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~ citizen of the United States, residing at Chi- |
- cago, in the county of Cook :-md State of Ili- |

~to be a full, clear, and exact deseription of the
invention, sueh as will enable others skilled |

I0

| the art of treating molten iron with pulveru-
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(No model, )

1o aZZ whom it may concern: -
Be it known that I, JAMES R. BILLINGS a

nois, have invented certain new and useful
Improvements in the Art.of Treating Molten
Iron; and I do hereby declare the fellomnfr

in the art to which it appertains to make and
use the same.

‘T'his invention 1e1ates to 1mprovements in

lent or ﬁnely—dWJ.ded solids; and includes |

both a novel method of treatment and a pre-
ferred form of apparatus whereby the treat— |

ment may be carried out.

Among the principal objects of the inven-
tion are to pmwde means for subjecting a
body of molten iron to the action of a pulver-
1zed or finely-divided agent in such manner |
~that the entire mass or charge will receive
uniform treatment, to mdmtam the operation |:
~under such eentwl that it may be regulated
to suit the exact conditions or requirements:

of the particular charge of metal, as well as
to correspond to the rate at thh the chem-

ical reaction produced by the treatment takes
place, and to enable the operation .to be in-
terrupted at any moment, so that the treat- |
- ment may be terminated as soon as the de- |:
~ sired resuilt has been obtained. At thesame |
~ time by reason of the more perfect utiliza- |
tion of the full effects of the agent or agents’
the use of the invention is attended W 1th more |

economical results.

‘Other advantages attendant upen the use
_-of my invention will be apparent from the
following deecmptmn or Wlll readily occur to |

those Skﬂled in the art.

- -The invention eon51sts in the metters here--
inafter described,and more p&I’tICHIELIIVp()lnt_

- ed out in the &ppended claims.

- Various methods of sub,]eetmn* molten iron
to the action of refining or modifying agents
in pulverulent or ﬁnely-dlwded form- ha,ve'
heretofore been adopted or proposed, some
- of which have proved to. peseess a valuable
- den'Lee of efficiency.

It hes ‘been plOpOSE‘d to tleat a body of

| molten iron or csteel plaeed in a converter or

[

analogous leeeptaele with a blﬂtst which is

‘metal pulverulent meteuale to .:Let upom the

same, the injecting-duct being arranged to
debouch at or near the bottom of the recep-
Obweuely a blast strong enough to

tacle.
‘displace and escape through the meta,l and

to carry the pulverized materml held in sus- L

‘pension -will also- carry a large percentage
of the refining or modifying :;Lﬂ'ent entirely
through the metal and. out. wnh the blast,

SO that it will be wasted. ‘Furthermore, the |

blast necessarily creates a violent ebulhtwn

of the'molten metal, which would defeat some.
of the important advantaﬂ*ee attained by the

use of my present 1nvent10n _____ ‘as will herein-
presenee of the blast Would be modlﬁed or
different from that which WO[II(I take place
were the blast not present. |

- Another method which: has been propoeed
is to provide a converter or analogous recep-

tacle having at its bottom a vertleally ar-
ranged tube or charge- holder the upper end
This
| charge-holder is to be packed full and close

of which is open to the leeeptaele

'with materml in a fine state before the metal
1is placed within the receptacle, and after the

‘metal has been ehmg‘ed therein the material.

‘in the tube is to be forced out by the use of
a follower acting from below. Obviously if
‘the pulverized mateua,l be in a loose state
‘and be of less specific gravity than the metal,

(as nearly all refining or modifying aﬂ‘ents,
‘are,) as soon as the iron enters the eonvertel.‘ __
| the difference in specific D'Pamty will cause =
‘the pulverized material to rise to the top of
~If, onthe -

‘the metal practically all together..
other hand, the material be packed W1th111

the charge- holde1 to such an extent that it

will not rise when the metal is placed in the

| receptacle, then it will obvmusly remain in

55

60.'_ ._

70 .

