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JOSEPH k. JOHNSON, JR., OF LONG DALE, VIRGINIA.

BLAST-FURNACE.

No. 806,717.

Specification of Letters Patent.

Patented Dec. 15, 1808.

Application filed February 7, 1905, Serial No. 244,581,

To all whom 2t may concern:

Be it known that I, Josepu . JOXINSON,
Jr., a citizen of the United States, residing
at Long Dale, in the county of Alleghany
and State of Virginia, have invented certain
new and useful Improvements in Blast-Fur-
naces, of which the following is a specifica-
tion. '

My invention relates to blast furnaces and
its novelty consists in the construction and
adaptation of the parts. ~

In a blast furnace of common form, the
fuel, ore and flux are so charged as to form in
succession approximately horizontal layers
extending substantially across the entire
area of the furnace. After the stock has

passed into the zone of fusion, the fuel 1s the

only one of the materials charged which re-
mains solid, the others, in the form of iron
or slag, melting and running down through
the mass of incandescent fuel into the well
or crucible at the bottom. The blast enters

just above this and unites with the fuel to

form carbon mon -oxid which passes up
through the materials as they descend and
is there oxidized to a greater degree form-
ing mixtures of carbon mon-oxid and di-
oxid of proportions differing with the cir-
cumstances.

It is a fact that a mixture of carbon di-

oxid and carbon mon-oxid behaves during a

considerable range of temperature in a pre-
cisely opposite manner in the presence of
free carbon and in the presence of oxygen-
bearing ores. In the presence of free car-
bon, for instance in the form of fuel, the
carbon di-oxid absorbs an smount of carbon
cqual to that which it already contains and
becomes carbon mon-oxid. In the presence
of oxygen-bearing ores, for 1nstance, hema-
tite, a portion of the carbon mon-oxid ab-
sorbs oxygen therefrom and 1t becomes a car-
bon di-oxid. It follows from these re-actions
that, as the gases resulting from the combus-
tion of the fuel, pass upward through the
furnace, they are subjected fo rapidly alter-
nating conditions having precisely opposite
tendencies and any oxidation of the fuel
which goes beyond the mon-oxid stage is ef-
fected under difficulties. The result of such
condition is that in ordinary good practice
about one-third of the carbon entering the
furnace as fuel is oxidized to the di-oxid
stage. Another result is that the carbon de-
rived from the flux is liberated therefrom

in the form of carbon di-oxid, and, conse- |

ol

quently, after undergoing the reactlions re-
ferred to, passes out of the furnace as two-
thirds mon-oxid and one-third di-oxid.
These reactions mean a loss of heat and of
carbon from the fuel. It is obvious that 11
some of these disadvantageous reactions
could be prevented, an economy in fuel could
be secured, and it is furthermore obvious
that they can be prevented 1f the gases re-
sulting from the combustion of the fuel
(after the desirable reactions necessitating
contact of the fuel and ore have taken place)
are prevented from coming subsequently
into contact with the incoming fuel and con-
fined to contact with the incoming ore, or
ore and flux. In the ordinary blast fur-
nace, also, 1t is evident that 1t 1s necessary to
secure a certain temperature (which, for the
sake of convenience, I, will call the * crit-
ical ” temperature) below which it is im-

possible to accomplish the desired reactions

between the fuel, the gases derived there-
from, the ore and the flux. The energy ex-
pended in bringing the products of com-
bustion up to this critical temperature s,
therefore, unavailable for these reactions,
which can only ‘take place at or above that
temperature, though 1t is useful in the pre-
paratory or preliminary reactions which oc-
cur at lower temperatures. The efficiency of
the furnace depends much upon the amount
of heat available above this eritical tem-
perature.

Without going into any detailed discus-
sion of the matter or presenting in detail
facts which are well known to blast furnace
engineers, I may state that it 1s a fact that
much of the heat which would otherwise be
available for use in this connection 1s car-
ried off by the nitrogen derived from the air
of the blast and that a smaller though 1m-
portant guantity of the heat 1s used 1n de-
composing the moisture accompanying the
oir current. It is obvious, therefore, that 1t
the amount of nitrogen and moisture com-
monly present in the blast could be reduced,
the amount of heat available for the efficlent
working of the furnace would be increased.

