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- UNITED STATES PATENT OFF
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HENRY BESSEMER, OF LONDOX, ENGLAND,.

 IMPROVEMENT IN CONSTRUCTION AND MODES OF WORKING BLAST-FURNAGES,

Sﬁéeiﬁuutiuu forming pﬁrt of Letters Patent No. 117,246, dated July 25, 1571.

T'o all whom it may concern: -

Be it known that I, HEXRY BESSEMER, of
Queen Street Place, Cannon street, in the city of
- Loudon, a subject ot the Queen of Great Britain,
have invented or discovered new and usetul lin-

!

ure blast-furnace. The methiod in which 1 prefer
to confine the gases in the furnace until sufiicient
‘1}1'685111‘6 1s attained 18 heremaiter described. In
consequence of the pressure thus employed the
temperature of the gaseous products of combus-

provements in the construction and wode of | tion will be greatly increased, and Lam thereby en-
working blast-furnaces employed for smelting

the ores of iron, and in the mode of employing
and utilizing the gaseous products of such fans
naces, and also in the construction and
working blast-engines employed to force-afr into
blast and other furnaces; and i, the said HENRY
BEssEMER, do hereby declare the aature of the
said invention, and in what wanner the same is
to be performed, to be particularly described and
ascertained in ana by the following statement
thereot—that is to say: | _*

~ The outer shell or case of the furnaee, which,
for the purposes of my invention, I make of very
strong plate-iron or steod, and which extends
from velow the bottom of the hearthh up to the
crowu or top of the furnace, there umting with
the metal ring which forins the mouth of the fur-
nace, amd thus incasing the whole of the five-
brick or stone-work which constitutes the fur-
nace, suitable openjngs being lett in the shell for
the purpose hereinatter referred fo, 1 prefer to
make the shell 1 separate ringsor sections uinited
by stout Hanges, by means of which the several

purtions are firmly united, the whole belng, us

tar as necdinl, strengthened by hoops, angle-ribs,

or F-irons sceurely riveted to the platmg, the

general stracture being turther supported on cast-
‘fron or riveted plateqiron colnmns smrounding
~ the lower part, all the joints of the shell being

well calked and capable of resisting an internal
pressure of twenty or nwove pounds per square
~ineh on the whole internal surtace of the furnace.

1nto this turnace 1 torce air by a switable blast-

‘engine through several tryeres or openings used
in Hett or tuyeres, employing, by preference, a
pressure varying from ten to twenty pounds per
syitare lnch: and { retainin such turnacesthe gas-
eons products of combastion at a pressure, pref-
Cerably, of about three or four pounds on every
squale ineh less than the pressure o1 the blass
in each case, thus obtaining an available piess-
ure of thiee or four pounds per square inch to
cause the blast to foree its way through the
clrarge of materials. Uhe blast-iurbace so ar-
rauged 1 eall by way of distinction a high-press-

abled to dispense with the whole of stoves, pipes,
anud furnaces generally employed for heating the

.| blast, although the high-pressure Hast-furnace

]

q

if - . .- "m oy * - - : N
1 mode of | may, if desired, be worked with hot instead of

cold Dblast. In some cases it may be found de-

sirable to lower the temperatiue ol the gaseous

products of combustion atier they have left the

blast-furnace. To some extent this may be done,
by causing the hot gascous produacts to envelop

or come in contact with the pipes which convey
the blast to the furnace, and tHis a certain amonnt

of lreat may be readily trunsmitted to the aiv cir-
calating threugh them. The arrangements for

feeding in the tuel, ore, and tluxes at the top of
the furnaces-nmst be such-as to effect this objeet
-without allowing muech of the gasey to escape if
the cup and epne arrangement be employed, or
if a piston be used in lien thercotf to close the

furnacé. 1, in either case, continue the sides of
the cap vertically upward, foiming thereby a

strong plate-ivon ¢ylinder having a cover into

whiclt another cone or piston is fitted, thas mak-
ing the cylinder a close chamber. A feeding-
Hoor or stage may be made at a level with the

upper coné or piston-valve. When feeding the
furnace I lower the upper valve and put the re-

quisite charges of ore and fuel’into the cylinder-
and then close the uppér valve, after which 1

open the lower one and allow the material to fall
iuto the furnace, thus loosing a cylindet-full of

| the compressed gases at every such discharge ot

tuel into the furnace. The joints of 'the vone or

| piston-valve or ofher joints may be prevented

from leaking gases outwardly by the employment

| ot air or steain of greater pressure mtroduced be-

tween the joints or valve-fittings, 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 ¢ir-
culation of water. Such parts may also be made
to receive less heat by conduction by using thin
fire-tiles or other slow conducting materials be-
tween the flanges, which unite them to other
parts, which are unavoidably made very hot. My

