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- CHARLES WILLIAM SIEME NS, OF WESTMINSTE

— il
_ -

R, ENGLAND,

" Letters Patent No. 93,158, dated Aiigust 17 1869, -

IMPROVEMENT I MAKING CAST-STEEL

The Schoduie referred g:o.in" these Létttrj,ffitant ind m-.kingpart of the same.

To ail Persons o whom these presents mi:y come:

Be it known that I, CranLEs WiLLIay Smuﬁ:w,.'
of Westininster, in the county of Middlesex, England,
- have made @ new und nseful invention, haviug-refer--
ence to Farnaees, Apparatus, and’ Processes for the
Production of Steel direct from iron-ore; and do here-
by declre the same to be fully deseribed in the follow-
ing specification, reference being had to the ReConpa-
nying drawings, and to the figures and letters marked
thereon; that is to say— o |
. My tinprovements have referenee principally to the
- process of, and apparatus for making steel, deseribed
i the specification to certain Letters | "atent granted
te me, and beariug dute Al 27, 1869, S
Instead of reducing the. iron-ore in vertical hoppers
descending into the metallic hith, as deseribed in the
speetlication to the said patent, I effect its reduction
It one or more revelving cylivders, drums, or mufHes,
¥hich are placed orizontally, or nearty so, above the
melting-furnace, | ) " -
oo The revalving eylinder, or muftle; is lined with fire-
" brick, or other refractory naterial, and ix heated by
- means of ffues or passuges i the snbstance of its lin-
ing, through which flune iz made to circulate, -
The ore to be teduced, which is mixed, by prefer-
enee; with a certain proportion of solid reducing-agents,
aid with suitalle o uxes, 18 fed in af the one extrem-

ity of the rotating cytindery and is worked gradually |

farward by ifs rotation, while the ore ab the sume time
I8 heated Lo redness by the heated Bining of the eyl-
“inder. - o | | B

Beducing-gas is made to enter the eylinder at the l

chiwging, or both euds, threugh an opening in or near
its axes, and, being brought extensively into contact
with thie heated and moving ore, effects its entire and

unitorm reduetion into spongy or pulverulent metailic [

iron, which latter fajls, in due course, through a verti-
cal hopper or channel into the melting-furnace, where
it is readily dissolved and incorporated with the batit
of. fluid cast-iron previously prepared on the bed of the
funiace, or is brought into contact with an excess of
soud carbon, charged upon the hearth of- the furnace,

, k - - ] ' .
ﬁ-lt'-lu——_——‘.—m*—n.-_i- .
F]

.28 possible, = .

to formy, with the spongy reduced metal, the commence-

mend of a lignid bath of steel or cast-iron,

e

- LThe reducing-gases -employed also escape from the |

further end of the rotating eylinder into the _heating-
Aues or passages,
the substaice of the lining where atmospherie air is
admitted to barn them, the products of combustion
escaping from the said flues near the charging-end to-
ward a chimney, and the dranght being regulated Ly
dampers, a T

wianged, as already menfioned, in |-
{ to that described 'in the

P ote was effected

Instead of effecting the reduction of the ore within |

| the rotating cylinder entirely, or even partially, by 1
weans of reducing-gases, solid reduciog-agents, such |

= anthracite, coke, charcoal, sawdust,.or peat, nfay be |

cemployed with or without the

a&ditioti of pitch, tar,”
oll, or resinous substances.: R -

- - The same reducing-apparatus may also be 'emplt'_)y'ed

for the produetion simply of spongy or pulveralent
imetallic iron. - In this case the place of the melting-.
twrnace is taken by a sheet-iron casing, in whiah. the

| reduced iron is cooled down without access of. air. *

In the manufacture of cast-steel, or of spongy re-
duced iron directly from the ore by the above process, -
‘bure oxides of iron, such as many hamatites and "’
wmagnetic ores, may be charged into the reducing-muf-
-fle, without - any preparatory treatment, but ares cou-
taining any volatile constituents, such as earbonie acid
or water of hydration, should be ealcined before they -
are eharged nto the mufie. R

[ . -

Ores- contamingted with stlphur, phusphonis,' or

arsenic, should be caleined, and washed after caloina.
tion,. to remove from- them these impurities as muoh

