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s 105‘c>,1anms.

This. invention - relates to metallurgical.. fur-
naces and particularly to mechanism forfacilitat-
ing the tapping *or- discharging of the molten
contents of such'furnaces.

_Throughout the metallurgmal 1ndustry 1t has

heretofore been generally custemary . to. retain:

molten material within furnaces, or other contain-

ers by plugs of refractory material such as.clay,.

material . of :this character being inserfed into
the .discharge orifices or “tap holes” of :such fur-

naces in: plastic condition -and .then.allowed -to:
harden so.as to form, in: effect, an integral por-:

‘tion .of the furnace retaining wall. ‘When it is de-

sived. t0- withdraw- the molten:material from the.

- furnace, the refractory. plug ‘mustbe broken:and
renmioved, . whereupon - the ' metal . flows= freely
through: the-tap hole, the: flow . continuing . until
the molten material has wholly escaped.  For

instance; this method -of tapping has been.prac-:
ticed for many years past in connection with blast:

and open hearth furnaces, as is' well-known. _As
is:also well- known, the operation of removing a

refractory plug from -the tap hole of ‘a:blast or.

open hearth furnace is an extremely hazardous

one despite improved mechanism which has been:-

provided the workers for ‘this: purpose. Consid-

- erable time must necessarily be spent:in breaking:
up the plug, the workers -are under great: tension,
It s
furthermére impossible:t0- control - the..rate of:

and serious accidents-occasionally occur.:

" flow-of -the discharging: material through the tap

35:

~'nated a valve mechanism, for controlling the dis-
charge.of molten materials from .a furnace, such:
as a blast furnace or open hearth furnace, or for:
controlling ' the flow- of molten materials from:
almost any type .of container; for such- materials-
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hole and likewise impossible to interrupt the flow

ongce: it ‘has begun, should- this be desired:

-~ The present -invention- contemplates an. ims:

proved mechanism, which may be broadly desig-

in which the molten material is malntalned in
freely flowing .condition.

‘Broadly. considered, the mvent1on comprxses;
essent1ally a - movable valve or. gate: member .

mounted 'so-as to have slldlng relatxonshlp to a
portion of the furnace or container wall-in-the

vicinity of the tap hole, ‘together ‘with: means:
for operating this member under the close control
of an attendant and.means for preventmg leak-:
age of molten materlal past the valve member,
when the tap hole is.closed thereby The invens=,
tion further-contemplates means for maintain-:
ing the- -material in the vicinity of the- tap hole:
in freely flowing molten: cond1t10n by effectmg,*
Whenever TeCessary, combustmn of- .some, of the:

: hole 11,

(C1.266—42)
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1ngred1ents of the bath in the V1c1mty of the tap '

hole, thus elevating the temperature of this por-
tion of ‘the bath. :

While the invention:is of- general appl1cab111ty,
it will be found particularly useful when employed
in connection with blast. furnaces, and-for the’
purpose. of:- illustration” an’ embodlment of the
invention, designed particularly for use in. con-=
nection with -blast. furnaces, will be heremafter
disclosed. * -Such ' embodiment - is- 1llustrated in-
the accompanying drawings, in which:

~Figure 1 is'a vertical axial section through

b

4. blast furnace to which the novel. d1scharge con- - i

trol mechanism has-been applied; .
Figure 2 is & horizontal section through & por-
tion of the furnace at the tap hole and: through::

'15}

the flow controllmg apparatus assomated there~, = -

with; -
F1gure 3iis a sectlon on lme 3—3 of Figure 2
‘Figure 3a.is & 51m1lar sect1on upon a somewhat
larger scale;: :
CFigure:-4-is a sectmn online 4—4 of. 15‘1gure 1
Figures: 5=10,
matic illustrations showing the valve member in.-
various positions relatively to the tap hole, Fig-
ures 5, 7, and 9 being horizontal sections through
the tap hole and-associated valve and Figures:6,

20.

inclusive;: are rathe1 diagram-...

25..

8;-and- 10 showm&T the. valve device in front ele-. -

vation; :

< Pigure 11 -is-an enlarged sectmnal v1ew of. a
detail;-and.. .