U mvention also consists in economizing fuel in
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blast-furnaces by preventin g 80 large an eacape
of carbonic-oxide gas at the npper part of the
furnace as usually %akea place. Thebulk of the
air entering the farnace should, on meeting the
imcandeseent fuel, be at oiree wnverted mto CAY-
bonic-acid
upward among the fuel.
is converted, for the most part, into carbonic-ox-

ide gas,. -and in this state is 1!?] art utilized in the
ery large quantity
escapes from the turum atill in the condition

retlu(,tmn of the ore; but a

of carbonic oxide, thus mbbmg the furnace of »
large amount of. exlwnsn e fuel. To avoid this

loss I do not allow all the earbonic- acid gas.

formed to pass up, the furnace, but draw off n

portion of it at aJow level in- ‘the furnace, al-

- lowing the remainder only to pass up the fur-
nace to hecome converted into carbonic oxide
to reduce the ore. When working in this way

with a high-pressure blust-furnace, I make open-.

ings in the outer wall of the furnace leading
into an annular flue or other flues. The open-

ing from the fornace 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 (..urrent
out of the furnace. The escape from the ine may
be by an aperture so contracted as to allow ouly
a portion of the |
through this flue. I make the openings at such
& height as I find best adapted to let out the first

products of comrbustion in the form of carbonie--

acid gas. Now, if we suppose a furnace working
s0 that 1o carbonm—amd gas escaped from the
mouth of it, the whole having been converted
into carbouic oxide, it will be nnderstood that in
such a case all the carbonic-acid gas that may be
let out at the lower part of the turnace will pre-
ventthe destruction of asmuch fuel as would have
been absorbed Dy its conversion into carbonie
oxide on its passage up;through the mass of fuel.

By-thus letting out a portion of the.gas below,

that portion traversing the fuel in the upper part

of the furnace will have a much larger surface.

of carbon te act upon in ‘proportion to its 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 only 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 air-tight chamber into which air
under pressure is admitted in. suuh quantities as
to render the pressure of theair in the chamber

- 80 nearly in equilibrium -with the gases in the |'a

furnace as to prevent any violent outtow of gases
at the tymp, although the runniug of the cinder
may be allowed to go continuonsly.  'When tlle
- workmen require to clear o passage for the cin--
der, or approach the tap-hole tor other purposes,
the. pressure in the chamber may be so far in-
creased for the time ag to cause the air irom the
rLamber to enter the fumace and thos entirely
srevent the escape of any flame or gnses by tlua
opening,  Small chnmbers may in spme canes be

gas mixed with nitrogen in passing
This carbonic-acid gas

gases of the furnace to pass-off |
allow the carbonic-acid

made to mcloae each htwm or- the whole ot tlw
lower. wt of the turnace may be inclosed: i in one
large chamber, into which tli{*,blustmm be tmcml

and from which simple upeliings, ‘mueh - Luwvr--

than ordinary hweren,mm entvrthe farnnce, .md

‘the tuyel ¢s and pipeabe thus dispensed with. The

openings used in lien of tuyeres will ‘be thus
always accessible to the workmen, who may pass
in and out of the chamber thmuwh cloxely-titting
doors. The chamber or chambers may be h'rhtml .
and the dgir may be cooled before entering ﬂwm,. __
m the wamer described in-n ﬂpeuﬁmuon Dbestr-
ing even date herewith for improvements in the
construction and mode of working furhaces atd
apparatus employed in fusing welleable or
wrought-iron. and steel, and pig or ‘other car-- -
burets of iron, and t)bt.nmmg cast-steel or homo-
gem'mw malleable iron therefrom, and numbered, .
in England; 1,432, - The cinder flowing-from the
furpace may deaceml through an opening in the
floor. of the chamber into a wagon inclosed in
another small chamber below the first-named
one. A small quantity of air may be allowed to

escape from the slag-echamber, and thus a currens

of .air will flow through the ‘hole with the slag
and prevent it from heating thie upper chamber,

| In some cases it may be found desirable to nlace

the tuyeres, or the openings used in lieu thereot :
at a higher level than usml-l and in that cAse