.~ Another part of my. invention has referenca to cer-
tain modifications in the method of purifying or im-
previug the quality of the bath of liquid steel in the
furnace, by the introduction into it of certain ‘chemi-
cal reageuts, before it is lapped out .and cast: into in-
gots, as Lias been already described in the gpecification
of my lLefore-named patent, bearing date April 27
1869, e o
Having thus premised, I will now proceed
ticularly to describe my iavention. o :
Figures masked 1 to 5 of the -accompanying draw-
igs shiow the arrangement of reducing-miffle. and
stecl-meiting furnace, for the production of cast-stee!
direetly froin the ore. - §
Figure 1 shows a longitudinal section of the
furnace .and regenerators, and a transverse
through the discharging-end of
or drum, on lipe A B, fig.2, |
Figure-2 shows a transverse section through the.
melting-furnace, and a longitiudimal section th rough the
regducing-muffle, on line D E F, fig. 1. o
IYigures 3 and 4 show transverse sections through
the redacing-diwum, on Jines I K and L M, fig. 2.
Figure 5 iz a sectional plan through the melting-
firnade, at G H, fig, 1. . -

Similar letters of reference indicate similar parts in
each of the figures. . :

The melting-furnace itself is similar i construction
specitication to my previous
patent, to which I bave before referred. o

In the arrangenient of furnace whiel) is deseribed
in the spécitication just hamed, the reduction of the
H it two vertical chutes or hoppers,
Pliaced above the bath of liguid metal in the melting-
chawber, into which the ore gradually sank down by
gravityas it was reduced. SRR |

According to my present alrangemnent, the ore is

1nore par«

mEIi}il]g-'-
‘section,
the revolving inuffle



C o below, oo :

2

reduced in a mtatmg e xlipaer or drum, A" A, which
reste (in @ horizontal position, or about so, abme the
nglting-furnace) on four rollers, as shown o ﬁgs 1-to
i*_.ﬁt flre-accompanyiug drawings. - |

"The outer casing of the drum A A is divided into
‘three sections, the mjddle portion being made of strong |
wrought-iron plates, ind the cnds of cast-ivon, as shiown
on fig. 2 of the drawing. *

This outer shell of the leducmg-mhndu A AL
lined throughout its length with two courses of hollow
fire-bricks B G, which are so arranged as to leave a
double series of small flues or passages in the subs
stance of the lining, extending from the one extremity
of the cylmdf,r tu the othel, as s)hmm m figs. 2, 3
cand 4. '\ =
'I'he opening of tlle cylmder is dlmtmshed af mch
end by the .-,l(ldltli}ll ot mnei llngs of llmng bricks
.2 B -
~ The ore is mtmduced a.t the one cxtremlty of the |
revolving drin, through a cast-iron cllute, I‘ attached.
to the fixed shect-iron casing (3. -
- The chute It is kept always filled with ore, whicht 1s
fed gradually forward into the wdumng-muiﬂe through
the cireular opening H, the thickness of the hed of
ore in the mufle being 1 e"'ul wted by the plate I, which
closes fnore: or less thc uppe I p.,ut of tlu., tlhugmfr-
opening H. . |
. The other ext ety of the mlucmg—qluulel ﬂpun

into a second slicet-iron-tasing, K, which,is lined with
~ five-brick; and conpnnieates divectly, by, the small
“opening Tay with tlw h.lth of tln- me]tuw-iunmcth

The two casings’ @ il h, at the Pll(lh of the re-
volvi ing eylinder A A, bear (.']{}Hl.'l_‘,’ against it, by meals
of acearate ly-tumul l..u es at-M M M, atd wre kept i
contact with ig-by serew-dips N N, fige. 2, the casings
(x K being both 850 supported thiat tlim," afe free 1o
~adjust themst,h es {:!usulv to tife cuds of. t‘l‘ne eV ohmg
cylinder A AL |
- The eylinder is ..unul by two pairs of rollers, I R
and S S, figs: 2, 3, and 4, and is pit.is motion by the
_dl1v1ntr-¢1mllgement shhown in figs. 2 and 4.
~ Alpulley, O driven by a band, or in any other CON-
-venient lnunuer comnnunicates n:utmn through. two:
endless serews p P, and two worm-wheels ! Q, to the
rollers I R, alr&ulv‘mentmned whicli suppmt the
- greater part of the v.el;,ht of the {,_\,lmdur A A, when
it is filled with ore, and which drive it by friction.
‘By the slow’ mtd.twn of the Ieduung-{,}hmim or

A muﬂi& the ore infroduced tlnuugh the chute If, fromn }

" the clmrgmg-ﬂom .alove, is continually tnmvd over,

~and each portion of it is exposed in succession to the

action of the reducmff-g,a,s, which is intreduced through

the tube T, fig. 2. .