Figure 12°is an ax1a1 sectlon through the valve

device ‘showing the improved means’for permit-.
ting direct visual inspection of the molten: mate-

rial within the furnace, at a pomt below the sur=:
face thereof..

30

The blast. furnace 1s 1nd1cated at 10, and inag=:

much-as- it “is not in itself novel, its.detail will
not be speeifically set forth. . It is provided with
the usual charging means, tuyeres, cinder notch;
and tap. hole, the tap hole being indicated at 11,
The molten iron which results from the smelting:

40‘“”'

and- reducing. operations carried- out in -the fur-. 2

nace, of course collects at the bottom of the shaft’
or upon the ﬂoor of the furnace. adJacent the tap-

hole ‘with-a clay plug which - was’ allowed: to Te-
main 1n ‘position” until the’ des1red quant1ty of
molten metal collected at the bottom ‘of the shaft
and to thereafter, remove thls plug” by mstru—
ments: apphed externally, thus “freeing the tap
hole and pe1m1tt1ng the entn'e molten: contents
of . the blast furnace to- escape Thereafter a

45'; S
. As has been heretofore pomued‘out i
has been customary practlce to obstrur-t the tap SR

50}'



: E—fresh plug was remserted and the process con-
tinued.
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- _may be ‘moved out: of register with the.tap hole;:
45+
- terminating this flow of material.
- Also.formed in block 23 is.a passage 30 for air :
“the-air: entermg ‘this passageway after passing’
through an opening 31 in the drum 19 and being
conducted thereby inwardly and rearwardly to'a.

50
*. 7 .discharge orifice formed in the inner face 24 of-

6o
6
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In: accoidance with the present invention, a

valve member, generally indicated .at V, is asso-

ciated .with the furnace at-the tap hole, which
member can.be manipulated by the attendant-to

.-open:and close the tap hole as. desired.” The fur-

nace jacket is'indicated at 12, this jacket being

built up of metallic members, and the furnace}
The tap hole ‘11 ‘is
- formed partially ‘in ‘lining 13 ‘and partially .in a

lining -is" indicated at 13.

block-14 of material such as graphite, this block

. being stationary with respect-to.the furnace ahd
suitably retained.in position, fitting tightly against
" .the refractory lining 13. Preferably the block is’
circular’ in vertical transverse sectlon -and has
“ila concave spherical outer face indicated at. 15.
Block 14 is preferably ‘connécted by bolls 16 to’
an-annular member 17 which comprises:an in="
‘tegral inwardly projecting annular portion of -a
- eylindrical metallic -opening of substa.ntially the
_same diameter formed in the wall of the jacket 12,
--Casing 18 supports interiorly thereof the valve V:

~'THe -valve V includes: a mietallic: drum having

a eylindrical wall-19 coaxial with casing 18 and

rotatably ‘supported therein on bearmgs compris=

) ing flange 20; integral with the casing, and an=-
T nular angle meémber 21 secured thereto, the outer
... endofdrum 19 being closed by a circular disc 22.

. refractory material 23, preferably of -graphite,

Drum-19 -carries ‘within - it' a’cylindrical block of

the inner face 24 of which is: shaped to closely en-

- gage the outer-face 15 of block 14, and-also car::
. ries intermediate block 23 and end: closure 22 4’
% -second body of refractory material; indicated at
Extending through blocks:23 ‘and 25 is™a’
o cyhndrxcal port 267 0f: substantially the. same-di=
.ameter as'the outer end:of tap hole 11, the comn~:

duit 26 being to one side of the axls 6f the valve
member V so-that, by rotating this:valve member
within ‘the casing 18, conduit’ 26 may -be either

B . brought -into register with tap hole 11 to permit

free flow of moltén material from the furnace or

thus closing “the “taphole .and preventmg or

this -block. In one: position: of the block- 23, for

Anstance in thé p051tion in:which it. is shown in.
PFigures: 3, 5, and 6, the discharge orifice of air:
‘channel 30 is-closed by the stationary block 14..