I have invented a process of treating ores
in a blast furnace which consists in briet n
supplying a blast containing an excess of
oxygen, utilizing the heat 1n the fuel by
passing the gases escaping from the furnace
through the incoming body of ore and main-
taining them out of contact with the 1mcom-
ing fuel. This process forms the subject
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- 5 of furnace in which the process is carried

o -y improved apparatus; Fig. 2 is an en- |
larged section and partial elevation of the |

10

out.

- In the draWings,; Flgure 1 is .a-,centréil . x?fer-{
~ tical section of a blast furnace -; embodying

- matter of an application for Letters Patent |
of the United States, filed by me April 9,
1903, Serial No. 151,763, and forms no part _
1as will cause such a

~ore hopper and upper part of the furnace;

- HKig. 3 1s a top ]

Fig. 4 is a bottom plan view of the mantle. |

| 1 1s the stack of usual

construction, provided with a hearth 2, eru-
- cible 3, twyers 4, 4, blast pipes 5, and boshes
- 6, 6 and shaft or column 7. All of these.

~ In the drawings, 1

~ parts are constructed in the usual manner

~ common to_the art and need no detailed or

25

:'Stack-; is a platform

other description.

plan view of the same, and |

Suitably supported at the mouth of the

conveyed and from

20 to which the_ 'iOr.e 18
- which it is dumped into

~ a conlcal hopper 200, from which it is fed
1into the stack as required. At one or more

- points in the stack there are flues 22, for the

- removal of the gases which normally occurs

~ through the downcomer 32 of th customary

35

40

trolled pipes, 420

50

~ cured to the p

.~ ofthestack. The pusher 4

~ face of the fuel within the hopper 43 with-
~out danger of leaving a gap at the side past
65 .

from the stack. =~ o
- A pusher+45 ot hemispherical form and |
- having its plane surface undermost, and
- resting upon the upper suriace of the: fléel,
- red usher 45 by a ball joint 45 |
~ (with its center approximately in the plane |
~ surtace of the pusher).is a rod 46 extending |

vertically upward through a bell 47 anﬁ
1tself terminating in a
‘cylinder 49 mounted upon

: fixed édlzla_,}r 45b
- on- the rod 48.

1n 1its up-

In and going out through proper valve-con-
o . At the top of the mantle
. 40 is mounted a conical fuel hopper 43 se-
cured firmly to a frame work 44, supported

is provided for charging the lstter.

1n its top to admit of a movement relative to

~ the rod 46, the opening being covered by a
o1 corresponding shape fast
- om  This construction enables
- the pusher to accommodate itself to the sur-

per 200 1s a ver- '

piston 48 fitting a

~_ type, but one of the flues is carried up and |
ends in a bleeder or explosion door 30, or
~ both combined, which differ but slightly |
" from those of L SHgHUY
At the center of the ‘hop _
~ tically placed mantle 40 composed
| per portion 41 of a cylindrical body and in
. 1ts lower portion 42 of a fluted conical body.
- It is preferably made of metal with holiow
- walls having between them an annular space
~ 42® adapted. for the circulation of a cooling
medium such as water, air, steam or the like,
- supplied from a suitable source and coming

| might be otherwise expressed by

the upper frame |
has an opening

~an amount upon the upper side of the piston

‘the levers 50 ar
| movement of the D

‘18 raised to its highest

~to the top of __ _ _
desired pressure. The motions of the pusher
are controlled by the piston 48 in the eyl-
‘inder 49 by admitting steam above or be-

| low it by opening and closing the valves 49

| cylinder 49 is variable at will.

-extremities of the flutes b
‘Tather than the inner ones bein o convergent =

“from the line of the initial cylinder.  This
saying that

-outer lobes are tangent to a dive
outside of it.

40 is operated by the piston 48 in the oylin.

der 49, a pressure being maintained of such

discharged from the

quantity of fuel to be
nantle that it will be

70

| properly proportioned to the quantity of ore

| passing the lower end thereof at the same
time. The cylinder 49 is provided with suit-
able valve-controlled inlet pipes 49> and 49»,
~_In order to charge the fuel 1t 1s put into

75

the hopper 43 above the bell 47. The bell
47 is then raised, admitting steam or other
suitable fluid under pressure through the

pipe 532 into the

the bell 47 through a lever 50° and piston

cylinder 53, which operates
rod 51 and the parallel motion comprising
and 50 The downward
‘ement of the piston in the cylinder 53
~raises the bell 47 upward, allowing the fuel

to come in on top of the pusher 45, which 85
position under the

bell 47, which allows the fuel to go into the

mantle 41, 7

‘he pusher is then forced down
the fuel and establisheson it a

and 49° as desired. The pressure in - the

15 provided with two rods 50¢,

-

The bell 47

95
| ends ‘'of which are attached to the central
-joint of the parallel motion 5 0, _ :
~and through the lever 50 and the piston rod
21 are connected to the piston 52 in the cyl-
nder 53. It will be observed that this con-
struction -pI‘OVide'S_'_Sllet&IltiaHy a means for
| teeding the fuel, which constitutes a lock or
| &as seal intermediate between the mantle
‘and the source of fuel supply.