75

30  -

o

its packed form as it is forced upwardly from L

the charger and only that.portion of the mass

of metaI which comes into actual contact

95

“with the cartridge or body of refining material =

will be acted upon by the latter.  In other

‘words, the iron will be acted upon by the refin- - IR
| lnﬂ' agent enly In S0 far as the metal aets as a
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solvent of the compacted body and its diffu-
sion and effect will necessarily be limited
and slow.,

Still other methods hfwe been proposed or
adopted, such as the introduction of carbon
or reagents in capsules, which capsules are
melted in the liquid metal and thus free their
contents, or by placing a quantity of molten
metal in the bottom of the ladle, then throw-
ing in a charge of fine carbon or the like, con-
fined in a paper or other easily-combustible
case, and pouring the remainder of the charge
of metal into the ladle upon the carbon. Ob-
viously by the use of either of these methods
last mentioned it is impossible to retain the
pulverized material at the bottom of the mass

of metal orto allow it to escape gradually
and uniformly through the mass, and by none
of the hfel'-'einbefore-mentioned ‘methods nor
by any other prior method known to me is 1t
possible to produce the results attained by
my. present, invention, among other reasons

- because both the tempemtule and the con-

. stituents of the different charges of metal

25

30

35

40

45

 through a ladle and passing
the apparatus constituting a part of the in-
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~ the ladle or other receptacle, which may be

60

~out the mass of llqmd iron.
means of carrying out this method I have

ratus..

vary therequired treatment to such an extent
that when attempted by any of the methods
referred to, whereby perfect control throu gh-
cut-the treatment is impossible, the result is,
at best,. conjectured and uniformity of p10d—-
uct a plactlcal 1111p0$$1b111ty |

The method forming the principal part of
the present: in-vemio_n. consists 1n gradually
introducing finely-divided or pulverulent ma-
terial of less specific gravity than the metal
and in a loose, free, or unconfined state at or

near the bottom of a receptacle containing a |
charge of molten metal and permitting 1t to

rise a,nd become diffused uniformly through-
As a prefer red

shown  a novel apparatus which forms an-

other part-of the invention; but it is to be
‘understood that the method may be carried

out by the use of different apparatuses.

Referring now to the drawings, Figure 11is

a transverse vertical sectional view taken
axially through

vention. Ifig. 2 is a plan view of the appa-

manner.of attaching a tube of reduced diam--
eter.

Referring to said drawings, A designates

of any usual and suitable construction, being

most advantageously made 1elatweh deep;

and.of small cross-sectional area.

B. designates as a whole the introducing

ap’pmatus, consisting generally of a tube C,

adapted to contain asuitable chargeof ﬁne]y-'

divided or pulverulent solids, a piston or fol-
lower C', arranged. to I'LCIplOCﬂte therein, a

hopper D, mounted upon the upper end of

the tube and forming a frame upon which is

il

form of removable sections, ascc.
ermost section ¢’ is shown as provided with
a bayonet-slot ¢? which is engaged with a

the sections are held in position.
‘to prevent access of the molten metal to the
‘lower end of the metal tube when the stopper
is opened, the lowermost section of refractory
‘material is so conformed astoextend beneath
and protect the extreme end of the tube, as
indicated at c*

- The hopper D is conveniently made in the~
“form of a rectangular box-casting, the bot-
“tom d of which is ta;ppe_d centrally, as at d',
“to receive the externally-serew-threaded up-
perend ¢ of the tube C and is adapted to
rest squarely upon the platform X, so asto
hold the tube in vertically- dependmﬂ' POsi-
- tion.

The appamtus is conveniently held ﬁunly
ito the platform against the tendency of the
‘metal to thrust it upwardly by means-of a
~plurality of heoks a, secured to the platform
and adapted to be hooked into eyes d? upon
the hopper.