In a second:position of block 23, however; thé dis-
charge port of channel 30 registers with: the end

of a short channel 32 fornied in the face of sta-:

tionary block 14, which channel in turn’ communi-

cates. with an annular chanrel 33 also formed in-

this block and so-located as to encircle the inner

‘end of conduit 26 in the valve member when that -

conduit has been moved to a position '180° from

“the tap hole 11, as shown in Figures 7 and 8. In.
a third: possible . posmon of adjustment of : the .
:valve ‘member, the discharge port of ‘the air
--channel is brought inte alignment w1th t;he tap

hole, as shown in, F'lgures 9 and 10,

Air. under pressure is conducted to an’ aperture )
formed in the wall of casing 18 by a: compressed'
Coalrs condult 34, and the air so- supphed is under a

- pressure sufﬁc1ently great ‘to -insure’ ‘passége of -

the air into the tap hole and thénce into the bath

" of the furnace, against the static presstire of the

bath; when thn valve device i§ turned to the po-

-1, 995 941

‘posite the tap hole. "

sition in wh1ch 1t is dlagrammatlcally shown in

Figures 9 and 10, with'the air discharge port op- -
Air under such pressure is - »
always maintained in.the annular space inter- -

mediate drum 19 and casing 18, and suitable: pack-
ing devices are prov1ded to prevent.ifs escape. -

Preferably the end disc 22 and drum 19 are . ~

-formed in one piece as shown, and, where’ these
members" join, -an" external annular “groove ‘is LT
-.Collar: 22’ is--

formed within which rests. the’ inner edge of an
annular . collar indicated ‘at 22’.
perforated for the-passage of a plura,hty of bolts

- 85.-having heads "36 positioned. in the . annular -

space mtermedlate casing 18 and drum 19, helical

sprihgs 37 ‘éncircling the bolts respectively, each
spring having one end abutting against the asso-

. ciated bolt head .36 and its other end a,buttmg;
“against’ the antular angle member 21 through -
.which the bolts slidably "extend. -The  springs

37 are kept under - compression, and ‘the thrust

which each exerts:may be regulated by adjusting -

15

20

the ‘external nut 38 on the end:of the ‘bolt asso- -
ciated.therewith. It is the function of the ‘mech- -

anism Just described to-exert.:an:inward pull at"
all'times’ upon the valve member V. to insure that
its.inner convex face 24 tightly engages the outer_ N

concave face. 15 of plug 14

25

It will be noted that the casing’18" deﬁnes, with
the cylindrical outer surfaces of blocks 14 -afid 23:

adjacent -the mutually abutting -faces: of . these

blocks; an .annulatr-pocket 39, “In this: pocket is'

0

mamtained & body: of pulverulent misterial which -

may be introduced in the form of & paste through

an aperture 40 -and which material is thereafter: .

dried by:heat,; :the moisture escaping through this
same channel. It is the function of the pulveru-

85

lent material in chamber:39 to: ‘prevent the escape =
of any molten material which might tend to leak -

~outwardly ‘between the contacting surfaces of’
blocks 14" and 23. This pulverulent material is
Kept under constant pressure by the action:of the: . .
compressed. air ‘trapped " intermediate ‘drum 19 -

140

and casing-18; an annular ring 41 which encircles -
block 23:being located at the outer ‘end of- pocket- :

:39 ‘and :air ‘under pressuré ‘having: access to the

= outer:face of this: annular ring- through ducts 42

formed in flanges 20.0f casing 18, If desired, the
pulverulent material may be dispensed: with and

seepa,ge or leakage of molten material mto ‘pocket: -
39 prevented only by :compressed: air,. “which is-

o

Kept at a pressure suﬂiciently hlgh to a,coomphsh’«‘_, :

this function: -

Any suitable means may be chosen for eﬂ?ectihgf :

rotation of-the druih, -but I preferably provide a -
power: mechanism such .as-illustrated in- Fxéures‘.
2 :and 4, ‘this ‘mechanism- including the: ‘electric: -
‘motor 50;- reduction ‘gearing 51, -and drive -shaft