50¢ and 50°,

_ o T ._1_:('1._5‘:7 '-
- The mantle 40 is fluted af its lower por-
tion, the change being gradual and the outer -
being divergent

110

the inner lobes of the flutes do not fall much,

‘he ‘result of this form of

U any, within the initial cylinder, while the =~

115

mantle is that the fuel is discharged there-
irom in a fluted or star-shaped column sur-
rounded on all sides by the descending ore

at suitable points and in turn are

" H .
. [

‘which comes down between the external sur-
face of the mantle and the inner wall of the.
Stack, * An intimate contact between the ore
| and fuel is thus effected.
| . 1The ore charger consists of the conical -
‘hopper 200 secured to the stack and the bell
21 terminating in the sleeve 72, which fits
| Ioosely around the cylindrical portion 41 of
| the mantle 40. Brackets 58 are secured to
| secured to links 59 and chains 60, which ape
~connected to the end of a laver A4 fulerumed

4

. .
[
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in suitable bearings at the side of the stack, | (hs

and which lever is actuated by a piston rod
55, terminating in a piston 56, which moves
in a cylinder 57, and is controlled by fluids,
such as steam, which may be admitted and
discharged through the valve - controlled
pipes 57* and 57°. The movement of the
bell 21 with relation to the conical hopper
200, through the lever 54, 1s practically the
saine as the arrangement now ordinarily
used. The upvper edge of the sleeve 72 abuts
agninst the lower side of a double dia-
phragm or elastic point, 70, 71, and makes a
tight joint with it, even though the relative
positions of the hopper 71 and mantle 40
sheuld be slightly altered through expansion
or otherwise.

In the improved form of furnace, 1t the

- mantle and furnace outside of 1t were both
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60

kept full to an approximately constant
height, the proportion between the fuel and
the ore charged would be determined by the
areas inside and outside of the mantle at
its lower end, and the weights of the re-
spective columns of materials above these
areas, and would be approximately constant
whether right or wrong if no provision were
made to vary this ratio. The ore being
heavier than the fuel, will tend to cut off the
descent of the fuel and the column of the
fuel is, therefore, made higher to compensate
for this. The purpose of the piston 48 and
pusher 45, which works with a free fit with-
in the cylindrical portion of the mantle U
and presses upon the fuel, is introduced as
an adjustable factor to enable the ratio of
the amount of ore and fuel charged into the

furnace to be controlled.

T have invented a form of apparatus and
sundry processes carried out therein whereby
there can be economically and readily ex-
tracted from the atmosphere a large propor-
tion of its oxygen. This invention forms no
part of the present invention and forms the
subject matter of another application for
Tetters Patent of the United States, Serial
No. 154,945, filed April 30, 1903. ‘The sup-
ply of oxygen which I thus secure 1s intro-
duced into the twyers and blast pipes of the
furnace illustrated and is forced into the
bottom of the furnace by means of a blow-
ine engine of any suitable type and which
needs no specific description. The quantity
of oxygen giving the most successful results
in practice varies greatly with different con-
ditions even with the same furnace and 1in

comparatively brief intervals and the purity

of the oxygen obtainable being regulable by
the adjustment of my apparatus for produc-
ing it, such regulation takes the place of the
reculation of the temperature of the blast

‘now commonly practiced. Under all normal

conditions, however, the oxygen in the blast
will be associated with much less nitrogen
than occurs with atmospheric air. By using

&3

oxveen-laden gas as the material for
the blast. I can do away with the heating
stoves now required for the blast and with
many of the accessories thereto with a re-
sulting econonty.