Fig. 3 is a Tragmentary detail view
of the bottom of the hopper, showing the:

I'ig. 4 1s a fragmentary detail of the
lower end of the tube, showing a modified
form of stopper forming the closure thereof. |-

conveniently mounted the operating mech-
anism E, whereby the piston is reciprocated,
and a stopper or valve F, closing the lower
end of the tube and carried by an operating-

70

rod f, which extends upwardly through beal- _

ings earried by the hopper to a point accessi-

ble by the workman manipulating the ap-
paratus. The tube C is of metal, having a
smooth interior and of a lenﬂ'th snfﬁelent to

extend from a working plat[’m m X, mounted

some. distance above the top of the ladle or
receptacle, downwardly within the latter to

‘a point near the bottom of the same, that por-
tion of the tube adapted to extend within the
ladle being provided with a covering of re-

fractory material, conveniently made in the
The low-

lug ¢® upon the exterior of the tube,whereby
In order

In the upper part of the hoppel s jour-

‘naled transversely a crank-shaft E', having
keyed thereon a pinion K? and pro-vided at
one end with a erank-handle E>.
| isarranged tointermesh with a rack ¢’ formed
_upon the piston-rod C? of the piston: C’ said
-rod belng
“through a su1tdble bearing-aperture formed
in a cmss—flame member D', which extends
~across the upper end of the honpel
toreduce thefriction,thatside of said bearing-
“aperture remote from the pinion is provided
with an antifrietion-roller d3.

+ In the use of the apparatus the piston is
withdrawn from the upper end of the tubein
order to charged the pulverized materialinto
the latter, and in order to hold the piston-rod
vertical and the piston in position to reénter
-the tube while 1t 18 removed from the latter
‘a guide-ring D? is arranged within the hop-
per concentrically with the axis of the tube
and at a distance from the upper end of the
latter slightly less than the vertical thickness
“of the piston, so that as the piston -1s with-
drawn its upper end will enter the guide-ring

arranged to exténd Ilpwardly

before its lowe1 end is fully Wlthdrawn from

The pinion

- In order:
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- tected with a coating of refractory material .
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625,738 _ - 3 

‘the tube. The -guid‘e-—ri_ng 18 conveniently

supported in position by means of a plurality

~of radially-disposed arms d*, extending from

its periphery outwardly and secured to the
sides of the hopper. | | -

- The stopper or valve-plug F, which closes
the lower end of the tube, is carried upon the
lower end of an operating-rod f, which is suit-
ably bent to extend from its point of connec-
tion with the stopper laterally outward and
then vertically upward along the outside of
the tube and through suitable bearing-aper-
tures d® and d° formed in the bottom of the

~ hopper and in the cross-frame member D',

respectively, that portion of the rod which
extends below the top of the ladle being pro-

At a point within the hopper some distance
below the cross-frame piece the operating-
rod of the stopper is provided with a collar

- f% and surrounding said rod and interposed

- to lift the rod, and thus holds the stopper

25
20
35

40

between this collar and the bottom of the hop-

peris arranged a coiled spring 7%, which tends

yieldingly against the seat formed by the end
of the tube. - e |
In operation the pulverulent material is

foreed out of the tube by the downward feed

movement of the piston, the stopper being
forced away from its seat sufficiently to per-
mit the material to escape by the pressure,
and in order to make the distribution-of the

‘material more even upon all sides of the tube

and to prevent the material from lodging or
packing against the inner end of the stopper

~ sald inner end is made conieal, as indicated

at f*. The upper end of the operating-rod
extends a short distance above ‘the hopper
and 1s provided with.a knob, so that thestop-
per may be forced open manually, should it
become stuck in the end of the tube or other-
wise refuse to work properly.

In carrying out my improved method “by

45
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means of the hereinbefore-described appara-

tusthe operationisasfollows: A charge of mol-

ten iron having been placed in the ladle and
the tube of the introducing apparatus filled
with the proper material in a finely-divided
or pulverulent form and its lower end held
closed by the stopper, the operator mounts
the platform above the ladle and passes the
exit end of the tube down through the plat-

- form into the metal to a point near the bot-

55

“ally and in the proper direction.

tom of the receptacle and secures the appa-

ratus In position by means of the hooks z.
The operator now forces down the piston or
follower by turning the crank-handle gradu-
As soon as

- the piston begins to move downwardly the

6o

valve-plugis forced out of the end of the tube.