55

52 which ~extends through. ‘a suitaple - packing’f_

gland-53 into a cylindrically- shaped housing :54

which -in® reality coftiprises’ a port1on -of: ¢asing:

60

18. ‘Shaft 82 has fixed thereon, within the: hous-f; .
ing-54, a worm 55 which:meshes: with a.wori.
wheel.58 splinied at 57 upon the ‘duter surface of -

drum 19 so-that-it may have & slight movemep t:-
- on the drum axially: thereof but is nevertheless at:

’:'65;'

all times ‘corstrained to. rotate ‘with’the. drum. :
The motor 50 is reversible'so that, by the manip-: RTEI

ulation of the customary switches; the valve de-
vicé:V may be rotated to any: ‘desired-position of -
adjustment. - At its outer end, conduit- 26 passes’

through a. cyhndncal extenslon 59 of end disc 22,

the outer edgze of extension 59 ‘being: ‘positioned:in:
-an inclined 'plane so that, when. the valve device:
V:i§-turned from the position in which it is shown:
,m Flgure 2'to-the: positlon in which it i shown

00
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" the outer €nd of the tubulat extension 59.-

this bath will be oxidized a

1,905,941 <

1A Pigures 7 .and-8; extensior .59 ‘will freely pass  ment with' the :tubulat. aperfure..70, may look ‘

in rear of a closutre: disc 60 -adjustably: mounted . directly: at-the metal on the hearth: of. the fur-.

upon the outer end of a:bracket:61 fixed on cas- nace, the"entire view aperture being maintained:
ing 18... This construction is:more ‘clearly shown clear:of metal by ‘the action: of “‘the.compressed

in. Figure 11,and it is the:function of:cover:plate air. :Obviously a viewing device of this:kind may:

60 to close the outer end of conduit 26 againstthe be applied.to any kind of furnace wherever.com=-.

escape -of compressed:air whichimight-leak: into’ pressed. air is.available for the purpose: of main-.

this conduit at its inner end.' ‘As will be appre- taining the viewing aperture: clear-of: metal-and
ciated froin an inspection of Figure 11; the closure is'not limited to use with'a valve structure such: -

: ) BEae U1
movement relative to ‘the-bracket 61 ‘so that it - Obviously: numerous ® changes. .in *the" design - .

disc 60 is- mounted: to have- a'slight universal as shown. :

niay readily find a true séating-position dgainst -and arrangement of the-component.elements. of. -

. the ‘invention may be effected without departure:

. TIt is apparent from the ‘above ‘description that therefrom in-adapting the same:to various types':

the -leakage of molten inetal bétween the rela- of furnaces :and -containers’ employed in: the:

tively movable parts of ‘the mechanism-is well metallurgical -field.

guarded against:”” The seal of ‘pulverulent mate- - Haviﬁg{thus‘s'des‘cribéd the inventidn; what is’

15 °

rial in the cavity 39, which is kept under constant claimed a5 new and desired to be"secured oy’

compression by the pressure of ‘the air-‘against Letters Patent is: '

_ ring- 41, prevents -escape’ of such’ material from. 1. /v container. for .molten. material having:a

between the blocks 14 and 23, at the ‘outer edges  discharge aperture formed in the wall thereof and
of their mutually contacting surfaces; at all'tites. means for controlling the flow of ‘molten: mate-

The springs 37 maintain relatively tight contact rial through ‘said aperture, said means compris-:
. between the abutting faces of |

‘blocks, and. ing & supporting casing, a valve member ‘mov-
sition shown' ably supporied within- the casing ‘and- having-an

when the valve member V isin the b
in Figures 7-and 8, the presence pres
air.in the groove 33, which encircles conduit’

heretofore been poin A
maintain in highly liquid condition’ the molten container wall.and valve member and intermedi-
material within the furnace structure which lies ate the container and valve apertures, when said
in the vicinty of the tap hole. "Thus, by turning. apertures are out.of register,.to prevent passage
the valve device V into 'thé’pdsi_tiogj‘d_ia,'grammat} ..of :molten material: therebetween. - i

sure so long as the furnace is in use and, as has - the container -t all times;’and means for main-

ically shown in Figures9 and 10, a desired quan= 2. The combination with a container for mol-

tity of air under compression may be injected ten material having a discharge port, a ported
into the metallic ‘bath, wher (

temperature raised;’ As: a

operation may .be carried o1
limited extent; or air introduc

‘pointed ‘out, may be ‘utilized to taining” a body: of compressed ‘air- betweenthe:

tainer-wall. adjacent the said discharge port, a.
" compressed -air .channel formed . in one 'of the.