In the present form of furnace using the
existing methods of filling, as the fuel forms
contimous lavers across the furnace 1t 1s
necessary that the blast be able to traverse
these. in fact. the openness of the fuel 1s a
principal factor in permitting the alr and
oases to pass upward through the furnace.
For this reason, coke has come to be the
principal blast furnace fuel, and few kinds
of coal can be used. On account of thew
hituminous nature, it is impossible to use
most soft coals, because, when they become
hot, they stick together and practically seal
the furnace up, making the passage of the
oases impossible. By my method of filling,
however, the fuel is charged in a continiious
colmmn of fluted evlindrical section through
which there is no necessity that the gases
should pass, it being, in fact, undesirable
that they should do so to any great extent,
and, accordingly, bituminous fuels are work-
able and even desirable, the fact that they
cohere into one solid mass when hot pro-
tecting them largely from the dissolving
action of carbon di-oxid. The fuel colunn
being in the center of the furnace 1s also out
of contact with the walls of the same and,
therefore, any possibility of “hanging” by
the adherence of the fuel to the wall 1s there-
by prevented. The gaseous products result-
ing from the distillation of the coal as it 18
heated, which are very combustible and have
a powerful de-oxidizing effect, pass up
through the column of ore and assist i the
de-oxidation of the ore.

It is to be noted that I do not employ a
blast containing an excess of oxygen to raise
the temperature in the furnace, but to 1n-
crease the amount of heat which 1s at the
critical high temperature requisite tor per-
forming that part of the smelting operation

‘which can only take place at the highest
temperature produced 1n blast furnaces em-

ploying an air blast.

The use of a mantle or fuel chute which 1s

Erovided with cooling means makes it possi-

le to use bituminous coal, which would oth-
erwise adhere to the chute as soon as it be-
oan to distil and impede or prevent the fuel
from being fed into the furnace.

What T claim as new 18:

1. In a blast furnace comprising a stack
and an ore charger, the combination there-
with of means for guiding the incoming fuel
in the form of a central column and guiding
the incoming ore away from the incoming
fuel, and means for regulating the rate ot
feeding the fuel, the latter consisting of a
pusher adapted normally to press on the up-

| per surface of the fuel.
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© 2. In a blast furnace comprising a stack

“and a stock charger, mea

~ the incoming fuel and to keep it out of con-

~and a stock charger, 2
~ receive the fuel and keep it _ |
30 the ore, comprising a irustum of a fluted |
. eome. T T R R

- regulating said pressure.
10
~ and a stock charger, means adapted to guide
- the incoming fuel and to keep it out of con- |.
. tact with the incon _ _
- with means for regulating the rate of feed-
- adapted normally to press on the upper sur- |
- 1ace of the fuel and provided with means |
~ Tor regulating-said pressure, and. means for
~ raising and lowering the pusher to admit of
the introduction of more fuel. R
4. A blast fumac?ejcomprising;a'sftack_:g;nd}.f

‘tact with the incoming ore, in combination

with means for regulating the rate of feed- |

ing the fuel, the

adapted. normally to press on the upper sur- |
- face of the fuel and provided '

latter consisting of a pusher

_ ‘with means for

3. In a blast furnace comprising a stack
1ng ore, in combination

ing the fuel, the latter consisting of a pusher

o a stock charger, means tor charging the fuel
and forming it into a central * fluted ” col-
~umn, and independent means for char

or charging
1t to descend in a hollow

the ore an& --Cﬁﬂsmg

. column around said fuel column.
- 9. In a blast furnace comprising a stack |
& mantle adapted to |

separated from -

ns'adapted to guide

| In testimony

and a stock charger,
~ceive the fuel and |
the ore, comprising an upper cylinder and a
lower frustum of a cone -ﬁaring '

1 and a stock charger; a mantle adapted to re--
) 1t separated from
he ore, upper cylinder and a
lewer frustum of g cone flaring downwardly, -
| the latter being fluted whereby the fuel 15
discharged in a column having’ flutes within -

the ore, comprising an

the body of the ore.

ore, comprising

cone.

in presence of two witnesses. -

|

. . . STEEMN S‘ N ﬂvJTONs .. 3 | _ .. R
- Hermax Meyer, e

0. In a blast furnace comprising g stack .

' a mantle adapted tore-
keep it separated from
ne Harmg downwardly,
the latter being fluted whereby the fuel is =
7. In a blast furnace comprising a stack
40

and a stock charger, a mantle adapted to re-
‘ceive the fuel and keep it separated from the =
C ng an upper. cylinder and a
Jower frustum of a cone flaring downwardly,
the latter being fluted so that its inner lobes

‘are substantially tangent to the cylinder and

1ts outer lobes with the external divergent
e ST TR
whereof I affix my Sigﬂ&tilm o

_ JOSEPH E.JOHNSON, Jr.
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