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'SAME PLACE.

r_,.. - .

 Unrrep States Parevt O

' J L -
n,
1

HENRY CLAY BULL, OF LIVERPOOL, COUNTY OF 'LANCASTER, ENGLAND,
ASSIGNOR TO BULLS IRON AND STEEL COMPANY, (LIMITED,) OF

* APPARATUS FOR MANUFACTURING IRON AND STEEL DIRECTLY FROM THE ORE.

- SPECIFICATION. forming part of Letters Patent No. 282,266, dated July 31, 1883.
| Application filed Ntwamber-ﬂl}, 1882. (Nn,quel.) Patented in Englﬁnd April 13, 1882, '.b’.'n 1,763; in France May 20, 1882; in Bel-
| ginm May 22, 1832; in Germany May 30, 1882, No. 22,984, and in Austria September 9, 1832, No. 18,634, -, "

- .-_;'.To all whom it mcz,y concern: =
. Be it known that I, HENRY CLAY BULL, a

(Q‘iti_z&n of the United States, but at present re-
siding at the city of Liverpool, in the county

of Lancaster, in that part of the United King-
dom of Great. Britain and Ireland called Eng-
~ land, have invented certain new and usetul
Improvements in Apparatus to be Used in the

- Manufacture of Iron and Steel directly from.

10 the Ore, (for which I have obtained a patent
‘in Great Britain, No. 1,763, bearing date A pril

- 13, 1882; also in France on May 20, 1882; 1n

~ Belgium on May 22, 1882; in Awustria applica-
tion for patent for fourteen years, patented May

15 30, 1882; in Germany application for patent
- dated May 30, 1882;) and I do hereby declare
 _that the following is a deseription of my 1in-
- vention in such -full, clear, and distinet lan-
- guage as. to enable any one skilled in the art
20
~ tice, reference being had to the sheets of draw-
ings hereto annexed, and to the letters and
figures of reference marked thereon, like let-

~ ters and figures being used to denote the same:

25° or coiresponding parts throughout the various
views.. ..

- Referring to the drawings, Figure 1 is a
~ §ectional elevation of a blast-furnace and ac-

" according to my invention. FXig. 2 isan end

. elevation of the.valves and conduits and heat-
-+ ing-stoves shown at Fig. 1. TFig. 318 a sec-

.. tional elevation, showing the internal con-
- struction of the heating-stove. Fig. 4 18 an
35

tign through X
- My invention eonsists of certain new and
49

in the manufacture of iron and steel directly

- from the ore, the points of novelty in said ap-

‘patatus being designated by the claims con-
- -cluding this specification. . -
45 ;

Aceording to mfr‘ invention I ebnStruct." ﬁhe

™

to which it belongs to put the same into prac-

~ cessory appliances constructed and arranged

end view of the gas-producers and their ac-
. cessory parts. Fig. 5 is a plan taken 1n sec--
X, Fig. 1. Fig. 61s a plan

useful improvements in apparatus to be used

weight. Bymy construction, through the fur-

|

nary-fire-brick within a common brick lining

surrounded by a casing, A’, having a bottom ' -
plate,-A? held by brackets, as shown in dotted- 50-
lines, there being spaces left between the fire- .
brick and the common brick, or equivalent -
substance, and between the common brick and

the casing, the whole structure being support- .
ed on columns B, Fig. 4, based on-the founda- 54

tion. By so constructing the upper portion of |
the blast-furnace A,-I relieve the lower or
hearth and erucible portion C from the super- .
posed weight of the upper portion. - L
T construct the hearth and refractory lining 6o -

forming the crucible C thus: Between the cas-

ing (¢, which forms the outer shell, and an In- |
terior metal mold of the shape of the crucible .
C, I ram a concrete compound “of freshly- -

‘burned lime, or any substance possessing the 65

same properties, with about ten per cent. of
silica sand, mixed with tar, oil, or other sub-

| stance which will evaporate from the concrete

and escape through openings or interstices in

the outer casing, C', without permitting the 70

lining to shrink or crack. "This lining O 1s-
subjected to an intense heat sufficient to melt
out the inner metal mold. This opération
bakes the lining into a very solid substance
before the furnace A is put into blast. The 75

air-tuyere D, and the gas-tuyeres EE, and the

tapping-opening T are formed in the hearthin
the manner usual to Dblast-furnaces. This