To plennt the slipping round of the ore in the mass
inside the muftle, in which case the surface only woujd
be expused to the action of the gas, rows of projecting
‘Dbiicks are built into the lining, at intervals, as shiown

at U U, figs. 2, 8;and 4, between the bricks B-0.

g hese M ogeotmg bm,kq carry the mass of ore round
with them, preventing any slipping, and- foreing the
ore to-roll over and over, exposing every part equally

to the reducing action of the gas. o .

- The excess of redurmg-mb is dvawn L away, at the |
end D of the mufle, into the keries Ofr’umnll flues ¥
Vi in the brick lmmg ' R -~

© O Adr ig drawn i ab the same {imne thmufﬂ. a series | i
gf’ openings, W W’ ﬁfr. 2, vroy ldt.‘d with HIl{th ol TCy-
‘ulators, . | |

In traversing the 'w hole h*u,;f!;h of the mlter sevies
.nf Hues X X, the air drasva in as W W becoses more
or less I ated befope it meets with the gas at the-aper- |
tures Y'Y, and burns with it along the inner-flues V
Y, ljt‘..ltll!”‘ the mutHe to bright It‘tlI‘iESw, and escaning

F |

r—

]

from ten to fifteen per
torm or combination which does not: contain sulphur,

Iemhltmn of the drum, when the notch D' figs. 1

..tt iuvrth mtn {$1e Ci i (3. aud thenee thrunrrh ﬂw

-1
P |
T

,tube Z, fig. 2, whiecl: is furnished with a valve for reg-
'uiating the draught, into the main chimney-fine.

The mode of working this furnace is as follows:

The reducing-cylinder is, in the first instance, heated
‘10 rediess, and the melting-furnace below is raised to
a full steel-meltm g heat.

The cylinder is then put into - slow rotation round
its axis, and the ore, which I suppose to be hamatite,
-mixed with from ten to fifieen per. cent. of its weight
of solid -reducing-agents, such as anthracite, coke,
.charecoal, or wlth a somewhat larger proportion of saw-
dust-or peat and about three per ceut. of lime, ig filled
in at the one extremity through the chute ¥, from the
cliarging-floor above, a supply of reducmg-gds bemt.,
mtmduced, at the same tune, through the tube 1,
fi

* wdy
g‘l‘he reducing- gas, as it passes through the box T ,
and the ore descendmg in the curved chute ¥, are
heated by the waste gases, on their -passage toward
the ehimney-flue.

The reducing-gas empioyed is ordinaty producer-
gds, consisting principally of carbonic oxide and nitro-
een,.~ It should be washed tlnr_u‘ﬂvuglll_sF before it is
intraduced, through the box T, fig. 2, and - the fube
1, uto tlw reducing-muffie, in OI'dt"I to condense and
remove, -as completely as possible,” the water-vapor
that it may contain, and to purity it mnn -suiphuwus
acid and Gther injurious compounas.

Althongh 1 mix with the ore, as already mentioned,
cent. of solid earbon, in any

nphosphorus, or other deleterious substances, (among
which forms wood aud peat deserve special miention,)
I depend, also, upon the carbonic oxide introdveed into
the mutte for {:ﬁﬁvtl.lg the reduction of the ore,

The pas entering ab U is brought, by the rotation

i of the dretan, Into extensive contact wi ith (he hieated

ore, but i sinueh s its reducing-action would ceass
as soon as i consideruble proportions of tue carhenic
oxide contained in it had beeu converted into carbonie
acid, (s shown by Le Py and others,) the presence
of solid and heated earben is necessary, in oyder {o
bring the earbonie acid back again to the state of car-
Lonie oxide, uunless, indeed, a vagtly excessive guain-
tity of. gas were passed through ithe reducing-drum,
which would be attended by waste. S

If 'suel solid reducing-ngents are employed as wood
or peat, these should be dried completely before they.
are cliat wed in with the ore; and inasmuch as reduc-
- ing-gases will be evuived from them by heat, the ad-
mission of gas at I may be greatly diminished when
they are employed instead of pure solid earbons; but,
ot the other hand, they must be added in an meled.sed
pmpurtwu, to lmug up the solld carbun to from ten
to fifteen per cent., according to the nature and rich-
ness of the ore.  Nevertheless, the use of gases can-
not be wholly dispensed with, eu ept at a visk of | lrTeg-
nlar and imperfect reduetion of the ore.

