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m

IMPROVEMENT IN THE MANUPACTURE OF IRON‘ AND STEEL AND IN FURNACES AND
APPARATUS THEREFOR.

i+

Phe Schedule reférréd to in these Letters Pat;ent and making part of the game.

1o all ", fwhom 1t may concern :

- Be it known that we, GEORGE JAMES HINDE; of
NVUlvulhunpton, in the county of Stafford, Dllula,ud
manager of works, and TIHOMAS CALLENDER I‘lINDL

of Ynispenllwch, ne.:u Swansea, in the county of Gla-

morgan, Wales, colliery-proprietor, subjects of the

(Queen of Gres at Bumm, have invented or discovered

Gcltajn new and uscful Improvements in the Manu-

facture of Iron and Steel, and in -Ifurnaces and Appa-

ratus Used in the suid M;.mumct nre; and we, the said

Grorce James Hixpe and THOMAS CALLENDER
HixNpE, do hereby declare the nature of the said in-
vention, and in what. manner the same is to be per-
formed, to be particularly described and ascertained

in and by the fullumun St&t(,ment thueof that is to

SHASES

Our invention consmt& of the 1mp10vemnntb herein-
after described, in smelting iron-ores, and producing
therefrom, as required, either wmunht-lwn steel, or

cast-iron, and 1 in tul naces and Luppamtub used for these
PUrposes. |

In smelting iron-ores according to our inven tion, we

construct blast-furnaces, baving chambers for the mel
for generating the requisite llef.tt and forming the ve-
ducing-agent, which chambers we term the ﬂdS—ChELm—

bers; and other chambers for the reduction of the ores

and ecarbonization of the iron, ‘which latter chambers
“we term the smelting-chambers.

The gas- _chambers are constructed of different sizes,
accmdlw to the scale on which it 18 proposed to oper~
ate, and the, nwumnber and size of the tuyeres through
which the blast is to be forced into them. They may
be square or cireular, the shape not being material.

The depth may ‘vfuy somewhat, ‘u,e(}rdmw to the

chm acter of the fuel used, but it should in Ebll cases be

- sufficient in thickness to convub the iuel into carbonic
oxide.

A suitable opemnfr in emh e,lmmber, throun*h which

“the fuel is charged from an adjoining hopper, is made,
and kept closul by a fire-brick door, or sl:de except
when opened for supplying fuel. |

Phe blast is blown in near the bottom. No ﬂlmtes
or bars are requisite, the ashes of the fuel being ﬂu:x.ed
by putting & liftle lime among the fuel, from “time to
time; and the cinder formed by the lllbltlli ¢ of the ashes
and flux together is allowed to flow out thr ough a smail
aperture made for the purpose. Or the ash and clinker
may be removed through a door near the bottom, in the
ordinary way of clearing a blacksmith’s fire.

Closely adjoining to, and communicating with these |
- gas-chambers by bl.lltablt., Upbllll]“b we Ct)llbtl net the

blll(‘ltlil“-bll&l]ﬂbu S.

The construction of these chambers vai ws, according

to whether it is intended to pass the heated Pduunu-
UASCeS thwunh and .[annu' tlm 11'011-0Y" bb, Or over them
unl} | |

R

In the former case, we construct the smelting-cham-

bers with sides mc,hned at a considerable awle, widen-
ing upward, and with a hearth, or cruclble-part having
'upnnht or nearly upright SldE‘%

The communication of these smelting-chambers with
the oas-chambers before described is made through suit-
:.11)1{_, openings in the smelting-chambers, near the topof
the crucible, or hearth-part “of them.

When it is intended to pass the heated Ieducmg- |

o oASes OVer the 1ron-ores, the %meltmu-elmnber 1S cOn-

structed with 2 hearth and a Tever Tozel.zsbtulg3 rarch. The
reat is retlected from the arch on the iron-ores pl&ced
beneath.

A preparatory portion, or extenswn of this cha,mber --
is formed, in which the ores may be gradually oper-
ated on before being placed in the full heat of the
hearth-part. |

For the more uonvement rem{}vzﬂ or descent of the
ores from this portion of the smeltnw-—-ch&mbel to the
hearth, the bottom of it may be furmed with one or
more steps or at-an ann‘le rising from bhe hezu th-p::ut
upward.