20

26

d' aperture which ray be brought into-or moved-
1 encireles col Giit .of ‘register ~with ' the -aforesaid- discharge:
prevents leakage of metal fromi“the tap hole 11" aperture, means - for: ‘maintaining.said ~valve:
toconduit 26. The-airis maintained uider prés- member’ in ‘close. engagement ‘with the wall:of:

30.1.:

upon a . portion’ of valye member slidably bearing against the. coni-

40

‘a mutually abutting faces of said container and .
" member, and. means for maintaining “air under:.

may be intended for Tefining purposes only, ‘It pressure in.said channel to prevent passage of

will be obvious also that some, pthéruggs{jjmig‘ht, molten material between said faces. =~
be substituted for air in the event that certain 3. The combination with a container having a

45.

refining operations are’ toberearried out, "~ ' discharge port of a slidably mounted ported valve. -
The -metal may be discharged conveniently member which may be moved to'bring said ports:”

into the customary runner indicated at 70 .in  into register or ‘out of register, and means for
Figures 1 and 4 and, by means of the runner, maintaining air under pressure- in the port of
may be. conducted to a ladle, hot metal car,  said valve member when said ‘ports ‘are out of
molds, or the like. By the use of a valve mech- = register. R ‘ R

_ anism constructed in accordance with the fn- 4. The combination with a container having: a

60

vention, it is possible to effect the release of the. discharge port of a slidably mounted ported valve:
molten contents of a furnace or other container = member which may be moved to bring said ports

in g minimum of time and without the slightest into register or.out of register, and means for.

b5

danger to the operator, who may be positioned meintaining air under pressure . in the port of -

at a distant point. Should a small portion of said valve member when ‘said ports are out of
the bath by any chance solidify in the tap hole,  register, said means including a closure for the

the valve device can be turned to the position outer end of the port in said valve member, which =

in which it is shown in Figure 2 and the cus- closure is mounted upozi the container. -

tomary opening operation by means of a blow-- 5. The combination with a container haviﬁg B

80

torch carried out. The invention may be uti-. a discharge port of 4 slidably mounted valve -

lized in conjunction with numerous types cf fur- - member in constant contact therewith, said mem-=

naces but will be found especially useful in con-. ber having means for introducing air or other : =
' 65 -

nection with blast furnaces. - : ~ gas under pressure into said discharge port when
Tn Figure 12 the means for permitting visual moved to one position of ‘adjustment. .

ingpection of the molten contents of the furnace, 6. A container for molten material having a

below the level of the bath surface, is illustrated. ' discharge aperture therein and .a valve mecha-
A tubular aperture 70 is formed in the valve V, nism for controlling the flow of molten material
one-end of which opens into the air channel 30 through said aperture, said valve comprising - a

00

. and the other end of which is provided with an member .revoluble about an:axis offset -from the -

75

eye piece comprising a transparent disc 71 of  tap hole and having an aperture which may be

glass or the like and a perforated vetaining plug brought into or out of register with said tap hole '

72. The furnace operator, by placing his eye by rotation of said member, said member-having
adjacent the aperture in plug 72-and in align- -at all times sliding  engagement with the con-~

75



_tainer wall, means normally urging said ‘member. -

against the wall of the container: to maintain at:
41l ‘times. close ‘engagement of said member ;and.