The temperature mthm thie reducing-eylinder shonld
be maintained during thie process at a  full red heat, or
from 600° centigrade to 900° centigrade toward: the
eud wherethe discly wge takes place, but diminishing
‘toward the charging-end. |

By thie slow rotation of the cylinder, a portion of
the-reduced pulierulent metal is dm{mrged througl
the opening L into the bath of liquid cist-iron, (w hich
is maintained in the welting-furnace below,) ut each
dr:{l

.in the brick ring D, at the end of the - ﬁit’ O
h*:tn the lowest }lUHltl(}n, as shown in the drawiags.

‘T'he rate at which the reduded metal is fed into the

- furnace depends, ot the oné hand, upen the *elum

of rotation of the i file, (whicl shonls 1 be ns lz 19 IR
teet ‘control,} and on t!w.ml:rﬂ upott e ticlliati
of the upper surface-of the ht—'ai o :}!‘r. 3 his last _15



reguiated Dy elosing, to a greater
upper part of the charging-opening 1, fig. 2, by means
of the. plate I, which can be readily changad either for
adeeper or a shallower plate, -~ -~

By suttably regalating the speed of rotation of the
mitfte, the sneceessive charges of reduced spongy iron
arce drepped into the

dissolved. . |

The metal in the bath is sfirred
small sanuples are-taken out at intervals, in the man-
ner-deseribed in the specifieation (o my previous pat-

ent, bearing daté April-27, 1869, - Additional chiarges .

.of pig-iren are introduced if the metal is found to- be-
cotne decarburetied too rapidly; and when a sufficient
aarount ef liquid metal has accum

to bring the metal into the condition of. Hauid sofy
- trom, coutaining not more than oue to two per cent. of
carbon,. the rotaiion of the drum is stopped, and from

five to eight per eent. of forro-manganese or spiegel

aizcn 18 cbarged in, as described in my previcus speei-
feation; above referred to; or the metal is treated.in
any otiier Knawn manner,

iito ingots or other forms, o
 Llie addition of spiege! eisen ot the end of the pro-

6ess 1ndy e dispensed with if the ove is-rieh ix man.

gunese, or o geeond Yeducing-muffle may be added,
crarged with are rich in wmanganese; and worked at
sieil ane increased temuperature as may 113, NECLRSHTY.
for the reduciion of that metal to be used Jast in that
vperation, - | IS

The addition of spiegel eisen, or manganese in other
forins, may aiso be dispensed with in the prodietion

of cteel for castings which ave not to be baminered,-

and need not, therefore, be so thorouglily purified as
forge-ingots. .~ | | - o
It hardness and tensile strength is the principal ob-

Jeet, rather thau duetility and elasiicity, the carbon.

iy be maintained with advantage, in such casting,
b frown ote to two per cent., by an abundant use of
the reducing-agents. A comparatively fow furnace-
teinperature will suflice for such metal. | |

or less extent, the

bath of liquid metal in, the melt-
ing-filrnace, In.proportivn, as each -previots charge is

occasionally, and .

‘ uiated in -i'{lle'- bu.t_h,'
and £0 much reduced spongy iron has been added as-

and is tapped out and cast-

e m—h

!

AT ik yek - —————

93758

heat theése moulds or ladles Deforeh
able means, L _ |
The materials to be employed: in the proeess above -
féscribed, should be as pure as possible. The pig-
iron should be, by préference, charconl pig-iron, con-
talning maoganese, or the purest qualities of coke,
made from hamatite, maguctic, or spathic ores;
though-inferior pig-irons may. also be employed, to &
greater or less extent, in makiang the lower qualitiés
of steel, the metal being purified, before tapping it out
of the melting-furnace, by tlie introduction of chemical
reagenis, in the manner described hereafter. The ore-
should be a pure oxide of iron, containing but little

and, by any suit-

-gangud or earthy matter, and as free as may be from

comppounds - of sulphur, phosphorous, and arsenie.
Magnetic ores, hematite ores, or.rich éalcined spathic:
ores are particularly suitable. Theé ore may be in the
torwr of powder, saud, or dust, and on’ this account
many ores are suitable fur this process, which, not-
withstanding their purity, cannot be employed in blast-
furnaces, amongst which the magnetio sands of Can-