“method of relieving the refractory lining C =

from the weight of the upper portion of the 80 -
furnace A enables me to use the above-de-
scribed substance for the lining of the crueible

‘and hearth of the furnace. This or similar
substance, although capable of standing the

most intense heat, will support very little

nace A being supported independently of the

crucible C;T.am enabled to use a temperature
in the crucible O sufficiently high to' allow of
' the. withdrawal of the metal in a fluid state-go
“when the carbon in the metal is exceedingly -

low, and.the cinder follows the metal through

last-furnace A as shown in the drawings, the | the same opening, also in a fluid state.
" upper part of the furnace being built of ordi- |- '

" In converting ordinary blast-furnaces to as-

v




3 - 282,266
similate to those of my invention it is only-
‘necessary to alter the hearth C and support
- the upper portion of the furnace A as just
“described. . .- - 7 -
~ In the further carrying out of my invention
I erect a chamber; G,. forming a caleining-
oven, lined with fire brick or equivalent sub-
- Stance directly over the -charging-opening- H
- of the blast-furnace A, which opening H may
‘10 be fitted with a bell, &,.and cup %', as shown.
-\ The bell % and -cup. #’ are supplied with water-
- Jackets, (not shown in the drawings,) to pro- |
- _tect them from the heat,. The lower portion
7 of the calcining-oven G is provided with open-
15 Ings.g, for the admission of atmospherie air,
*' and during the operation of calcining the bell
18 slightly opened, so, as to admit sufficient
~ wastegas from the'furnace A to cause, in com-
- bination with the atmospheric air admitted
20 through the opening g, a combustion just
~ above the-bell 2 and the cip . The calcin-
- 1ng-oven G is open'at the top for feeding the
~.- charge and for the escape of -the aqueous Va-
~ pors given off fromthe charge while calcining.
25 By this means the ore and flux are delivered.
'+ into the furnace A in a dryand highly-heated
state without additional labor and cost of fuel,.
- and therefore the waste gases-given off from
~ the furnace -A are comparatively free from
30 aqueous vapor, and are thus capable of .pro-.
- dueing an’intense heat by their combustion in
‘the air-heating stoves. - The effect of caleining
and drying the ore previous fo its entering
‘Into the furnace A is to remove the zone of
‘preparatioh from the farnace A and to raise
the zone of production very high in' the fur-
‘naee A, thus considerably inereasing the quan- |
tity of metal produced from. a furnace in a
given time, - . e
_ In the further carryirg out of Iny invention.
' I reverse the usual construction and working |
. of .the air-stoves J —nainely, instead of form-
*. 1ing the combustion-chamber at the bottom of |
- -the stove J, as done in the Whitwell and
45 Cooper stove, I form the combustion-chamber
K (see Fig. 3) at:the~top of the stove-J. By
- this'means the brick-work of the combustion-
~ chamber K and the bricks used to absorb the
- heat are relieved from the weight of the main
50 brick-work of the stove J. The intense heat |
- which I requjre rendérs the brick-work of the
-combustion-chamber K very weak, and if such
-heat’ were used -at the bottom of the column
of brickswork the brick-work would crush.in;