10
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wall, -a- chamber encircling ‘said member; the: in~
terengaging faces of the member: and wall being

- 80 located at all times relatively to:the chamber
" that any molten materisl leaking outwardly be«

tween said faces would enter said chamber,. and

" ‘means w1th1n said chamber to resist: Such leo.k-

age.

brought into or out of register with said-tap hole
by rotation of said member, said member having

‘at all times sliding engagement with.the ‘container
wall, means normally urging said member against -
the wall of the container to. maintain at all times
- close engagement of said member and wall, 8
chamber encircling -said . member, “the 1nteren- ;
- gaging faces of the: member and wall being. so lo-:"
cated at all times relatively to the chamber that.
- any ‘molten- material leaking outwardly between:
said. faces would enter said chamber, and means. ..
» for maintaining a body of ‘gas under:pressure in-
S sa,1d chamber to resist and prevent such leakage.:
<30

. 8. A container: for: ‘molten material having' a
dlscharge aperture therein .and-: 4- valve. mecha~

“-nism for controlling the fiow of molten ‘material.
- through :said. aperture;. said valve: comprlsing a
member revoluble about: an-axis: offset. from: the.

" tap ‘hole and having an aperturée which:may be..
- brought into or‘out of register with sald tap hole
by rotation of said member said member having’
at all times sliding engagement with the: ¢on-
- tainer ‘wall, means normally urging said-member

agalnst the wall of the’ container to-maintain at

. all tlmes close engagement, of. said member ‘and
*'wall, a chamber encircling said member, the in-
.,terengaging faces of the member and wall belng'
50 located at all ‘times relatively to the chamber

" that any molten material lea,kmg outwardly be-

“tween said faces. would enter sald chamber and‘:

. _7T.’A coritainer for. ‘molten ma.tenal ha.ving a.‘
-+ discharge aperture  therein:and:a valve mecha~ .

-~ nism’ for controlhng the fow of molten material,:
through said ‘aperture,. said’ valve comprising a
‘member revoluble about.an axis: offset. from the
tap hole and ha.ving an’ aperture:which may. be.

1 OGB,MI

a.closely. paolod bod: of. pulverulent maf;erial m’;
_Said chamber to reésist such leakage. :

9. A container. for molten material lmvmx a

discharge aperture :therein and:a .valve mecha-

nism for controliing the: flow of molten material

through. said ‘aperture; -said valve comprising s -

member revoluble. akout an-axis-offset from-the.

tap hole and having an aperture which may be

brought into or-out of register.with said tap hole

by rotation: of :said member, ‘said'member having

at all times sliding. engagement with the container.

1077

wall, means normally urging said.:member .against. -

the wall of the container to maintain &t all times.
-‘close .engagement- of said’ member and-wall, a .
chamber encircling said member, the mterengag-.’

ing- faces of the member. and wall being so Io-

cated-at all: times rela.tlvely to the- chamber that.
any molten mat;erlal leakins outwardly between,

said faces would-enter said: chamber, & body of
pulverulent material ln said chamber and means

20 -

for mmntalnins sa.id pulverulent materlal under " -
pressure for the. pu.rpose of preventmg such leak- e

f»age

10, A container for molten material havlng a

dlscha.rge apertux‘e therein ‘and a ‘valve mecha-

nism. for contxolllng the flow of molten materlal[ :

by rotation of sald member, said member hav-

against the wall of the container to mainfain_at

all times close’ enga.gement of ‘said member:and

wall, a-chainber ‘encifeling. safd member, the in-

terengaging faces of the ‘member and wa.ll bmngu

s0.located at.all ‘tim
that any molten material le

of pulverulent- material in said chamber, & mov=

ure; sald valve comprising. 8
‘Thember’ revoluble about’.an ‘axis offset from'the

tap hole and havmg an apertureé which: may: be
brought into or.out of register with said tap hole o

‘ ig outwardly be-
tween sa.id faces wotld enter said chamber abody

ing at all fimes shdmg engagement with the.con-
tainer wall, means: normally urging said member,'

40

able piston-like member within said chamber and.
having oné side. bearlng upon said material, gnd .

pneumatic means for exerting ‘pressiire upon the:

other side.of the said Ppiston-like member to cause
the same to press upon the said material.” :
e JOHN D. PUGH
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