‘ada; Spain, and New Zealand, the micaceous ores,
and the refuse ore produced in treating pyrites for

“copper aud sulphury may bé especially mentioned, If

' the ore ¢mployed is in the state of powder, and there-

fare not pervious to the reducing-gas, I prefer to mix
it with loose and pervious reducing-agents, such as

{ wood in rmall pieces, sawdust, dried peat, or charcoal, -

‘ar with pitely, asphalt, or oils, as already described by

me in former specifications. =
'The nature and atnount of the
be added depeud on the foreig

O

fluxing-material to
b substances contained

| in the ore. In some cases, such' a8 mixture of ores

may be adopted as containg both silica and flixing-

‘material, -such as lime, magiesia, or manganese, in

-
[

The reducing muffle remains stationary untit the |

charge of steel has been tapped out of the melting-
furnace and a fresh bath of liquid pig-iron has been

forived ; but the reduction of the ore is still continu- |

ously earried on in it, by maintaining the supply of
reducing aud heating-gas.  If the ore ewployed i3 in
thie state of fine powder, it may be desirable to-turm
it over oeeasionally during this period, in order to ex-
pose it more thoroughly to the dction of the ga.e. .
In this case, the muttle may s:ill be rotated a little
at wntervals, the reduced metdl heing kept from falling:
into the melting-furnace below, by pushing it baek
from the end of the wuftle, by a rake, put in through
thie door K. | T :
~/The mufllé may be entirely shut off, if required,

from the melting-furnace, by inserting & glab of fire~

ciay into-the connecting-channed I, at 1),

A furnace, as represented in the.drawiuga, when ° : .
| emplayed i the production of cast-steel, by the above
process, may be varied between very wide limits,

properly coustructed, is capable of producing three
charges of cast-steel per twenty-four hours, of from

three to four tons eacli charge, but the dimensions of |

these throaces may be varied. considerably, Thus, in
producing steel of high quality and rich in earbon,
such as jool-steed, it will be found convenient to ei-
ploy furnaees of less capacity, whereas, in making
large castings of steel, suelt as guns, bells, and armor-
phates, ov ingots for engine-shafts, tarniaces of  ca-
preity exceeding five, six, or even. ten tons, may Le
vmployed. . S BEEEEN |

The couténts of several furnaces may be poured into
the sawe mould, either by running them in direetly
from the tapping-holes, or by running the metal first

nto kadles, amed then into the mould or moulds. 1

suitable propertions, thus avoiding. the necessity of
any separate flux.  Hwematite or magnetio ores, con-
taining. siliea, may, for example, be mixed, with ad-
vantage, with spathic ores, containing lime, magnesia,
Or manganese, or with clay iropstones. 'If neariy pure -
axides of iron, such as some hmmatites or magnetioc
ores, or calcined spathic ores, are treated, I some-.
tiges employ no Huxing-material, except a small per-
centage of oxide or carbonate of manganese, which
forms, with the small propartion of earthy matter in-
variably associated with the ore, sufficient slag for the
protection of the molten metal., . "

'The ores, before use, should always be crushed into
powder, or iuto pieces not oxceeding the sizg of peas
or beans, in order to facilitate their reduction ‘into
pulverulent or gpongy ironn. They sbould be mixed in-
timately with the fluxing-material that is added. If

‘they coutain volatile .constituents, such as carbonic

acid, water of hydration, arsenie, or ‘sulphur, they
shiguld also be caleined, - L L

QOres containing sulphur in the form of sulphide of
iron, should be calcined carefully, at a very low heat, .
and subsequently washed, in order to remove as large
a proportion as possible of the sulphur as soluble sul-

-4 phata of iron. | |

‘The proportion between the cast-iron and the ore

In case rich ores, not containing sulphur or phos-

-phorus in any notsble quantity, can be obtained at a
‘moderate price, it is advantageous to reduce the yre

tu metallie fron as completely as possible, by employ-
g a large reducing-muffle, heated in the iuterior
nearly to whiteness, aml by mixing the ore with an
abundant ‘proportion of reducing-agents. It is suffi-
cient, then, to eammence the operation with no more
thawe from ten to fifteen per cent. of cast-iron in the
bath of thé melting-furnace. | |

The use of . pig-iron for the purpose of }l Issolving the
reduced spongy metal, may cven b{.*: dispensed with
altogetlier by throwing on the bed ot the melting-fus-



- metal.