~ and the material escapes upon allsides of the

plug. Asfastasitcomesintocontactwiththe
molten metal it produces a reaction which as-
sists materiallyin diffusing it and spreading it

~outwardly away from the end of the tube, and

- owing to its lesser specific gravity it is at the

surface of the molten mass. - The operator is

obviously able to.regulate the introduction

of the treating agent perfectly, operating the

apparatus rapidly or slowly, as required and

as determined by the appearance of the charge
being treated, and inasmuch as the operation

may be performed directly under the obser-

vation of the operator he can determine pre-

‘cisely when the treatment should be termi-
nated, thus rendering it possible to produce
‘a very uniform product, notwithstanding the
various charges treated may be quite differ-

ent in their characteristics before treatment.
Myimproved method isobviously available

75
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for the treatment of iron with a wide variety

of materials; but one of the important uses

to which it is particularly well adapted is
for the purpose of carburizing iron or its

compounds. When carbon is introduced in

this manner, not only is the iron earburized

thoroughly and very uniformly. throughout '

the entire mass, but it is also found that a
considerable amount of the impurities con-
tained in the iron are freed and separated

therefrom. Thisis in part due to the fact
that the chemical action and combustion
caused by the introduction of the carbon
gradually in the manner deseribed tends to

maintain the heat and keep the iron from

90.- '

95."

cooling for a longer period than would other- -

"wise be the case. :

It is to be noted in this connection that my

‘herein - deseribed method is clearly distin-

guished from prior existing methods in which

the introduection of pulverulent material into
iron has been accomplished by the aid of a

blast. The use of a blast for this purpose is
necessarily accompanied with a more or less
violent ebullition of the metal, thereby inter-

100

10§

fering with the inspection of the charge dur-

ing treatment, as well as producing a different
reaction from that produced by my method.

In Fig. 3 the bottom of the hopperisshown

‘as provided with a reducing-ring G, inserted

in the tapped aperture thereof, and a tube of

smaller diameter threaded into the ring, by
means of which arrangement different sizes

of tubes may be used with one hopper, a pis-

ton of proper size being of course substituted

for that shown.

I10

115 '

In Fig. 4 the opémﬁing-’-rod which carries |

the valve-plugis dis pensed with and the lower
end of the tube is shown as closed by a stop-

120

per B’ of somewhat different form made of
any suitable material and which is intended .
to be forced out by the charge of material

when the feeding movementof the piston be-

gins, a new plug being used for each recharg-
ing of the tube. . o
I claim as my invention—

1. The method of treating molten iron with

metalloids of less specific gravity than the

iron, which consists in gradually and posi-

tively pressing a body of the metalloid in a

finely-divided condition, downwardlyinto the
‘molten iron against the upwardly-directed

same time caused to rise gradually toward the | ferrostatic pressure, protecting the main body

125

130




10

s

20

P

of the metalloid .against contact with the |
molten iron, and. allowmw regulated portions
of the metallmd to escape and rise freely
throngh the molten iron, preventing during |
this. opera'tion any -unnecessary agitation of
the molten iron, such as would result from
the introduction of -a blast, and positively
confrolling the rate of feed of the metalloid
thoughout-the operation to correspond to the
rate of reaction produced by the treatment..

2. The method of treating molten iron -with:

carbon, which consists in graduallyand posi-

tively pressing a body of the carbon ina finely-
divided condition, downwardly into the mol-
ten iron against the upwardly-directed fer-:
rostatic pressure protecting the main body:
of carbon against contact with the molten
iron, and allowing regulated portions of the:

carbon to escape. :zmd rise freely through the
molten iron, preventing during this Operabmn
any.unnecessary: afrltamon of the molten iron,

such.as would result from the introduction of |
a. blast, and positively controlling the rate of

625,738

feed of the carbon throughout the operation

to correspond to the-rate of reaction produced

by the treatment.

3. In an apparatus for treating iron, the
combination with a receptacle f01 molten
metal, of a tube or duct extending downward
into the receptacle and opening at a point
at or near -the bottom thereof, a mechanical
conveyer for forcing p_ulverul_ent material
through said tube and a stopper of refractory
material held yieldingly within the end of the

tube for automatically closing the discharge
end thereof, said stopper being provided also

with mechanical connections extending to a
point accessible by the operator for positively

operating it.

In-testimony whereot I affix my signature

in presence.of two witnesses.

JAMES R. BILLINGS.

Witnesses:
ALBERT .. GRAVES,
C. A. NEALE.
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