S : . . » s _ ) . . -
18 admitted into the combustion-chamber K of.
thestoved through the safety-valve Natthetop
of thestove J, for the purpose of supporting the
-combustion of the said waste gasesin the eom-
‘bustion-chamber K. - The flames resulting from
this combustion pass downward through ‘the
| stove J, which is filled with brick-work, and
finally the residue escapes through the valves
M* at the Dbottom of the-stove J- into the
culvert M°, which leads to a chimney -shaft
when the brick-work within the stove J has
been brought to an intense white heat. The
gas and air supply to the combustion-chamber
K is shut off, and the valve M*is also closed.
-Then a vaive, O, communicating with a.cold-
air-supply pipe, O, is opened, giving admis-
sion through the casing of the valve M for
| such cold air to enter the bottom of the stove
«J.  The air passes up through the heated
‘brick-work in the stove, and passes therefrom
In'a heated state through the valve O’ intothe -
mam O°. The heated air is led from the
main O° to the hearth C -of the furnace A
through the tuyere D. The supply can be
throttled at the tuyere by a valve, as shown. :
By preference four of the hot-air stoves J are
used, three of which are constantly under the
‘process of heating, while one is giving up the .
stored heat to the air passing up through it. «
~ In the further carrying out of my‘invention -
I construct the gas-producers thus: Each gas-
‘producer, of which there may be a group of |
 eight; consists of two chambers, P P/, suitably .
lined with brick-work. The chamber P isfilled I
with coal, coke, -or other carbonaceous ma-
‘terial, which is ignited and brought to an in- _
tense heat by a blast of hot air from the hot-
‘airmain O%gnd delivered by branches through -
. the valves O* into the hot-air conduit O%, and
~from thence through the valves O° into the: -
.cha,mbet,ﬁ P. Each chamber P is provided.”
with a.cup and bell; Q, for renewing the -
charge of carbonaceous material, and with a
metal box, R, at the bottom, provided with 1
tumbling door for withdrawing the c¢inder-
-which -collects in the said box, the hot; air . -
bringing it down in a liquid state. The sec-
ond chamber, P, of the gas-producer is filled -
with fire-brick or equivalent substance, and is. 1
‘provided with a combustion-chamber, P?, the -
| Same as in the air-heating stoves, at its top.
| The two chambers, P P, communicate at the
| top” through the pipe P:. The chamber P -
communicates at the bottom through thevalve 1¢

Y

*
T ey o

-

35

55

- 8ubjected tg an intense heat

. _blast-furnace A are thus led to the combustion-
66"
~ passages into the conduit 1.

. a valve, I,

6 5.

e r
L] .
]
-

but by my arrangement thisdifficulty is over-
come, and that portion of the stove J which is
| has to support
very little weight: The waste gases from the

chamber. K of the Stove J —namely, through
. ,Which is provided
with a relief-chimney, I/, for surplus gases, and
which gives communication to the

dust-box 17,

2

‘and from thence to the combus-.|
tion-chambers K of the heating’-stoves J, |
through the conduit M and valves M. -Air

P’ to the main P’ -and thence to the tuyere E..

through a valve, P, with the main P*,
to a chimney or equivalent outlet. =~ 7~ -~

- Sisasteam-main, which supplies steam froin
a steam-generator through the

bottom of the chambers P.. .

F
'

sist combustion therein) ~ =

L ¢ CA

.- T is a safety-valve, through which alr 1sad -
‘mitted into the combustion- chamber P to as-
The operation of the gas-producer is as fol--
lows: The carhonaceous material in the cham-

.The chamber P’ communicates at- the botiom - .
leading
_ from. 12
valves §'fo the =

I3
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ber P being ignited, the. hot air~passes. up
~ through such earbonaceous material in the
", chamber P,imparts toit a white incandescence,
and the gases given off are led through. the
5 Pipe P’ into the combustion-chamber P? of the
- chamber P, and air is r:;,di;nitted_:~ through: the
‘safety-valveT into the ¢hamber P, where com-
bustion takes place; and the heat therefrom,

producers- P are lined with non-con ducting
-materials, as shown in the drawings, and the
valve-seats, where requisite, are water-lined. |
_ The gas-producers, valves, and conduits.—The 70
chambers P P are .constructed with a filling
of fire-brick or equivalent material, surround-
ed by a’common brick or: equivalent casing
and a metal casing, spaces being left between -
+the lining and the common brick and between ¥
‘the cominon brick and- the metal casing.  The

-Jpassing down through the brick-work filling of
10 the chamberP’,bringssuch brick-work toanin-
tense’heat, the gases eventually passing through-

e

the valve P’ and the main P¢ from whenece they

are led away. 'When the brick-work in the

chamber P’ has bécome sufficiently heated, the

IS

hot-air supply to the chamber P is shut off by

e

closing the valve O°, and the escape from the

chamber P’ is also shut off by closing the valve

P°,. The saféty-valve T .is also closed, and

_* steam under pressure is then admitted through

.20

25

the valve §'into the bottom of the chamber P/,
andsuch steam, passing up through the in-

o tensely-heated brick-work,becomes hughly su-

perheated, and in that condition enters the

- chamber P;and, passing down.through the in-

candescent carbonaceous material therein, re-

sults in the generation of agas composed chi efly
~-of hydrogen and carbonic aeid, and in. passing |
- through'the incandescent carbon the earbonic