8 to escape at.suitable
openings below the level of the tuyeres;-snch 83

at the tymp, which raay formn one outlet, a simi.
lar one being formed at the opposite sule. a.nd
although I liave ddscribed 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 wore 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.
after fusion, and facilitating its further carbura-
tion atter leavmg the Dblast-furnace. .

te conduct the metal to the tap-hole, using in
lieu thereof a small inclined c¢hannel or pipe,
through which both the metal and slag may flow
from the furnace continuounsly and as quickly as
they come down, some portion of the tlame or.
heated products of ecombustion escaping down
the passage through which-the metal tlows. I.
collect or receive the metal in a heated vessel
more or less completely tilled with incandescent
coke for the purpose ot keeping it fiuid and fr-
ther carbwrizing it, in the manner described in
a' specification, in- I!.nglmld ‘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 gaseons products of
dombustion may be ¢conveyed from the top of the

furmace down to the land-level by a large ver-

tical pipe, on the top of which a closé cistern is
fitted, the lower side of the cistern being perfo-
rated w:,th sinll holes, through which a shower
of water, in a finely-divided state, is caused to

For this
-purpese I lessen the capacity of the hearth and

fgem a much smaller passage than is now used
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flow by a pump attached to the blast-engine,
whereh)y the quantity of water injected may
be regulated. By thig means thé highly-heated
guses may be cooled down and mixed with stean
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, a8 in the invention hexeiu described, and-
also when employed for forcing blastunder press-
ure into furnaces employed in fusing malleable

or wrought-iron and steel and other carburets of |

iron, 1 employ the gaseous products of such high-
pressure furnaces when cooled down with water
or otherwise, for giving wotion 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-eyl-
inder and the gas-cylinder in a‘line with one pis-
ton-rod connected to both pistons. I prefer to use
either piston-valves or double-beat equilibritm-
valves both for the air and gas-cylinders, each
of whieh I line with a plain shell of hard metal,
so made and fitted in between the covers as to
readily Le removed and exchanged for a similar
one when too much worn for use. The air so
foreed is conveyed into g receiver having two
diaphragms dividing it into three compartments
which communicate witheach other by smallopen-
ings and thus tend much to equalize the blast. A
fly-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 from 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 emploving boiler-power and fuel
for that purpose, the high-pressure furnace itselt
furnishing all the power necessary for this jmr-
pose without burning the gax in other furnaces
to obtain power throngh the agency of steam.
The escaping carbonic-acid gas.from the lower
part of the furnace may be condueted also to the
blast-engine, or it may be used to work the wind-
ing-engine, or the lieat thus escaping may be en-
ployed to bhurn the line or roast or dry the ore or
fuel employed. o -

And in order that this mode of constructing
and working blast-furnaces may be fully under-
'stood, the same I8 represented in vertieal sec-
tion at Fig. 1, aud in clevation at ¥ig. 2. Fig.
3 i8 a cross-section taken at two difterent heights:
on the crooked line A B.  Fig. 4isa vertical sec-

tion of the pipe for conveying the furnace-gases t ne : J | ,
' | munieating with a passage. or passages whieh

to the blust-engine. .