4

-‘hace a considerable quantity of charcoal ur of pare |
coke; or of antbracite, before commencing the intro- |
duction of the reduced ore from the muffle; or the
extra. proportion.of solid carbon may be advantage- |
ously charged either wholly or partly into ‘the reduc-
ing-muffle itself, through the door X', before the com--
mencement of each operation, in order that it may be
mixed intimately with the reduced metal before this
reaches the melting-heat of the furnace. The effect’
of this excess of carbon i8 to carburet very highly the'
gpongy iron first charged in from the muflle, thus form-
ing a bath of liquid pig-iron on the bed of the furnace
in which the remainder of the reduced metal is subse-

quently dissolved in the usual manrer, |
- Oharcoal, coke, or anthracite may be thrown upon

{

the gurface of the bath from time to time during the |

process, if the liquid metal is found to become decar-

- buretted too rapidly. - -

'On the other hand, in those localities in which - the

- price of rich and pure ores is high, and in which a suf-
ticiently-pure quality of pig-iron may be obtained at a

price comparatively moderate, it is preferable to employ

» smaller reducing-mufle, (through which the ore will

pass more rapidly,) and to maintain it at a lower work-

10g-heat, in order that the reduction of the ore may

be eflected in part only. A much larger proportion -
- of cast-iron may, in this case, be charged into the bath;

even up to eighty or ninety per cent. of the steel pro-

duced.” - - | . .

. The same reducing-apparatus may also be employ«d

for the production simply of spongy or pulverulent

metallic iron. In this case the place of the melting-

furnace i8 taken by-a closed shieet-iron casing, into

which the reduced spongy metal falls from the end of
the réducing-cylinder, and 'in which it is cooled down

without access of air. -

Instead of producing cast-stecl, by the use of -ores
and pig-metal only, as hereinbefore described, the bath
may be increased by charging into the same furnace
waste ingots from previous operations, scrap-iron, or
steel, or balls or blooms of puddled or otherwise re-
fined.iron or steel, by whatever process it may have

‘been produced, or the spongy or pulverulent iron pro- |

duced inan independent redncing-muffie may be charged
"into the melting-furnace, if téie muffle or muffles at-

tached to the furnaces are not in order, or do not, by |
thewnselves, furnish to it a sufficient supply of reduced

In working up, in the melting-furnace, sach spongy

iron, reduced i an independent reducing-mufile, or ;

light serap, ag, for instance, steel or iron-turnings, or
punchings or clippings of sheet-iron or steel, it is ad-
vaotageous to heat the metal before introducing it info
. the bath, by charging it through the heated reducing-
rauitle, which, in the above-described proeess, is ¢m- |
ployed:for effecting the reduction of the ore.

I am aware that Thomas J. Chubb, of Brooklyi,
New York, obtained a patent in the United States of

and, instead of using ‘ |
‘melting of the reduced ore, I use a bath of cast-iron,

Awmerica, No., 65,473, dated June 4, 1867, for the man-

ufacture of steel direct from iron-ore, by forming cer-

tain pure or purified iron-ores into cakes, balls, or cyl- -
inders, by the addition of glutinous matter, and also |
by covering such cakes or lumps’ with clay or boxes of
~lron, and subjeeting the same to heat in an inclined
and tixed tunuvel or muffle, provided with opentngs and’
cavera on the top, through which the said cakes may
be pushed forward toward the hotter end of the said
tunnel, thence passed through a partition or partitions
into. another inufile or pot, where the reduced metal
" is to-be melted in a bath of steel, the partition between
che melting-furnace and the reducing-tunnel being kept I
closed, except when the reduced ore is to be intiixduced
into the melting-mufile or pot. |

- My invention differs essentially from such pian, fuas-
much .as it is entirely self-acting, and the fvo-ore is |

nsed ag coming from the inine, or cadeined, 2inld merely N
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broken into pleces, and is fed lo0ge, t{}gethér with the

reducing-agerts, into a hoerizoutal revolving oyliuder

in which it is reduced in the presence of a gasesus
atmospliere, by means of heat produced by the com-
bustion, within the liping of the revolving cylinder

itselfy of the surplus gases which have served for the .