" aeld takes up another equivalent of carbon and

30

becomes |
Steam-pressure through

~the valve P, which 1s'opened into the gas-main

P%, and fmm.thence.t-hfoﬂgh..)the tuyere E to
. the crucible C of the blast-furnace A, where it

35

- fact that the St.-eﬂ‘n;la- has

arrives in a highly-heated state, owing to the

been intensely super-

. heated in the chamber P, and also to-the in:
. candescent carbon in the ‘¢hamber P being at

~. tensely - hot gas is ‘maintained
" tuyeres ¥ and mingles with the hot-air supply

an intense heat, through its having been blown

with hot air. Thus a”eonstant -stream of in-

- from the tuyere D, thus supporting combus-

tion, a constant stream of- hot gas being main-
tained and driven into-the crucible G without

‘the intervention of forcing appliances.

- described may- be used, one or more of which’

_Any suitable number of gas-producers thus

18 always beingrevived by generation of heat,
while the gas from the others is being used in

~ the blast-furnace A.

The following isa description in detail of

© the construction of the various ‘parts.. .

-~ ing left between the lining and thé common
- brick and the metal casing.

0

The hot-air stoves, valves, and candufité;'%The

stoves are built with a firé-brick or equivalent

lining, surrounded by & common or equivalent
brick casing within a metal casing, spaces be-

P T

the stove is built. - The valves at the top-of |

the stoves are opened and closed by a screw-

and-worm gear, V. Allthe conduits and valve-
casings used to convey heated air ifrom the
- Stoves to the blast-furnace A and to the gas-

-

_ carbonic oxide, which gas is- then.
~driven by the direct

through the

, | The linings are
supported by a perforated metal grid, U, upon
. which the interspaced brick-work -which fills .

chamber P’ is provided with a netal grid, W,
port the

at the bottom, which is used to suppor
loose  brick-work with which the.chamber is

filled. - The conduits and valves.which convey

8o~

the gas from the producers to the blast-fur-

as shown in the drawings. .

~In working the direct process according to.

Iy mvention the charge in the furnace A is
maintained -at different heights to produce
different. amounts of carbon in the metal. . The

carbon-in the metal is derived from the car-

bonic oxide -in the 'gas, which is ascending

from the hearth C.through the ore in the fur.

nace A, reducing the ore to a inetallic state

and impregnating the metal with carbon. To

nace are lined with lioﬁ-cond'ud‘ting -mat&ri&lé, | |

90 -

produce metal with different percentages of =

carbon, in‘order to'_l_ﬁ._ake.t-héﬁ various grades of -
‘etal—such as cast-iron, steel, and wrought-
‘Iron—it is only necessary to vary the height

of the charge in the furnace A. The higher

the charge is carried the greater will be the
amount of carbon in the metal produced. -

- It is well known.-that in the Catalan forge

wrought-iron has been" produced direct from.

the ore -which “contained very little carbon.
In my process as hereinbefore described suf-

95

100

ficient heat is maintained in the hearth C of

the furnace A to keep metalin a fluid stafe

105,

when it is-eomparatively free from carbon, so..

that in that state it can be withdrawn from

the furnace A. and cast into ingots..

‘The operation of my process of manutac-
turing iron or steel is as follows: The fufnace
A. 18 put to work, as an ordinary blast-furnace,

| With coal, coke, or charcoal, hot air being

110

blown in through the. air-tuyere -D, which in |

this case is preferably in rear of the furnace.

‘When all is working correctly, gasin a highly-

heated stage, matle as before described, is forced

. - r .

ity required. When it is required to produce
-metals very low in carbon, suitable for boiler-

115

intothe furnace, preferably from two tuyeres, B
E, on opposite sides of the furnace A, and the
coal, coke, or charcoal is gradually removed -
‘until the class of metal produeed is of the qual-

plates and like purposes, all of the coal, coke, or

charcoal is removed, and then the ‘height of o
125

the charge is -lowered in'-the furnace A until
the  metal produced is of the quality desired.