The same letters are used in each figure to de-
note g repetition of that part. |

a is the outer shell or case of the furmace, which
incloses the whole of the masomy 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 atmospheres in excess ot the ex-
tevnal atmospheric pressure. The slope of the
boshes is similarly ineased in a cone of plate-

117,246
o !

metal, a®, the base of .the cone being further
strengthened by the iron band b.— The outer shell
of the {urnace slopes down to the ground level
all round the furnace, as shown at a', and also
beneath ityas shown at ¢ An annular space or

‘chamber, ¢, is inclosed around the boshes, the

partitions «? dividing this space into two cham-
bers, ¢ and ¢*. A stroug box-givder,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 ¢, which oe-
enpy the chamber ¢, resting below on the bed or

foundation of masonry . Two small ante-cham- -
bers, g and hyare 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 required. Notwithstauding,
the air in these chambers 1s greatly 1 excess ot
the external atmospherte pressure, and which

mode of gaining areess to and egress from chain-
ber is fully deseribed in & patent in England
bearing even date hevewith and numbered 1,432,
and consequently does not form part of the pres-
ent inveution. - Below the level of the tymp I
form an arched ehamber, /; into which s truck or
carrizge can be moved on rails for the purpose
of receiving the cinder flowing from the furnace,
or the cast of metal may be run mto & movabile
receptacle so placed.  The chimuber i s provided
with o well-fitted sliding door, made as near as-

may be air-light ; a little Teakage of air from the

chamber 7 i preferable, as 16 will cause an out-
ward flow of air from the chuamber ¢* through the
hole j and thus prevent the ascent of heated
fumes from the chamber & An annular flue, w,

4 1Is formed around the furnace, into which several

passiages, »n, lead from the furmace. Atany part
of the lue m 2 restrictedqontlet may be made of
stich o size as will allow the desired amount of
carbonic-aeid gas to eseape, while the rest of the

outs passes upward and is converted mto carbon-

i¢ oxide,and in that state deoxidizes the ore,but
without taking up as muech carbon as the whole

1 of the gases would do if allowed to pass upward

amony the fuel.  The area of the escape-openings
n is eaclt so greatly in excess of the are of the
one restricted outlet as to cause a very slowand
centle cmrrent of gas to pass up them, and thus
not tend to earry out any el by these passages.
Man-holes for elearing out dust, If necessary, can
he made in the flue m, and if found desirable that
portion of the carbonic-acid gas allowed to es-
cape by these passages drom the furnace may be

taken off ar a muceh lower level than that shown

in the drawing, the outlets n, being in that case
mueh nearver to the level ot the layérs and cow-

pass ont through the chamber . At the top of
the furnace I have shown a cup-valve, p, which
forms the lower portiou of the chamber ¢ ‘The

upper part of this elinmber is fitted with a second

cone, r, through the center-of which the rod s of
the cone p passes, the cone » having a jointed
slinge to support it and allow it to be Lalanced n
the sl way and raised orlowered as required;
the cone p having a geparate arrangement of

the sume kind, so that cach of the eones p and
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r may be moved mdependently of each other.
arid 80 that the ore and fuel may be adlmtteé
to tha chamber q by lowemlg
the cone p is closed. "After the materiala are
thus adwmitted to the chainber g the workman
‘will raise the ‘cone r-and. lower the cone p, by
- whieh means the materials will full into the fur
nace; The raising-of the cone p

enter the chamber, and 80.on, & chamber full of
| gas being allowed to esoape»at e-m,h operation of
Hing.,
I mgonld 0nserve that in all cases before the
cone p islowered an equ;h

side of the furnace. : For this purpose a valve,
mot shown in the drawing, is prowdad
‘of which the workman. may admit tim furnace
gases or stéeam into,
equalize the préssure: ove and helow the cone
p; -and 80, alsd, before lowering the cone 7, he

will allow aut,h steam or gases to escape by a-
‘valve into the external atmosphere, in tHat case.
' ‘the pressure- above and below the
tis demrable that the fitting-surfices .

equahzm
. Cone 7.
of these valves should be more perfect than

-usual, the metal parts being defended, if neces-
sary,from the action of escaping gases by the;

‘passage of .steam into the joilnt in a manner
similar-to-that by wl ich the leakage of flame

.and heated - gases i prevented from escaping
from the doom of high-pressure melting-furnaces,
by the :use of air under pressare; a8 fally de-.
granted to me in' Englahd,
and: bearing date the 10th day of Novamber,.

seribed in a patent

1868, and numbered 3,419, - The gases, ‘after
| pa.asmg up.through the matenala in the tunuwe
~ find -their escape by the openings ¢, and paas
into an annular channel, %, and from ‘thence into
-a large pipe, s, shown 1 in vertical section at Fig.