reduction of the ore; and also in -that iy revolving
and reducing-cylinder is constantly in communication
with the melting-furnace. R |

- Further, in my invention, instead of using muffles
or pots, whicli are expensive, and lable to erack and
break, and wear out gnickly, in which the reduced ore
is melted, my furnace is made with a sand lottom,
waich inay be repaired at the end of every charge,
a bath of melted steel for the

or simply carbon, which is cheap and advantageous,
as the metal is thereby kept melted at a lower tem-
perature, thus cauvsing less wear and tear of the. fur-
nace, and less cxpense for fuel. | - o
Moreover, in my invention another distinciive feat-
mre is, that when sutflciens metal has aceuwaulated on
the furnace-hearth, I then treat it with-manganese,
titanic or other ores or metals, spisgel eisen, and other
refining-agents, before tapping it out into the lagdies
for runping into-ingots, by which means great regu-
larity and certainty as fo the guality and temper of
steel are insured, samples teing taken out at intervals,
which may be tested for this purpose. |
I am also aware that Thomas J. Chubb, of Williams-
burg,- New York, obtained a patent in the United
States of America, No. 79,314, dated 30:h June, 1868,
antedated 15th January, 1868, in which be proposes
to reduaee ores in contact with carbon, and in, vertieal
chutes, provided, ot not, with inclines, on which the
matertals, in their descent, are supported, and for the
use of stirrers and burs in the said chutes to assist the
descent, and.for the use of clay erucibles and muffles
in a regenerative gas-furnace, for melting eneh steel,
My present invention .ig quite distinet from sucu
arrangement, inasmucl as [ do not make vse of any
such vertical chutes, or inclines, er erucibles, or semi-
circular muffles, having, in 18G4, obtained a patent in
England for use of my regenerative gas-furnaces, as:
applied to the fusion of steel in pots, such patent being
muntered 671; and having obtained a patent in Eng-
land for the- nse of my regenerative gas-furnaces, in
conjunction with incliged suarfaces and 6ilg, for ¢ha
production. of steel direct from the ore, this iatier
patent b ng faken in 1866, No. 2,413, . -
Haviny thus described the nature.of my invention.
and the best means I am acquainted with of perform-
ing the same, 1 wish it to be distinctly understood that

-1 do not confine myself to the details of apparatus

hereinbefore deacribed, as these may be variously modi-
fied without departing from the vatore of my inveri- -
cion. Nor do I claim the regenerative gas-furnace
nereinbefore mentioned, apart froem its cowmbination

‘with the reductng-apparatus or rotative cylinder, as

explained. XNor do 1 bersin ¢laim the wanufactare

of cast-steel In large masses directly from the ore.

What I claim as of icy present invention is as fol-
fows: | | | -

I claim the method, substantially as hercintiefore
described, of producing cast-steel {rom the ore, such
consigting i causing iren-ore, in small pieces or iv
powder, to pass through and be treated by one or uor
norizontal or flightly inclined revolving eylinders, (wet-
ing as hervinbetore explainea,} and next causing such
ore to Ll or pass into o batlh of pig-metad or caihoi
(previotsiy prepared) on the open bearth of & funnce,
apGatherely be welted or otherwise treataed, and ohangad
more or es3 into mallealils east-steel by the sdditon
of one or more refimne-adents, suistantaliy as bereun-
hefore desciived, o

“1 also eluie, 9 e 1oduction of fron-ore (5 manner



as set forth an’ apparatus consistin g of a revolving
cylinder or dmm, as described, provided with outer
channels, arranged cmbstar:_t,wa,lly as specified, through
which, when in use, the gases resulting from the re-

duction of the ore within the drum may.-b&.caus_ed to
- pass, and be consumed in connection with  air intro-.
duced into and beated within ceriam of such channels, -

@ described.

I also claim the combnmtwn and arrangement a8

t

'93;:53; .

1 set forth, of one or mors rotative cylinders or dmrm o
as expl&med with a furnace, as described, (or ts
equivalent, )fur the production of cast-steel direct frot. B
the ore, as set forth; Lthe, whole being Qubstdntla,lly as

described |
| -G W, SIE‘«IENB'
Witnesses: -~ .
- Epwp. N. Hosss, % Both of 2Pope’3 Head Alley, |
|  RoBT.LUREsON, § Cornhill Landon, ents.
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