1,432,
and consequently does not form part of the pres-
ent invention. - Below the level of the tymp I
form an arched ehamber, i into which a truck or
carrizge can be moved on rails for the purpose
of receiving the cinder flowing from the furnuce,
or the cast of metal may be run into & movable
receptacle so placed.  The chiwmber 7 is provided
with s wellfittesd sliding door, made as near as.
may be air-tight ; a little leakage of air from the
chamber § ix preferabley as it will causean out-
ward flow of air from the chamber ¢* through the
hole j and thus prevent the ascent of heated
fumes from the chamber & An aunular flae, w,
is formed around the furnace, into whicl several
passages, n, lead from the fumade. At any part
of the lue m a restrictedqontlet may be made of
stieh a size as will allow the desired amount of
arbonic-acid gas to escape, while the rest of the
gas passes upward and is converted into carbon-
ie oxide,and iu that state deoxidizes the ore,but
without tuking up as maceh carbon as the whole
of the gases would do if allowed to pass upward
among the fuel.  The area of theeseape-openings
a is eacl so groatly in excess of the area of the
one restricted outlet as to cause a Very slowand
gentle current of gas,to pass up them, and thus
not tend to carry out any firel by these passages.
Man-holes for clearing out dust,if’ necessary, can
bé made in the flue m, und if found desirable that
portion of the carbonic-acid gas allowed to es-
cape by these passages from the furnace may be
taken off ap 8 much lower level than that shown
in the drawing, the outlets n,being in that case
much nearer to the level of the layérs and cowm-
municating with a passage.or passages which
pass out throngh the chamber e At the top of
the furnace I have shown a cup-valve, p, which
forms the lower portion of the chamber ¢ The -

qapper pavt of this elianiber s fitted with a second

wone, 1y through the center of which the rod s of
the cone p passes, the coné » having a jointed
sling to support it and allow it to be balanced in
the nsual way and raised or lowered as required;
the cone p having a separate ar angenment: of

the sume kind, so that each of the cones p and
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r may be moved independently of each other.
and 8o that the ore and fuel may be adnu_tu_aci
to the chamber g by lowering the cone r while
the cone p is closed. ""After the materials are
thus adwitted to the chainber g the workman
will raise the cone r and.lower the cone p, by
- wHich means the materials will fall into the fur
nace; The raising.of the econe p and the lower-
‘ing of the cone r will allow another charge to
enter the chamber, and 80.on, a chamber full of
" gas being allowed to escape-at each operation of
I vgonld-‘ionserve' that in all cases before the

cone p is lowered an equilibrinm of pressure must -

be effacted between tha chamber g and the in-:
side of the furnace. For thig purpose a valve,

inot. shown in the drawing, is pr‘oVidedilby means-

" ‘of which the workman may admit the furnace
gases of steam into .the chamber g and thus
equalize the pressure -above and below the cone
p; and 80, alsd, before lowering the cone r, he

‘will’ allow such steam or guses to escape by a.

‘valve into the external atmosphere, in tHat case.
equalizing the pressure: above and below the
cone r, It is desirable that the fitting-surfices
of these valves should be more perfect than
-usual, the metal parts being defended, if neces-

sary,-from the ‘action of €scaping gases by the;

ge of steam into the joint in:a manner
simjlar-to-that by which the leakage of flame
.and -hented  gases i prevented from escaping
from the doors of high-pressure melting-furnaces,

by the :mse of air under pressare; as fally de- |

.seribed in a patent granted to me in' Englahd,
and: bearing date the 10th day of November,
1868, and numbered 3,419. - The gases, after
passing up through the materials in the furnace,
~ find -their escape by the openings #, and pass
into an annular channel, %, and from ‘thence into
.a large pipe, w0, shown in vertical section at Fig:
4, where a portion of the side of the furnace is
. algo shown to render. the position. of “the pipe w
and its connection with the channel % more clear-
ly understood. The" pipe w is lined with segs
mental fire-bricks »*, in order to detend ;the

outer iron shell from the effects of heat, and also"

to prevent loss of pressure in the gases and va-
pors by the radiation of heat theretrom:. A force-
punp, worked by the blast-engine, forees water
~ to the top of the pipe w by a pipe which passes
through .top of the pipe w at x, havirg a rose-
head, 2, perforated in such ‘a way as to caunse

water forcéd through it to fall in a shower down

the pipe w for the: purpose of lowering the tem-

" perature of the furnace-gases t0' a point suitable’

for the hot-air engine to be driven by them; and,
although I prefer & direct-acting blast-engine, as
before named, it will nevertheless be obvious
that any efficiefit -plan- of blast-engine may be
used, the ordinary atéam-cylinder ot which will
..be supplied with wuaste gpses mixed with the
steam generated by them trom the falling shower
of water, such cylinder being.in all cases of suf-
ficient dia €
sired extent; the volume of steam. and gases al-

‘ways being in excess of .the volume of air and |

water injected, by reason of the expansion of the

iameter to compress thé blast the de- |-

air by the heat-of the farnace and the formation
of steam from the falling shower of water.

.And although I have described the working.
of the blast-furnace under the pressure of con-
fined gases, I desire it to be .understood.that
certain parts of mysaid improvements areequally
applicable to blast-furnaces. working with open
tops, and furnaces where the waste gases. are
collected for combustion i hot-air stoves or nn-

-der bojlers. These improvements consist in the
mode, shown and described, of allowing an out-
tlow of & portion of the carbonie-acid gas a short

_distance from the tuy ‘and also the continu-
ous flow of metal and cinder from the furnace. -

“Having described my invention, and the way
in which it may be carried into practical opera-
tion, I.desire it to be uwnderstood that I do not
contine myself to the precisé details here given,
provided that the peculiar character of my in-

-vention be retained ; -but .

I ¢laim.as  my improvements in: the construc-
tion.and mode of working blast-furnaces ewn:
ployed for smelting the ores of iron, and in the
mode of employing aund utilizing. the gaseous
products of such fornaces, and alsoin the con-

employed to force air into blast and other fuy-
naces— N ) :

1. The entirely enveloping the masonry or
‘brick-work of a blast-furnace in a strong air-tight
case or jacket, to.admit of the gaseons products -
of combustion being retained under considerable
pressure. . . . o - :

2. The inclosing the boshes of blast-furnaces,
80-a8 to-have the tuyere-holes opening externally
-into & large chamber accessible to workmen aitd
' containing air ynder pressure. -

- 8. The inclosing the tap-hole of blast-furnaces
in a large chamber capable of containing air un-
der pressure, so.that the pressure of air therein
may, when required, prevent escape of flame
thereat. ) » .

" 4. The providing outlets from-a blast-farnace
near the tuyeres for ‘the escape of a portion of
the gases in the statp of carbonic acid.

5. The so arranging.and operafing, when &
carburizing-vessel is used, that thé metal may
run continuously from the blast-fuinace into.the
carburizing-vessel, - ) ’

6.. The smeltipg ores of iron in blast-furniaces,
in which the products of combustion are.
retained throughoutthe furnace undera pressure
considerably exceeding that of the external ai-
mosphere. . : ' T

7. The combinifig an air-engine and air-pump
with- a high-pregsure blast-furnace in- such man-
ner that the gases issuing from auch faroace are
caused to pass through and work such engine,
and thereby actuate the punps which supply the

‘blast to the furnace. ) .
- HENRY BESSEMER.

‘Witnesses :
_ G. ¥, WARREN,
THo8. BROWN, . )
Both of No. 17 Gracechurch itreet, London.

struction ‘and mode of working blast-engines . -