4, where a portion of the side of the furnace is
. a.lao shown to render. the position. of ‘the pipe 10

and its connection with the’ chalmel % more clear-
ly understood. The pipew is lined with ge
| mental fire-bricks w*, in order to defend :the

outer iron shell from tha effects of heat, and also
to prevent loss of- pressure in the gases and va- |

pors by the radiation of heat theretron:. A force-
pump, worked by the blast-engine, forces water
- to the top of the pipe w by a pipe which passes
through .top of the pipe w at x, havi.g a rose-

head, v, perforated in such ‘a way as to cause

w ater forced through it te fall in a shower down
“the pipe w for the purpose of lowering the tem-

perature of the furnace-gases t0 a point suitable’
gine to be driven by them; and,

for the hot-air en
although I prefer & direct-acting blast-engine, as

before named, it will nevertheless be obvious
that any efficient Plan of blast-engine may be

 used, the ordinary steam-cylinder ot which will-

.be supphed with waste gases mixed with the
steam generated by them trom the falling shower

of ¥rater, such cylinder being.in all cases of suf-
ficient éfl

sired extent the volume of steam.and

the cone » while |

and the lower-
‘ing of the cone r will allow another charge to
-der boilers.

_distance trom the tuy
brinum of pressure must -
 be effacted between the chamber q and the in-:

by means

chamber g and thus

,blast to the furpace.

ameter to compress thé blast the de- |-
gasesal- |
ways being m excess of .the volume of air and |
water injected, by reason of the expanasion of the

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- fumace under the pressure of con-

tined guses, I desire it to be .understood . that

certain parts of my=said improvements are equalb |

‘applicable to blast-furnaces working with open

tops, and furnaces where the waste gauses. are
collected for caombustion i} hot-air stoves or nn-
These improvements consist in the
mode, showhn and described, of allowing an out-
flow of .& portion of the calhommd gas & short
"and also the continu-
ous flow of metal and einder from the furnace.
“Having described my inventlon, and the way
in which it may be camed into practical opera-
fion, I desire it to be uuderstood that I do not
con fine myself to the precisé details here given,
provided that the peculiar character of my in-

-vention be retained ; -but

I claim.as my 1mprovementa in - the construu
tion.and mode of working blast-furnaces em:
ployed for smelting the ores of iron, and in the
mode of employing and utilizing the gaseous
products of such faornaces, and alsoin the con-

struction ‘and mode of working blast-engines -

employed to force air into blast and other fuy-
NaCes——— -

- 1. The entzrely elwelopmg the ma&onry or

‘brick-work of a blast-furnace in a strong air-tight

case or jacket, to admit of the gaseons products

of combuatmn being retained under considerable -

pressure, . .

2. The mclomng the boshes of blast-ﬂn'naees,_
80-as to-have the tuyere-holes opening externally

into a lafge chamber accessible to workmen ald
“containing air ynter pressure. -

- 8. The inclosing the tap-hole of blast-farngces
in a large chamber capable of contammg air un-
der pressure, so.that the pressure of air therein

may, when required, prewnt ascape of ﬂame.
therea.

4. The providing outlets from a blast-fnrnm-

g+ | near the tuyeres tor ‘the escape of a portion of

the gases in the statp of carbonic acid.
5. The so arranging.and operating, when a

carburizing-vessel is used, that the metal may
run continuously fmm the blaat-turnace into.the
carbm'lzmg-vwl.

6. The amelting ores of iron in blaat-fumama,
in whmh the products of combustion are.
retained throughoutthe furnace under'a pressure’

| considerably exceeding t.hat ot‘ the external at-

mosphere.

7. The combmmg an air-engine and mr-pnmp_
with. & high-pregsore blast-furnace in- such man-
ner that the gases issuing from such faruace are
caused to pass through and work such engine,
and thereby gctuate the punps which supply the

HENRY BESSEMER.

- ‘Witnesses:
G. . WARREN,
"~ THOS. BROWN,
Both of No. 17 Gramhuroh #treot, London.
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