If it should be demmble, in smelting refractory ores,
to increase the heat of the 1eduung—gams by exter nal
means, this: may be done by interposing a system of
fire - clay pipes between the gds-cha;mbew and the
smelting-chambers. The reducing-gases, in passing
from the ga,s-(;hambels through this system of fire-
clay pipes, may then be. supt,rh(,&ted by external
means, to any required degree.

This superheating may “be effected, mthel by ordi-

nary furnaces, or by the combustion of the waste gases

which are evolved froin the smelting-chambers.

The waste gases may either be utilized in this man-
ner or in generating stmm or used for any other suit-
able purpose.

The fuel to be qnpplted to the gas-chambers may be
charcoal, coke, coal, or peat.

Tn order to mcmba;te the smeltlng of the iron-ores,

‘we prefer to crush or grind them to such degree of

fineness as may be economically practicable. Gener-
ally speaking ,the finer tlley can be ground or cr ushed |
the better. | |
This cr ushmn* or grinding-operation aﬂbrds at the
same time, a cf)mmwnt opportunity, . with 111fer101
ores, of bep.;umtmw much of the earthy and pyritous
111'1pmlt1e:.~, from them, by dressing and washing them
in any of the well-known ways of dressing and wash-
ing metallie ores. -
The oround or crushed ores are now to be mixed
with such a proportion of lime or other flux as their

‘chemical composition shows to be needed; and we pre-

fer to mix with them a pottion of pulverized carbona-
ceous matter, such as charcoal, coke, or coal-dust, taking
care to &.mect ‘these mater ml& as ﬁee from sulphur or
other unpul mes as posslble




When it is intended to smelt the ores in the smelt-
ing-chambers first described, it will be requisite, in or-
der to enable the gases to pass freely through, to in-
corporate the iron-ores, flux, and carbonaceous matter,
together with water, pitch, a small portion of bitu=
minous coal or other sunitable medium, into bricks, or
blocks, and dry or heat these bricks, or blocks suffi-
ciently to make them so far colierent that they will
bear handling and moving about without disintegra-
tion. o -
This incorporation into bricks, or blocks, will not be
needed when smelting-chambers of the second descrip-
tion are employed, as the heated reducing-gases, hav-
iug merely to pass over the mixture. of ores, flux, and
~ carbonaceous matter, these materials may be charged
~into the smelting-chamber in their dry, pulverized con-
~dition, either simultaneously or separately, and at such

intervals as may be desirable during the progress of -

the operation.

The gas-chambers being pmpeﬂy clmt*ged with their

-complement of fuel, and the smelting-chambers with
" “the mixture of ores, flux, and carbonaceous matter,

_either incorporated into bricks, or bloeks, or in the
pulverized state,as before described, and a due supply
of fuel to the gas-chambers, and of ore and materials
to the smelting-chambers, being constantly kept up,
- operations now proceed thus:
- Currents of atmospheric airy either cold or heated
by auy of the well-known apparatus for that purpose,
are forced, by any of the usual blowing-machines,

~ through the ignited fuel in the gas-chambers, and in-

tense combustion thereby produced.

The oxygen of the atmosplieric air, by its passage
through the stratum of burning fuel, is converted into
‘carbonic oxide. This carbonic oxide, and the nitrogen
-of the air, pass, at a very high temperature, from the
gas-chambers, either directly through. the smelting-
chambers, or intermediately through the series of fire-
clay pipes, already described as being, in some cases,
interposed between the gas-chambers and the smelt-
ing-chambers. - | I

1n the latter case, the gases are superheated by ex-
ternal means to any required degree, and then pass
through the smelting-chambers. | - |

By the passage of these highly-heated gases through
‘the smelting-chambers, thé mixture of ores, flux, and
carbonaceous matter is raised to a correspondingly
high temperature, and, partly from the action of the
intensely-heated reducing-gases, and partly from the
action of the carbon contained in the mixture, the iron
contained in the ores is reduced to the metallic state.

By continuing the operation, more carbon is taken
~up by the metallie iron, and, according to the propor-

tion of carbon thus combined with the iron, the pro-
duct is either steel or cast-iron, as may be required.

- When smelting-chambers of the first-deseribed con-
struction are employed, and wrought-iron or welding-
steel is required as the product, the mailleable iron or
welding-steel, formed as first deseribed, is removed in
masses, or blooms, by mechanical means, from the
smelting - chambers, through a doorway, or breast,
formed in the hearth-part for the purpose.