"By removing the coal, coke, or chareoal from
“the blast-furnace A it is relieved from the zone
“of gasification, and thus prevents the great re-

duction in temperature which takes place in
an ordinary blast-furnace.

-

130

QL _ Whenthe earbonic
-acid produced:by the combustion-of the fuel

120
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SRR 1S reconverted mto earbom.c 0x1de bv COllt"lCt
- with the mcfmdescen’r coal, coke, or chareoal

i TO
R bteel directly h‘om the ore,

in the furnace, using the gas '111(1 air -in the
“bhefore- descrlbed hlﬂlﬂv heqted state reduces
“the quantity of air: reqmred to bs forced into -
~ the furnacé A in order to maintain the neces:
-+ sary temperature, 1‘eﬂuemo the volume ot ni-
trogen to a minimum, o EEREN SRS
- Having now- deserlbed nmy" 11111)1 m"ed pm-:
eeas as a “hole of 11131111fftct111 ing iron qnd:

'=_.r""

and ‘ﬂSO the entire

~ apparatus emplpyed by me 1n the practice of |

- said process, I claim as my invention the fol-:
lowing fe‘ltm'es of nm’elh" in said pm(*ﬂ% and
a.pparatus R
1o Incan appar ltllb to be used in the: 11)0\'@—;
o deseribed proeess of manufaeturing iron and

- steel directly tfrom the ore, the emnblmtmn of | furnace, and the other part to furnish the blast .-

- a blast-furnace, A, with g ealeining-oven, (r,:
having bell 2, pmx ided with means for ad-

20

e mlttmb oS and air, said oven being placed di-

- rectly.on top of the blast-furnace, and heated.
| pdlﬂV by the combustion in said fur nace and
partly by the: combustion in said oven,
ported by the wnion of atmosplerie air with
the waste

oases. Deuerated 111 c:md 1{11‘11&(*@

: mbstmmllv as described.

In an 'tpp‘u"ituq to be used in ﬂle abm e- |
| deserlbed process of manufacturing iron and
 steel directly from the ore

a blast-furhace, A, mlemmn -oven (x, provided

~ with air-inlets ¢ g, and a bell A, around hich

Y .:Lste

.35

qcrlbed for the purpoqe ql"remhed: ,

Hup o

, the combmﬂtwn of

cgases from ‘the tturnaeﬁ enter said oven,:
the ealemmﬂ -oven being placed directly on
top of said. blast- fur;uace, substantially as de-

{

= 252,266- -

3. In an apparatusto be used in the above-
described process of manufacturing iron and - -
-steel directly from the ore, a blast-furnace, A, = -
‘and ecaleining-oven Gz, prm"lded with means for 40
admitting nas and air, incombination with hot- ..
air stoves J 1w whleh a portion of the dry
waste gases 'from the said furnace is united
with atmospheric air and ignited, " substan-
tmllv as described, for the purpese spemﬁed 45:

4. Inan fipp‘u"-atus to be used in the above-.

: deserlbed process of manutaeturing iron and
. steel direetly from the ore, the eombmatwn of

a blast-furnace, A, air-stoves J, and Zas-pro-
ducers: P P/, connected by Sultflble pipes and 50:

. valves, as deserl'bed one part of the super- -

1

heated air issuing from said stoves being util-
1zed to furnish the hot-air: ‘blast to the said

to the 0—&1‘: pmdueen substfmtm]lv- as de-
scrlbed

-9, Inan appamtuza to be ubed in the 'lbOT’E‘# .

99

described process of m‘umf'wturmﬂ' iron and
. steel directly from the ore, the combmatlon of :

i

a blast-furnace, A, 0‘11(31111110 oven G, prm"ﬂed 60

swith means for adllllttlllﬂ’ gas and air, heated as

-

| deser ibed, air-stoves J, “and oas- 1}1‘0(111(’91‘8 P

. I, all co-operating. subbtantml]v as deacubed
for the 1}111 poqe Qpecme& T

HT\ RY. CLAY BULL
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