These masses, or blooms, either with or without
~ being reheated in ordinary heating-furnaces, are ham-
mered, squeezed, or rolled, in the ordinary manner,
into the shapes and sizes required. |

- The void caused by the removal of these masses, or
blooms fromn the hearth of .the smelting-chambers, is
filled by the descent of a further portion of the already-
heated and partially-reduced ores from above, into the

hearth, where fheir reduction is tully completed, and

the temperature of the resulting malleable iron or
 welding-steel raised to the welding-heat requisite for
the hammering, squeezing, or rolling-processes.
When cast-steel or cast-iron is intended to be the
product from smelting-chambers of the first-de-
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seribed econstruction, the mixture of ore and materials
having been subjected to a proportionately longer ex-
posure to the action of the heated gases, as before men-
tioned, the molten steel or cast-irou resulting from the
operation runs into the hearth, or crucible-part of the
smelting-chambers, and is tapped therefrom through
an aperture made for the purpose. B |

The molten cinder formed by the union of the flux
with any earthy matter associated with the ores, flows
from the smelting-chamber through an orifice formed
at a suitable height therein. |

The descent of the mixture of ores and materials

{rom above proceeds, as the portions contained in the

hearth are smelted and removed. Fresh supplies of
the mixture of ores aund materials are constantly fed
in at the top of the smelting-chamber, and the smelt-
ing of the ores and the production of the metal pro-
ceed without intermission. * o
Wlhen smelting-chambers of the second-described
construction are employed, and wrought-iron or weld-
ing-steel is required.as the product, the welding-steel
or malieable iron preduced, as before described, by the
action of the gases on the mixture of ores and mate-
rials, is removed, in masses, or blooms, by ordinary
irechanical means, from the hearth, through a door-
way for the purpose, and either with or without being

reheated in ordinary heating-furnaces, hammered,

squeezed, or rolled into the shapés and sizes required.
‘When cast-steel or cast-iron is required as the pro-
duct of this second-described smelting-chamber, the
inixture of ores and materials having been subjected
to a proportionately longer exposure to the heated
gases, as before described, the molten steel or cast-
iron resulting from the operation runs down into the
hearth, and is tapped therefrom through a suitable
aperture for the purpose.
The molten cinder formed by the union of the flux
with any earthy matter associated with the ores, flows
from the smelting-chamber through an orifice formed
at a suitable height therein. -
The descent, or removal of the mixture of ores and
materials from the extension of preparatory part of
the smelting-chamber, proceeds, as the portions con-
tained in the hearth are smelted and removed. Fresh
supplies of the mixture of ores and materials are con-

stantly fed into the extension, or preparatory part of

the smelting chamber, and the smelting. of the ores -
and production of the metal proceed without intermis-
sion. |

Figure 1 represents, in plan, |

Figure 2,1n vertical section, and

Figure 3, in horizontal section, a furnace and appa-~
ratus for the manufacture of iron and steel, arranged
according to one of the methods constituting our in-
vention. | |

The same letters of reference. indicate the
parts in each figure of thie drawings,

@ is the chamber in which the prepared ore and car-
bonaceous matter and lime or other flux are intro-
diuced, and in which the smelting-operation takes
place. | o |
The lower part, b, of the said chamber @, constitutes
a crucible, or hearth, in which the smelted metal is re-
ceived, and from which it is removed by the ordinary
method of tapping, or otherwise, according as malle-
able iron, or steel, or cast~iron is produced.

The materials are introduced at the top of the cham-
ber a, which top may be opened or elosed at pleasure,
by raising or lowering the ¢onical cover c..

On eitherside the smelting-chamber @ are gas-cham-
bers d d’, communicating with the chamber ¢ by the
passages ¢ ¢~ | - |

- fJ are blast-pipes, which convey blasts of air either
from the hot-air ovens g ¢, or direct from the blast-
engine, when it is not required that the blast should.
be heated. |

sSame




The said blasts of air pass from the pipes f f, through

the tuyeres I h, into the gas-chambers d d.
i 4.are valves for regulating the blast..
- The gas-chambers & d* are filled with the fuel by the
- openings k I% at their tops, which openings are, after
the mtmductlon of the fuel, closed by the covers { I

When the furnace and appmmtus arg in action, the

smelting-chamber « is kept filled or nearly filled’ with

the prepared ore, carbonaceous matter, and flux, and |

the gas-chambers d d* are kept filled with coke. .
The coke in the gas-chambers d d* being ignited, and

. blasts of air from the tuyeres h & passing through the |.

ignited-coke, a mixture of heated carbonic oxide and
nitrogen-gas passes from the gas-chambers, through
the passages e &, into the smdtmg chamber «, where,
by its heat and the reducing, or deomdlzmg-pmpewy
of the said carbonic oxide and carbon in the smelting-
chamber @, the ore in the said chcmlber a is hea.l:ed aud

-~ reduced, or deoxidized.

The reduced metal and scoria, or cmder fall into the

crucible, or hearth b, from whenee they are, from time

to mmb, removed.
- Figures 4, 5, and 6, represent another arrangement
of furnace and mpparatus constructed according to our
~ invention, for the manufacture of iron and steel, fig. 4
being an end elevation, fig. 5, a lougltudlml vertical
section, and fig.. 6, a pl.:m .
- In t]u&. mmnfremmt of our invention, the smelting-
chamber is for med with a hearth, a, and a reverberat-
ing arch, a°, the ore and materials bemg charged into
the hearth of the said chamber, the heated air and
- gases ﬁom the gas-chambers b b playing against the
arclt ¢ and bemu‘ reverberated, or reflected theretrom
down upon the ore and matelmls in the hearth of the
said-chamber.
- The products of combustion pass away by the ﬂue,
or chimney z.
~ The blast from the blast—plpe f is-delivered by the
tuyeres b It* into the om-chmlbu& b 1%, and the car-
bonic oxide produced, mixed with the mtrogeu of the
air, is conducted by the p&ss&ges ¢ ¢ into the chamber,
or furnace a.
~ The ore and materials are introdaced into the hearth
« of the smelting-chamber, and the reduced metal is re-
‘moved therefrom by tlie dmr a’.
Fuel is introduced mte the tms-cha,mber b b2 by the
doors 0® b |

The blast from the pipe fis cmweyeﬂ to the tuyere

h* by the pipe /% which pdSSBS under the furnace, for

the sake of convenience.

Figures 7, 8, 9, 10, and 11, repr esent another ar-
rangement of fur naee, and .;mppaa atus, according to our
invention, for the manufacture of iron and steel ﬁg 7
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bein g a plan, fig. 8, a longitudinal vertical se ctlon, and
fig. 9, a horizontal section, Fig.10is an end IB]BV&tIOIl,
and ﬁg 11, a side elevation.

In this arrangement, the smelting-chamber @ has a
reverberating arch a’, and is provided with only one
gas-chamber b, of la,rge size, from which the mixture
of heated umbomc oxide and nifrogen passes through
the passage ¢, into the chamber «, ab one end only,and
after passing over and operating upon the ore and ma-
terials in the said chamber a, escapes, by the passage
d, into the chimney e.

f is the blast-pipe, and h, the tuyere | |
 The gas-chamber b is filled through an opening in
its top, which may be opened and closed ab plea,sme
by the cover ¢

The ore and materials are 1ntr0duced into the cham—
ber a and iron or steel Iemoved therefrom by the open- .
ing a.

Tnstead of passing the gases dlrectly fmm the gas-
chambers into the smelting-chamber, as described and
illustrated, the said gases may be superheated before
being p%sed into the smelting-chamber. |

Havmg now described the nature of our invention, -
and the manner in which the same is to be performed
we wish it to be understood that we do not limit our-

selves to the precise details herein described and illus-

trated, as the same may be varied without dep&rtmn' |
from the nature of our inv entmn but
We claim as our
1. The Improvemeuts in the manufacture of iron and
steel hereinbefore described; that is to say, smelting
iron-ores, and producing therefrom either malleable

iron, steel or cast-iron, by subjecting a mixture of the

iron-ores ..—..md flix, elthel with or without carbonageous
matter, to the aetzon of a mixture of highly-heated

carbonic-oxide and nitrogen gases, such mixture of -

oases being produced by passing atmospheric air
through a stratum of "ignited fuel, the said -fuel not

‘being mingled with the ores to be smelted, substan-
utmlly by the means and in-the manner as ahove de-

sceribed.

2. The arrangements of ful naces and &pparat11s to
be used in the m&nufa,cture of iron and steel, substan-
tially as hereinbefore described, and illustrated in the
accompanying drawings. -

s}

GEORGE JAMES HINDE.
THOMAS CALLENDER HINDE. [r.s]

Witnesses :

GEORGE SHAW,
7 Cannon Staf'eet Birmingham. .

RIGHARD SKERRETT, |
q Gmmm Sftfreet memgham
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